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Strategic Co-ordination of UK Radioactive Waste Management R&D 
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Recommendation 1 

CoRWM recommends to Government that it ensures that there is strategic co-
ordination of UK R&D for the management of higher activity wastes. Such co-
ordination is required within the NDA, between the NDA and the rest of the nuclear 
industry, amongst the Research Councils and between the whole of the nuclear 
industry, its regulators and the Research Councils.

Regulatory Research 
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Recommendation 2 

CoRWM recommends to Government that it ensures that the Environment Agency 
and the Scottish Environment Protection Agency obtain the resources that they need 
to access and commission the additional independent research required to support 
them fully in their regulation of the management of higher activity wastes. 

R&D Skills to Support the MRWS Programme 
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Recommendation 3 

CoRWM recommends to Government that it assigns to a single organisation the 
responsibility for providing national leadership and strategic direction for provision of 
R&D skills relevant to the long-term management of radioactive wastes.  

Infrastructure Required for R&D – Facilities for Research with Highly Radioactive 
Materials 
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Recommendation 4 

CoRWM recommends to Government that it ensures that facilities for research with 
highly radioactive materials are improved and their capability enhanced so that they 
can be used for the full spectrum of research relevant to the long-term management 
of higher activity wastes. These facilities should be accessible to all researchers who 
need them.  

Infrastructure Required for R&D – Underground Research Facility 
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'1#7I7(5!_B*P`!1(!1.5!87(&!J)&+&!7(!78!%+$%$8&?!($!#$.8(+6#(!1!H<P,!!

!
RW,! 0.!*;<!%+$E+199&!8)$6I?!:&!#1++7&?!$6(!7.!()&!B*P!%+7$+!($!()&!?&#787$.!18!($!

J)&()&+! $+! .$(! ($! %+$#&&?! J7()! H<P! #$.8(+6#(7$.,! @)78! %+$E+199&! 8)$6I?! :&!
?78#688&?!J7()!1!+1.E&!$'!8(13&)$I?&+8V!7.#I6?7.E!()&!#$996.7(5!I$#1I!($!()&!87(&!
1.?!7.?&%&.?&.(!8#7&.(78(8V!1.?!1E+&&?!J7()!+&E6I1($+8,!@)&!E&$I$E7#1I!?78%$81I!
%+$E+199&!8)$6I?!1II$J!(79&!($!#1++5!$6(!()&!+&>67+&?!6.?&+E+$6.?!*;<!1.?!($!
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?788&97.1(&! 1.?! 188797I1(&! 7(8! +&86I(8,! O(! 8)$6I?! :&! +&#$E.78&?! ()1(! ()78!
6.?&+E+$6.?!*;<!915! (13&!?&#1?&8,!@)&!B*P!8)$6I?!#$.(7.6&! ($!:&!68&?! '$+!
18!I$.E!18!78!.&#&881+5!J)7I&!()&!H<P!78!$%&.,!

!!
RY,! B.(7I! 1! B*P! 78! 1F17I1:I&! 7.! ()&! BCV! E&.&+7#! *;<! 8)$6I?! :&! #1++7&?! $6(! 7.!

6.?&+E+$6.?!'1#7I7(7&8!7.!$()&+!#$6.(+7&8,!@)78!J$6I?!1II$J!BC!+&8&1+#)&+8!($!E17.!
()&!.&#&881+5!&/%&+7&.#&V!18!J&II!18!%+$F7?7.E!7.'$+91(7$.!1.?!(&#).7>6&8!($!:&!
68&?!7.!()&!BC!E&$I$E7#1I!?78%$81I!%+$E+199&,!

!

 

Recommendation 5 

CoRWM recommends to Government that an underground research facility be 
constructed at any site where it is proposed to construct a geological disposal facility. 

Public and Stakeholder Engagement for R&D 

RR,! 0(!%+&8&.(V!18! 7.! ()&!%18(V! 8(13&)$I?&+8!J)$!1+&!$6(87?&! ()&!$+E1.781(7$.8! ()1(!
'6.?!1.?!#1++5!$6(!*;<!)1F&!I7((I&!$%%$+(6.7(5!($!7.'I6&.#&!BC!*;<!%+$E+199&8!
$.! +1?7$1#(7F&! J18(&!91.1E&9&.(,! @)&+&! 78! 1! E&.&+1I! I1#3! $'! (+1.8%1+&.#5! 7.!
&8(1:I78)7.E! *;<! +&>67+&9&.(8! 1.?! #$99&+#71I! +&18$.8! 1+&! $'(&.! #7(&?! 18! 1!
+&18$.!'$+!.$(!%6:I78)7.E!+&86I(8,!!

!
RU,! -$*2K!:&I7&F&8!()1(!()78!87(61(7$.!968(!#)1.E&,!08!79%I7&?!7.!*&#$99&.?1(7$.!

YV! 1! J7?&+! +1.E&! $'! 8(13&)$I?&+8! 8)$6I?! :&! 7.F$IF&?! 7.! &8(1:I78)7.E! *;<!
+&>67+&9&.(8,!O(!78!1I8$!.&#&881+5!($!913&!1##&887:I&!7.'$+91(7$.!1F17I1:I&!($!()&!
%6:I7#!1:$6(!*;<!.&&?8V!%+$E+&88!1.?!%I1.8,!
!

!

Recommendation 6 

CoRWM recommends to Government that mechanisms are put in place to ensure 
that a wider range of stakeholders than to date will be involved in establishing R&D 
requirements for the long-term management of higher activity wastes and that 
accessible information will be made available to the public about R&D needs, plans 
and progress.  

Specific R&D Issues 

RT,! O.! 1??7(7$.! ($! 1++1.E&9&.(8! '$+! %+$F7?7.E!*;<!1.?! ()&! 837II8! 1.?! 7.'+18(+6#(6+&!
.&&?&?!'$+!7(V!-$*2K!1I8$!#$.87?&+&?!8$9&!$'!()&!($%7#8!$.!J)7#)!'6+()&+!*;<!
78!I73&I5!($!:&!+&>67+&?!'$+!()&!I$.EQ(&+9!91.1E&9&.(!$'!()&!BCa8!)7E)&+!1#(7F7(5!
J18(&8,!O.!?$7.E!8$V!7(!+&#$E.78&?!()1(!'6(6+&!*;<!%+$E+199&8!J7II!.&&?!($!:67I?!
$.!()&!86:8(1.(71I!:$?5!$'!3.$JI&?E&!()1(!1I+&1?5!&/78(8!18!1!+&86I(!$'!%18(!*;<!
7.! ()&!BC! 1.?! $()&+! #$6.(+7&8,! @)78! #6++&.(! 3.$JI&?E&! :18&! 78! 86''7#7&.(! ($! :&!
#$.'7?&.(!()1(!E&$I$E7#1I!?78%$81I!78!()&!+7E)(!J15!'$+J1+?,!O.!'6(6+&!*;<!7(!J7II!:&!
.&#&881+5! ($! '$#68!$.!3.$JI&?E&!E1%8!1.?!6.#&+(17.(7&8! ()1(!1+&! 79%$+(1.(! '$+!
BC!J18(&8!1.?V!7.!()&!#18&!$'!E&$I$E7#1I!?78%$81IV!'$+!()&!(5%&8!$'!+$#38!7.!J)7#)!
1!H<P!915!:&!I$#1(&?,!@)&!+&86I(8!$'!-$*2Ka8!#$.87?&+1(7$.!$'!8%&#7'7#!($%7#8!
1+&! 7.! "&#(7$.! [! 1.?! 0%%&.?7/! 0! $'! ()78! +&%$+(,! -$*2K! ?7?! .$(! 1((&9%(! ($!
7?&.(7'5V! #$.87?&+! $+! %+7$+7(78&! &F&+5! ($%7#! $.! J)7#)! *;<!915! :&! .&&?&?,! @)&!
91(&+71I!7.!"&#(7$.![!1.?!()78!1%%&.?7/!78!$.I5!7.(&.?&?!($!7II68(+1(&!()&!+1.E&!$'!
*;<!()1(!#$6I?!:&!+&>67+&?!$F&+!()&!.&/(!'&J!?&#1?&8,!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YY!$'!YSY!



1. INTRODUCTION 
!
Scope of the Report 

Y,Y! @)78!+&%$+(!?&8#+7:&8!-$*2Ka8!8#+6(7.5!$'!#6++&.(!%+$F787$.!1.?!'6(6+&!+&8&1+#)!
1.?! ?&F&I$%9&.(! _*;<`! .&&?8! '$+! 7.(&+79! 8($+1E&! 1.?! E&$I$E7#1I! ?78%$81I! $'!
)7E)&+!1#(7F7(5!+1?7$1#(7F&!J18(&8V!1.?!91.1E&9&.(!$'!.6#I&1+!91(&+71I8!()1(!915!
:&! ?&#I1+&?! ($! :&! J18(&8,! O(! #$F&+8! 1! .69:&+! $'! (1838! 7.! -$*2Ka8! J$+3!
%+$E+199&! '$+! RWWZQWX! _-$*2K! ?$#,! RR[[`! 1.?! 96#)! $'! RWWXQYW! _-$*2K!
?$#,!RSYS,R`,!@)&8&!(1838!#1.!:&!E+$6%&?!7.($!()&!'$II$J7.E!1+&18,!
!

<&F&I$%9&.(!$'!1!BC!*;<!%+$E+199&!
!! 0?F787.E! $.! 9&#)1.7898! '$+! ?&F&I$%7.E! 1! BC! *;<! %+$E+199&! $.!

7.(&+79!8($+1E&!1.?!E&$I$E7#1I!?78%$81I,!
!! "#+6(7.787.E!9&#)1.7898!'$+!$F&+87E)(V!+&F7&J!1.?!%&&+!+&F7&J!$'!*;<,!
!! -$.(+7:6(7.E! ?7+&#(I5! ($! ()&! 7?&.(7'7#1(7$.! $'! 3&5! (&#).7#1I! 1+&18! ()1(!

)1F&!'6.?19&.(1I!+&8&1+#)!+&>67+&9&.(8,!
G+$F787$.!$'!()&!837II8!1.?!7.'+18(+6#(6+&!+&>67+&?!'$+!*;<!
!! "#+6(7.787.E!#6++&.(! %+$%$81I8! '$+! 1#>67+7.E!1.?!917.(17.7.E! ()&! 837II8!

.&&?&?!'$+!*;<!$.!8($+1E&!1.?!E&$I$E7#1I!?78%$81IV!$F&+!?&#1?&8,!
!! LF1I61(7.E!&/78(7.E!#1%1:7I7(7&8!'$+!*;<V!7.#I6?7.E!'1#7I7(7&8!'$+!J$+3!$.!

+1?7$1#(7F&!91(&+71I8! 1.?! #1%1:7I7(5! '$+! 7.F&8(7E1(7$.! $'! %$(&.(71I! 87(&8!
'$+!1!?78%$81I!'1#7I7(5,!

!
Y,R! O.! c6.&! RWWZV! 18! %1+(! $'! ()&! K1.1E7.E! *1?7$1#(7F&! 218(&! "1'&I5! _K*2"`!

%+$E+199&V! ()&! H$F&+.9&.(! %6:I78)&?! 1! 2)7(&! G1%&+! $.! ()&! '+19&J$+3! '$+!
79%I&9&.(7.E!E&$I$E7#1I!?78%$81I!1.?!1.! 7.F7(1(7$.!($!#$996.7(7&8!($!%1+(7#7%1(&!
7.!?78#6887$.8!($!)$8(!1!E&$I$E7#1I!?78%$81I!'1#7I7(5!_H<P`!_<&'+1!et al.V!RWWZ`,!@)&!
2)7(&! G1%&+! )7E)I7E)(8! ()&! .&&?! '$+! 9$+&! *;<! ($! 86%%$+(! :$()! 8($+1E&! 1.?!
79%I&9&.(1(7$.! $'! E&$I$E7#1I! ?78%$81I! 1.?! ?&8#+7:&8! ()&! +$I&! $'! ()&! N6#I&1+!
<&#$997887$.7.E!06()$+7(5!_N<0`!7.!#1++57.E!$6(!*;<^!
!

“The NDA has statutory responsibility under the Energy Act 2004 for carrying 
out research to support the activities for which it is responsible. The UK 
Government believes, in the light of CoRWM’s work and wider international 
experience, that there is already sufficient research work available to be 
confident that geological disposal is technically achievable. In line with 
CoRWM’s recommendation 4 (CoRWM doc. 700) and responses to the 
MRWS consultation, the NDA will undertake further research during the 
geological disposal facility development process in order to refine concepts, 
improve understanding of chemical and physical interactions in a disposal 
facility, address specific issues raised by regulators, support development of 
site-specific safety cases and to optimise facility design and delivery.!

!
Whilst Government policy is to pursue the geological disposal of higher 
activity radioactive waste, Government recognises the need to take account 
of developments in storage and disposal options, as well as possible new 
technologies and solutions. Future R&D may identify new options for dealing 
with some wastes, which under application of the waste hierarchy could 
reduce the amounts of waste requiring disposal….”,!
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2$+37.E!H+$6%a8!J$+3!%I1.!_-$*2K!?$#,!RURU`V!8(1(&?!()1(!-$*2K!J$6I?!:&!
8&&37.E!($!+&1886+&!7(8&I'!()1(!()&!*;<!#1++7&?!$6(!J$6I?!:&^!!

!
!! $'!1%%+$%+71(&!8#$%&!1.?!:+&1?()!($!6.?&+%7.!()&!K*2"!%+$E+199&!!
!! 1(!()&!'$+&'+$.(!$'!7..$F1(7$.!1.?!7.(&+.1(7$.1I!?&F&I$%9&.(8!7.!()&!'7&I?!
!! %&+'$+9&?!:5!()&!9$8(!1%%+$%+71(&!%&$%I&!1.?!7.8(7(6(7$.8!
!! #$8(Q&''&#(7F&!
!! 1I7E.&?!J7()!()&!.&&?8!$'!()&!K*2"!%+$E+199&!
!! 1:I&!($!1##&88!()&!8%&#71I78&?!7.'+18(+6#(6+&!.&&?&?!($!J$+3!81'&I5!J7()!
+1?7$1#(7F&!91(&+71I8!

!! $'!>61I7(5!1(!I&18(!#$9%1+1:I&!($!()1(!7.!#$6.(+7&8!J7()!8797I1+!J18(&!
7.F&.($+7&8!1.?!?&9$.8(+1(&?!()+$6E)!1!J&IIQ?&'7.&?!7.?&%&.?&.(!%&&+!
+&F7&J!%+$#&88!

!! 7.(&E+1(&?!7.($!837II8!?&F&I$%9&.(!1#(7F7(7&8!18!1.!&88&.(71I!#$9%$.&.(!7.!
?&F&I$%7.E!)7E)!I&F&I!837II8!!

!! '6.?&?!$%&.I5!1.?!(+1.8%1+&.(I5V!1.?!%&+'$+91.#&!9$.7($+&?!$:b&#(7F&I5!!
!! 1%%+$%+71(&I5!+&8$6+#&?!
!! 1.!1%%+$%+71(&!97/!$'!1%%I7#1(7$.8Q'$#68&?!1%%I7&?!1.?!6.?&+%7..7.E!
'6.?19&.(1I!8#7&.#&!%+$E+199&8!

!! #$.?6#(&?!7.!1!91..&+!()1(!&.86+&8!&''&#(7F&!#$Q$+?7.1(7$.!:&(J&&.!?7''&+&.(!
'6.?7.E!:$?7&8!_e.g.!N<0V!.6#I&1+!87(&!I7#&.8&&8V!*&8&1+#)!-$6.#7I8`!1.?!
1#(7F7(7&8!_J18(&!#$.?7(7$.7.EV!%1#31E7.EV!8($+1E&V!?78%$81I`,!

 
Y,T! -$*2Ka8!RWW[!+&%$+(!1I8$!8(1(&?!_-$*2K!?$#,!]WW`^!

!
"If the public is to have confidence in the proposals for the long-term 
management of radioactive waste, it is essential that the areas of uncertainty 
and the plans for addressing them are clearly identified from the outset. 
Wherever possible, uncertainties should be reduced through further 
research. Where this is not possible, the implications for the success of the 
programme should be explained along with proposals for managing the 
programme in the face of these uncertainties.",!

!
Y,S! O(!J18!&F7?&.(!1(!()&!$6(8&(!()1(V!($!1#)7&F&!1II!()&8&!+&>67+&9&.(8V!()&!BC!.&&?8!

#$Q$+?7.1(&?! *;<! ()1(! '1#7I7(1(&8! 8(+1(&E7#! %I1..7.EV! 78! $%&.! ($! 7.?&%&.?&.(!
8#+6(7.5V! 1.?! &.#$6+1E&8! &.E1E&9&.(! $'! (1I&.(&?! +&8&1+#)&+8! '+$9! 1! ?7F&+8&!
+1.E&! $'! '7&I?8! 1#+$88! '6.?19&.(1I! +&8&1+#)! 1.?! 1%%I7&?! *;<,! @)&! +&%$+(!
'$#68&8!$.!()&8&!18%&#(8,!O(!#$F&+8!()&!BCa8!#6++&.(!%+$E+199&!1.?!'6(6+&!*;<!
.&&?8!1#+$88!1II!+&8&1+#)!%+$F7?&+8!1.?!'6.?7.E!:$?7&8d!7(!78!.$(!+&8(+7#(&?!($!()&!
N<0,!!
!

Y,[! -$*2K!&9%)1878&8!()1(!()78!+&%$+(!78!.$(!7.(&.?&?!($!:&!&/)168(7F&!7.!()&!8&.8&!
$'!7?&.(7'57.E!&1#)!1.?!&F&+5!($%7#!$.!J)7#)!*;<!915!:&!+&>67+&?!$+!?&8#+7:7.E!
&F&+5!*;<!%+$b&#(!()1(!78!7.!%+$E+&88!$+!%I1..&?,!O(8!'$#68!78!()&!9&#)1.7898!1.?!
1++1.E&9&.(8! '$+! 8%&#7'57.E! *;<! .&&?8V! #1++57.E! $6(! *;<! 1.?! &.86+7.E! ()&!
+&86I(8!1+&!6(7I78&?!'6II5!7.!91.1E7.E!)7E)&+!1#(7F7(5!J18(&8!1.?!.6#I&1+!91(&+71I8!
()1(!915!:&!?&#I1+&?! ($!:&!J18(&8,!2)&+&!*;<!$.!8%&#7'7#! ($%7#8! 78!?78#688&?!
()78!78!8$I&I5!'$+!7II68(+1(7$.!$'!()&!:+&1?()!1.?!?&%()!$'!()&!J$+3!+&>67+&?!7.!'6(6+&d!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YU!$'!YSY!



()&!$97887$.!$'!1.5!($%7#!?$&8!.$(!79%I5!()1(!-$*2K!78!6.1J1+&!$'!7(!$+!()1(!7(!78!
6.79%$+(1.(,!!
!

Y,]! @&#).7#1I!($%7#8!()1(!1+&!$6(87?&!()&!8#$%&!$'!()78!+&%$+(!7.#I6?&!J18(&8!'+$9!.&J!
:67I?!+&1#($+8V!J)7#)!-$*2K!78!1??+&887.E!7.!7(8!RWWXQYW!J$+3!%+$E+199&V!1.?!
(+1.8%$+(!$'!)7E)&+!1#(7F7(5!J18(&8V!J)7#)!-$*2K!%I1.8! ($!1??+&88! 7.! '6(6+&,!0!
'6+()&+! $97887$.! 78! ()&! &''&#(8! $'! +1?71(7$.! $.! ()&! )&1I()! $'! )691.! :&7.E8! 1.?!
$()&+!I7F7.E!$+E1.7898,!@)&!+&%$+(!?$&8!.$(!?&1I!7.!1.5!?&(17I!J7()!+&8&1+#)!7.!()&!
8$#71I! 8#7&.#&8! ()1(! 78! +&I&F1.(! ($! +1?7$1#(7F&! J18(&! 91.1E&9&.(,! @)78! J18!
:&#168&! ()&+&!J18! 7.86''7#7&.(! (79&! ($! ?$! 8$,!-$*2K! 7.(&.?8! ($! +&(6+.! ($! ()78!
($%7#!7.!'6(6+&,!!
!

Y,Z! O886&8! 188$#71(&?! J7()! ()&! %+$F787$.! $'! 7.(&+79! 8($+1E&! 1.?! 79%I&9&.(1(7$.! $'!
E&$I$E7#1I! ?78%$81I! 1+&! 1??+&88&?! 7.! (J$! $()&+! -$*2K! +&%$+(8! %6:I78)&?! 7.!
RWWX!_-$*2K!?$#8,!RSWWV!RSSW`,!0!%$87(7$.!%1%&+!_-$*2K!?$#,!RUZX`!$.!*;<!
'$+! #$.?7(7$.7.EV! %1#31E7.E! 1.?! 8($+1E&! $'! )7E)&+! 1#(7F7(5! J18(&8V! 1.?! ()&!
91.1E&9&.(!$'!.6#I&1+!91(&+71I8V!'$+9&?!()&!#$+&!$'!8&#(7$.8!$.!()&8&!($%7#8!7.!
()78!+&%$+(,!

!
Context 

Y,X! O.!RWW[V!-$*2K!_-$*2K!?$#,!]WW`! +&#$99&.?&?!E&$I$E7#1I!?78%$81I!18! ()&!
I$.EQ(&+9!91.1E&9&.(!$%(7$.V!()&!%+$F787$.!$'!81'&!1.?!8&#6+&!7.(&+79!8($+1E&V!
1.!7.(&.87'7&?!%+$E+199&!$'!*;<!($!86%%$+(!:$()!?78%$81I!1.?!8($+1E&!1.?!1!87(&!
8&I&#(7$.!%+$#&88!()1(! 78!:18&?!$.!()&!J7II7.E.&88!$'!#$996.7(7&8!($!%1+(7#7%1(&,!
H$F&+.9&.(! 1##&%(&?! ()&! :6I3! $'! -$*2Ka8! +&#$99&.?1(7$.8! 1.?! E1F&! ()&!
+&8%$.87:7I7(5! '$+! 79%I&9&.(7.E!E&$I$E7#1I!?78%$81I! ($! ()&!N<0!_BC!H$F&+.9&.(!
et al,V!RWW[`,!@)&!%$87(7$.8!$'!()&!<&F$IF&?!0?97.78(+1(7$.8!1+&!E7F&.!:&I$J,!

!
!! O.!c6.&!RWW]V! ()&!"#$((78)!H$F&+.9&.(! +&b&#(&?!E&$I$E7#1I!?78%$81IV!$%(7.E!
7.8(&1?! '$+! I$.EQ(&+9V! .&1+Q87(&V! .&1+Q86+'1#&! 8($+1E&,! 0(! ()&! (79&! $'!
%6:I7#1(7$.! $'! ()78! +&%$+(! ()&! "#$((78)! H$F&+.9&.(! 78! ?&F&I$%7.E! 1! %$I7#5!
'+19&J$+3!($!(13&!()78!'$+J1+?,!

!! @)&! 2&I8)! 088&9:I5! H$F&+.9&.(! +&8&+F&8! 7(8! %$87(7$.! $.! E&$I$E7#1I!
?78%$81Id! 7(! 1((1#)&8! %1+(7#6I1+! 79%$+(1.#&! ($! &.86+7.E! 81'&! 1.?! 8&#6+&!
7.(&+79! 8($+1E&! 1.?! ($! #1++57.E! $6(! *;<! ($! 86%%$+(! ()&! $%(7978&?!
91.1E&9&.(!$'!)7E)&+!1#(7F7(5!J18(&8,!

!! @)&!<&%1+(9&.(!$'!()&!L.F7+$.9&.(!7.!N$+()&+.!O+&I1.?!86%%$+(8!()&!K*2"!
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+&>67+&9&.(8!'$+!E&$I$E7#1I!?78%$81I!

!! 1!+$:68(!1.?!7.?&%&.?&.(!%&&+!+&F7&J!%+$#&88!'$+!1II!*;<!
!! 1! I$.EQ(&+9! %+$E+199&! $'! 837II8! 1.?! 7.'+18(+6#(6+&! ?&F&I$%9&.(! ()1(! J7II!
9&&(! ()&! +&>67+&9&.(8! '$+! I$.EQ(&+9!J18(&!91.1E&9&.(! 7.#I6?7.E!&F&.(61I!
79%I&9&.(1(7$.!$'!E&$I$E7#1I!?78%$81I,!

!
Y,YT! K6#)!$'!()&!7.'$+91(7$.!+&>67+&?!:5!-$*2K!($!188&88!()&!#6++&.(!&/(&.(!$'!*;<!

%+$E+199&8V! ()&! %+$F787$.! $'! &/78(7.E! 7.'+18(+6#(6+&! 1.?! ()&! &/78(7.E! 837II8!
?&F&I$%9&.(! %+$E+199&! J18! .$(! +&1?7I5! 1F17I1:I&! 7.! 1.5! ?$#69&.(&?! '$+9,!
-$.8&>6&.(I5V! 1! 86:8(1.(71I! 19$6.(! $'! 7.F&8(7E1(7$.V! #$.?6#(&?! :5! 7.?7F7?61I!
9&9:&+8!$'!-$*2KV!)18!%+$F&?!.&#&881+5,!@)78!)18!(13&.!1!.69:&+!$'!'$+98V!
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2. ESTABLISHING R&D REQUIREMENTS 
 
What is meant by R&D? 

R,Y! *;<! 1#(7F7(7&8! '$+! ()&! 91.1E&9&.(! $'! )7E)&+! 1#(7F7(5! +1?7$1#(7F&! J18(&! 1+&!
?7F&+8&,! @)&5! +1.E&! '+$9! &/%&+79&.(8! 7.! 1! 891II! I1:$+1($+5! $+! ?&F&I$%9&.(! $'!
91()&91(7#1I!1.?!#$9%6(1(7$.1I!9&()$?8!($!?&87E.!1.?!$%&+1(7$.!$'!96I(7Q97II7$.!
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179! $+! $:b&#(7F&V! J)7#)! #1.! 7.F$IF&! 687.E! &/78(7.E! 3.$JI&?E&! 1.?!
6.?&+8(1.?7.E!$+!1#>67+7.E!.&J!3.$JI&?E&,!!

!! Fundamental Research^!$+7E7.1IV!&/%I$+1($+5!7.F&8(7E1(7$.!7.F$IF7.E!
&/%&+79&.(1I!$+!()&$+&(7#1I!J$+3!6.?&+(13&.!%+791+7I5!($!1#>67+&!.&J!
3.$JI&?E&!1.?!6.?&+8(1.?7.E!$'!%)&.$9&.1!1.?!$:8&+F1:I&!'1#(8!J7()$6(!
.&#&881+7I5!)1F7.E!1.5!799&?71(&!1%%I7#1(7$.!$+!68&!7.!F7&J,!

!! Development^!%+$E+&887F&V!858(&91(7#!68&!$'!3.$JI&?E&!1.?!6.?&+8(1.?7.E!
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1%%I7&?! +&8&1+#)! 78! ()&! 9$+&! $:F7$68! 1.?! 7(! 78! $.! ()78! ()1(! #6++&.(! *;<!
%+$E+199&8!7.!()&!BC!(&.?!($!'$#68,!P6.?19&.(1I!+&8&1+#)!78!&88&.(71I!'$+!I$.EQ
(&+9! +1?7$1#(7F&! J18(&! 91.1E&9&.(V! J)&+&! 1.! 1:7I7(5! ($! ?&9$.8(+1(&! E$$?!
6.?&+8(1.?7.E! $'! 6.?&+I57.E!9&#)1.7898! 1.?! %+$#&88&8! 78! +&>67+&?! ($! %+$F7?&!
8$6.?! 7.%6(8! ($!?&#787$.8!1.?!913&!1! +$:68(!?&'&.#&!$'!1!%+$%$8&?!#$6+8&!$'!
1#(7$.,!!

!
R,T! O.! %1+(7#6I1+V! -$*2K! :&I7&F&8! ()1(! '6.?19&.(1I! +&8&1+#)! 78! 79%$+(1.(! '$+!

E&$I$E7#1I!?78%$81IV!J)&+&!()&!81'&(5!#18&!968(!?&9$.8(+1(&! ($! ()&!81(78'1#(7$.!
$'!+&E6I1($+8V!()&!)$8(!#$996.7(5V!$()&+!8(13&)$I?&+8!1.?!()&!%6:I7#!()1(!7(!78!F&+5!
6.I73&I5! ()1(! 87E.7'7#1.(! >61.(7(7&8! $'! +1?7$.6#I7?&8!J7II! :&! +&I&18&?! '+$9!1!H<P!
1.?! (+1F&I! ($! ()&! 86+'1#&! $F&+! %&+7$?8! $'! (&.8! $'! ()$681.?8! $'! 5&1+8! $+! 9$+&,!
B.#&+(17.(7&8! $F&+! 86#)! I$.E! (79&8! #1.! $.I5! :&! 1??+&88&?! 7'! ()&+&! 78! 1! 8$6.?!
6.?&+8(1.?7.E! $'! ()&! %+$#&88&8! ()1(! 6.?&+I7&! %$(&.(71I! +&I&18&!1.?! (+1.8%$+(! $'!
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R,[! M()&+! (&+98! ()1(! 1+&! $'(&.! 68&?! ($! ?&8#+7:&! ?7''&+&.(! (5%&8! $'! +&8&1+#)! 1+&!
f.&&?8Q?+7F&.g! 1.?! f#6+7$87(5Q?+7F&.g,!-$*2K!)18!.$(! '$6.?! ()&8&! (&+98! ($!:&!
68&'6I,! fN&&?8Q?+7F&.g! 78! ($$! E&.&+1I! 1! (&+9! 7.! ()&! #$.(&/(! $'! 91.1E&9&.(! $'!
)7E)&+!1#(7F7(5!J18(&8,!O(!#$F&+8!:$()!1%%I7&?!1.?!'6.?19&.(1I!+&8&1+#)!:6(!8158!
.$()7.E! 1:$6(! ()&! :1I1.#&! :&(J&&.! ()&9,! f-6+7$87(5Q?+7F&.g! 78! 1.! 19:7E6$68!
(&+9,!O.!$.&!8&.8&!7(!#1.!:&!68&?!7.8(&1?!$'!f'6.?19&.(1Ig,!D$J&F&+V! 7(! 78!$'(&.!
68&?! ($! +&'&+! ($! +&8&1+#)! ()1(!1%%&1+8! ($!)1F&!.$! +&I&F1.#&!1(! ()&! (79&! ($!1.5!
%+1#(7#1I!1%%I7#1(7$.!_1I8$!#1II&?!f:I6&!837&8g!+&8&1+#)`,!!

 

Scope of R&D Required  

R,]! *1?7$1#(7F&!J18(&!91.1E&9&.(!78!6861II5!(13&.!($!#$F&+!1!J7?&!+1.E&!$'!($%7#8!
7.!1??7(7$.!($!conditioningV!packagingV!storage!1.?!disposalV J)7#)!1+&!1??+&88&?!
7.!%1+1E+1%)!R,YT!et seq., K1.1E&9&.(!1#(7F7(7&8!7.#I6?&^!

!
!! 97.79787.E!1+787.E8!$'!1II!+1?7$1#(7F&!J18(&8!_8$I7?8V!I7>67?8!1.?!E18&8`V!e.g.!
()+$6E)!1%%+$%+71(&!?&87E.8!$'!.6#I&1+!'1#7I7(7&8!1.?!1%%+$%+71(&!$%&+1(7.E!
1.?!?&#$997887$.7.E!%+$#&?6+&8!

!! J18(&!#)1+1#(&+781(7$.V!i.e. ?&(&+97.7.E!()&!+1?7$.6#I7?&!#$.(&.(!$'!J18(&V!7(8!
.$.Q+1?7$1#(7F&!#$.(&.(V!1.?!()&!%)587#1I!1.?!#)&97#1I!'$+98!7.!J)7#)!
+1?7$.6#I7?&8!1.?!$()&+!%$(&.(71II5!)1+9'6I!#$.8(7(6&.(8!1+&!%+&8&.(!

!! 97.79787.E!1+787.E8!$'!&1#)!(5%&!$'!8$I7?!+1?7$1#(7F&!J18(&!_I$JV!7.(&+9&?71(&!
1.?!)7E)!I&F&I`V!e.g.!()+$6E)!8$+(7.EV!8&E+&E1(7$.V!?&#$.(197.1(7$.!1.?!
1II$J7.E!+1?7$1#(7F&!?&#15!

!! (+&1(9&.(!$'!I7>67?!1.?!E18&$68!&''I6&.(8!%+7$+!($!?78#)1+E&!($!()&!
&.F7+$.9&.(!

!! +&(+7&F1I!$'!J18(&8!'+$9!I&E1#5!'1#7I7(7&8!
!! (+1.8%$+(!$'!J18(&8V!e.g.!:&(J&&.!8($+&8!1.?!?78%$81I!'1#7I7(7&8!!
!! .&1+Q86+'1#&!?78%$81I!
!! E&$I$E7#1I!?78%$81I,!

!
R,Z! 218(&8!J7II!'$II$J!1!8&>6&.#&!$'!#$.?7(7$.7.EV!%1#31E7.EV!8($+1E&V!(+1.8%$+(!1.?!

?78%$81I,!*;<!#1.!:&!68&?!($!%+$F7?&!#$.'7?&.#&!()1(!()&!J18(&!%1#31E&8!J7II!:&!
8($+1:I&V!(+1.8%$+(1:I&!1.?!?78%$81:I&,!@)78!8&>6&.#&V!'+$9!()&!7.7(71I!%+$#&887.E!
$'!+1J!J18(&!($!'7.1I!8&1I7.E!7.($!1!#I$8&?!?78%$81I!'1#7I7(5V!78!I73&I5!($!(13&!91.5!
?&#1?&8V!8$!()&!?6+1:7I7(5!$'!()&!%1#31E&?!J18(&8!78!#+7(7#1I,!@)&!J18(&!%1#31E&8!
968(! +&(17.! 86''7#7&.(! 7.(&E+7(5! ?6+7.E! 7.(&+79! 8($+1E&! ($! 1II$J! ()&9! ($! :&!
(+1.8%$+(&?!($!1!H<P!1.?!&9%I1#&?,!@)&5!()&.!915!)1F&!($!+&917.!7.(1#(!?6+7.E!
1!%&+7$?!:&'$+&!()&!?78%$81I!'1#7I7(5!78!:1#3'7II&?!1.?!8&1I&?,!418(I5V!()&5!915!'6I'7I!
79%$+(1.(! 81'&(5! '6.#(7$.8! 7.! ()&! I$.EQ(&+9V! %$8(Q#I$86+&! 81'&(5! $'! ()&! ?78%$81I!
'1#7I7(5,!*;<!+&I1(&?!($!91.5!$'!()&8&!($%7#8!78!#$F&+&?!7.!()78!+&%$+(,!O.!%1+(7#6I1+V!
-$*2K!)18!7.F&8(7E1(&?!)$J!+&8&1+#)!+&>67+&9&.(8!+&I1(&?!($!()&8&!($%7#8!1+&!
&8(1:I78)&?!1.?!%+7$+7(78&?V! )$J!*;<! 78! #$Q$+?7.1(&?!1.?!)$J! ()&!*;<! +&86I(8!
1+&!68&?!7.!+1?7$1#(7F&!J18(&!91.1E&9&.(!%+$E+199&8,!

!
R,X! *;<!+&I&F1.(! ($! +1?7$1#(7F&!J18(&!91.1E&9&.(! 78!1I8$!#1++7&?!$6(! 7.! (J$!$()&+!
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The Context for R&D – UK Higher Activity Wastes 
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Waste Conditioning and Packaging R&D Requirements 
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Waste Storage System R&D Requirements 
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Geological Disposal R&D Requirements 
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3. UK R&D FOR MANAGEMENT OF HIGHER ACTIVITY WASTES 
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Table 1. Approximate annual levels of funding for R&D on management of higher 
activity wastes 
!

Funding provider Approximate maximum annual spend 
(£M) 
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Figure 1.!Structure of UK R&D provision for management of higher activity wastes 
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R&D in the Letter of Compliance Process 
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NDA R&D for Geological Disposal 
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“to carry out R&D to support a national strategic need to support safe and 
secure geological disposal. We therefore commission applied research and 
development, targeted to fulfil specific needs in support of RWMD’s 
objectives. We call this needs-driven R&D.” 
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R&D in the NDA’s Strategy Management System 
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Other Nuclear Industry Organisations 
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Role of the National Nuclear Laboratory 
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-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!UR!$'!YSY!

http://www.nda.gov.uk/strategy/overview.cfm


U,R]! @)&!%6+%$8&!$'!NN4!#1.!:&!86991+78&?!18!:&7.E!($^T!!
!

!! 7?&.(7'5! 1.?! %+&8&+F&! 3&5! .6#I&1+! 8#7&.(7'7#! 1.?! (&#).7#1I! 837II8! 1.?!
'1#7I7(7&8!

!! I&1?!1.?!7.(&E+1(&!BC!8(+1(&E7#!(&#).$I$E5!%+$E+199&8!
!! %+$F7?&! 7.?&%&.?&.(! (&#).7#1I! 1?F7#&! ($! ()&! BC! H$F&+.9&.(! 1.?! 7(8!

1E&.#7&8!
!! $%&+1(&!J$+I?!#I188!'1#7I7(7&8!'$+!+&8&1+#)!
!! 18878(! 7.! ()&! ?&F&I$%9&.(! $'! ()&! 91+3&(! '$+! ()&! %+$F787$.! $'! .6#I&1+!

+&8&1+#),!
!
U,RZ! @)&!1+&18!$'!:687.&88!$'!NN4!7.#I6?&!.6#I&1+!8#7&.#&V!J18(&!91.1E&9&.(V!%I1.(!

%+$#&88!86%%$+(V!9$?&II7.EV!91(&+71I8!1.?!#$++$87$.V!8%&#71I78(!1.1I5(7#1I!8&+F7#&8!
1.?!&.F7+$.9&.(1I!91.1E&9&.(,!O(!$%&+1(&8!1(!87/!I$#1(7$.8!7.!()&!BC^!"&II1'7&I?V!
2$+37.E($.V! G+&8($.V! *78I&5V! D1+J&II! 1.?! "($.&)$68&,! O(8! 1#(7F&! '1#7I7(7&8!
_"&#(7$.! S`! 1+&! $J.&?! :5! ()&! N<0! 1.?! I&18&?! :5! NN4V! J)7#)! $%&+1(&8! ()&9!
6.?&+!()&!.6#I&1+!87(&!I7#&.#&8!$'!()&!+&I&F1.(!"4-8,!@)&5!#1.!:&!68&?!'$+!I$.EQ
(&+9V!I1+E&Q8#1I&!&/%&+79&.(8!J7()!)7E)I5!+1?7$1#(7F&!91(&+71I8,!

!
U,RX! NN4!)18!1:$6(! ]SW!%&+8$..&IV! $'!J)$9!1:$6(! TWW!1+&! (&#).7#1I! 1.?!1! '6+()&+!

YSW!%+$F7?&!'1#7I7(7&8!86%%$+(,!C&5!%&+8$..&I!7.!()&!NN4!8(+6#(6+&!1+&!()&!8&F&.!
@&#).7#1I! 06()$+7(7&8V! &1#)! $'! J)7#)! )18! $F&+1II! +&8%$.87:7I7(5! '$+! ?&'7.7.E! ()&!
(&#).7#1I!8(+1(&E5!1.?!917.(17.7.E!>61I7(5!J7()7.!1!?&'7.&?!(&#).7#1I!1+&1V!1.?!()&!
&7E)(!"&.7$+!*&8&1+#)!P&II$J8V!J)$!1+&!NN4a8! I&1?7.E! (&#).7#1I!&/%&+(8!J7()!1!
+&8%$.87:7I7(5!'$+!&.E1E7.E!J7()!6.7F&+87(7&8!1.?!$()&+!8(13&)$I?&+8!1.?!'$+!>61I7(5!
%6:I7#1(7$.8! J7()7.! ()&7+! 1+&1! $'! &/%&+(78&,! NN4! %I158! 1! 3&5! +$I&! 7.! ()&!
917.(&.1.#&!1.?!?&F&I$%9&.(!$'!*;<!837II8!_"&#(7$.!T`,!!

!
U,UW! NN4!?&I7F&+8!*;<!687.E!()&8&!'1#7I7(7&8!:6(!#6++&.(I5!'$+!1!'17+I5!.1++$J!f#68($9&+!

:18&g,!]Sh!$'! 7(8!:687.&88! 78! '+$9! ()&!N<0!1.?!"4-8!J7()!1! '6+()&+!RWh! '+$9!
\+7(78)!L.&+E5!1.?!K$<,!O(8!#68($9&+!:18&!78!&/%&#(&?!($!&/%1.?!7.!()&!'6(6+&,!O(!
+&#&7F&8! .$! 86:87?5! '+$9! H$F&+.9&.(! :6(! $%&+1(&8! 18! 1! '6II5! #$99&+#71I!
$+E1.781(7$.,!O'!()&!NN4!78!($!9&&(!BC!8(+1(&E7#!.&&?8!'$+!*;<!()&.!7(!J7II!+&>67+&!
#68($9&+8!()1(!+&#$E.78&!()$8&!.&&?8!1.?!'6.?!%+$b&#(8!1##$+?7.EI5,!!

 

Nuclear Safety Research and the Role of HSE 

U,UY! @)&!91.1E&9&.(!$'!()&!BC!.6#I&1+!81'&(5!+&8&1+#)!%+$E+199&!J18!(+1.8'&++&?!
'+$9! ()&! <&%1+(9&.(! '$+! @+1?&! 1.?! O.?68(+5! ($! ()&! D&1I()! 1.?! "1'&(5!
-$997887$.! _.$J! #$9:7.&?! J7()! D"L`! 7.! YXXW,! @)&! H$F&+.9&.(! 8&(! ()+&&!
%+791+5!$:b&#(7F&8!'$+!()&!%+$E+199&!_D"LV!RWWX1`^!

!
!! ($!&.86+&!()1(!1?&>61(&!1.?!:1I1.#&?!%+$E+199&8!$'!.6#I&1+!81'&(5!
+&8&1+#)!#$.(7.6&!($!:&!#1++7&?!$6(V!:18&?!$.!1!F7&J!$'!()&!7886&8!I73&I5!($!
&9&+E&!7.!:$()!()&!8)$+(!1.?!I$.E!(&+9!

!! ($!&.86+&!()1(V!18!'1+!18!+&18$.1:I5!%+1#(7#1:I&V!()&!%$(&.(71I!#$.(+7:6(7$.!
J)7#)!86#)!+&8&1+#)!#1.!913&!($!8&#6+7.E!)7E)&+!8(1.?1+?8!$'!.6#I&1+!
81'&(5!78!91/7978&?!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
T!http://www.nnl.co.uk/ !

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!UU!$'!YSY!

http://www.nnl.co.uk/


!! ($!&.86+&!()1(!()&!+&86I(8!$'!1.5!86#)!+&8&1+#)!)1F7.E!79%I7#1(7$.8!'$+!
.6#I&1+!81'&(5!1+&!?788&97.1(&?!18!1%%+$%+71(&,!

!
U,UR! @)&+&!J&+&!1I8$!86%%$+(7.E!$:b&#(7F&8V!.19&I5!917.(17.7.E!1!86''7#7&.(!+1.E&!$'!

7.?&%&.?&.(!#1%1:7I7(5!1.?!(137.E!1?F1.(1E&!$'!7.(&+.1(7$.1I!#$II1:$+1(7$.!_D"LV!
RWWX1`,! @)&! I&E1I! #$.(&/(! '$+! ()&! %+$E+199&! 78! %+$F7?&?! :5! ()&! D&1I()! 1.?!
"1'&(5!1(!2$+3!m!0#(!YX]TV!J)7#)!%I1#&8!?6(7&8!$.!D"L!($!913&!1++1.E&9&.(8!
'$+!#1++57.E!$6(!+&8&1+#)!1.?!($!&.#$6+1E&!+&8&1+#)!:5!$()&+8V!1.?!()&!N6#I&1+!
O.8(1II1(7$.8!0#(!YX[SV!J)7#)!8(1(&8! ()1(!D"L!915! +&#$F&+! ()&!#$8(8!$'!.6#I&1+!
81'&(5!+&8&1+#)!'+$9!.6#I&1+!87(&!I7#&.8&&8!_1.?!1%%I7#1.(8!'$+!I7#&.#&8`,!

!
U,UU! @)&!I1(&8(!&?7(7$.!$'!()&!D"L!N6#I&1+!"1'&(5!*&8&1+#)!"(+1(&E5!_D"LV!RWWX1`!78!

%6:I78)&?! 18! %1+(! $'! ()&!N6#I&1+!*&8&1+#)! O.?&/! _N*O`,! O(! #$F&+8! ()&! +&8&1+#)!
()1(!D"L!J7II!?$!1.?!()&!+&8&1+#)!()1(! 7(!&/%&#(8!.6#I&1+! I7#&.8&&8!($!#1++5!$6(,!
27()7.! ()&! N*O! ()&+&! 78! 1I8$! 1.! D"L! N6#I&1+! <7+&#($+1(&! *&8&1+#)! "(+1(&E5!
"(1(&9&.(! '$+! 218(&! 1.?! <&#$997887$.7.E! *&8&1+#)! _D"LV! RWWX:`,! @)78!
8(1(&9&.(!78!($!&.86+&!()1(!.6#I&1+!87(&8!#$.87?&+!D"La8!.&&?8!1.?!#$.#&+.8!7.!
()&!J18(&!1.?!?&#$997887$.7.E!(&#).7#1I!1+&1!J)&.!()&5!1+&!&8(1:I78)7.E!()&7+!
+&8&1+#)! +&>67+&9&.(8! _e.g.! via! @\6*<8! 7.! ()&! #18&! $'! N<0! "4-8! 1.?! via!
N6#I&1+! "1'&(5! *&8&1+#)! "#)&?6I&8! 7.! ()&! #18&! $'! \+7(78)! L.&+E5`,! @)&!
"(1(&9&.(! 1%%I7&8! ($! :$()! $%&+1(7.E! 1.?! 8)6(?$J.! +&1#($+! %I1.(,! O(! 78! .$(!
%+&8#+7%(7F&!:6(!78!7.(&.?&?!($!I78(!()&!($%7#8!$.!J)7#)V!7.!D"La8!F7&JV!*;<!J7II!:&!
.&&?&?! ($! 86%%$+(! 81'&(5! #18&8,! O(! E7F&8! ()&! +&E6I1($+5! 1.?! +&8&1+#)! E$1I8! 18!
:&7.E^!!
!

“to ensure a sound technical basis for the safe and timely retrieval, 
passivation, immobilisation, containment and interim storage of radioactive 
wastes on both operating and shutdown reactor plant”, 

 
U,UT! K6#)!$'!()&!+&8&1+#)!:5!I7#&.8&&8!J7II!'7(!7.($!1!%+$b&#(!%+$E+199&!1.?!:&!'6.?&?!

:5!()1(!%+$b&#(V!+1()&+!()1.!:&7.E!%1+(!$'!1.!*;<!%+$E+199&!18!86#),!!
!

U,US! N6"0-! )1?! ()&! +&8%$.87:7I7(5! ($! 7.'$+9! D"L! &1#)! 5&1+! J)&()&+! ()&! .6#I&1+!
81'&(5! +&8&1+#)! %+$E+199&8! $'! ()&! 7.?68(+5! 1.?! 7(8! +&E6I1($+8! J&+&! 1?&>61(&!
1.?!:1I1.#&?! 7.! 86%%$+(7.E!.6#I&1+! 81'&(5! 7.! ()&!BC,!\18&?!$.! 7(8! 819%I7.E! 7.!
RWW]QWZV!N6"0-! #$.#I6?&?! ()1(! E$$?! %+$E+&88! )1?! :&&.!91?&! ($! ?&'7.&! 1.?!
?&F&I$%!($%7#8!+&>67+7.E!+&8&1+#),!O(!b6?E&?!()&!.6#I&1+!81'&(5!+&8&1+#)!87(61(7$.!
($!:&!81(78'1#($+5!:6(V! 7.! ()&! I$.E&+! (&+9V! 7.!.&&?!$'!#$.(7.67.E!&.#$6+1E&9&.(!
1.?!8#+6(7.5,!@)&!RWWZ!N6"0-!+&F7&J!$'!()&!N<0!"4-8a!@\6*<8!8(1(&?^!

!
fWe formed a favourable impression during our review of TBuRDs (2008). 
Standardisation of format has helped to ensure that all sites are addressing 
relevant issues, and some topics have yielded results that have been 
implemented. We did advise where further improvements might still be 
beneficial,g,!

!
U,U[! D"La8!N6#I&1+!<7+&#($+1(&!_N<`!+&%$+(&?!7.!&1+I5!RWWX!()1(!()&!RWWZQWX!.6#I&1+!

81'&(5! +&8&1+#)! %+$E+199&! '$+! +1?7$1#(7F&! J18(&! 91.1E&9&.(! 1.?!
?&#$997887$.7.E!J18!:&7.E! #$997887$.&?! ($!%I1.!:5!N<!1.?! ()&! .6#I&1+! 87(&!
I7#&.8&&8!_D"LV!RWWX#`,!@)&!%+$E+199&!'$#68&?!$.!K1E.$/!87(&8V!"&II1'7&I?!1.?!
<$6.+&15,! N<! 7?&.(7'7&?! ()&! 3&5! 1+&18! 1.?! ($%7#8! '$+! +&8&1+#),! @)&! I7#&.8&&8!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!UT!$'!YSY!



7?&.(7'7&?!()&!+&8&1+#)!+&>67+&?!1.?!($I?!N<!()1(!7(!J18!:&7.E!%+$E+&88&?!_D"LV!
RWWX#`,!!

!
U,U]! "7.#&!N6"0-!J18!?78:1.?&?V!7(8!*&8&1+#)!*&F7&J!H+$6%!_**H`!)18!#$.(7.6&?!

($!1?F78&!D"L,!O.!RWWXV!()&!**H!#$99&.(&?!_-$*2K!?$#,!R[UW`^!!
!

“(R&D) would benefit from a more transparent presentation of all the aims, in 
some detail, so that the adequacy of progress could be judged against a 
programme. Critically, there are many areas where solutions are still sought, 
and they must be provided on an acceptable timescale.”,!

!
The Environment Agencies 

U,UZ! L0! 1.?! "LG0! )1F&! +&I1(7F&I5! 9$?&8(! +&8&1+#)! %+$E+199&8! $.! ($%7#8! $'!
+&E6I1($+5! 7.(&+&8(! 7.! ()&! 1+&18! $'! +1?7$1#(7F&! J18(&! 91.1E&9&.(! 1.?! +&I1(&?!
)&1I()!1.?!&.F7+$.9&.(1I!%+$(&#(7$.!7886&8!_-$*2K!?$#,!RT[T`,!\$()!1E&.#7&8!
179!%+791+7I5! ($! 7.'I6&.#&!$()&+8! ($! #1++5! $6(! +&8&1+#)! 1.?! #1.! +&>67+&! .6#I&1+!
87(&! I7#&.8&&8! ($! ?$! +&8&1+#)! via! #$.?7(7$.8! 7.! 16()$+781(7$.8! 7886&?! 6.?&+! ()&!
*1?7$1#(7F&!"6:8(1.#&8!0#(,!!!!!

!
U,UX! @)&! +&8&1+#)! %+$E+199&! $'! L0a8! N6#I&1+! 218(&! 088&889&.(! @&19! _N20@`V!

J)7I&! 891IIV! 78! )7E)I5! '$#68&?!1.?!913&8!E$$?!68&!$'! 7(8! +&8$6+#&8,!L0!)18! 1!
I797(&?!*;<!:6?E&(V!7.#I6?7.E!1+$6.?!kYK!$F&+!()&!.&/(!S!5&1+8!'$+!7.Q)$68&!_R!
8#7&.(78(8`!1.?!#$997887$.&?!J$+3V!86%%I&9&.(&?!:5!7.?68(+5!#)1+E&8!I&F7&?!:5!
N20@,! @)78! :6?E&(! #$F&+8! +1?7$1#(7F&! J18(&! 91.1E&9&.(! 1.?! +1?7$1#(7F&!
86:8(1.#&8! +783!188&889&.(V! 7.#I6?7.E!.&JQ:67I?,! O(! 78!%1+(I5!68&?! ($! fI&F&+g!L0!
7.($!b$7.(!%+$b&#(8!1.?!%+$E+199&8!7.F$IF7.E!NOOV!7.?68(+5!1.?!7.(&+.1(7$.1I!:$?7&8!
_86#)! 18! ()&! NL0! *1?7$1#(7F&! 218(&! K1.1E&9&.(! -$997((&&a8! O.(&E+1(&?!
H+$6%! '$+! ()&! "1'&(5! -18&V! %1+1,! U,YUT`,! @)78! 1%%+$1#)! E7F&8! ()&! L0! J7?&+!
7.'I6&.#&!1.?! E+&1(&+! 1##&88! ($! 3.$JI&?E&! ($! )&I%! 7(! ($! 6.?&+%7.! 7(8! +&E6I1($+5!
?&#787$.8,!-6++&.(!L0!%+$b&#(8!7.#I6?&^!

!
!! D42!i!8%&.(!'6&I!81'&(5!#18&8^!)$J!?7''&+&.(!&I&9&.(8!7.#I6?7.E!()&!J18(&!
'$+9V!#$.(17.&+!1.?!?78%$81I!'1#7I7(5!?&87E.!#$.(+7:6(&!($!()&!81'&(5!'6.#(7$.8!!

!! +&9&?71(7$.!$'!O42!%1#31E&8V!7.#I6?7.E!.$.Q7.(+687F&!(&#).7>6&8!'$+!
9$.7($+7.E!()&!#$.?7(7$.!$'!%1#31E&8!7.!8($+&V!1.?!E67?1.#&!$.!#)$$87.E!
+&9&?71(7$.!$%(7$.8!8$!18!($!97.7978&!)&1I()!1.?!&.F7+$.9&.(1I!79%1#(8,!

!
L0!%I1.8!'6+()&+!%+$b&#(8!7.^!!
!! #)&97#1I!8%&#71(7$.!$'!+1?7$.6#I7?&8!1.?!.$.Q+1?7$1#(7F&!&I&9&.(8!7.!()&!
&.F7+$.9&.(!!

!! 87(&!7886&8!86#)!18!1%%+$%+71(&!#)1+1#(&+781(7$.!(&#).7>6&8!1.?!91.1E7.E!
E+1%)7(&!J18(&8,!

U,TW! "LG0! #$997887$.8! +&8&1+#)! 917.I5! via! ()&! "#$(I1.?! 1.?! N$+()&+.! O+&I1.?!
P$+69!'$+!L.F7+$.9&.(1I!*&8&1+#)!_"NOPPL*`,!@$!?1(&!"LG0!)18! '6.?&?! I7((I&!
*;<!$.!()&!91.1E&9&.(!$'!)7E)&+!1#(7F7(5!J18(&,!!

!
The Research Councils 

U,TY! "6%%$+(!'$+!+&8&1+#)!78!1F17I1:I&!'+$9!()&!*&8&1+#)!-$6.#7I8V!J)7#)!1+&!()&!BC!
H$F&+.9&.(! 1E&.#7&8! +&8%$.87:I&! '$+! '6.?7.E! +&8&1+#)! 1.?! (+17.7.E,! @)&5!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!US!$'!YSY!



?78:6+8&!1:$6(!kR,Z\!%&+!1..69!($!6.7F&+87(7&8!1.?!+&8&1+#)!#&.(+&8!1#+$88!()&!
BC,!@)&!8(+1(&E7#!%1+(.&+8)7%!$'!()&!BCa8!8&F&.!*&8&1+#)!-$6.#7I8!78!*&8&1+#)!
-$6.#7I8! BC! _*-BC`V! :18&?! 7.! "J7.?$.,! K1.5! 1#(7F7(7&8! 1+&! 6.?&+(13&.!
#$II&#(7F&I5! 1.?! via! #+$88Q#$6.#7I! 7.7(71(7F&8,! @)&! +&8&1+#)! +&>67+&9&.(8! '$+!
91.1E&9&.(! $'! )7E)&+! 1#(7F7(5! J18(&8! &.#$9%188! 1! J7?&! +1.E&! $'! ?78#7%I7.&8!
_8$#71I!8#7&.#&V!&()7#8V!+1?7$#)&978(+5V!)5?+$E&$I$E5V!&.E7.&&+7.EV!97#+$:7$I$E5V!
inter alia`!1.?!)&.#&!1+&! +&I&F1.(! ($!8&F&+1I!*&8&1+#)!-$6.#7I8,!@)&!*&8&1+#)!
-$6.#7I8! $'! 9$8(! +&I&F1.#&! ($! ()78! +&%$+(! 1+&! ()&! L.E7.&&+7.E! 1.?! G)587#1I!
"#7&.#&8! *&8&1+#)! -$6.#7I! _LG"*-`V! ()&! N1(6+1I! L.F7+$.9&.(! *&8&1+#)!
-$6.#7I! _NL*-`V! ()&! \7$(&#).$I$E5! 1.?! \7$I$E7#1I! "#7&.#&8! *&8&1+#)! -$6.#7I!
_\\"*-`V! ()&!L#$.$97#!1.?!"$#71I!*&8&1+#)!-$6.#7I! _L"*-`!1.?! ()&!"#7&.#&!
1.?!@&#).$I$E5!P1#7I7(7&8!-$6.#7I!_"@P-`,!!

!
U,TR! *-BC! '6.?8!1!J7?&! +1.E&!$'! '6.?19&.(1I! +&8&1+#)!1.?! (+17.7.E!1#+$88! ()&! '6II!

8%&#(+69! $'! 8#7&.#&V! &.E7.&&+7.E! 1.?! 8$#71I! 8#7&.#&8,! "6991+787.E! *-BCa8!
J)$I&! '6.?7.E! %$+('$I7$! 78! J&II! :&5$.?! ()&! 8#$%&! $'! ()78! +&%$+(! :6(! -$*2K!
+&#$E.78&8!()1(!8$9&!$'! ()78! 7.F&8(9&.(!915V! 7.!'6(6+&V! I&1?!($!?7+&#(!$+! 7.?7+&#(!
:&.&'7(8! ($! *;<! +&I&F1.(! ($! )7E)&+! 1#(7F7(5! J18(&8,! @)&! '$#68V! )&+&V! 78! $.!
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+&#$E.78&?! ()&! .&&?! '$+! 1! .1(7$.1I! ?78%$81I! '1#7I7(5! '$+! O42! _BC! H$F&+.9&.(V!
YX]]`,! 0I8$V! 7.! YX]ZV! H$F&+.9&.(! &8(1:I78)&?! ()&! *1?7$1#(7F&! 218(&!
K1.1E&9&.(! 0?F78$+5! -$997((&&! _*2K0-`,! @)&! (&+98! $'! +&'&+&.#&! '$+!
*2K0-!J&+&^!

!
“To advise the Secretaries of State for the Environment, Scotland and Wales 
on major issues relating to the development and implementation of an overall 
policy for the management of civil radioactive waste, including the waste 
management implications of nuclear policy, of the design of nuclear systems 
and of research and development, and the environmental aspects of the 
handling and treatment of wastes.”,!

!
U,]X! *2K0-!?&'7.&?!7(8!+$I&!7.!+&I1(7$.!($!*;<!18^!
!

“assessing the overall scale, balance and priorities of the Government’s 
radioactive waste management research programme, and the adequacy of 
the total resources devoted to research activities, whether by Government or 
by the industry”!_*2K0-V!YXZR`,!

!
U,ZW! O.!YX]XV!?+7II7.E!8(1+(&?!1(!0I(.1:+&1#!18!%1+(!$'!+&8&1+#)!$.!E&$I$E7#1I!?78%$81I!

$'!D42,!BC!&/%&.?7(6+&!$.!*;<! '$+! +1?7$1#(7F&!J18(&!91.1E&9&.(! 7.! YX]ZQX!
J18!kYU,UK!1.?!7.!YX]XQZW!7(!J18!kYX,ZK,!0:$6(!SWh!$'!()&!&/%&.?7(6+&!J18!:5!
\NP4!1.?!1:$6(!RSh!:5!<$L!_*2K0-V!YXZR`,!

1980s 

U,ZY! @)&!917.!%I15&+8!7.!+1?7$1#(7F&!J18(&!91.1E&9&.(!*;<!7.!()&!YXZW8!J&+&^!
!

!! <$LV!J)7#)!7.#I6?&?!()&!&.F7+$.9&.(1I!+&E6I1($+!'$+!L.EI1.?!1.?!21I&8V!
D&+!K1b&8(5a8! O.8%&#($+1(&! $'! G$II6(7$.! _DKOG`V! 8$! )1?! :$()! %$I7#5! 1.?!
+&E6I1($+5!+&8%$.87:7I7(7&8!

!! ()&! K7.78(+5! $'! 0E+7#6I(6+&V! P78)&+7&8! 1.?! P$$?! _K0PP`V! J)7#)! )1?!
+&E6I1($+5!+&8%$.87:7I7(7&8!6.?&+!()&!*1?7$1#(7F&!"6:8(1.#&8!0#(d!'$+!I1.?V!
()&!+&I&F1.(!%1+(!$'!K0PP!J18!()&!P$$?!"#7&.#&!<7F787$.!_P"<`!1.?!'$+!
8&1V!()&!<7+&#($+1(&!$'!P78)&+7&8!*&8&1+#)!_<P*`!

!! ()&!N6#I&1+!O.8(1II1(7$.8!O.8%&#($+1(&V!'$+!.6#I&1+!81'&(5!18%&#(8!
!! BC! N7+&/! 4(?V! J)7#)! J18! '$+9&?! 7.! YXZU! '$+! ?78%$81I! $'! I$J! 1.?!

7.(&+9&?71(&!I&F&I!J18(&8!1.?!J18!'6.?&?!:5!()&!.6#I&1+!7.?68(+5!
!! BC0L0V!J)7#)!J18!'6.?&?!:5!()&!<&%1+(9&.(!$'!L.&+E5!
!! \NP4V!J)7#)! +&#$F&+&?!9$8(!$'! 7(8!*;<!#$8(8! '+$9! 7(8!#68($9&+8! 7.! ()&!

BC!1.?!$F&+8&18!
!! -LH\!1.?!""L\V!()&!E&.&+1(7.E!#$9%1.7&8!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!TS!$'!YSY!



!! K$<!
!! ()&! N1(7$.1I! *1?7$I$E7#1I! G+$(&#(7$.! \$1+?! _N*G\`V! J)7#)! #1++7&?! $6(!

J$+3! 6.?&+! #$.(+1#(! ($! $()&+! BC! $+E1.781(7$.8! 1.?! ($! ()&! L6+$%&1.!
-$997887$.V! :6(! J)7#)! +&#&7F&?! '6.?7.E! '$+! +&8&1+#)! +&I1(&?! ($! 7(8!
8(1(6($+5!+$I&!'+$9!()&!<&%1+(9&.(!$'!D&1I()!1.?!"$#71I!"&#6+7(5,!

!
U,ZR! <$LV! K0PP! 1.?! $()&+8! '6.?&?! J$+3! 1(! ()&! NL*-! 7.8(7(6(&8V! i.e.! \H"V! ()&!

O.8(7(6(&!$'!M#&1.$E+1%)7#!"#7&.#&8! _917.I5! '$+! +&8&1+#)! +&I1(&?! ($!86:Q8&1:&?!
?78%$81I! $'! D42`! 1.?! ()&! O.8(7(6(&! '$+! @&++&8(+71I! L#$I$E5! _O@L`,! @)&! \67I?7.E!
*&8&1+#)!L8(1:I78)9&.(!_\*L`!J18!'6.?&?!:5!<$L!1.?!N7+&/!'$+!?&87E.!J$+3!$.!
I1.?!?78%$81I!'1#7I7(7&8!_.&1+Q86+'1#&!1.?!?&&%`,!

!
U,ZU! @)&! +&8&1+#)! %+$E+199&8! #$F&+&?! 1II! (5%&8! $'! +1?7$1#(7F&! J18(&8^! E18&$68!

&''I6&.(8V! I7>67?! &''I6&.(8V! 1.?! 8$I7?! 442V! O42! 1.?!D42,! O.! YXZYV! ()&+&!J18! 1!
91b$+! #)1.E&! $'! ?7+&#(7$.! 7.! *;<! J)&.! ()&! H$F&+.9&.(! ?&#7?&?! ()1(! ()&!
+&8&1+#)!?+7II7.E!%+$E+199&!'$+!E&$I$E7#1I!?78%$81I!$'!D42!8)$6I?!#&18&,!*;<!
$.! $#&1.! ?78%$81I! $'! D42! #$.(7.6&?! 6.(7I! 1:$6(! YXZ]V! :5! J)7#)! (79&! ()&!
H$F&+.9&.(!%$I7#5!J18! ($!8($+&!D42!'$+!1!97.7969!$'!SW!5&1+8,!*;<!$.! O42!
?78%$81I!7.#+&18&?!1'(&+!()&!&8(1:I78)9&.(!$'!N7+&/,!

!
U,ZT! *2K0-! 8#+6(7.78&?! ()&! *;<! %+$E+199&8! $'! ()&! F1+7$68! $+E1.781(7$.8!

()+$6E)$6(! ()&!YXZW8,! O(!%6:I78)&?!1!91b$+! +&F7&J!$'!D42!?78%$81I! +&8&1+#)! 7.!
YXZU!1.?!#$.87?&+&?!()&!$%(7$.8!'$+!I$.EQ(&+9!91.1E&9&.(!$'!8%&.(!'6&I!7.!YXZS!
_*2K0-V!YXZUV!YXZS`,!O.!YXZ]!*2K0-!.$(&?!7.!7(8!Z()!*&%$+(!()1(^!

!
“Research and development is needed in the field of radioactive waste 
management to provide a suitable information base for proper development 
of general policies and specific strategies. We consider that it is important to 
have a co-ordinated and balanced programme making the best use of 
resources to meet the waste management objectives of the various 
Departments. Suitable arrangements are also required for peer review of 
results and for competent assessments of the quality of work.”,!

!
U,ZS! @)&+&!J18!1!<$L!859%$8769!$.!+&8&1+#)!$:b&#(7F&8!7.!YXZ[V!($!+&F7&J!+&8&1+#)!

91.1E&9&.(! %+$#&?6+&8! 1.?! 8(+1(&E7#! $:b&#(7F&8,! G1+(7#7%1.(8! 7.#I6?&?! ()$8&!
+&8%$.87:I&!'$+!8%$.8$+7.E!1.?!6.?&+(137.E!+&8&1+#)V!H$F&+.9&.(!<&%1+(9&.(8!
1.?!1?F78$+5!:$?7&8!86#)!18!*2K0-,!@)&!859%$8769!7?&.(7'7&?!8&F&+1I!7886&8!
()1(! +&>67+&?! #I1+7'7#1(7$.! $+! 8(+&.E()&.7.E! $'! %+$#&?6+&8,! @)&8&! 7.#I6?&?!
%+$E+199&!#$Q$+?7.1(7$.V!%+$E+199&!+&F7&J!1.?!%&&+! +&F7&J!$'! +&86I(8,! O(!J18!
1I8$!#$.87?&+&?!()1(!9$+&!1((&.(7$.!8)$6I?!:&!E7F&.!($!%+&8&.(1(7$.!$'!+&8&1+#)!
+&86I(8!($!()&!E&.&+1I!%6:I7#!_*2K0-V!YXZ]`,!

!
U,Z[! 0'(&+! ()&!859%$8769V!<$L! +&F7&J&?! ()&! 7.(&+Q?&%1+(9&.(1I! #$997((&&!8(+6#(6+&!

'$+! I7178$.!$.!9$.7($+7.E! 1.?!1II$#1(7$.! $'! +&8&1+#)! +&8$6+#&8,! @)&+&!J&+&! (J$!
$F&+1II! I7178$.! #$997((&&8V! &1#)!J7()! 1! 86:Q#$997((&&V! $.&! '$+! ()&! 7.(&+&8(8! $'!
()&!+&E6I1($+8!1.?!$.&!'$+!7.?68(+5!1.?!+&E6I1($+8!($E&()&+!_*2K0-V!YXZ]`,!

!
U,Z]! O.!YXZ]QZZV!<$L!&9%I$5&?!#$.86I(1.(8!($!#1++5!$6(!1!+&F7&J!$'!.1(7$.1I!+&8&1+#)!

+&>67+&9&.(8! '$+! +1?7$1#(7F&! J18(&! 91.1E&9&.(,! @)78! 7?&.(7'7&?! E1%8! 1.?!
$F&+I1%8! 1.?! &.1:I&?! ()&! I7178$.! #$997((&&8! ($! #$.87?&+! ()&! :1I1.#&! $'! *;<!
%+$E+199&8!1.?!()&!68&!$'!+&8$6+#&8,!*2K0-!#$.(7.6&?!($!+&F7&J!*;<!7.!'7F&!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!T[!$'!YSY!



8&#($+8^!I1.?!?78%$81IV!$#&1.!?78%$81IV!&.F7+$.9&.(1I!8(6?7&8V!J18(&!#$.?7(7$.7.E!
1.?!8(+1(&E5!1.?!858(&98!8(6?7&8!_*2K0-V!YXZZV!YXZX`,!

!
U,ZZ! @)+$6E)$6(!()&!YXZW8V!*2K0-!#$II&#(&?!7.'$+91(7$.!$.!%I1..&?!&/%&.?7(6+&!$.!

+1?7$1#(7F&!J18(&!91.1E&9&.(!*;<!1.?! 7.#I6?&?! 7(! 7.! 7(8!1..61I! +&%$+(8,!<1(1!
J&+&! %+&8&.(&?! :5! 8&#($+! 1.?! :5! '6.?7.E! $+E1.781(7$.! _*2K0-V! YXZ]V! YXZZV!
YXZX`,!@$(1I! &/%&.?7(6+&! +$8&! '+$9!kRZ,[K! 7.! YXZWQZY! ($! kT[,[[K! 7.! YXZXQXW,!
@1:I&!R!86991+78&8!()&!&/%&.?7(6+&!:+&13?$J.!'$+!YXZXQXW!_*2K0-V!YXZX`,!

!
Table 2.  UK Radioactive Waste Management R&D Expenditure in 1989-90 
!

Sector Planned UK R&D 
expenditure (£M) 

Major funders 

41.?!?78%$81I! YU,XR! N7+&/!_k[K`V!<$L!_kT,XK`!

M#&1.!?78%$81I! W,T]! K0PP!<P*!_kW,TSK`!

L.F7+$.9&.(1I!8(6?7&8! ],Y! <$L!_kY,XK`V!\NP4!
_kY,]K`V!K0PP!<P*!
_kY,[K`V!K0PP!P"<!
_kY,RK`V!!

218(&!#$.?7(7$.7.E! RU,XR! \NP4!_kY[K`V!<$L!
_kU,SK`V!BC0L0!_kR,TRK`V!
-LH\!_kRK`!

"(+1(&E5!1.?!858(&9!
8(6?7&8!

Y,RS! <$L!_kW,SK`V!\NP4!
_kW,UK`V!-LH\!_kW,RK`!

Total T[,[[! !

!

1990s 

U,ZX! 0(! ()&! (79&!$'! ()&! +&#$.8(7(6(7$.!$'! ()&!#$997((&&! 7.!YXXYV! ()&! +&I&F1.(!K7.78(&+!
183&?!*2K0-!($!+&F7&J!()&!<$L!+1?7$1#(7F&!86:8(1.#&8!+&8&1+#)!%+$E+199&,!
\5!()78!(79&V!DKOG!_D&+!K1b&8(5a8!O.8%&#($+1(&!$'!G$II6(7$.`!)1?!7(8!$J.!+&8&1+#)!
%+$E+199&V! J)7#)! J18! '$#68&?! $.! 7(8! +&E6I1($+5! +$I&V! 1.?! ()&! <$L! +&8&1+#)!
%+$E+199&! '$+! +1?7$1#(7F&! J18(&! 91.1E&9&.(! '$#68&?! $.! %$I7#5! 7886&8,!
*2K0-!#$9%I&(&?!1.?!%6:I78)&?!7(8!+&F7&J!7.!YXXU!_*2K0-V!YXXU`,!!

!
U,XW! O.! 7(8! +&F7&JV! *2K0-! &/%+&88&?! #$.#&+.! 1:$6(! ()&! 8#$%&! '$+! $F&+I1%! $'! ()&!

+&8&1+#)! %+$E+199&8! $'! <$LV! $()&+! H$F&+.9&.(! <&%1+(9&.(8V! *&8&1+#)!
-$6.#7I8!1.?!.$.QH$F&+.9&.(!$+E1.781(7$.8,!O(!+&#$99&.?&?!()1(!<$L!#+&1(&!1!
6.7(! ($! (+1#3! +&8&1+#)! $F&+I1%8,!<$L! +&8%$.?&?! ()1(! 7(8!*1?7$1#(7F7(5!*&8&1+#)!
1.?! L.F7+$.9&.(! K$.7($+7.E! #$997((&&! _*0<*LK`V! J)7#)! )1?! 9&9:&+8! '+$9!
H$F&+.9&.(!<&%1+(9&.(8!1.?!7.?68(+5V!%+$F7?&?!1.!&''&#(7F&!I7178$.!9&#)1.789,!
@)&!#$997((&&!9&(!:7Q1..61II5!1.?!)1?!'$6+!86:Q#$997((&&8V!&1#)!'$+!1!8%&#7'7#!
1+&1V!($!7?&.(7'5!1.?!+&%$+(!?&F&I$%9&.(8V!E1%8!1.?!$F&+I1%8!_*2K0-V!YXXT`,!

!
U,XY! *2K0-!1I8$!+&#$99&.?&?!()1(!<$L!?&F&I$%!&/%&+(78&!8$!()1(!7(!#$6I?!91.1E&!

7(8! +&8&1+#)! %+$E+199&! 7.Q)$68&,! <$L! +&8%$.?&?! ()1(! 7(! 8&#6+&?! (&#).7#1I!
86%%$+(!'$+!91.1E&9&.(!$'!7(8!+&8&1+#)!%+$E+199&!:5!9&1.8!$'!1!#$.86I(1.#5,!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!T]!$'!YSY!



O(! #$.87?&+&?! ()78! ($!:&!:$()!1.!&''&#(7F&!1.?!1! 'I&/7:I&!1++1.E&9&.(! _*2K0-V!
YXXT`,!

!
U,XR! 0I()$6E)!*2K0-!#$.(7.6&?!($!+&F7&J!()&!<$L!_86:8&>6&.(I5!()&!<&%1+(9&.(!'$+!

L.F7+$.9&.(V! @+1.8%$+(! 1.?! ()&! *&E7$.8! _<L@*``! +1?7$1#(7F&! 86:8(1.#&8!
+&8&1+#)! %+$E+199&! ?6+7.E! ()&! YXXW8V! ()&! #$997((&&! .$! I$.E&+! +&F7&J&?! BC!
+1?7$1#(7F&!J18(&!91.1E&9&.(!*;<!18!1!J)$I&,!*2K0-!+&F7&J&?!()&!+&86I(8!$'!
()&!<L@*!D42!1.?!"%&.(!P6&I!*&8&1+#)!"(+1(&E5!G+$b&#(,!O(!1I8$!#$.87?&+&?!()&!
N7+&/Q%+$%$8&?! J$+3! %+$E+199&! '$II$J7.E! ()&! YXX]! *-P! ?&#787$.! _*2K0-V!
YXXZ`,!*0<*LK!$%&+1(&?!6.(7I!YXXS!:6(!%+$?6#&?!.$!%6:I78)&?! +&%$+(8!$.!#$Q
$+?7.1(7$.!$'!*;<,!

!
U,XU! 0'(&+! ()&!*-P!?&#787$.V! ()&!.&&?! '$+! 8(+1(&E7#!#$Q$+?7.1(7$.!J18! +&#$E.78&?!:5!

()&! D$68&! $'! 4$+?8! "#7&.#&! 1.?! @&#).$I$E5! -$997((&&! _4$+?8V! YXXZ`! J)$!
#$.#I6?&?^!

!
“When there is agreement on the national strategy (for long-lived waste 
management) a comprehensive research programme should be set out, 
linked to milestones in the development of the facilities. The Commission 
should be responsible for co-ordinating all UK research on the long-term 
management of nuclear waste….”,!

!
Public and Stakeholder Engagement for R&D Programmes 

U,XT! O.!()&!%18(V!()&+&!J18!I7((I&!$%%$+(6.7(5!'$+!8(13&)$I?&+8!$6(87?&!()&!*;<!'6.?7.E!
1.?! %+$F7?7.E! $+E1.781(7$.8! ($! 7.'I6&.#&! BC! *;<! %+$E+199&8! $.! +1?7$1#(7F&!
J18(&!91.1E&9&.(,!P$+! &/19%I&V!NHM8!J&+&!.$(! 7.F7(&?! ($! 87(! $.! ()&! F1+7$68!
#$997((&&8! $+! ($! (13&! %1+(! 7.! +&F7&J8! $'! +&8&1+#)! +&>67+&9&.(8,! 2)7I&! 8$9&!
$+E1.781(7$.8!%6:I78)&?!1II!()&!+&86I(8!$'!()&7+!+&8&1+#)!_e.g.!N7+&/V!D&+!K1b&8(5a8!
O.8%&#($+1(&! $'! G$II6(7$.`V! $()&+8! %6:I78)&?! F&+5! I7((I&,! M.! ()&! J)$I&V! I7((I&!
1((&.(7$.!J18!%17?!($!%+$F7?7.E! 7.'$+91(7$.!1:$6(!*;<!($!()&!%6:I7#! 7.!1.!&187I5!
1##&887:I&!'$+9,!

!
U,XS! -$*2K!)18!'$6.?!()1(!()&!87(61(7$.!78!96#)!()&!819&!($?15,!K$8(!$'!()&!'$+1!1(!

J)7#)! *;<! +&>67+&9&.(8! 1+&! ?78#688&?! 1+&! #I$8&?! 1.?! ?$! .$(! 7886&! %6:I7#I5!
1F17I1:I&! ?$#69&.(8,! @\6*<8!1+&! .$(! %6:I7#I5! 1F17I1:I&V! 7.! '6IIV! '$+!9$8(!"4-8!
1.?!1+&V!7.!1.5!#18&V!$.I5!867(1:I&!'$+!68&!:5!()$8&!J7()!#$.87?&+1:I&!&/%&+(78&,!
-$.87?&+1:I&!19$6.(8!$'!*;<!1+&! F7&J&?!18! f#$99&+#71Ig! 1.?! ()&! +&86I(8!1+&!
.$(!%6:I78)&?,!@)78!78!%1+(7#6I1+I5!()&!#18&!'$+!J18(&!#$.?7(7$.7.E!1.?!%1#31E7.E!
+&8&1+#),!!

!
U,X[! @)&+&!1+&!87E.8!()1(!()&!87(61(7$.!J7II!:&!:&((&+!'$+!E&$I$E7#1I!?78%$81I!+&8&1+#),!

P$+! &/19%I&V! ()&+&! J18! 8(13&)$I?&+! #$.86I(1(7$.! 1:$6(! ()&! %+$%$8&?! *2K<!
*;<! "(+1(&E5! _%1+1,! U,YZ`! 1.?! *2K<! %I1.8! ($! #$.86I(! 1:$6(! ()&! *;<!
%+$E+199&! ($! 79%I&9&.(! ()&! 8(+1(&E5! _-$*2K!?$#,! R[]]`,! D$J&F&+V! .$.&! $'!
()&! $+E1.781(7$.8! 7.F$IF&?! 7.! +1?7$1#(7F&! J18(&! 91.1E&9&.(! *;<! +$6(7.&I5!
%+$?6#&!?$#69&.(8!()1(!&/%I17.! 7.!1##&887:I&! I1.E61E&!J)1(!()&5!()7.3!()&!3&5!
6.#&+(17.(7&8! 1+&! 1.?! J)1(! *;<! 78! 7.! )1.?! $+! %I1..&?! ($! 1??+&88! ()$8&!
6.#&+(17.(7&8,! @)78! 78! ?&8%7(&! ()&! 79%$+(1.#&! ()1(! ()&! %6:I7#! 1.?! 8(13&)$I?&+8!
1((1#)! ($!*;<! _-$*2K!?$#,!RTZZ`,!@)&+&! 78!1!8%&#7'7#!.&&?! '$+!1.!1##&887:I&!
86991+5!$'!J)1(! 78!3.$J.!1:$6(!E&$I$E7#1I!?78%$81I!1.?!$'!*;<!+&>67+&9&.(8!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!TZ!$'!YSY!



:&5$.?! ()$8&! ()1(! *2K<! 7.(&.?8! ($! (1#3I&! 7.! ()&! .&1+! '6(6+&! _-$*2K! ?$#,!
R[]]`,!

 
International Experience in Defining R&D Programmes  

U,X]! 0! .69:&+! $'! #$6.(+7&8! 1+&! #$.?6#(7.E! *;<! %+$E+199&8! ($! 86%%$+(! I$.EQ(&+9!
91.1E&9&.(! $'! )7E)&+! 1#(7F7(5! J18(&8,! O(! 78! .$(! ()&! 7.(&.(7$.! ($! +&F7&J! $+!
86991+78&!1II!$'!()&8&!)&+&,!O.8(&1?V!()78!8&#(7$.!#$.(17.8!&/19%I&8!$'!)$J!*;<!
%+$E+199&8!1+&!$+E1.78&?V!?+1J.!'+$9!87/!#$6.(+7&8!()1(!-$*2K!)18!F787(&?!$+!
)18! E$$?! 3.$JI&?E&! $'V! ($! %+$F7?&! #$9%1+78$.! J7()! ()&! BC! 87(61(7$.,! O(! 1I8$!
#$.87?&+8! ()&! +$I&!$'! 7.(&+.1(7$.1I! $+E1.781(7$.8! 7.! 18878(7.E! #$6.(+7&8! ($! ?&'7.&!
()&7+!+&8&1+#)!%+$E+199&8!1.?!7.!7.(&+.1(7$.1I!#$Q$+?7.1(7$.!$'!*;<,!

USA – Yucca Mountain 

U,XZ! B"<ML!)18!:&&.!7.F&8(7E1(7.E!n6##1!K$6.(17.!18!1!87(&!'$+!E&$I$E7#1I!?78%$81I!
$'!8%&.(!.6#I&1+!+&1#($+!'6&I!1.?!$()&+!+1?7$1#(7F&!J18(&!7.!()&!B"0!87.#&!YXZ],!
@)&! 87(&! 78! I$#1(&?! J7()7.! 6.81(6+1(&?! 7E.79:+7(&8! _%5+$#I18(7#! F$I#1.7#! +$#38`!
1:$F&!()&!#$.(&9%$+1+5!J1(&+!(1:I&!$.!'&?&+1I!I1.?!1?b1#&.(!($!()&!N&F1?1!@&8(!
"7(&! 7.! N5&! -$6.(5V! N&F1?1,! B"<ML! 86:97((&?! 1! I7#&.#&! 1%%I7#1(7$.! ($! ()&!
N6#I&1+! *&E6I1($+5! -$997887$.! _N*-`! '$+! #$.8(+6#(7$.! 1(! n6##1! K$6.(17.! 7.!
c6.&! RWWZd! ()&! %+&I797.1+5! %+$#&88! $'! #)&#37.E! $F&+! 1.?! o?$#3&(7.Eo! ()&!
1%%I7#1(7$.! J18! #$9%I&(&?! 7.! "&%(&9:&+! RWWZ,! O.! &1+I5! RWWXV! ()&! .&J! B"0!
"&#+&(1+5!$'!L.&+E5!8(1(&?!()1(!()&!n6##1!K$6.(17.!%+$b&#(!J$6I?!:&!(&+97.1(&?!
1.?!1!f:I6&!+7::$.!%1.&Ig!J$6I?!:&!#$.F&.&?!($!8(6?5!1I(&+.1(7F&8V!7.#I6?7.E!.&J!
%$(&.(71I! H<P! I$#1(7$.8! 1.?! 91.1E&9&.(! $%(7$.8! '$+! 8%&.(! '6&I! $()&+! ()1.!
E&$I$E7#1I! ?78%$81I,YW! B"<ML! J$+3! +&I1(&?! ($! ()&! n6##1! K$6.(17.! I7#&.#&!
1%%I7#1(7$.!#$.(7.6&8!:6(!1II!$()&+!J$+3!$.!()&!%+$b&#(!)18!8($%%&?,!

!
U,XX! @$!?1(&V!1II!+&I&F1.(!*;<!($!86%%$+(!()&!n6##1!K$6.(17.!?78%$81I!87(&!)18!:&&.!

#$.(+$II&?! 1.?! #$997887$.&?! :5! B"<ML,! @)&! <ML! ?$&8! .$(! )1F&! 7.Q)$68&!
&/%&+(78&! 1#+$88! 1II! ()&! +&>67+&?! 86:b&#(! 1+&18d! #$.8&>6&.(I5V! 7(! )7+&8! %+$b&#(!
K1.1E&9&.(! 1.?!M%&+1(7$.8! _K;M`! #$.(+1#($+8,! @)&! $+E1.781(7$.8! #$.?6#(7.E!
()&!*;<V! 6.(7I! +&#&.(I5V!J&+&! (&+9&?! ()&! jG1+(7#7%1.(8a,! @)&8&! 1+&! ()&!N1(7$.1I!
41:$+1($+7&8!1.?! ()&!B"!H&$I$E7#1I!"6+F&5!_B"H"`,!L1#)!5&1+V!1II!%1+(7#7%1.(8!
86:97(! %I1.8! ($!<ML!$.! ()&! +&8&1+#)! ()&5! :&I7&F&! ($! :&! +&>67+&?,!B.7F&+87(7&8!
#1.! $.I5! :&#$9&! 1#(7F&I5! 7.F$IF&?! 7.! #$.?6#(7.E! +&8&1+#)! '$+! <ML! via!
#$II1:$+1(7$.!J7()! ()&!.1(7$.1I! I1:$+1($+7&8,!0#1?&97#8!1+&V!)$J&F&+V!86%%$+(&?!
:5! 7.?&%&.?&.(! '6.?7.E!%+$F7?&?!:5! ()&!"(1(&!$'!N&F1?1!1.?!N5&!-$6.(5V!J)$!
1+&!#6++&.(I5!#$.(&8(7.E!()&!<ML!I7#&.#&!1%%I7#1(7$.!'$+!n6##1!K$6.(17.,!

!
U,YWW! @)78! tG+$E+19! GI1.! _GG`t! 78! <MLa8! $F&+1+#)7.E! %I1..7.E! ?$#69&.(,! @)&! GG!

?&8#+7:&8! ()&!J$+3! ($!:&!#1++7&?!$6(!$F&+! ()&! '$II$J7.E! '7F&!5&1+8,! O(! 78!6%?1(&?!
&F&+5! 5&1+V! 8$! ()&! %I1.8! '$+! ()&! t$6(! 5&1+8t! _i.e. 5&1+8! :&5$.?! ()&! 6%#$97.E!
5&1+8`! #)1.E&! +&E6I1+I5,! O.%6(! '$+! ()&! GG! 78! %+$F7?&?! :5! t18878(1.(! %+$E+19!
91.1E&+8tV!J)$!1+&! +&8%$.87:I&! '$+!%1+(7#6I1+! ($%7#8V!J7()! ()&!)&I%!$'! ()&!K;M!
#$.(+1#($+8!1.?!%1+(7#7%1.(8,!@)&!%I1.8!'$+!&1#)!($%7#!1+&1!1+&!#$9%7I&?!7.($!$.&!
?$#69&.(V!()&!GGV!J)7#)!()&.!E$&8!()+$6E)!1.!7.(&+.1I!<ML!1%%+$F1I!%+$#&?6+&,!
K6#)!$'!J)1(!78!#$.(17.&?!7.!()&!GG!78!'$+!()&!%6+%$8&8!$'!:6?E&(7.EV!8$!()1(!()&!
<ML!#1.!8&&!J)1(! ()&! (&#).7#1I! 79%I7#1(7$.8!1+&!$'! +&?6#7.E! +&8&1+#)!%I1.8! ($!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
YW!http://www.nrc.gov/ !
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91(#)!1!E7F&.!:6?E&(,!N$.&!$'!()&!GG!78!1F17I1:I&!'$+!%6:I7#!#$99&.(!_i.e.!()&+&!
78!.$!#$.86I(1(7$.!%+$#&88`V!1I()$6E)!7(!78!1!%6:I7#!?$#69&.(!1.?!#$%7&8!1+&!8&.(!
($!$()&+!:+1.#)&8!$'!E$F&+.9&.(,!@)&!GG!78!%+791+7I5!1.!7.(&+.1I!<ML!?$#69&.(!
+1()&+! ()1.! 1!9&#)1.789! '$+! $:(17.7.E! '&&?:1#3! $.! ()&! %I1..7.E! 1.?! +&8&1+#)!
%+7$+7(781(7$.!8(+1(&E5,!

!
U,YWY! 0II!+&8&1+#)!+&%$+(8!1+&!86:b&#(!($!7.(&+.1I!+&F7&J!:6(!()78!%+$#&88!78!9$+&!E&1+&?!

($J1+?8!>61I7(5!1886+1.#&! ()1.!1! +&F7&J!$'! +&8&1+#)!>61I7(5,!K$8(! '6.?19&.(1I!
+&8&1+#)! 78! %6:I78)&?! 7.! ()&! 1#1?&97#! I7(&+1(6+&! 1.?! )&.#&! 86:b&#(! ($!
7.?&%&.?&.(! %&&+! +&F7&J,! "$9&! $'! ()&! %6:I78)&?! +&8&1+#)V! 7.#I6?7.E! 1! :$$3!
_LJ7.E! ;! K1#'1+I1.&V! RWW[`V! )18! 7?&.(7'7&?! (&#).7#1I! %+$:I&98! J7()! ()&! n6##1!
K$6.(17.!H<P!?&87E.,!!

!
U,YWR! O.?&%&.?&.(! +&F7&J!$'! ()&!+&8&1+#)!%+$E+199&V!18!1!J)$I&V! 78!%+$F7?&?!:5! ()&!

N6#I&1+! 218(&! @&#).7#1I! *&F7&J! \$1+?! _N2@*\`,! @)&! N2@*\! 78! 1.!
7.?&%&.?&.(! 1E&.#5! $'! ()&! B"0! P&?&+1I! H$F&+.9&.(! J)$8&! %6+%$8&! 78! ($!
%+$F7?&! 7.?&%&.?&.(!8#7&.(7'7#!1.?! (&#).7#1I!$F&+87E)(!$'! ()&!<MLo8!%+$E+199&!
'$+! 91.1E7.E! 1.?! ?78%$87.E! $'! )7E)QI&F&I! +1?7$1#(7F&! J18(&! 1.?! 8%&.(! .6#I&1+!
'6&I,!O(!+&%$+(8!($!-$.E+&88!1.?!()&!"&#+&(1+5!$'!L.&+E5!1(!I&18(!(J7#&!1!5&1+,!@)&!
H$F&+.9&.(!1%%$7.(8!J&IIQ+&8%&#(&?!&/%&+(8!($!1#(!18!7.?&%&.?&.(!9&9:&+8!$'!
()&! \$1+?V! :18&?! $.! +&#$99&.?1(7$.8! '+$9! ()&! N1(7$.1I! 0#1?&95! $'!
"#7&.#&8,YY!K&&(7.E8!$'! ()&!\$1+?!1+&!#$.F&.&?!$.#&!$+! (J7#&!1!5&1+,!P$+! ()&!
%18(!RW!5&1+8V!N2@*\!)18!'$#68&?!$.!()&!<MLa8!n6##1!K$6.(17.!%+$E+199&,!
N$J! ()1(! ()78! %+$E+199&! )18! &''&#(7F&I5! &.?&?V! N2@*\! 78! ?&F&I$%7.E! 1.?!
#$9%7I7.E! (&#).7#1I! 7.'$+91(7$.! ($! 7.'$+9! ()&! B"0! &F1I61(7$.! $'! J18(&!
91.1E&9&.(! 1I(&+.1(7F&8V! J)7I&! 9$.7($+7.E! 1.5! .&J! <ML! J$+3! +&I1(&?! ($! ()&!
91.1E&9&.(!$'!D42!1.?!8%&.(!'6&I,!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!
U,YWU! @)&! B.7(&?! "(1(&8! N6#I&1+! *&E6I1($+5! -$997887$.! %+$F7?&8! 7.?&%&.?&.(!

E67?1.#&!$.!+&E6I1(7$.!1.?!I7#&.87.E!'$+!?&F&I$%9&.(!$'!()&!H<P,!
!
U,YWT! O.! RWWYV! ()&! M''7#&! $'! \187#! L.&+E5! "#7&.#&8! _\L"`! 7.! B"<MLa8! M''7#&! $'!

"#7&.#&!#$997887$.&?!1!f\187#!*&8&1+#)!N&&?8g!8&+7&8!$'!J$+38)$%8!($!7?&.(7'5!
()&! '6.?19&.(1I! +&8&1+#)! .&&?&?! ($! 1886+&! 1! 8&#6+&! &.&+E5! '6(6+&,! @)&8&!
J$+38)$%8! )1F&! &.E1E&?! 1#1?&97#! +&8&1+#)&+8! 7.! ?&'7.7.E! '6.?19&.(1I!
+&8&1+#)! %+7$+7(7&8! ($J1+?! 1! 868(17.1:I&! B"0! &.&+E5! %$I7#5,! O.! RWW[V! 1! TQ?15!
J$+38)$%!J18!)&I?!&.(7(I&?!j\187#!*&8&1+#)!N&&?8!'$+!0?F1.#&?!N6#I&1+!L.&+E5!
"58(&98a,! 0! 91b$+! #$9%$.&.(! $'! ()78! J$+38)$%! J18! ($! 7?&.(7'5! '6.?19&.(1I!
+&8&1+#)! 7886&8! '$+! E&$I$E7#1I! ?78%$81I! _B"<MLV! RWW[`,! *&8&1+#)! #)1II&.E&8!
1.?!%+7$+7(7&8!7?&.(7'7&?!7.!()&!J$+38)$%!7.#I6?&?!()$8&!7.!\$/!R,!
!

U,YWS! @)&! J$+38)$%! 7.F$IF&?! 1! ($(1I! $'! RUS! 7.F7(&?! &/%&+(8! '+$9! UY! 6.7F&+87(7&8V! YY!
.1(7$.1I! I1:$+1($+7&8V! [! 7.?68(+7&8V! U! E$F&+.9&.(! 1E&.#7&8V! 1.?! YY! '$+&7E.!
#$6.(+7&8! 1.?! &/&9%I7'7&8! ()&! B"0! %+1#(7#&! $'! &.E1E7.E! ()&! J7?&+! *;<!
#$996.7(5!7.!()&!91b$+!+&8&1+#)!%+$E+199&8!86#)!18!'$+!E&$I$E7#1I!?78%$81I,!

!
!
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Box 2. USDOE 2006 Workshop R&D Issues 

H+1.?!-)1II&.E&8!

!! #$9%6(1(7$.1I!()&+9$?5.197#8!$'!#$9%I&/!'I67?8!1.?!8$I7?8!
!! 7.(&E+1(&?!#)1+1#(&+781(7$.V!9$?&II7.E!1.?!9$.7($+7.E!$'!E&$I$E7#1I!

858(&98!
!! 8796I1(7$.!$'!96I(78#1I&!858(&98!'$+!6I(+1QI$.E!(79&8!

G+7$+7(5!*&8&1+#)!<7+&#(7$.8!

!! 97.&+1IQJ1(&+!7.(&+'1#&!#$9%I&/7(5!1.?!?5.197#8!
!! .1.$%1+(7#I&!1.?!#$II$7?!%)587#8!1.?!#)&978(+5!
!! ?5.197#!791E7.E!$'!'I$J!1.?!(+1.8%$+(!
!! (+1.8%$+(!%+$%&+(7&8!1.?!in-situ!#)1+1#(&+781(7$.!$'!'I67?!(+1%%7.EV!

78$I1(7$.!1.?!799$:7I781(7$.!
!! 'I67?Q7.?6#&?!+$#3!?&'$+91(7$.!
!! :7$E&$#)&978(+5!7.!&/(+&9&!86:86+'1#&!&.F7+$.9&.(8!

-+$88Q-6((7.E!O886&8!

!! ()&!97#+$8#$%7#!:1878!$'!91#+$8#$%7#!#$9%I&/7(5!
!! )7E)I5!+&1#(7F&!86:86+'1#&!91(&+71I8!1.?!&.F7+$.9&.(8!
!! ()&+9$?5.197#8!$'!()&!8$I6(&Q($Q8$I7?!#$.(7.669!

!

Japan 

H&$I$E7#1I!?78%$81I!$'!c1%1.&8&!D42!J18!8&(!$6(!18!()&!&.?!%$7.(!$'!1!%+$#&88!

,YW]! O.! ()&! c1%1.&8&! .6#I&1+! J18(&! ?78%$81I! %+$E+199&V! ()&! (&+9! jResearch and 

U,YWZ! )&+&!1+&!8&F&+1I!$+E1.781(7$.8! 7.!c1%1.! 7.F$IF&?! 7.!#1++57.E!$6(!$+!8%$.8$+7.E!

U,YW[!
&9:$?7&?! 7.! ()&! RWWW! 0#(V! f"%&#7'7&?! *1?7$1#(7F&! 218(&! P7.1I! <78%$81I! 0#(gV!
J)7#)! 1I8$! 8&(! 6%! ()&! N6#I&1+!218(&! K1.1E&9&.(! M+E1.781(7$.V! NBKM,! @)&!
RWWR! +&%$+(V! f*&>67+&9&.(8! $'! H&$I$E7#1I! L.F7+$.9&.(! ($! 8&I&#(! G+&I797.1+5!
O.F&8(7E1(7$.!0+&18!_GO08`!$'!D42!<78%$81IgV!8&(!$6(!()&!:1878!'$+!87(&!&/#I687$.!
'$II$J7.E!1!F$I6.(1+789!1%%+$1#)V!1.?! I&?!($! ()&!M%&.!"$I7#7(1(7$.! 7.!<&#&9:&+!
RWWR,! NBKM! J18! 8&(! 6%! 18! ()&! $+E1.781(7$.! +&8%$.87:I&! '$+! ?&I7F&+5! $'! 1!
+&%$87($+5!858(&9V!1.?!18!79%I&9&.(&+!7(!J18!91?&!+&8%$.87:I&!'$+!87(&!8&I&#(7$.!
1.?! #)1+1#(&+781(7$.V! ()&! I7#&.87.E! $'! 1%%I7#1(7$.8! 1.?! $+E1.781(7$.! $'! ()&!
%+$E+199&! $'! +&%$87($+5! ?&F&I$%9&.(V! 1.?! $F&+8&&7.E! ()&! #$.8(+6#(7$.V!
$%&+1(7$.!1.?!#I$86+&!$'!1.5!+&%$87($+5,!NBKM!78!86%&+F78&?!:5!()&!K7.78(+5!$'!
L#$.$95V!@+1?&!1.?!O.?68(+5!_KL@O`!1.?!'6.?&?!:5!$J.&+8!$'!()&!.6#I&1+!%$J&+!
+&1#($+8,!@)&! '6.?! 78!91.1E&?!:5! ()&!*1?7$1#(7F&!218(&!K1.1E&9&.(! '6.?7.E!
1.?!+&8&1+#)!-&.(+&!_*2K-!A!8&&!:&I$J`,!!

!
U

Developmenta!78!68&?!($!7.#I6?&!1II!J$+3!179&?!1(!:67I?7.E!'6.?19&.(1I!8#7&.(7'7#!
6.?&+8(1.?7.E! 1.?! &8(1:I78)7.E! .&#&881+5! (&#).$I$E5,! jDemonstration and 
Validation’! _<;r`! +&'&+8! ($!J$+3!J)7#)!#$.'7+98! ()1(! ()&! +&86I(1.(! ($$I8V!9$?&I8!
1.?! &.E7.&&+7.E! #$.#&%(8! 1+&! %+1#(7#1IV! 1.?! :67I?8! ()&! #$.'7?&.#&! .&&?&?! '$+!
79%I&9&.(1(7$.V!I7#&.87.E!1.?!%6:I7#!1##&%(1.#&,!!
!
@
*;<!179&?!?7+&#(I5!1(!86%%$+(7.E!()&!.6#I&1+!J18(&!?78%$81I!%+$E+199&,!@)&8&!
*;<! $+E1.7e1(7$.8! 7.#I6?&V! 19$.E8(! $()&+8! ()&! c1%1.! 0($97#! L.&+E5! 0E&.#5!
_c0L0`V! *2K-V! ()&! -&.(+1I! *&8&1+#)! O.8(7(6(&! $'! LI&#(+7#! G$J&+! O.?68(+5!
_-*OLGO`V! N1(7$.1I! O.8(7(6(&! $'! 0?F1.#&?! O.?68(+71I! "#7&.#&! 1.?! @&#).$I$E5!
_0O"@`V!N1(7$.1I!O.8(7(6(&!$'!*1?7$I$E7#1I!"#7&.#&8!_NO*"`V!1.?!NBKM!7(8&I',!@)&!
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8%$.8$+7.E!$+E1.781(7$.8!7.#I6?&!()&!0E&.#5!'$+!N1(6+1I!*&8$6+#&8!1.?!L.&+E5!
_0N*L`! $'! KL@O! 1.?! ()&! K7.78(+5! $'! L?6#1(7$.V! -6I(6+&V! "%$+(8V! "#7&.#&! 1.?!
@&#).$I$E5!_KLu@`,!!

!
U,YWX! -$Q$+?7.1(7$.! $'! ()78! +&8&1+#)! 7.'+18(+6#(6+&! 78! %+$F7?&?! ()+$6E)! 1! H&$I$E7#1I!

Sweden 

E6+&! R! 8)$J8! )$J! E&$I$E7#1I! ?78%$81I! J$+3! 78! #$Q$+?7.1(&?! 7.! "J&?&.,!

<78%$81I!*;<!-$Q$+?7.1(7$.!-$6.#7IV!J)7#)!J18!&8(1:I78)&?! 7.!c6I5!RWWS!6.?&+!
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Figure 2.  Co-ordination of Geological Disposal Issues in Sweden 
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$+! $.! :&)1I'! $'V! 0N<*0! 1.?! -L0V! 1.?! +&%$+(! ($! %1+I719&.(! $.! %+$E+&88,! @)&!
1..61I!+&%$+(8!%+$?6#&?!:5!()&!-NL!$.!0N<*0!1.?!-L0!1#(7F7(7&8!1+&!+&F7&J&?!
:5! ()&!G1+I719&.(1+5!M''7#&! $.! ()&!088&889&.(! $'!"#7&.(7'7#! 1.?!@&#).$I$E7#1I!
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c6.&! RWW[! 1! %1+I719&.(1+5! 0#(! J18! %188&?! 7.! J)7#)! %)18&?! ?&&%! E&$I$E7#1I!
?78%$81I!J18!8&I&#(&?!18!()&!%+&'&++&?!$%(7$.!'$+!D42V!1(!1!87(&!($!:&!8&I&#(&?!:5!
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U,YR]! @)&! +1?7$1#(7F&! J18(&! 91.1E&9&.(! +&8&1+#)! :&7.E! #$.?6#(&?! :5! 0N<*0!
%+7.#7%1II5! (13&8! ()&! '$+9! $'! b$7.(! %+$E+199&8! 1(! 1! .1(7$.1IV! L6+$%&1.! $+!
7.(&+.1(7$.1I! I&F&I!_41.?178V!RWWZ`,!0N<*0!78!8(+$.EI5! 7.F$IF&?! 7.!PG[!1.?!PG]!
L6+$%&1.!+&8&1+#)! 7.7(71(7F&8V!1.?!1#(8!18!:$()!1!#$.(+7:6($+!_e.g.!PM*HL`!1.?!
#$Q$+?7.1($+! 7.! ()&8&,! O(! 1I8$! 1#(8! 18! ()&! #$Q$+?7.1(7.E! :$?5! '$+! P+&.#)!
#$.(+7:6(7$.8! ($! J7?&+! 7.(&+.1(7$.1I! %+$E+199&8V! 86#)! 18! ()&! j?&F&I$%9&.(! $'!
#$6%I&?!@D-K!9$?&I8!1.?!()&7+!F1I7?1(7$.!1E17.8(!&/%&+79&.(8a!_<L-Mr04Lu`,!
0(!.1(7$.1I!I&F&IV!()&!%6:I7#!8&#($+!+&8&1+#)!%1+(.&+8!1+&!()&!E$F&+.9&.(Q'6.?&?!
-N*"! _N1(7$.1I! -&.(+&! '$+! "#7&.(7'7#! *&8&1+#)`V! J)7#)! 86%%$+(8! 1! .69:&+! $'!
.1(7$.1I! #&.(+&8! 1.?! 7.8(7(6(&8! 7.! F1+7$68! (&#).7#1I! 1+&18V! 1.?! ()&! 6.7F&+87(7&8V!
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J)7#)!#$F&+8!+&8&1+#)!7.($!1.?!J7()7.!6.?&+E+$6.?!I1:$+1($+7&8!1.?!7.F$IF&8!
0N<*0!1.?!-L0d!
Gedeon! _GEstion des DEchets par des Options Nouvelles`! z218(&!
K1.1E&9&.(! ()+$6E)! N&J! M%(7$.8{V! J)7#)! )18! '$#68&?! $.! 86:Q#+7(7#1I!
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1?F1.#&?!9$?&I8!($!8796I1(&!+1?7$1#(7F&!J18(&!91.1E&9&.(!%+$:I&98!1.?!
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I7.3&?!7.($!()&!0N<*0!1.?!-L0!+&8&1+#)!()&9&8,!

!
U,YRX! @)&! -N*"! '$II$JQ$.! %+$E+199&! 1'(&+! G0-L! #$F&+7.E! RWW[QRWYY! 78! G0-LN!

_Programme pour l’Aval du Cycle Electro-Nucleaire`,!@)&!()&9&!1+&18!7.!G0-LN!
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!! @+1.896(1(7$.V!J)7#)!78!I1+E&I5!+&I1(&?!($!&.&+E5!?&F&I$%9&.(,!
!! G1+(7(7$.7.EV! 7.#I6?7.E! :$()! %5+$#)&97#1I! 1.?! )5?+$9&(1II6+E7#1I!
(&#).$I$E7&8,!

!! H&$I$E7#1I!#)1+1#(&+781(7$.!via!$.E$7.E! +&8&1+#)!6.?&+!P$+%+$!1.?!G0*O",!
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-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!S[!$'!YSY!
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!! .6#I&1+!81'&(5!
!! 81'&!(+1.8%$+(!$'!+1?7$1#(7F&!91(&+71I8!
!! )&1I()!1.?!&.F7+$.9&.(!+1?71(7$.!%+$(&#(7$.!
!! %)587#1I!%+$(&#(7$.!1.?!#$.(+$I!$'!.6#I&1+!91(&+71I8!
!! %+$(&#(7$.! $'! .6#I&1+! '1#7I7(7&8! 1.?! .6#I&1+! 91(&+71I8! (+1.8%$+(! 1E17.8(!

%$887:I&!1((1#38!$+!81:$(1E&,!
!
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?&'7.&!1.?!#$Q$+?7.1(&!()&7+!*;<!%+$E+199&8!$.!+1?7$1#(7F&!J18(&!91.1E&9&.(!
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7?&18!1.?!7.'$+91(7$.,!@)78!)&I%8!LB!9&9:&+!#$6.(+7&8!($!913&!()&!:&8(!68&!$'!
()&7+!+&8$6+#&8V!'$+!&/19%I&!:5!&1#)!#$.#&.(+1(7.E!7(8!*;<!$.!1!%1+(7#6I1+!18%&#(!
$'!1!#$99$.!%+$:I&9!1.?!()&.!%$$I7.E!()&7+!+&86I(8,!

!
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#$.(+7:6(&! ($! ()&! 1?$%(7$.! $'! 81'&! 1.?! &''7#7&.(! %$I7#7&8! 1.?! %+1#(7#&8! 7.! 7(8!
9&9:&+!#$6.(+7&8,! O(! '$#68&8!$.!E&$I$E7#1I!?78%$81I!$'!D42!1.?!8%&.(! '6&I,! O(8!
J$+3! 78!86%&+F78&?!:5! 7(8!*1?7$1#(7F&!218(&!K1.1E&9&.(!-$997((&&!_*2K-`V!
J)7#)!78!18878(&?!:5!()+&&!J$+37.E!%1+(7&8^Y]!

!
!! P$+69!$.!"(13&)$I?&+!-$.'7?&.#&!
!! O.(&E+1(7$.!H+$6%!'$+!()&!"1'&(5!-18&!_OH"-`!
!! 2$+37.E!G1+(5! $.!K1.1E&9&.(! $'!K1(&+71I8! '+$9!<&#$997887$.7.E!1.?!

<7891.(I7.E,!
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U,YUS! *2K-! 1.?! 7(8! J$+37.E! %1+(7&8! %+$F7?&! ()&! $F&+1II! '$+69! '$+! &/#)1.E&! $'!
7.'$+91(7$.V!J)7#)! 78!1#)7&F&?! ()+$6E)!9&&(7.E8!1.?! ()&!%+$?6#(7$.!$'! +&%$+(8,!
<&(17I&?! (&#).7#1I! J$+3! 78! #1++7&?! $6(! :5! 9&1.8! $'! J$+37.E! E+$6%8V! ($%7#1I!
8&887$.8V! J$+38)$%8V! 859%$871! 1.?! (&#).7#1I! +&F7&J8,! NL0! 1I8$! $+E1.78&8!
7.(&+.1(7$.1I! %&&+! +&F7&J8! $'! .1(7$.1I! 8(6?7&8! 1.?! %+$b&#(8,! P$+! &/19%I&V! 7(!
$+E1.78&?!1!%&&+! +&F7&J!$'! ()&!<$887&+!0+E7I&!RWWS! _%1+1,!U,YUY`!:5!1! (&19!$'!
7.?&%&.?&.(!8%&#71I78(8!'+$9!F1+7$68!#$6.(+7&8,!@)&!+&F7&J!#$F&+&?!+&8&1+#)!1.?!
81'&(5!188&889&.(,!@J$!$'!()&!1798!$'!()&!+&F7&J!J&+&!($!?&(&+97.&!J)&()&+!()&!
'6(6+&!+&8&1+#)!.&&?8!7?&.(7'7&?!7.!()&!<$887&+!J&+&!#$.878(&.(!J7()!()&!&/78(7.E!
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E&$I$E7#1I!?78%$81I,!-6++&.(!OH"-!1#(7F7(7&8!7.#I6?&^!
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!! 1!J$+37.E!E+$6%!$.!()&!#)1+1#(&+781(7$.V!6.?&+8(1.?7.E!1.?!%&+'$+91.#&!
$'!1+E7II1#&$68!+$#38!'$+!E&$I$E7#1I!?78%$81I!_()&!f-I15!-I6:g`!

!! 1! %+$b&#(! $.! 1%%+$1#)&8! 1.?! 9&()$?8! '$+! 7.(&E+1(7.E! E&$I$E7#1I!
7.'$+91(7$.!7.!H<P!81'&(5!#18&8!

!! 1!%+$b&#(!$.!8$+%(7$.!$'!+1?7$.6#I7?&8!$.!E&$I$E7#1I!9&?71!
!! 1!%+$b&#(!$.!&.E7.&&+&?!:1++7&+!858(&98!
!! 917.(17.7.E! 1! ?1(1:18&! $'! '&1(6+&8V! &F&.(8! 1.?! %+$#&88&8! _PLG8`! ()1(!
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U,YU]! O0L0a8!J$+3!$.!+1?7$1#(7F&!J18(&!91.1E&9&.(! 78!#1++7&?!$6(!:5!7(8!<&%1+(9&.(!

$'! N6#I&1+! "1'&(5! 1.?! "&#6+7(5,! O(! 7.#I6?&8! &8(1:I78)7.E! 81'&(5! 8(1.?1+?8V!
%+$?6#7.E!E67?1.#&!$.!()&!1%%I7#1(7$.!$'!81'&(5!8(1.?1+?8!1.?!8&.?7.E!(&198!$'!
&/%&+(8!($!?&F&I$%7.E!#$6.(+7&8!($!18878(!()&9!7.!%$I7#5V!+&E6I1($+5!1.?!%+1#(7#1I!
18%&#(8!$'!J18(&!91.1E&9&.(,!
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%6:I78)&?! :5! O0L0,! 0! -*G! $.! ()&! 68&! $'! .69&+7#1I! 9$?&I8! 7.! 86%%$+(! $'! 87(&!
#)1+1#(&+781(7$.! 1.?! %&+'$+91.#&! 188&889&.(! 8(6?7&8! '$+! H<P8! )18! :&&.!
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*;<! +&>67+&9&.(8,! 0##&887:I&! 7.'$+91(7$.! 8)$6I?! :&! 91?&! 1F17I1:I&! ($! ()&!
%6:I7#!1:$6(!*;<!.&&?8V!%I1.8!1.?!%+$E+&88,!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&![Y!$'!YSY!



International Experience 

U,YS]! -$6.(+7&8!86#)!18!"J&?&.!1.?!P7.I1.?!)1F&!E$$?!9&#)1.7898!'$+!#$Q$+?7.1(7.E!
*;<!:6(! ()&!J18(&! 7.F&.($+7&8! ()&5!)1F&! ($!?&1I!J7()!1+&!$+?&+8!$'!91E.7(6?&!
891II&+! 1.?! 879%I&+! ()1.! 7.! ()&! BCV! 1.?! ()&7+! H$F&+.9&.(V! +&E6I1($+5! 1.?!
.6#I&1+! 7.?68(+5! 8(+6#(6+&8! 1+&! I&88! #$9%I&/,! @)&! "J&?78)! 8#)&9&! $'!
86:97887$.!$'!()&!'$+J1+?!*;<!%+$E+199&!($!()&!+&E6I1($+8!&F&+5!U!5&1+8V!J7?&!
#$.86I(1(7$.V! 1.?! 86:8&>6&.(! +&#$99&.?1(7$.! ($! ()&! H$F&+.9&.(! :5! ()&!
+&E6I1($+!_""K`!78!#$99&.?1:I&,!@)&!P+&.#)!858(&9!J7()!1!.1(7$.1I!#$997887$.!
&F1I61(7.E! ()&! *;<! 1.?! %+$?6#7.E! 1..61I! +&%$+(8! ()1(! 1+&! +&F7&J&?! :5! 1!
%1+I719&.(1+5! #$997887$.!1I8$!)18!96#)!9&+7(,!@)&!B"0!)18!9&#)1.7898! '$+!
#$Q$+?7.1(7.E! E&$I$E7#1I! ?78%$81I! +&8&1+#)! :6(! ?$&8! .$(! 1%%&1+! ($! )1F&! E$$?!
9&#)1.7898! '$+! #$Q$+?7.1(7.E! $()&+! +1?7$1#(7F&! J18(&! 91.1E&9&.(! +&8&1+#),!
@)&!J$+38)$%8!$+E1.78&?!:5!<ML!7.!()&!B"0!1+&!F&+5!E$$?!'$+!?78#6887.E!*;<!
+&>67+&9&.(8,!-$*2K!:&I7&F&8!()1(!8797I1+!J$+38)$%8!8)$6I?!:&!)&I?!7.!()&!BCV!
J7()!%1+(7#7%1.(8!'+$9!()&!L6+$%&1.!B.7$.!1.?!$()&+!#$6.(+7&8,!!

!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&![R!$'!YSY!



4. R&D SKILLS TO SUPPORT THE MRWS PROGRAMME 
!
T,Y! O.! 3&&%7.E! J7()! 7(8! (&+98! $'! +&'&+&.#&! 1.?! 18! %1+(! $'! 7(8! 8#+6(7.5! $'! ()&! *;<!

6.?&+(13&.V!-$*2K!78!8&&37.E!($!+&1886+&!7(8&I'!()1(!1.!1%%+$%+71(&!837II8!:18&!
78V!$+!J7II!:&V!1F17I1:I&! ($! ()&!BC!($!6.?&+(13&!*;<!1.?! ()1(!*;<! 78! 7.(&E+1(&?!
7.($!837II8!?&F&I$%9&.(!1#(7F7(7&8!18!1.!&88&.(71I!#$9%$.&.(! 7.!?&F&I$%7.E!)7E)Q
I&F&I!837II8!_"&#(7$.!Y`,!*;<!837II8!($!86%%$+(!()&!K*2"!%+$E+199&!)1F&!($!:&!
F7&J&?!18!%1+(!$'!1!J7?&+!.6#I&1+!7.?68(+5!837II8!7886&!1I()$6E)!8$9&!j.&Ja!837II8V!
%1+(7#6I1+I5! ()$8&! 188$#71(&?!J7()! E&$I$E7#1I! ?78%$81IV! J7II! :&! +&>67+&?,! 08!J7()!
91.5! &/78(7.E! 837II8V! 8$9&! $'! ()&8&! .&J! 837II8! 1+&! 1F17I1:I&V! 1.?! 8)$6I?! :&!
(+1.8'&+1:I&V! '+$9! .$.Q.6#I&1+! 1+&18! 86#)! 18! ()&! )5?+$#1+:$.! 1.?! #7F7I!
&.E7.&&+7.E!7.?68(+7&8,!@)78!8&#(7$.!'$#68&8!$.!*;<!837II8!+&I&F1.(!($!K*2"!:6(!
1E17.8(!()&!J7?&+!.6#I&1+!7.?68(+5!:1#3E+$6.?,!

!
T,R! *;<!837II8!#1..$(!:&!#$.87?&+&?!7.!78$I1(7$.!'+$9!()&!:187#!(+17.7.E!$'!%&+8$..&I!

1.?! ()&! (J$! 1+&! #$.87?&+&?! 7.! ()78! +&%$+(! 18! 7.(&E+1I! #$9%$.&.(8! $'! ()&! 819&!
7886&,!0I()$6E)!1.!1((&9%(!78!91?&!7.!()78!8&#(7$.!($!8&%1+1(&!:187#!837II8!(+17.7.E!
'+$9!+&8&1+#)!(+17.7.EV!()&!:$6.?1+7&8!1+&!7.&F7(1:I5!?7''68&,!

!
T,U! 0.5! 1((&9%(! ($! +&F7&J! 1! #$.(7.6$68I5! #)1.E7.E! 87(61(7$.! 968(! 7.&F7(1:I5! ?1(&!

>67(&! >67#3I5,! @)&! 7.'$+91(7$.! :&I$J! )18! :&&.! 6%?1(&?! ($! ()&! &.?! $'! 8699&+!
RWWX!18!'1+!18!%$887:I&V!&/#&%(!'$+!()$8&!?1(1!I78(8!J)&+&!1!%1+(71I!6%?1(&!J$6I?!
?&8(+$5!()&!#$9%1+1(7F&!:1878,!!

!
Skills Requirements 

T,T! 0!J7?&! +1.E&!$'! 837II8!J7II! :&! +&>67+&?! '$+! ()&! I$.EQ(&+9!91.1E&9&.(!$'! )7E)&+!
1#(7F7(5!J18(&8V!8%+&1?!1#+$88!91.5!?78#7%I7.&8,!09$.E!()&!9$+&!$:F7$68!7.!()&!
#$.(&/(8!$'!7.(&+79!8($+1E&!1.?!E&$I$E7#1I!?78%$81I!1+&!.6#I&1+!8#7&.#&!_7.#I6?7.E!
.6#I&1+! %)587#8! 1.?! +1?7$#)&978(+5`V! ()&! E&$8#7&.#&8! _7.#I6?7.E! E&$#)&978(+5V!
E&$%)587#8! 1.?! )5?+$E&$I$E5`V! 91(&+71I8! 8#7&.#&! 1.?! #7F7I! 1.?! 9&#)1.7#1I!
&.E7.&&+7.E! _7.#I6?7.E! E&$(&#).7#8! 1.?! 6.?&+E+$6.?! #$.8(+6#(7$.`,! K1.5!
8%&#71I78&?! 837II8! J7II! :&! +&>67+&?! '$+! ()&! ?7''&+&.(! %)18&8! $'! 79%I&9&.(1(7$.! $'!
E&$I$E7#1I! ?78%$81I! 86#)! 18! 87(&! #)1+1#(&+781(7$.V! #$.8(+6#(7$.V! $%&+1(7$.! 1.?!
#I$86+&!$'! ()&!H<P!1.?! 87E.7'7#1.(!*;<!J7II! :&! +&>67+&?! ($! +&9$F&V! +&?6#&V! $+!
>61.(7'5!()&!6.?&+I57.E!6.#&+(17.(7&8!8$!18!($!%+$?6#&!1!81(78'1#($+5!87(&Q8%&#7'7#!
81'&(5!#18&,!!

!
T,S! 2)7I&! ()&! &9%)1878! 7.! ()78! 8&#(7$.! 78! $.! ()&! 837II8! +&>67+&?! '$+!*;<V! ()&!J7?&+!

837II8!1.?!(+17.7.E!7886&8!1+&!1I8$!#$.87?&+&?!1.?!7(!78!-$*2Ka8!7.(&.(7$.!($!?&1I!
9$+&! '6II5! J7()! ()&! 8%&#71I78(! 837II8! +&>67+&?! '$+! 87(&! #)1+1#(&+781(7$.! 1.?! $()&+!
18%&#(8! $'! E&$I$E7#1I! ?78%$81I! 7.! 7(8! '6(6+&!J$+3! %+$E+199&,! O.! ?78#6887.E! ()&!
837II8! 7886&! 1#+$88! ()&! +1.E&! $'! ?78#7%I7.&8V! 7(! 78! 1%%+$%+71(&! ($! '$#68! $.! ()$8&!
18%&#(8!()1(!1+&!%+791+7I5!.6#I&1+!+&I1(&?,!D$J&F&+V!()&+&!1+&!91.5!.$.Q.6#I&1+!
18%&#(8!$'V!'$+!&/19%I&V!()&!E&$I$E7#1IV!91(&+71I8!1.?!&.E7.&&+7.E!8#7&.#&8V!()1(!
1+&!%1+(7#6I1+I5!+&I&F1.(!1.?!()&8&!1+&!?&1I(!J7()!7.!%1+1E+1%)!T,US!et seq.,!!

!
Nuclear Skills – Current UK Situation  

T,[! "7.#&! RWWWV! 1! 86##&887$.! $'! +&%$+(8! $.! .6#I&1+! 837II8! 1.?! (+17.7.E! _e.g.!
ML-<iNL0V! RWWWd!D"LQNOOV! RWWRd!N"HV! RWWRd!-$E&.(V! RWWZ`! )18! 7?&.(7'7&?! 1!
.69:&+!$'!#$.#&+.8!7.#I6?7.E^!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&![U!$'!YSY!



-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&![T!$'!YSY!

!
!! 1!8)$+(1E&!$'!837II&?!91.%$J&+! 7.! ()&!BC! ()1(!#$6I?!1''&#(! ()&!?&'&.#&V!

.6#I&1+! %$J&+! 1.?! )&1I()! 8&#($+8! 1.?! )1F&! 8&+7$68! 79%I7#1(7$.8! '$+! ()&!
I$.EQ(&+9!91.1E&9&.(!$'!+1?7$1#(7F&!J18(&8d!

!! 1! %+$b&#(&?! +&>67+&9&.(! '$+! YSVWWW! ($! YXVWWW! (+17.&?! %&+8$..&I! ($! :&!
+&#+67(&?!($!()&!.6#I&1+!8&#($+!:5!1+$6.?!RWY]d!

!! 1! .6#I&1+! 7.?68(+5! ()1(! )18! :&#$9&! )&1F7I5! ?&%&.?&.(! $.! E&.&+7#!
%+$F787$.V! i.e.! +&#+67(9&.(! $'! E$$?! >61I7(5! E+1?61(&8! '+$9! .$.Q.6#I&1+!
8%&#7'7#!?&E+&&!#$6+8&8d!

!! 1!'+1E7I&!8%&#71I78&?!%$8(QE+1?61(&!(+17.7.E!8&#($+!7.!()&!.6#I&1+!1+&1d!
!! 1! ($%! %+7$+7(5! $'! 7.#+&187.E! F$#1(7$.1I! 1.?! (&#).7#1I! 837II8V! J7()! 1!

+&#$99&.?1(7$.!($!>61?+6%I&!()&!.69:&+!$'!1%%+&.(7#&8!:5!RWYU,!
!
T,]! @)&! 9$8(! +&#&.(! +&%$+(V! 1! 9$+&! ?&(17I&?! 1.1I5878! :5! -$E&.(! _-$E&.(V! RWWX`V!

'$+&#18(8!1!837II8!E1%!$'!6%!($!YTVWWW!:5!RWRSV!J)7#)!&>61(&8!($!1!.&&?!'$+!YVWWW!
.&J!+&#+67(8!1!5&1+V!J7()!()&!917.!?+7F&+8!:&7.E^!

!
!! 1.!1E&7.E!J$+3'$+#&!()1(!+&(7+&8!&1+I7&+!()1.!()&!BC!J$+3'$+#&!7.!E&.&+1I!
!! 1!8)7'(!7.!837II8!'+$9!&I&#(+7#7(5!E&.&+1(7$.!($!?&#$997887$.7.E!
!! 1!?&91.?!'$+!837II8!($!$%&+1(&!1!.&J!:1(#)!$'!.6#I&1+!%$J&+!8(1(7$.8,!

!
T,Z! O(! 78!#I&1+!'+$9!1II!$'!()&8&!+&%$+(8!()1(!()&!87(61(7$.!)1?!?&#I7.&?!($!()&!%$7.(!$'!

E+1F&!#$.#&+.!1.?V!1I()$6E)! ()78!)18!:&&.!+&#$E.78&?!1.?!9&186+&8!:&E6.! ($!
1??+&88! 7(V! 1++1.E&9&.(8! 1+&! .$(! 5&(! 1?&>61(&I5! +&:67I(! '$+! ()&! '6(6+&,! @)78! 78!
&8%&#71II5!()&!#18&!'$+!()&!?&#$997887$.7.E!1.?!+1?7$1#(7F&!J18(&!91.1E&9&.(!
%+$E+199&8! 1.?! ()&+&! J7II! :&! #$9%&(7(7$.! :&(J&&.! ()&8&! 1+&18! 1.?! ()&!
&/%&#(&?!.&J!:67I?!%+$E+199&,!!

!
Nuclear Skills - Training 

T,X! K1.5!:$?7&8!1.?!$+E1.781(7$.8!1+&! 7.F$IF&?! 7.! ()&!%+$F787$.!$'!.6#I&1+!837II8! 7.!
()&!BC!1.?!()&!+&I1(7$.8)7%8!:&(J&&.!()&9!1+&!#$9%I&/!_P7E6+&!U`,!
!

T,YW! @)&!#6++&.(!1%%+$1#)!($!(+17.7.E!78!:18&?!$.!1!f837II8!%5+197?g!_P7E6+&!T`!7.!J)7#)!
()&!87e&8!$'!()&!8&#(7$.8!1%%+$/791(&!($!()&!+&I1(7F&!.69:&+8!+&>67+&?,!O.!3&&%7.E!
J7()! ()&!917.!#$.#I687$.8!$'!1!-$E&.(!+&%$+(! _-$E&.(V!RWWZ`V!9$8(!$'! ()&! 7.7(71I!
&''$+(8! J&+&! #$.#&.(+1(&?! $.! ()&! I$J&+! %1+(! $'! ()&! 837II8! %5+197?,! @)78!
&9%)1878&?! ()&!837II8!.&&?&?!1(! ()&8&! I&F&I8!1.?!?&91.?&?!:5!&9%I$5&+8!:6(V!
J7()!()78!:&7.E!1??+&88&?V!1((&.(7$.!78!.$J!(6+.7.E!1I8$!($!()&!6%%&+!1+&18!$'!()&!
%5+197?,!



!
! Figure 3.  UK Nuclear Skills Map  
! "$6+#&^!<L--

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&![S!$'!YSY!



!
 
Figure 4.  Skills Pyramid  
!
T,YY! @)&!%+7.#7%1I!j%I15&+8a!7.!()&!%+$F787$.!$'!.6#I&1+!837II8!7.!()&!BC!1+&!()&!-$E&.(!

"&#($+! "37II8! -$6.#7IV! ()&! N1(7$.1I! "37II8! 0#1?&95! '$+! N6#I&1+! _N"0N`V! N<0V!
NN4! 1.?! ()&! 6.7F&+87(7&8,! D$J&F&+V! ()&! 87E.7'7#1.(! #$.(+7:6(7$.! 91?&! :5! ()&!
7.?68(+5! ()+$6E)! j$.! ()&! b$:a! (+17.7.E! _e.g.! ()&!N6#I&1+! G$J&+! 0#1?&95! +6.! :5!
\+7(78)!L.&+E5!1(!\1+.J$$?`!8)$6I?!.$(!:&!6.?&+&8(791(&?,!O(!78!&.#$6+1E7.E!()1(!
1II!$'! ()&8&!:$?7&8!1+&!.$J!(137.E!8(&%8! ($! +&?+&88! ()&!87(61(7$.,!@)&!+$I&8!1.?!
#$.(+7:6(7$.8! $'! 8$9&! $'! ()&! 3&5! %+$F7?&+8! 1+&! $6(I7.&?! :&I$J,! @+17.7.E! 7.! ()&!
8%&#71I78&?!837II8! +&>67+&?! '$+!*;<! 78!1(! ()&! ($%!$'! ()&!%5+197?!1.?! ()&!#6++&.(!
87(61(7$.!78!?&8#+7:&?!7.!%1+1E+1%)!T,RY!et seq.,!

Cogent 

T,YR! @)&!-$E&.(!"&#($+!"37II8!-$6.#7I!)18!+&#&.(I5!:&&.!+&I7#&.8&?!:5!H$F&+.9&.(V!
()+$6E)!()&!BC!-$997887$.!$.!L9%I$59&.(!1.?!"37II8V!($!(13&!1.!$F&+F7&J!$'!1!
J7?&! +1.E&! $'! 8#7&.#&Q:18&?! 7.?68(+7&8,! O(! 78! 1.! &9%I$5&+QI&?! $+E1.781(7$.! ()1(!
%+$?6#&8!&?6#1(7$.!1.?!(+17.7.E!8(1.?1+?8!1.?!>61I7'7#1(7$.8!'$+!7.?68(+7&8!86#)!
18!$7I!1.?!E18V!%&(+$#)&97#1I!1.?!.6#I&1+,!P$+! ()&!.6#I&1+! 7.?68(+5V! 7(!J$+38! ($!
?&I7F&+! ()&8&! ()+$6E)! N"0N,! -$E&.(! 78! +&>67+&?! ($! #$.?6#(! 41:$6+! K1+3&(!
O.(&II7E&.#&!_4KO`!+&8&1+#)!1#+$88!7(8!7.?68(+71I!+&97(!1.?!78!#6++&.(I5!6.?&+(137.E!
()78!'$+!()&!#7F7I!1.?!?&'&.#&!.6#I&1+!%+$E+199&8V!7.#I6?7.E!J18(&!91.1E&9&.(!
1.?!.&J!:67I?!_-$E&.(V!RWWX`,!

National Skills Academy for Nuclear 

T,YU! N"0N!:&E1.!$%&+1(7.E!7.!c1.61+5!RWWZ!18!1!J)$II5!$J.&?!86:87?71+5!$'!-$E&.(!
1.?! 78! I&?! 1.?! ?7+&#(&?!:5! 7(8! .6#I&1+! 7.?68(+5! &9%I$5&+! :$1+?8,! O(8! +&97(! 78! ($!
1??+&88! ()&! 3&5! 837II8! 1.?! (+17.7.E! #)1II&.E&8! '1#7.E! ()&! .6#I&1+! 7.?68(+5! 1.?!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&![[!$'!YSY!



&.86+&! ()&! 1F17I1:7I7(5! $'! 1! 837II&?! J$+3'$+#&! ($! 9&&(! '6(6+&! ?&91.?8,! @)&8&!
7.#I6?&!?&'&.#&!1.?!.&J!:67I?! 7.! 1??7(7$.! ($! ?&#$997887$.7.E! 1.?! ()&!K*2"!
%+$E+199&,!!!

!
T,YT! N"0N!78!.$(!1!?7+&#(!%+$F7?&+!$'!(+17.7.E,!O(!78!1.!&.1:I7.E!$+E1.781(7$.!J)7#)!8&(8!

6%!1.?!'6.?8!(+17.7.E!8#)&9&8!1.?! 7.7(71(7F&8! ()+$6E)!%1+(.&+8)7%8!J7()! (+17.7.E!
%+$F7?&+8!_8#)$$I8V!6.7F&+87(7&8!1.?!&9%I$5&+!$+E1.781(7$.8`,!O(! 78!'6.?&?!)1I'!:5!
&9%I$5&+8!1.?!)1I'!:5!\O"!:6(!1'(&+!7(8!'7+8(!()+&&!5&1+8!7(!78!&/%&#(&?!($!:&!8&I'Q
868(17.7.E,!O(!78!8(7II!?&F&I$%7.E!7(8!J$+3!%+$E+199&!1.?!(+17.7.E!7.'+18(+6#(6+&,!O(8!
#6++&.(! 1%%+$1#)! 78! 917.I5! '$#68&?! $.! ()&! I$J&+! I&F&I8! $'! ()&! 837II8! %5+197?!
_P7E6+&! T`V! %1+(7#6I1+I5! F$#1(7$.1I! (+17.7.E! 1.?! '$6.?1(7$.! ?&E+&&8! :6(! 7(! 78! .$J!
1I8$! (6+.7.E! 7(8! 1((&.(7$.! ($! )7E)&+! I&F&I! 837II8,! P$+! &/19%I&V! 7(! 78! #6++&.(I5!
?&F&I$%7.E!1!%$8(QE+1?61(&!-&+(7'7#1(&!$'!N6#I&1+!G+$'&887$.1I789,!N"0N!78!1I8$!
(+57.E! ($! &.#$6+1E&! 9$:7I7(5! J7()7.! ()&! 7.?68(+5! J7()! 7.7(71(7F&8! I73&! 7(8! N6#I&1+!
"37II8! G188%$+(V! 1! :187#! 837II8! >61I7'7#1(7$.! ()1(! J$6I?! :&! 1##&%(&?! :5! 1II!
&9%I$5&+8,! D"L! )18! 8(1(&?! ()1(! N"0N! 78! f1! I5.#)%7.! 7.! %+$F7?7.E! ()&! .6#I&1+!
7.?68(+5! J7()! 1! 868(17.1:I&! 1%%+$1#)! ($! 9&&(7.E! ()&! .6#I&1+! 837II8! 8)$+(1E&g!
_D"LV!RWWX#`,!

!
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Figure 5.  Illustrative decline in manpower employed in nuclear fission related 
R&D  
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0J1+?8!7.!"#7&.#&!1.?!L.E7.&&+7.E`!8(6?&.(8)7%8,!@)&+&!78V!)$J&F&+V!#$.#&+.!7.!
8$9&!>61+(&+8!_-$*2K!?$#,!R[UW`!()1(! ()&!<*G!78!.$(!#$.?6#7F&!($!E+1?61(&Q
I&F&I!837II8!?&F&I$%9&.(V!J)7#)!78!:&8(!1#)7&F&?!()+$6E)!G)<!+&8&1+#)!(+17.7.E!7.!
6.7F&+87(7&8,!@5%7#1I!<*G!%+$b&#(8!1+&!$.!1!96#)!8)$+(&+! (79&8#1I&! ()1.!1!G)<!
%+$b&#(V!J)7#)!#1.!+&>67+&!1!#$997(9&.(!$'!6%!($!T!5&1+8,!

!
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!

Box 4. Postgraduate University Provision 
@)&+&! 1+&! 8&F&+1I! .6#I&1+Q+&I1(&?! %$8(QE+1?61(&! (16E)(! #$6+8&8! 7.! BC! 6.7F&+87(7&8V! $'! J)7#)V! ()$8&! 7.!
7(1I7#8! :&I$J! 1+&! 9$8(! I73&I5! ($! :&! %$(&.(71II5! +&I&F1.(! ($! ()&! ?&#$997887$.7.EV! #I&1.! 6%! 1.?! J18(&!
91.1E&9&.(!%+$E+199&8,!
!

!! B.7F&+87(5!$'!\7+97.E)19!
Q! K"#!7.!G)587#8!1.?!@&#).$I$E5!$'!N6#I&1+!*&1#($+8!
Q! Certificate & Diploma in Radioactive Waste Management & Decommissioning 

!! O9%&+71I!-$II&E&!!
Q! KL.E!7.!-)&97#1I!1.?!N6#I&1+!L.E7.&&+7.E!
Q! MEng in Materials and Nuclear Engineering!
Q! KL.E!7.!K&#)1.7#1I!1.?!N6#I&1+!L.E7.&&+7.E!

!! 41.#18(&+!B.7F&+87(5!!
Q! KL.E!7.!N6#I&1+!L.E7.&&+7.E!
Q! MSc in Decommissioning & Clean-Up 
Q! K"#!7.!"1'&(5!L.E7.&&+7.E!

!! B.7F&+87(5!$'!-&.(+1I!41.#18)7+&!
Q! MSc, Diploma, Certificate in Energy and Environmental Engineering (Nuclear

Decommissioning)!
Q! Certificate in English for Nuclear Decommissioning 

!! B.7F&+87(5!$'!47F&+%$$I!
Q! K"#!7.!*1?7$9&(+7#8^!O.8(+69&.(1(7$.!;!K$?&II7.E!
Q! Certificate in Radioactive Waste Monitoring & Decommissioning 

!! B.7F&+87(5!$'!")&''7&I?!
Q! MSc in Nuclear Environmental Science & Technology 
Q! MSc in Nuclear Science and Technology  

!! B.7F&+87(5!$'!"6++&5!
Q! K"#!7.!*1?71(7$.!;!L.F7+$.9&.(1I!G+$(&#(7$.!
Q! K"#!7.!*1?71(7$.!<&(&#(7$.!;!K&186+&9&.(!!

!
@)&! N6#I&1+! @&#).$I$E5! L?6#1(7$.! -$.8$+(769! _N@L-`V! #$II1:$+1(7$.! :&(J&&.! YY! 6.7F&+87(7&8! 1.?!
+&8&1+#)! 7.8(7(6(&8V!$''&+8!%+$E+199&8! I&1?7.E! ($!K"#V!<7%I$91V!-&+(7'7#1(&!$+!-$.(7.67.E!G+$'&887$.1I!
<&F&I$%9&.(!_-G<`!>61I7'7#1(7$.8,!@)&!K"#!#$9:7.&8!()&!:&8(!&I&9&.(8!'+$9!&1#)!$'!()&!7.8(7(6(7$.8!:5!
1II$J7.E! 8&I&#(7$.! $'! Z!9$?6I&8! '+$9! 1! ($(1I! $'! UY! 1F17I1:I&! 1#+$88! ()&! %1+(.&+8)7%V! #$9:7.&?!J7()! 1!
%+$b&#(,! P$6+! $'! ()&! #$+&! 9$?6I&8! +&I1(&! 8%&#7'7#1II5! ($! ?&#$997887$.7.E! 1.?! ()&! 91.1E&9&.(V!
%+$#&887.EV!8($+1E&!1.?!?78%$81I!$'!J18(&8,!
! !
B.?$6:(&?I5!()&!91b$+!8$6+#&8!$'!)7E)QI&F&I!+&8&1+#)!837II8!'+$9!()&!6.7F&+87(5!8&#($+!1+&!G)<!E+1?61(&8!
1.?! %$8(Q?$#($+1I! +&8&1+#)! 18878(1.(8i'&II$J8,! O.#+&187.E! .69:&+8! $'! ()&8&! 1+&! :&#$97.E! 1F17I1:I&!
1#+$88! 1!J7?&! +1.E&!$'! 8#7&.(7'7#! 1.?!&.E7.&&+7.E!?78#7%I7.&8! 1.?!19$.E! ()&!9$8(! 1%%+$%+71(&! '$+! ()&!
*;<! .&&?&?! ($! 6.?&+%7.! ()&! K*2"! %+$E+199&! J7II! :&! ()$8&! '+$9! ()&! .6#I&1+Q+&I1(&?! B.7F&+87(5!
*&8&1+#)! 0II71.#&8! _B*08`V! +&8&1+#)! ;! (+17.7.E! #$.8$+(71! 1.?! 8%&#71I78&?! +&8&1+#)! E+$6%8! ?&8#+7:&?!
:&I$J,!!
!
0!?+$%! 7.!%6:I7#! '6.?7.E!$'!.6#I&1+!*;<! '+$9!$F&+!kTSWK! 7.! ()&!YX]W8! ($! I&88! ()1.!kYWK! 7.! ()&!97?Q
YXXW8!#$9:7.&?!J7()!1! +1%7?!?&#I7.&! 7.! ()&!BC!837II8!:18&!#+&1(&?!E+1F&!#$.#&+.8!1:$6(! ()&! '6(6+&!$'!
.6#I&1+Q+&I1(&?! +&8&1+#),! O.! +&8%$.8&! ($! ()78V! \NP4! &8(1:I78)&?! '$6+!B*08!J7()! 7.7(71I! #$+&! '6.?7.E! $'!
kRK! &1#),! @)&8&! J&+&! 8&(! 6%! '+$9! YXXXQRWWY! 18! '$II$J8V! J7()! 8(1''! _18! $'! c1.61+5! RWWX`! 7.! 8>61+&!
:+1#3&(8,!

!! -&.(+&! '$+! *1?7$#)&978(+5! *&8&1+#)! _-**`! A! B.7F&+87(5! $'! K1.#)&8(&+! zT! 1#1?&97#!
8(1''{!

!! O.8(7(6(&! '$+!G1+(7#I&!"#7&.#&!;!L.E7.&&+7.E! _OG"L`! A!B.7F&+87(5! $'! 4&&?8! zU! 1#1?&97#!
8(1''!1.?!1!(&#).$I$E5!91.1E&+{!

!! O99$:7I781(7$.!"#7&.#&!41:$+1($+5!_O"4`!A!B.7F&+87(5!$'!")&''7&I?!zYY!1#1?&97#!8(1''!1.?!
1!(&#).7#1I!91.1E&+{!

!! K1(&+71I8!G&+'$+91.#&!-&.(+&! _KG-`!A!BKO"@iB.7F&+87(5!$'!K1.#)&8(&+! zYW!1#1?&97#!
8(1''{!
!

@)&8&! )1F&! %+$F&?! F&+5! &''&#(7F&! 7.! (&+98! $'! ()&! .69:&+8! $'! G)<! 8(6?&.(8! 1((+1#(&?! 1.?! ?&E+&&8!
1J1+?&?d! %$8(Q?$#($+1I! +&8&1+#)! 18878(1.(8! _G<*08`! &9%I$5&?! 1.?! (+17.&?d! +&8&1+#)! %+$b&#(8!
6.?&+(13&.!1.?!%1%&+8!%6:I78)&?!_?1(1!7.!(1:I&!:&I$J!18!$'!M#($:&+!RWWZ`,
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!

\$/!T,!_continued`!
!
! B*0! G)<8!!!G<*08! G1%&+8!!
!

! -**! !TX!!! !!RX! !!YWT!!!
! OG"L! !YT! !!Y]! !!!]Z!!
! O"4! !YY! !!YU! !!!]S!!
! KG-! !US! !!RT! !!![W!
!
L1#)!$'! ()&!B*08!)18!E&.&+1(&?!8&F&+1I!97II7$.!%$6.?8!$'! +&8&1+#)! '6.?7.E! 7.!1??7(7$.! ($! ()&7+! 7.7(71I!
#$+&! '6.?7.E!1.?!()&5!1+&!#I&1+I5!1.! 7.F1I61:I&!#$9%$.&.(!$'! ()&!+&8&1+#)!1.?!)7E)QI&F&I!837II8!:18&8,!
0'(&+! ()&7+!SQ5&1+V!8(1+(Q6%!%&+7$?V!\NP4! 7.(&.?&?! ()&!B*08! ($!:&!8&I'Q86''7#7&.(!1.?!1II!)1F&!1#)7&F&?!
()78,!D$J&F&+V!()&5!)1F&!1II!)1?!($!?7F&+87'5!()&7+!'6.?7.E!8$6+#&8!1.?!18!1!+&86I(V!1!86:8(1.(71I!%1+(!$'!
()&7+! 1#(7F7(7&8! 1+&! ?7+&#(&?! ($! 1+&18! $()&+! ()1.! 8($+1E&! 1.?! ?78%$81I,! O.! 8$9&! #18&8V! ()&7+! +&8&1+#)!
%$+('$I7$8!.$J!7.#I6?&!87E.7'7#1.(!.$.Q.6#I&1+!1#(7F7(7&8,!!!!
!
@)&+&!1+&!1!.69:&+!$'!$()&+!6.7F&+87(5!E+$6%8!6.?&+(137.E!.6#I&1+Q+&I1(&?!+&8&1+#)!1.?!%+$F7?7.E!G)<!
(+17.7.E!7.!1+&18!+&I&F1.(!($!()&!91.1E&9&.(!$'!)7E)&+!1#(7F7(5!J18(&8,!@)&8&!1+&^!
!

!! B.7F&+87(5!$'!\7+97.E)19!
Q! N6#I&1+!G$J&+!@&#).$I$E5!H+$6%V!<&%1+(9&.(!$'!G)587#8!
Q! *1?71(7$.!\7$%)587#8!H+$6%V!<&%1+(9&.(!$'!G)587#8!

!! B.7F&+87(5!$'!-1+?7''!
Q! H&$(&#).7#1I!*&8&1+#)!-&.(+&V!"#)$$I!$'!L.E7.&&+7.E!

!! B.7F&+87(5!$'!-19:+7?E&!
Q! r1+7$68!E+$6%8V!<&%1+(9&.(!$'!L1+()!"#7&.#&8!

!! D6II!B.7F&+87(5!
Q! <&87E.V!K1(&+71I8!;!G+$#&88!G&+'$+91.#&V!<&%1+(9&.(!$'!L.E7.&&+7.E!

!! O9%&+71I!-$II&E&!
Q! -&.(+&!'$+!N6#I&1+!L.E7.&&+7.E!

!! 41.#18(&+!B.7F&+87(5!
Q! -$.(+$I!;!O.8(+69&.(1(7$.!*&8&1+#)!H+$6%V!<&%1+(9&.(!$'!L.E7.&&+7.E!

!! 4$6E):$+$6E)!B.7F&+87(5!
Q! L.F7+$.9&.(1I!*1?7$#)&978(+5!*&8&1+#)!H+$6%V!<&%1+(9&.(!$'!-)&978(+5!
Q! *1?71(7$.!<191E&!G+&?7#(7$.!H+$6%V!<&%1+(9&.(!$'!K1()&91(7#8!

!! B.7F&+87(5!$'!K1.#)&8(&+!
Q! "#)$$I!$'!L1+()V!0(9$8%)&+7#!1.?!L.F7+$.9&.(1I!"#7&.#&!
Q! "#)$$I!$'!K&#)1.7#1IV!0&+$.16(7#1I!1.?!-7F7I!L.E7.&&+7.E!
Q! "#)$$I!$'!-)&978(+5,!!
!

0! .69:&+! $'! #$.8$+(71! )1F&! :&&.! '6.?&?! :5! ()&! +&8&1+#)! #$6.#7I8! _.$(1:I5! LG"*-`! ($! 6.?&+(13&!
+&8&1+#)!1.?!%+$F7?&!?$#($+1IQI&F&I!+&8&1+#)!(+17.7.E!7.!()&!.6#I&1+!1+&1,!@)&8&!7.#I6?&^!
!

!! @)&!N6#I&1+!L.E7.&&+7.E!<$#($+1(&!_L.E<`!%+$E+199&,!@)78!78!1!#$II1:$+1(7$.!:&(J&&.!87/!!
6.7F&+87(7&8^! K1.#)&8(&+V! O9%&+71I! -$II&E&V! ")&''7&I?V! 4&&?8V! "(+1()#I5?&! 1.?! \+78($I,! O(!
%+$F7?&8!1!TQ5&1+!G)<!%+$E+199&! ()1(! 7.#I6?&8! (16E)(!9$?6I&8!1.?! +&8&1+#)!%+$b&#(8!$.!
()&!91.1E&9&.(V!799$:7I781(7$.V!8($+1E&!1.?!?78%$81I!$'!+1?7$1#(7F&!J18(&8,!

!! C&&%7.E!()&!N6#I&1+!M%(7$.!M%&.!_CNMM!Q!8&&!\$/!Y`!)18!:&&.!&8(1:I78)&?!($!917.(17.!1.?!
?&F&I$%!G)<!I&F&I!837II8!+&I&F1.(!($!.6#I&1+!%$J&+!E&.&+1(7$.,!

!! <O0KMN<!_\$/!Y`! '6.?&?!917.I5!:5!LG"*-V! 78!1!TQ5&1+!%+$E+199&!J)7#)!1I8$!8&&38! ($!
1??+&88! 1! E+$J7.E!LBQJ7?&! 837II8! E1%! 7.! ()&! ?&#$997887$.7.E! 1.?!J18(&! '7&I?! 1.?! $''&+8!
G)<!1.?!%$8(Q?$#($+1I!(+17.7.E,!

!! @)&! \7$E&$#)&97#1I! 0%%I7#1(7$.8! 7.! N6#I&1+! <&#$997887$.7.E! 1.?! 218(&! <78%$81I!
-$.8$+(769!_\$/!Y`V!0!TQ5&1+!%+$E+199&!7.F$IF7.E!S!6.7F&+87(7&8!1.?!\H",!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!]R!$'!YSY!



T,UW! @)&! N<0! 1I8$! $%&+1(&8! 1! E+1?61(&! +&#+67(9&.(! 8#)&9&V! J)7#)! #$F&+8! 1! J7?&!
+1.E&! $'! ?78#7%I7.&8! 1.?! 7.F$IF&8! $F&+! RW! #$9%1.7&8,! @)&! 8#)&9&! #6++&.(I5!
1((+1#(8!$F&+!YVWWW!1%%I7#1.(8!1!5&1+V!$'!J)7#)V!1:$6(!YW!1+&! +&#+67(&?!1..61II5!
_-$*2K! ?$#,! RU]U`,! <6+7.E! ()&! ()+&&Q5&1+! 8#)&9&V! ()&! +&#+67(8! +&#&7F&! (J$!
5&1+8! $'! %$8(QE+1?61(&! (+17.7.E! 1.?! 1+&! %I1#&?! J7()! "4-8! 1.?! 86%%I5! #)17.!
#$9%1.7&8!$.!1!+$(1(7$.1I!:1878!($!E17.!%+1#(7#1I!1.?!7.?68(+71I!&/%&+7&.#&,!@)78!
78!1.!&/#&II&.(!8#)&9&!1.?V!1I()$6E)!+&I1(7F&I5!.&JV!1%%&1+8!($!:&!J$+37.E!J&II!
_-$*2K! ?$#,! RU]U`,! @)&+&! 78V! )$J&F&+V! 8$9&! #$.#&+.! ()1(! J7()$6(! 1.5!
E61+1.(&&!$'V!$+!#$997(9&.(!($V!&9%I$59&.(!6%$.!#$9%I&(7$.!_18!J18!()&!#18&!
J7()! ()&! '7+8(! #$)$+(! +&#+67(&?`! ()&8&!%&$%I&! #$6I?! 86:8&>6&.(I5! :&! I$8(! ($! .$.Q
.6#I&1+!#1+&&+8!_-$*2K!?$#,!R[UW`,!

!
T,UY! N<0!78!1!%1+(.&+!J7()!()&!B.7F&+87(5!$'!K1.#)&8(&+!7.!()&!<1I($.!-69:+71!P1#7I7(5,!

0I()$6E)! 891II! _U! 1#1?&97#! %$8(8`V! ()78! 1798! ($! 6.?&+(13&! .6#I&1+Q+&I1(&?!
+&8&1+#)! 1.?! %+$F7?&! +&8&1+#)! (+17.7.E! 1.?! %$8(QE+1?61(&! I&F&I! &?6#1(7$.! 7.!
+1?71(7$.!8#7&.#&8!1.?!7.!?&#$997887$.7.E!&.E7.&&+7.E,!

The National Nuclear Laboratory 

T,UR! NN4!)18!1!8%&#7'7#!+&8%$.87:7I7(5!($!917.(17.!()&!#+7(7#1I!837II8!+&>67+&?!($!86%%$+(!
#7F7I!.6#I&1+!*;<,!0+787.E! '+$9!1!837II8! +&F7&J! 7.!J)7#)!]R!&88&.(71I!1+&18!J&+&!
7?&.(7'7&?V! 7(! .$J! 917.(17.8! 1.! *;<! 837II8! +783! +&E78(&+,! 0! 3&5! '6.#(7$.! $'! ()78!
+&E78(&+! 78! ($!86EE&8(!1#(7$.8! ($!97(7E1(&! ()&!+7838V!86#)!18! 7.7(71(7.E!+&#+67(9&.(!
:&'$+&!1!837II8!E1%!1%%&1+8,!@)&!NN4!E$F&+.1.#&!%+$#&88!J7II!&.1:I&!7(!($!+178&!
837II8!7886&8!1.?!()78!8)$6I?!&.86+&!()1(!837II8!1+&!.$(!I$8(!:5!#)1.#&,!

!
T,UU! M.&!$'!NN4a8!#$.#&+.8!78!()1(!N<0a8!(&.?&+7.E!%+$#&88!)18!I&?!($!()&!.&&?!'$+!

.6#I&1+! 837II8! ($!:&#$9&!8%+&1?!1#+$88!1!96#)! I1+E&+!.69:&+!$'!$+E1.781(7$.8!
()1.! %+&F7$68I5V! J7()! %$(&.(71I! %+$:I&98! 7.! 917.(17.7.E! 1%%+$%+71(&! (&#).7#1I!
8(1.?1+?8,!

!
T,UT! O.! ()&!F7&J!$'!NN4! _-$*2K!?$#,!R[UW`V! 7.!$+?&+! ($!?&I7F&+! 7(8! #$997(9&.(!$.!

(+17.7.EV!NN4!.&&?8!($!&.86+&!()1(!7(!)18!1##&88!($!1!J7?&!+1.E&!$'!*;<!837II8,!O(!
%I1.8!($!%6+86&!1!E+$J()!8(+1(&E5!()1(!7.#+&18&8!8(1''!.69:&+8,!!

!
Relevant Non-Nuclear Skills  

T,US! 0! 86:8(1.(71I! +1.E&! $'! .$.Q.6#I&1+! 837II8! J7II! :&! +&>67+&?! '$+! ()&! 86##&88'6I!
79%I&9&.(1(7$.!$'!()&!K*2"!%+$E+199&V!%1+(7#6I1+I5!7.!()&!E&$I$E7#1IV!91(&+71I8!
1.?!&.E7.&&+7.E!8#7&.#&8,!O(!78!:&5$.?!()&!8#$%&!$'!()78!+&%$+(!($!188&88!()&!I&F&I!
$'!837II8!%+$F787$.!7.!()&8&!1+&18V!18!&1#)!78!1!86:8(1.(71I!8&#($+!7.!7(8!$J.!+7E)(,!
-$.8&>6&.(I5V!(&/(!)&+&!78!I797(&?!($!#$99&.(!$.!()&!E&$8#7&.#&8!8&#($+!J)&+&!
8&+7$68! #$.#&+.8! )1F&! :&&.! ?7+&#(I5! &/%+&88&?! ($! -$*2K! ()+$6E)! :7I1(&+1I!
9&&(7.E8!_-$*2K!?$#8,!RTSSV!RTS[`,!O(!78!.$(&?V!)$J&F&+V!()1(!7(!)18!1I8$!:&&.!
?+1J.! ($! -$*2Ka8! 1((&.(7$.! ()1(! '&J&+! ()1.! (&.! BC! 6.7F&+87(7&8! )1F&! f'6II!
#1%1:7I7(5g! '7+8(! ?&E+&&! #$6+8&8! 7.! 91(&+71I8! 8#7&.#&V! ?&8%7(&! ()&! ?&91.?! '$+!
E+1?61(&8!_-$*2K!?$#,!R[UW`,!!

!
T,U[! 0(! %+&8&.(V! ()&+&! 1+&! RS! 6.7F&+87(5! ?&%1+(9&.(8! (&1#)7.E! '7+8(! ?&E+&&8! 7.!

E&$I$E7#1I! 8#7&.#&8! $+! &.F7+$.9&.(1I! E&$8#7&.#&8! 7.! ()&! BC,! @)&! 6.7F&+87(7&8!
I78(&?!7.!\$/!S!%+$?6#&!1:$6(!YVWWW!E+1?61(&8!1!5&1+V!J7()!1+$6.?!)1I'!8(157.E!7.!
&1+()Q8#7&.#&8Q+&I1(&?! &9%I$59&.(,! M'! ()&8&V! 91.5! 1+&! +&#+67(&?! :5! $F&+8&18!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!]U!$'!YSY!



&9%I$5&+8! _&8%&#71II5! 7.! ()&! 97.7.EV! )5?+$#1+:$.V! J1(&+! 1.?! #7F7I! &.E7.&&+7.E!
7.?68(+7&8!7.!J)7#)!E&$8#7&.#&8!837II8!8)$+(1E&8!1+&!J$+I?J7?&`,!!

!
T,U]! B.?&+E+1?61(&!E&$%)587#8!#$6+8&8!1+&!$''&+&?!:5!YU!6.7F&+87(7&8,!MJ7.E! ($! ()&!

)7E)!8(1.?1+?8!+&>67+&?!'+$9!8#)$$I!I&1F&+8!7.!91()8!1.?!%)587#8V!()&8&!#$6+8&8!
(+1?7(7$.1II5!)1F&!'1+!I$J&+!8(6?&.(!.69:&+8!()1.!E&$I$E7#1I!8#7&.#&8!?&E+&&8,!

!
T,UZ! @)&! E&$I$E7#1I! ?78%$81I! *;<! %+$E+199&! J7II! 1I8$! +&>67+&! 8%&#71I78(! 86:Q

?78#7%I7.&8! I73&! &.E7.&&+7.E! E&$I$E5! 1.?! )5?+$E&$I$E5! _\$/! S`,! @16E)(! K"#!
?&E+&&8!7.!&.E7.&&+7.E!E&$I$E5!1+&!1F17I1:I&!1(!RR!BC!6.7F&+87(7&8!:6(!()&!I&F&I8!
$'!+&#+67(9&.(!1+&!86#)!()1(!91.5!$'!()&9!?$!.$(!+6.,!M.I5!87/!6.7F&+87(7&8!$''&+!1!
(16E)(!K"#! 7.!)5?+$E&$I$E5!1.?!1E17.V! ()&!.69:&+!$'! 8(6?&.(8! (137.E! ()&8&! 78!
891II,!

!
T,UX! N1(7$.1II5!1.?!7.(&+.1(7$.1II5V!E+1?61(&8!7.!E&$%)587#8V!&.E7.&&+7.E!E&$I$E5!1.?!

)5?+$E&$I$E5!1+&! #6++&.(I5! 1II! 7.! 8)$+(! 86%%I5d! ()&!.6#I&1+! 7.?68(+5!J7II! .&&?! ($!
#$9%&(&! 8(+$.EI5! J7()! ()&! 97.7.EV! )5?+$#1+:$.V! J1(&+! 1.?! #7F7I! &.E7.&&+7.E!
7.?68(+7&8! ($! 1((+1#(! )7E)I5Q>61I7'7&?! +&8&1+#)&+8! ($! J$+3! 7.! ()&! .6#I&1+! 8&#($+,!
-$.#&+.8! 1:$6(! ()78! J&+&! +178&?! ?6+7.E! 9&&(7.E8! :&(J&&.! -$*2K! 1.?! ()&!
4&1+.&?! "$#7&(7&8! _7.#I6?7.E! ()&! H&$I$E7#1I! "$#7&(5! $'! 4$.?$.! 1.?! ()&!
O.(&+.1(7$.1I!088$#71(7$.!$'!D5?+$E&$I$E78(8`!_-$*2K!?$#8,!RTZTV!RTSS`,!@)&8&!
?78#688&?! ()&!1F17I1:7I7(5!$'!E&$8#7&.#&8!E+1?61(&8!1.?!%$8(E+1?61(&8! ($!&.(&+!
()&!.6#I&1+! 7.?68(+5!1.?! ($!%+$#&&?! ($!G)<8! 7.!3&5!86:Q?78#7%I7.&8!$'!%1+(7#6I1+!
+&I&F1.#&! ($! *;<! '$+! ()&! E&$I$E7#1I! ?78%$81I! %+$E+199&V! e.g.! )5?+$E&$I$E5^!
N<0! &8(791(&8! ()1(! ()&! 91/7969! .69:&+! $'! )5?+$E&$I$E78(8! +&>67+&?! 1(! ()&!
%&13!$'!87(&!#)1+1#(&+781(7$.!1#(7F7(5!J7II!:&!1+$6.?!YWW!1.?!7(!)$%&8!($!&/%I$7(!()&!
&/%&+7&.#&! E17.&?! :5! )5?+$E&$I$E78(8! J)$! )1F&! :&&.! 7.F$IF&?! 7.! ?&I7F&+7.E!
E&$I$E7#1I!?78%$81I!$F&+8&18!+1()&+!()1.!+&I57.E!$.!BCQ:18&?!&/%&+(8,!!
!

T,TW! 0! 8%&#7'7#! #$.#&+.! J18! 1I8$! +178&?! :5! \H"! _-$*2K! ?$#,! RTS[`! 1:$6(! ()&!
7.#+&187.E! 8)$+(1E&! $'! E&$8#7&.#&8! E+1?61(&8! J)$! 1+&! 1I8$! )7E)I5! .69&+1(&,!
@)78! 1+78&8! :&#168&! 0QI&F&I! 91()&91(7#8! 78! .$(! 1! %+&+&>6787(&! '$+! 9$8(!
E&$8#7&.#&8! ?&E+&&! #$6+8&8! 1.?! 8$! E+1?61(&8! '+$9! ()&8&! %+$E+199&8! )1F&!
I797(&?!91()&91(7#1I!1.?!9$?&II7.E!1:7I7(5,!N69&+1(&!E&$8#7&.(78(8!1+&!&88&.(71I!
'$+! .69&+7#1I! 9$?&II7.E! $'! +1?7$.6#I7?&! 97E+1(7$.! ()+$6E)! ()&! E&$8%)&+&! ()1(!
86++$6.?8!1!H<P,!N69&+1(&!E&$8#7&.(78(8!1+&!1I8$!)7E)I5!8$6E)(!1'(&+!:5!()&!$7I!
1.?! E18! 7.?68(+5V! 1.?! '$+! ()&! ?&F&I$%9&.(! $'! %$(&.(71I! #1+:$.! #1%(6+&! 1.?!
8($+1E&!#1%1:7I7(5!1.?!1!.1(7$.1I!8)$+(1E&!J7II! 7.&F7(1:I5! 79%1#(!$.!*;<!+&I1(&?!
($!E&$I$E7#1I!?78%$81I,!

!
T,TY! \7I1(&+1I!9&&(7.E8! :&(J&&.!-$*2K!1.?!1! +1.E&!$'! I&1+.&?! 8$#7&(7&8V! 7.?68(+5!

$+E1.781(7$.8! 1.?! *&8&1+#)! -$6.#7I8! )1F&! .$(! 7?&.(7'7&?! 1.5! $()&+! %1+(7#6I1+!
#$.#&+.8! +&E1+?7.E!837II8!%+$F787$.! 7.! ()&!91(&+71I8!1.?!&.E7.&&+7.E! _$()&+! ()1.!
&.E7.&&+7.E! E&$I$E5`! ?78#7%I7.&8! :&5$.?! ()&! 9$+&! E&.&+1I! .1(7$.1I! #$.#&+.!
+&E1+?7.E! 8)$+(1E&8! $'! J&IIQ>61I7'7&?! +&#+67(8! J7()! 867(1:I&! :1#3E+$6.?8! 7.!
91()&91(7#8!1.?!()&!%)587#1I!8#7&.#&8,!!

!
NDA Skills Requirements for Implementation of Geological Disposal   

T,TR! N<0a8! "37II8! 1.?! -1%1:7I7(5! 8(+1(&E5! J18! J+7((&.! :&'$+&! N7+&/! J18! '6II5!
7.#$+%$+1(&?!7.($!N<0!_N<0V!RWWZ?`!1.?!?$&8!.$(!7?&.(7'5!1.5!86:8(1.(7F&!.&&?!
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'$+! N<0! ($! 1#>67+&! 1??7(7$.1I! $+! 8%&#71I78&?! 837II8! ($! 79%I&9&.(! E&$I$E7#1I!
?78%$81I,!2)&.!-$*2K!9&(!J7()!N<0!7.!0%+7I!RWWZ!_-$*2K!?$#,!RU]U`V!7(!J18!
7.'$+9&?! ()1(! N<0a8! 837II8! ?&F&I$%9&.(! J18! :&7.E! &/(&.?&?! ($! ()&! E&$I$E7#1I!
?78%$81I! %+$E+199&!J7()! 7.%6(! ($! ()&!N<0!"37II8! 1.?!-1%1:7I7(5! "(+1(&E5! '+$9!
*2K<,!!!

!
T,TU! -$*2K!>6&8(7$.&?!_-$*2K!?$#,!RTS[`!J)&()&+!N<0!)18!()&!.&#&881+5!I&F&I!

$'! 7.Q)$68&! E&$8#7&.#&8! &/%&+(78&! ($! &.1:I&! &/(&+.1I! J$+3! _e.g.V! 7.! 87(&!
#)1+1#(&+781(7$.! 1.?! E&$8%)&+&! 8(6?7&8`! ($! :&! 7.(&E+1(&?! &''&#(7F&I5! 7.($! 7(8!
$F&+1II!%+$E+199&,!O(!J18!1886+&?!()1(!N<0!+&#$E.78&8!()78!7886&!1.?!78!1#(7F&I5!
+&#+67(7.E! ($! 91(#)! %+$E+199&! .&&?8,! -$*2K! 6.?&+8(1.?8! (J$! 8&.7$+! 8(1''!
9&9:&+8!)1F&!+&#&.(I5!:&&.!+&#+67(&?!7.!()78!1+&1!_-$*2K!?$#,!R[UW`,!

!
T,TT! M'! %1+(7#6I1+! 79%$+(1.#&! ($! ()&! E&$I$E7#1I! ?78%$81I! %+$E+199&! 78! ()&! .&&?! ($!

6.?&+8(1.?! ()&! 7.(&+1#(7$.8! ()1(! J7II! $##6+! $F&+! F&+5! I$.E! %&+7$?8! :&(J&&.!
&9%I1#&?! J18(&8V! #$.(17.&+8! 1.?! :6''&+! 91(&+71I8! 1.?! ()&! E&$8%)&+&,! @)&!
E&$8%)&+&! #$9%$.&.(8! 7.#I6?&! .$(! $.I5! ()&! +$#38! J7()7.! J)7#)! 1! H<P! 78!
#$.8(+6#(&?V!:6(!1I8$!()&!'+1#(6+&!858(&98!7.!()&8&!+$#38V!()&!E+$6.?J1(&+!'I67?8!
%&+#$I1(7.E! ()+$6E)! ()&! +$#38! 1.?! H<PV! 1.?! 1.5! 7.(+$?6#&?! 97#+$Q$+E1.7898,!
B.?&+8(1.?7.E! 1.?! %+&?7#(7.E! ()&8&! 7.(&+1#(7$.8! 7.! &.$6E)! ?&(17I! ($! ?&F&I$%! 1!
81'&(5!#18&!+&>67+&8!1!#$9:7.1(7$.!$'!8$%)78(7#1(&?!91()&91(7#1I!9$?&II7.E!1.?!
)7E)!>61I7(5!&/%&+79&.(1I!?1(1! ()1(V! '$+!E&$I$E7#1I! 858(&98V!1+&!$'(&.!&/(+&9&I5!
?7''7#6I(!($!$:(17.,!!
!

T,TS! @)&+&!78!&F7?&.#&!()1(!()&!BC!.&&?8!9$+&!837II8!#1%1:7I7(5!7.!()&!1+&1!$'!j#$6%I&?!
()&+91IQ)5?+16I7#Q#)&97#1IQ9&#)1.7#1Ia! _@D-K`! %+$#&88&8,! "(6?5! $'! ()&8&!
%+$#&88&8! 78! 1! 91b$+! '&1(6+&! $'! ()&! I&1?7.E! 7.(&+.1(7$.1I! *;<! %+$E+199&8!
_-$*2K!?$#8!RTSSV!RTZT`,!!

!
T,T[! @)&+&! 78!1I8$!()&! 7886&!$'!&/%&+7&.#&! 7.!6.?&+E+$6.?!*;<,!K1.5!#$6.(+7&8!()1(!

1+&! 79%I&9&.(7.E!E&$I$E7#1I!?78%$81I!)1F&!)1?!B*48! '$+!91.5!5&1+8!1.?!)1F&!
:67I(!6%!#$.87?&+1:I&!&/%&+7&.#&!_"&#(7$.!S`,!"$9&!BC!+&8&1+#)&+8!)1F&!J$+3&?!
7.! B*48! 7.! $()&+! #$6.(+7&8! :6(! ()&! .69:&+8! $'! %&$%I&! 7.F$IF&?! 1+&! 891II! 1.?!
8$9&! $'! ()&! &/%&+7&.#&! J18! E17.&?!91.5! 5&1+8! 1E$! :5! %&$%I&! J)$! 1+&! .$J!
#I$8&! ($! +&(7+&9&.(,! O(! 78! 79%$+(1.(! ()1(! BCQ:18&?! %&+8$..&I! 1+&! (+17.&?! 7.!
6.?&+E+$6.?! *;<! 837II8! 1.?! J$+37.E! %+1#(7#&8! ()+$6E)! 1#(7F&! %1+(7#7%1(7$.! 7.!
$F&+8&18! B*4! %+$E+199&8! ($! &.86+&! ()&! BC! )18! 1! 867(1:I5! &/%&+7&.#&?!
J$+3'$+#&!J)&.!+&>67+&?!_"&#(7$.!S`,!

!
Consultant and Contractor based R&D Skills 

T,T]! 0.! 79%$+(1.(! %$$I! $'! BC! E&$8#7&.#&! &/%&+7&.#&! +&I&F1.(! ($! ()&! E&$I$E7#1I!
?78%$81I! $'! +1?7$1#(7F&! J18(&! #6++&.(I5! +&87?&8! 7.! #$.86I(7.E! $+E1.781(7$.8! 1.?!
19$.E! 7.?&%&.?&.(! #$.86I(1.(8,! 0! I1+E&! 19$6.(! $'! #$997887$.&?! J$+3! )18!
:&&.!_1.?!78!8(7II!:&7.E`!?$.&!:5!BCQ:18&?!#$.86I(1.(8!'$+!$F&+8&18!2KM8V!9$8(!
.$(1:I5! 7.! "J&?&.V! P7.I1.?V! ()&! B"0V! P+1.#&! 1.?! c1%1.,! K1.5! $'! ()&8&!
8#7&.(78(8! )1F&! RWQUW! 5&1+8! $'! &/%&+7&.#&! :6(V! 18! J7()! 96#)! $'! ()&! .6#I&1+!
7.?68(+5V! ()&5! 1+&! 1%%+$1#)7.E! +&(7+&9&.(V! 1.?! 7.! 91.5! #18&8! 1+&! J$+37.E!
:&5$.?!+&(7+&9&.(,!
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!

Box 5. Skills to Support the Geological Disposal Programme!!
!
O.!(&+98!$'!()&!837II8!+&>67+&?!($!86%%$+(!()&!E&$I$E7#1I!?78%$81I!%+$E+199&V!()&!()+&&!1+&18!9$8(!I73&I5!($!:&!
#1II&?!6%$.!'$+!%+$F787$.!1+&!()&!E&$I$E7#1I!1.?!91(&+71I8!8#7&.#&8V!1.?!#7F7I!&.E7.&&+7.E,!0(!1!9&&(7.E!J7()!
()&! I&1+.&?! 8$#7&(7&8! 1.?! NL*-! _-$*2K! ?$#,! RTSS`V! #$.#&+.! J18! &/%+&88&?! 1:$6(! ()&! 86%%I5! $'!
E&$8#7&.#&8!E+1?61(&8!:$()!'$+!&.(+5!($!+1?7$1#(7F&!J18(&!91.1E&9&.(!7.!()&!.6#I&1+!7.?68(+5!1.?!($!E$!$.!
($! )7E)&+! ?&E+&&! %+$E+199&8! 7.! 3&5! 86:Q?78#7%I7.&8! +&I&F1.(! ($! *;<! '$+! E&$I$E7#1I! ?78%$81I! 86#)! 18!
E&$#)&978(+5V!)5?+$E&$I$E5V!&.E7.&&+7.E!E&$I$E5!1.?!97.7.E,!!
!
0(!%+&8&.(!()&+&!1+&!RS!6.7F&+87(5!?&%1+(9&.(8!(&1#)7.E!'7+8(!?&E+&&8!7.!E&$I$E7#1I!8#7&.#&8!$+!&.F7+$.9&.(1I!
E&$8#7&.#&8!7.!()&!BC,!@)&8&!1+&!1(!()&!'$II$J7.E!6.7F&+87(7&8^!
!
0:&+?&&.! -1+?7''!! 4&&?8! M/'$+?! B.7F&+87(5!-$II&E&! ! !!
0:&+58(J5()! <6+)19!! 4&7#&8(&+! GI59$6()! ! ! ! !
\7+97.E)19!! L?7.:6+E)!! 47F&+%$$I! G$+(89$6()! ! ! ! !!!!
\+78($I! O9%&+71I!!! K1.#)&8(&+! *$51I!D$II$J15! ! ! ! !
-19:$+.&! C&&I&! N&J#18(I&! "$6()19%($.! ! ! ! !
-19:+7?E&! 41.#18(&+! M%&.! "(!0.?+&J8! ! ! ! !
!
@)&!6.7F&+87(7&8! I78(&?!%+$?6#&!1:$6(!YVWWW!E+1?61(&8!1!5&1+V!$'!J)7#)V!1+$6.?!)1I'!8(15! 7.!&1+()!8#7&.#&8!
+&I1(&?! &9%I$59&.(,! M'! ()&8&! 91.5! 1+&! +&#+67(&?! :5! $F&+8&18! &9%I$5&+8! _&8%&#71II5! ()&! 97.7.EV!
)5?+$#1+:$.V!J1(&+!1.?!#7F7I!&.E7.&&+7.E!7.?68(+7&8!7.!J)7#)!E&$8#7&.#&8!837II8!8)$+(1E&8!1+&!J$+I?J7?&`,!
!
\H"! )18! ($I?! -$*2K! _-$*2K! ?$#,! RTS[`! ()1(V! J)7I&! 7(! #1.! 8(7II! +&#+67(! 81(78'1#($+5! .69:&+8! $'! E$$?!
E&$8#7&.#&8!E+1?61(&8V!7(!78!:&#$97.E!7.#+&187.EI5!#$.#&+.&?!1:$6(!()&!8)$+(1E&!$'!)7E)I5!.69&+1(&!+&#+67(8!
J)$!J7II!:&!.&&?&?! 7.!&F&+!E+&1(&+!.69:&+8! '$+!9$?&II7.E!1.?!$()&+!J$+3,!@)78! 78!%+$:1:I5!%1+(!$'!1!J7?&+!
%+$:I&9!7.!()&!.69:&+8!$'!8(6?&.(8!?$7.E!91()&91(7#8!1.?!%)587#1I!8#7&.#&8!7.!()&!8&#$.?1+5!1.?!(&+(71+5!
&?6#1(7$.! 858(&98,! O(! #$6I?! 79%1#(! $.! ()&! 79%I&9&.(1(7$.! $'! E&$I$E7#1I! ?78%$81I! 7.! ()&! BCV! 7.#I6?7.E! ()&!
1:7I7(5!($!I&1+.!'+$9V!1.?!#$.(+7:6(&!!($V!7.(&+.1(7$.1I!!%+$E+199&8,!
!
@)&+&! 78!1I8$!#$.#&+.!'+$9!()&!E&$I$E7#1I!?78%$81I!%&+8%&#(7F&!1:$6(! ()&!87(61(7$.!+&E1+?7.E!(16E)(!K18(&+!
?&E+&&8!7.!()&!+&I&F1.(!8%&#71I78(!86:Q?78#7%I7.&8!I73&!&.E7.&&+7.E!E&$I$E5!1.?!)5?+$E&$I$E5,!
!
27()7.! ()&! :+$1?&+! ?&'7.7(7$.! $'! &.E7.&&+7.E! E&$I$E5! _i.e.V! 7.#I6?7.E! 8$7Ii+$#3! 9&#)1.7#8! 1.?! 97.7.E`! RR!
7.8(7(6(7$.8!$''&+!1!(16E)(!K"#V!.19&I5!()&!'$II$J7.E!6.7F&+87(7&8!A!
!
\1.E$+! ! ! <6+)19!! ! 4&&?8! ! ! *&1?7.E!
\7+97.E)19! ! HI18E$J! ! K1.#)&8(&+! ! ")&''7&I?!
-19:$+.&! ! H+&&.J7#)! ! N&J#18(I&! ! "$6()!\1.3!
-19:+7?E&! ! D&++7$(Q21((! ! N$((7.E)19! ! "$6()19%($.!
-1+?7''! ! ! O9%&+71I!! ! N$((7.E)19!@+&.(! !
<6.?&&!! ! C7.E8($.! ! G$+(89$6()!
!
J)7I&!$.I5!87/!6.7F&+87(7&8!)1F&!1!(16E)(!K"#!7.!)5?+$E&$I$E5V!.19&I5!A!!
\7+97.E)19! ! O9%&+71I!! ! N&J#18(I&!
-1+?7''! ! ! 4&&?8! ! ! ")&''7&I?! !
!
H7F&.!()&!+&I1(7F&I5!891II!.69:&+8!$'!8(6?&.(8!7.F$IF&?V!()&!I1((&+!78!$'!%1+(7#6I1+!#$.#&+.!7.!F7&J!$'!()&!I73&I5!
+&>67+&9&.(8!'$+!&/%&+(78&!7.!)5?+$E&$I$E5!()+$6E)$6(!()&!E&$I$E7#1I!?78%$81I!%+$E+199&,!
!
2$+()5!$'!9&.(7$.!7.!()78!#$.(&/(!78!()&!L9%$J&+!%+$E+199&,!@)78!78!1!8#)&9&!J)&+&:5!8(6?&.(8!(137.E!1!
K18(&+a8! #$6+8&! 7.! &1+()! 8#7&.#&8! $+! &.F7+$.9&.(1I! E&$I$E5! _1(! 1.5! 6.7F&+87(5`! 1+&! E7F&.! &/%$86+&! ($! ()&!
.6#I&1+!8&#($+!()+$6E)!+&8&1+#)!%+$b&#(!%I1#&9&.(8!$+!$()&+!1#(7F7(7&8,!0!%7I$(!8#)&9&!+1.!7.!RWWZ!1.?!()&!'6II!
%+$E+199&V!'6.?&?!:5!()&!N<0V!L0V!02L!1.?!\+7(78)!L.&+E5V!#$99&.#&?!7.!RWWX,!O(!78!)$%&?!()78!J7II!I&1?!
($!E+&1(&+!+&#+67(9&.(!$'!E&$8#7&.(78(8!($!()&!7.?68(+5!1(!1!#+7(7#1I!(79&,!!

!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!][!$'!YSY!



Retention of Skills 

T,TZ! O(! )18! :&&.! :+$6E)(! ($! -$*2Ka8! 1((&.(7$.! ()1(! ()&! +1?7$1#(7F&! J18(&!
91.1E&9&.(!87?&!$'! ()&! 7.?68(+5!J7II! '1#&!8&F&+&!#$9%&(7(7$.!'$+! 7(8!837II&?!8(1''!
_-$*2K!?$#,!R[]]`V!.$(!$.I5! '+$9!&/78(7.E! 7.?68(+7&8! I73&!)5?+$#1+:$.8V!J1(&+!
1.?!#7F7I!&.E7.&&+7.E!:6(!1I8$!'+$9!&9&+E7.E!1#(7F7(7&8!86#)!18!.6#I&1+!.&J!:67I?!
1.?!#1+:$.!#1%(6+&!1.?!8&>6&8(+1(7$.,!0I8$V!1!%+$%$+(7$.!$'!()&!*;<!837II&?!8(1''!
J$6I?! :&! &/%&#(&?! ($! 9$F&! 7.($! $()&+! +$I&8! 7.! ()&! .6#I&1+! 7.?68(+5! 1.?! 7(8!
+&E6I1($+8V!+1()&+!()1.!+&917.7.E!7.!*;<!+$I&8!_-$*2K!?$#,!R[UW`,!!
!

Conclusions on Skills 

T,TX! P$+!.6#I&1+!837II8!7.!E&.&+1IV!:6(!*;<!7.!%1+(7#6I1+V!()&!%7#(6+&!7.!()&!BC!)18!:&&.!
$.&!$'!?&#I7.&!87.#&! ()&!YXZW8V! I1+E&I5!1! +&86I(!$'! +&8&1+#)! I1:$+1($+5!#I$86+&8!!
:6(!! .$(! )&I%&?! :5! ()&! t6.'18)7$.1:I&t! %&+#&%(7$.! $'! #1+&&+8! 7.! ()&! .6#I&1+!
7.?68(+5,! \5! RWWWV! ()78! J18! E7F7.E! E+$6.?8! '$+! 8&+7$68! #$.#&+.,! O(! 78! ()&+&'$+&!
&.#$6+1E7.E!()1(!+&#&.(I5!()&+&!)1F&!:&&.!87E.7'7#1.(! 79%+$F&9&.(8!7.!()&!837II8!
1.?!(+17.7.E!1+&1,!@)&8&!1+&!%1+(I5!1!#$.8&>6&.#&!$'!()&!8&((7.E!6%!$'!N<0!1.?!
()&! t837II8!1II71.#&t! '$+9&?!:&(J&&.!-$E&.(!1.?!N"0N,!@)&5!8)$6I?!:&! '6+()&+!
)&I%&?! :5! ()&! 79%+$F7.E! 791E&! $'! ()&! 7.?68(+5V! ?6&! %1+(I5! ($! ()&! 9&?71!
188$#71(7$.! $'! ()&! .&J! :67I?V! &.&+E5! E1%! 1.?! #I791(&! #)1.E&! 7886&8,!
N&F&+()&I&88V! 1++1.E&9&.(8! '$+! %+$F7?7.E! *;<! 837II8! 1+&! .$(! 5&(! 1?&>61(&I5!
+&:67I(! '$+! ()&! '6(6+&,! @)&! I1+E&! .69:&+! $'! $+E1.781(7$.8! 7.F$IF&?! 1.?! ()&!
#$9%I&/7(5!$'!()&!+&I1(7$.8!:&(J&&.!()&9!9&1.8!()&!%+$F787$.!$'!*;<!837II8!1.?!
(+17.7.E!7.!()&!BC!78!'+1E9&.(&?,!"79%I7'7#1(7$.!$'!()&!+&8%$.87:7I7(7&8!'$+!&.86+7.E!
()&!BC!)18!()&!+&>6787(&!837II8!8)$6I?!()&+&'$+&!:&!8&+7$68I5!#$.87?&+&?,!!

!
T,SW! N<0!1%%&1+8! ($! :&!9137.E!E$$?!%+$E+&88!J7()7.! ()&!1+&1!$'! 7(8! $J.! +&97(! :6(!

.1(7$.1II5! ()&! J7?&+! 8#&.1+7$! I1#38! 8(+1(&E7#! #$.(+$I,! @)&! 7.(&+Q+&I1(7$.8)7%8!
:&(J&&.! ()&! +&8%$.87:I&!$+E1.781(7$.8!1+&!&/(+&9&I5!#$9%I&/!1.?! 7(! 78! '1+! '+$9!
#I&1+!J)7#)!(13&!$F&+1II!+&8%$.87:7I7(5!'$+!%+$F7?7.E!I&1?&+8)7%!1.?!#$Q$+?7.1(7$.,!
@)78!1%%I7&8!:$()! ($! ()&! 7?&.(7'7#1(7$.!$'!837II8! +&>67+&9&.(8!1.?!()&!%+$F787$.!$'!
(+17.7.E,! N"0N! 78! 1.! 79%$+(1.(! 7.7(71(7F&! :6(! )18! (&.?&?! ($! '$#68! $.! 7.?68(+5a8!
9$+&! 799&?71(&! .&&?8,! 27()! -$E&.(V! N"0N! 78! .$J! I$$37.E! ($J1+?8! 837II8!
8)$+(1E&8!($!RWRS!:6(!()&8&!1+&!8(7II!?&'7.&?!:5!#6++&.(!7.?68(+5!%+$'7I&8,!-$*2K!
&.#$6+1E&8! N"0N! ($! ?&F&I$%! 8$9&! %+$Q1#(7F&! 7.7(71(7F&8! +1()&+! ()1.! +&I57.E!
&.(7+&I5! $.! &9%I$5&+8a! %&+#&7F&?! .&&?8! 1.?! ($! ?$! 8$! $F&+! 1! (79&8#1I&! $'!
?&#1?&8,!

!
T,SY! O.! %1+1II&I! J7()! ()&! ?&%I&(7$.! 7.! *;<! 837II8! 7.! ()&! BC! .6#I&1+! 7.?68(+5V! ()&!

%+$F787$.! $'! +&8&1+#)! 837II8! via! )7E)&+! ?&E+&&8! J18! 8&&.! 18! F&+5! f'+1E7I&g! 6.(7I!
+&#&.(I5,! @)&! &8(1:I78)9&.(! $'! ()&! B*08! :5! \NP4!91+3&?! ()&! :&E7..7.E! $'! 1!
#$.87?&+1:I&! 79%+$F&9&.(! 7.! ()&! .6#I&1+! 1+&1! J)7#)! )18! #$.(7.6&?! J7()! ()&!
'6.?7.E! :5! ()&!*&8&1+#)!-$6.#7I8! _917.I5!LG"*-`! $'! .6#I&1+Q+&I1(&?! +&8&1+#)!
1.?! (+17.7.E! #$.8$+(71! 1.?! $()&+! 6.7F&+87(5Q:18&?! %+$E+199&8,!D$J&F&+V! ()&+&!
1%%&1+8!($!:&!1.!18869%(7$.!7.!()&!7.?68(+5!()1(!.$J!()&!B*08!1+&!&8(1:I78)&?!
()&! )7E)&+! I&F&I! 837II8! %+$:I&9! 78! 8$IF&?! _-$*2K! ?$#,! R[UW`,! @)&8&! +&8&1+#)!
#&.(+&8! +&>67+&!#$.(7.6&?!86%%$+(! ($!E$!$.!?&I7F&+7.E!837II&?! +&8&1+#)&+8! 7.! ()&!
+&I&F1.(!1+&18!1.?!J7()$6(!7(!915!:&!'$+#&?!($!'6+()&+!+&?6#&!()&7+!.6#I&1+Q+&I1(&?!
1#(7F7(7&8,!@)&!#$997(9&.(!$'! ()&!N<0!($!86%%$+(7.E! +&8&1+#)! ()+$6E)! 7(8!<*GV!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!]]!$'!YSY!



"4-8!1.?!$()&+!1F&.6&8!)18!1I8$!#$.(+7:6(&?!($!()&!79%+$F7.E!87(61(7$.V!1I()$6E)!
>6&8(7$.8!)1F&!:&&.!+178&?!1:$6(!()&!&''&#(7F&.&88!$'!()78!86%%$+(,!!

!
T,SR! O(!78!($!:&!)$%&?!()1(!()&!&8(1:I78)9&.(!$'!()&!NN4!J7II!%+$F7?&!'6+()&+!79%&(68!($!

837II8!79%+$F&9&.(!:6(!-$*2K!)18!#$.#&+.8!1:$6(!)$J!(+17.7.E!1.?!%+$F787$.!$'!
+&8&1+#)!837II8!J7II!:&! +&#$.#7I&?!J7()! ()&!.&&?! '$+!#$99&+#71I!$%&+1(7$.,!2)7I&!
NN4!J7II!:&!1!#68($9&+Q'6.?&?!$+E1.781(7$.!1.?!7(!78!1%%+$%+71(&!()1(!7(!$%&+1(&8!
18! fb68(! 1.$()&+! 86%%I7&+g! 7.!9$8(! #7+#698(1.#&8V! 7(! 78! 79%$+(1.(! ($! 7?&.(7'5! 1.?!
1E+&&!()$8&!1+&18!7.!J)7#)!1!8(+1(&E7#!+$I&!.&&?8!($!:&!%I15&?,!O.!()&8&!1+&18!7(!
J7II!:&!.&#&881+5!($!&.86+&!()1(!1++1.E&9&.(8!1+&!7.!%I1#&!($!'1#7I7(1(&!?&I7F&+5!$'!
86#)! 8(+1(&E7#! 86%%$+(,! "37II8! %+$F787$.! 78! 1! 8(+1(&E7#! 1+&1! 1.?! 7(! 78! 6.#I&1+! ($!
-$*2K!)$J!NN4!'6.?7.E!'$+!()78!J7II!:&!1886+&?,!

!
T,SU! @)&+&! 78! 8(7II! 1! 8)$+(1E&! $'! K18(&+QI&F&I! #$6+8&8! J7()! 1! 87E.7'7#1.(! .6#I&1+!

#$9%$.&.(,! O.! 1??7(7$.V! LG"*-! )18! .$J! (&+97.1(&?! 7(8! '6.?7.E! '$+! ()&! N@L-!
K18(&+8a!%+$E+199&!8$V!1I()$6E)!N<0!)18!%+$F7?&?!7.(&+79!'6.?7.E!'$+!RWWXV!7(8!
'6(6+&! 78! 6.#I&1+,! @)&! 86%%I5! $'! +&I&F1.(V! .$.Q.6#I&1+V! +&8&1+#)! 837II8! 7.! $()&+!
?78#7%I7.&8! 78! %&+#&7F&?! 18! :&((&+! :6(! 7.! 8$9&! 1+&18V! I73&! E&$8#7&.#&V! .$(! 18!
)&1I()5!18!7(!8)$6I?!:&,!G1+(7#6I1+!?&'7#7&.#7&8!+&917.!7.!()&!.69:&+8!$'!K"#!1.?!
G)<!E+1?61(&8!7.!3&5!86:Q?78#7%I7.&8!'$+!79%I&9&.(7.E!E&$I$E7#1I!?78%$81IV!86#)!
18! )5?+$E&$I$E5! 1.?! .69&+7#1I! 9$?&II7.E,! "7.#&! $()&+! #$6.(+7&8a! E&$I$E7#1I!
?78%$81I! %+$E+199&8! 1+&! I73&I5! ($! $F&+I1%! J7()! ()1(! $'! ()&! BCV! 18! J7II! $()&+!
#)1II&.E7.E! 1.?! 1((+1#(7F&! 7.(&+.1(7$.1I! %+$b&#(8V! 86#)! 18! #1+:$.! #1%(6+&! 1.?!
8&>6&8(+1(7$.V! -$*2K! :&I7&F&8! ()&+&! 78! 87E.7'7#1.(! +783! 7.! $F&+Q+&I71.#&! $.!
1((+1#(7.E!()78!&/%&+(78&!'+$9!$F&+8&18,!!

!
T,ST! <&8%7(&! 8$9&!%$87(7F&!?&F&I$%9&.(8V! +&8&1+#)!J7()! 7(8! 7.(&E+1I! 837II8! (+17.7.E! 7.!

1+&18!+&I&F1.(! ($!()&!*;<!.&&?&?!($!6.?&+%7.!()&! 79%I&9&.(1(7$.!$'!E&$I$E7#1I!
?78%$81IV! +&917.8! '+1E9&.(&?! $F&+1II,! *&8%$.87:7I7(5! '$+! ()&! %+$F787$.! $'! *;<!
837II8!78!8%I7(!:&(J&&.!91.5!$+E1.781(7$.8!1.?!()&+&!1%%&1+8!($!:&!I7((I&!&''&#(7F&!
.1(7$.1I!I&1?&+8)7%!1.?!7.86''7#7&.(!8(+1(&E7#!?7+&#(7$.,!
!

T,SS! 0I()$6E)!.$(!'$#68&?!8%&#7'7#1II5!$.!()&!.6#I&1+!7.?68(+5V!-$E&.(!78!J&II!%I1#&?!($!
%+$F7?&! E67?1.#&! $.! ()&! :187#! 837II8! 1.?! (+17.7.E! +&>67+&9&.(8! $'! ()&! 7.?68(+5!
()+$6E)!7(8!&9%I$5&+Q?+7F&.!1%%+$1#)!1.?!1II71.#&!J7()!N"0N,!D$J&F&+V!7(!78!.$(!
?7+&#(I5! 7.F$IF&?! 7.! ()&! %+$F787$.! $'! )7E)&+! I&F&I! +&8&1+#)! (+17.7.E! $'! ()&! 8$+(!
+&>67+&?! ($! 6.?&+%7.! ()&! K*2"! %+$E+199&! .$+! 78! 7(! 7.! 1! %$87(7$.! ($! 913&!
8(+1(&E7#!b6?E&9&.(8!$.!()&!+&8&1+#)!%+$E+199&8!$'!J)7#)!86#)!(+17.7.E!78!%1+(V!
&8%&#71II5! ()$8&! ($J1+?8! ()&! '6.?19&.(1I! &.?! $'! ()&! +&8&1+#)! 8%&#(+69,!
-$.8&>6&.(I5V! -$*2K! #$.87?&+8! ()1(! 1??7(7$.1I! &/%&+(78&! J$6I?! :&! +&>67+&?!
J7()7.!-$E&.(! ($!&.1:I&! 7(! ($!%+$F7?&!&''&#(7F&!.1(7$.1I! I&1?&+8)7%!1.?!8(+1(&E7#!
?7+&#(7$.! '$+! ()&! %+$F787$.! $'!*;<! 837II8! %&+(7.&.(! ($! ()&!91.1E&9&.(! $'! )7E)&+!
1#(7F7(5!J18(&8,!!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!]Z!$'!YSY!



5. INFRASTRUCTURE REQUIRED FOR R&D  
!
S,Y! O.!()78!#$.(&/(V!7.'+18(+6#(6+&!9&1.8!I1:$+1($+7&8!1.?!$()&+!+&8&1+#)!'1#7I7(7&8!1.?!

()&!&>67%9&.(!J7()7.!()&9,!!
!
S,R! *;<!($!86%%$+(!()&!K*2"!%+$E+199&!915!:&!F7&J&?!18!'1II7.E!7.($!(J$!E+$6%8^!

()1(! J)7#)! 78! 8%&#7'7#! ($! ()&! .6#I&1+! 7.?68(+5! _'$+! &/19%I&! ?&F&I$%9&.(! $'!
%I6($.769!J18(&'$+98`V!1.?!$()&+!:+$1?I5!1%%I7#1:I&!*;<!J)7#)!78!+&I&F1.(!($!()&!
91.1E&9&.(!$'! )7E)&+!1#(7F7(5!J18(&8!18!J&II!18!$()&+! 7.?68(+7&8! _'$+!&/19%I&V!
+&9$(&! 86:86+'1#&! 7.F&8(7E1(7$.! 7.! 86%%$+(! $'! 8(+6#(6+1I! E&$I$E7#1I!
#)1+1#(&+781(7$.!1.?!91%%7.E`,!@)&!'$+9&+!6861II5!+&>67+&8!J$+3!J7()!+1?7$1#(7F&!
91(&+71I8! 1.?! )18! F&+5! 8%&#7'7#! 1.?! #$9%I&/! 7.'+18(+6#(6+&! +&>67+&9&.(8,! \5!
#$.(+18(V! ()&! I1((&+! +&I7&8! 917.I5! $.! ()&! BCa8! :+$1?&+! .1(7$.1I! *;<! #1%1:7I7(5,!
-$*2K!)$%&8!($!&/197.&!()&!:+$1?&+!E+$6%!7.!9$+&!?&(17I!7.!'6(6+&,!@)78!+&%$+(!
'$#68&8!$.!7.'+18(+6#(6+&!($!86%%$+(!.6#I&1+!8%&#7'7#!*;<,!!

!
S,U! @)78! 8&#(7$.! :&E7.8! J7()! #$.87?&+1(7$.! $'! f1#(7F&! '1#7I7(7&8gV! ()1(! 78! +&8&1+#)!

'1#7I7(7&8!J)&+&!J$+3!J7()!+1?7$1#(7F&!91(&+71I8!#1.!:&!#1++7&?!$6(V!7.!()&!BC!1.?!
$()&+!#$6.(+7&8,!@)&+&!78!()&.!1!?78#6887$.!$'!6.?&+E+$6.?!'1#7I7(7&8!'$+!E&$I$E7#1I!
?78%$81I!*;<,!

!
UK Active Facilities  

Universities  

S,T! 27()7.! BC! 6.7F&+87(7&8! ()&+&! 78! F&+5! I7((I&! #1%1#7(5! ($! J$+3! J7()! +1?7$1#(7F&!
91(&+71I8! +&I&F1.(! ($! ()&! .6#I&1+! '6&I! #5#I&,! "&F&+1I! E+$6%8! _e.g.! "688&/V!
L?7.:6+E)V! M/'$+?V! O9%&+71I! -$II&E&`! J$+3! $.! '6.?19&.(1I! 18%&#(8! $'! ()&!
#)&978(+5! 1.?! 91(&+71I8! 8#7&.#&! $'! 6+1.769! 1.?! ()$+769! :6(! )1F&! .$!
7.'+18(+6#(6+&!($!86%%$+(!&/%&+79&.(8!J7()!(+1.86+1.769!&I&9&.(8,!@)&!91b$+7(5!$'!
()78! +&8&1+#)! 78! :18&?! 1+$6.?! $.&! $+! (J$! 1#1?&97#! 8(1''! 7.! &1#)! 7.8(7(6(7$.,!
4$6E):$+$6E)!B.7F&+87(5! )18! ?&?7#1(&?! +1?7$#)&978(+5! I1:$+1($+7&8V! :6(! I797(&?!
#1%1#7(5!($!J$+3!J7()!)7E)!)1e1+?!+1?7$78$($%&8,!!

!
S,S! "(1+(7.E! 7.! YXXXV! \NP4! #+&1(&?! 1! 8&+7&8! $'! 6.7F&+87(5! %1+(.&+8)7%8! _B.7F&+87(5!

*&8&1+#)!0II71.#&8V!%1+1!T,R[!1.?!\$/!T`,!@)&!KG-!1.?!O"4!)1F&!()&!#1%1#7(5!
($! J$+3! J7()! 6+1.769Q1#(7F&! 91(&+71I8! _1.?! 7++1?71(&?! E+1%)7(&! 7.! ()&! #18&! $'!
KG-`V!J)7I&!()&!-**!)18!8$9&!#1%1#7(5!'$+!J$+3!J7()!.&%(6.769!1.?!%I6($.769V!
7.#I6?7.E!()&!BCa8!+&917.7.E!86%%I5!$'!%I6($.769QRTRV!J)$8&!I$.E!)1I'QI7'&!1II$J8!
J$+3!J7()!97II7E+19!>61.(7(7&8!7.!1!I797(&?!+1.E&!$'!#$.?7(7$.8,!0II!'$6+!B*08!)1F&!
1##&88!($!1!J7?&!+1.E&!$'!7.8(+69&.(8!1I()$6E)!()&7+!68&V!&F&.!J7()!6+1.769V!#1.!
:&!>67(&!+&8(+7#(&?,!!

!
S,[! \NP4a8! 8(1+(Q6%! '6.?7.E! J18! %+$F7?&?! ($! &1#)! B*0! '$+! S! 5&1+8V! J7()! ()&!

&/%&#(1(7$.!()1(!()&5!J$6I?!:&#$9&!8&I'Q86''7#7&.(!1'(&+!()1(!(79&,!@)78!78!()&!#18&!
'$+! 1II! '$6+! B*08V! J)7#)! )1F&! ?7F&+87'7&?! 1.?! .$J! )1F&!91b$+! %+$E+199&8! 7.!
1+&18!86#)!18!%+$%6I87$.V!.&J!:67I?V!.1(7$.1I!8&#6+7(5!1.?!.$.Q.6#I&1+!($%7#8,!!

National Nuclear Laboratory Facilities 

S,]! NN4!+6.8!'1#7I7(7&8!1(!"%+7.E'7&I?8!_+&I1(7F&I5!.&J!6+1.769Q1#(7F&!I1:$+1($+7&8`!1.?!
"&II1'7&I?V!8%&#7'7#1II5!()&!\YU!1.?!+&#&.(I5!:67I(!\@-!_\NP4!@&#).$I$E5!-&.(+&`!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!]X!$'!YSY!



'1#7I7(7&8,!@)&!\@-!)18!:&&.!+&.19&?!()&!-&.(+1I!41:$+1($+5,!NN4!?$&8!.$(!$J.!
()&8&! \YU! 1.?! -&.(+1I! 41:$+1($+5! '1#7I7(7&8! :6(! I&18&8! ()&9! '+$9! N<0! 1.?!
$%&+1(&8!()&9!6.?&+!()&!"&II1'7&I?!"4-!87(&!I7#&.#&!_%1+1!U,RZ`,!@)&!#$.(+1#(61I!
1++1.E&9&.(8!1+&!.$(!#6++&.(I5!()&!819&!7.!1II!7(8!'1#7I7(7&8!1I()$6E)!()78!78!8&(!($!
#)1.E&! J7()! ()&! 7.'$+91I! 1++1.E&9&.(8! #6++&.(I5! 7.! %I1#&! :&7.E! %+$E+&887F&I5!
+&%I1#&?!:5!9$+&!'$+91I!#$.(+1#(8,!@)&!(79&!'+19&!'$+!()78!78!.$(!5&(!&8(1:I78)&?V!
1I()$6E)!NN4!#$.87?&+8!()1(!7.!()&!9&1.(79&!()&!F1+7$68!7.(&+'1#&8!#$6I?!1II!:&!
91.1E&?,!!

!
S,Z! \YU! #$.(17.8! 8)7&I?&?! #1F&8! 1.?! 1! +1.E&! $'! 7.8(+69&.(8! 1.?! 78! 6.?&+E$7.E!

+&'6+:78)9&.(!1.?!79%+$F&9&.(8!J7()!()&!179!$'!&.86+7.E!7(!#1.!#$.(7.6&!($!%I15!
1! +$I&! ()+$6E)! ($! RWRS,! @)&! 1F17I1:7I7(5! $'! &>67F1I&.(! '1#7I7(7&8! 1'(&+! ()78! ?1(&! 78!
6.#I&1+! ()$6E)! ()&5!J7II! 8(7II! :&!.&&?&?,!@)&!-&.(+1I! 41:$+1($+5! 78!.$(! 5&(! '6II5!
#$997887$.&?,!G)18&!Y!_EI$F&:$/&8V!'69&)$$?8!1.?!1!E+1%)7(&!I1:$+1($+5`!)18!
:&&.! #$997887$.&?,! G)18&8! R! 1.?! UV! ()&! KMu! I1:$+1($+7&8! 1.?! )$(! #&II8!
+&8%&#(7F&I5V!)1F&!:&&.!7.!#1+&!1.?!917.(&.1.#&!'$+!YQR!5&1+8,!NN4!78!#6++&.(I5!
%+&%1+7.E!1!:687.&88!#18&! '$+! ()&!#$997887$.7.E!$'!G)18&8!R!1.?!UV!:18&?!$.!
DK!@+&186+5!H+&&.!\$$3! E67?1.#&V! 1.?! 78! )$%&'6I! ()&! #18&!J7II! :&! 1##&%(&?,!
L9%)1878! 78! :&7.E! %6(! $.! ?&9$.8(+1(7.E! ()&+&! 78! 1! ?&91.?! '$+! ()&! '1#7I7(7&8!
%+$%$8&?! '$+! G)18&8! R! 1.?! U,! NN4! #1.! %+$F7?&V! 1(! I&18(! 7.! $6(I7.&V! 8&F&+1I!
%+$E+199&8!J)7#)!J$6I?! +&>67+&! ()&8&! '1#7I7(7&8! 1.?! 7(8! #68($9&+8V! %1+(7#6I1+I5!
"&II1'7&I?! 4(?,V! 1+&! 8(1+(7.E! ($! ?&F&I$%! I$.E&+! (&+9!%+$b&#(8V!J)7#)!J$6I?! b68(7'5!
#$997887$.7.E,! LF&.! 7'! '6II5! #$997887$.&?V! ()&! -&.(+1I! 41:$+1($+5! J7II! +&>67+&!
87E.7'7#1.(! #)1.E&8! ($V! $+! '6+()&+! ?&F&I$%9&.(! $'V! 7(8! 7.'+18(+6#(6+&! _e.g.!
7.8(1II1(7$.! $'! 8%&#71I78&?! #$.(+$II&?! 1(9$8%)&+&! EI$F&:$/&8d! 7.8(+69&.(8! '$+!
#)1+1#(&+781(7$.! $'! 1#(7F&! 819%I&8`! ($! #1++5! $6(! 1! +&8&1+#)! %+$E+199&! 7.!
E&$I$E7#1I!?78%$81I!#$9%1+1:I&!($!()$8&!6.?&+(13&.!$F&+8&18,!!
!

S,X! P6+()&+! #$997887$.7.E! 1.?! &/%1.87$.! $'! #1%1:7I7(5! 7.! NN4! '1#7I7(7&8! J7II! :&!
?&%&.?&.(!$.!#68($9&+!?&91.?!1.?!86##&88'6I!%+&%1+1(7$.!$'!:687.&88!#18&8!($!
86%%$+(!()78!?&91.?!_e.g,!'+$9!N<0V!"4-8!1.?!*&8&1+#)!-$6.#7I8`,!!
!

S,YW! 2)7I&!"@P-!1.?!NN4!)1F&!)&I?!?78#6887$.8V!-$*2K!6.?&+8(1.?8!()1(!()&+&!1+&!
#6++&.(I5!.$!%I1.8!($!7.#I6?&!1.5!91b$+!'1#7I7(7&8!1(!()&!NN4!6.?&+!()&!168%7#&8!$'!
()&!"@P-!7.!$+?&+!($!&.86+&!1##&88!'$+!7.?68(+5Q7.?&%&.?&.(!*;<!_-$*2K!?$#,!
RTTU`,!

!
S,YY! O.!E&.&+1I!NN4!)18!1! I797(&?!&>67%9&.(!:18&!'$+!#)1+1#(&+781(7$.!$'!+1?7$1#(7F&!

91(&+71I8V! '6.?&?! &7()&+! :5! #68($9&+8! ()+$6E)! 8%&#7'7#! %+$b&#(8! $+V! 7.! 8$9&!
#18&8V!()+$6E)!8&I'Q7.F&8(9&.(,!@)&!-&.(+1I!41:$+1($+5!)18!$.I5!1!I797(&?!+1.E&!
$'! &>67%9&.(! 1.?! )18! '&J! +$6(&8! ($! &/%1.?7.E! ()78,! 08! 1! +&86I(V! ()78! '1#7I7(5! 78!
87E.7'7#1.(I5! I&88! J&II! &>67%%&?! ()1.! 7(8! $F&+8&18! &>67F1I&.(8,! @)78! 87(61(7$.!
1+78&8! :&#168&! NN4! 913&8! 1.! 1..61I! %+$'7(! $'! kSQ[K! J)7#)! 78! 7.86''7#7&.(! ($!
1II$J!7.F&8(9&.(!7.!)7E)!#1%7(1I!#$8(!7(&98V!&8%&#71II5!7.!1!.6#I&1+!&.F7+$.9&.(,!!

!
S,YR! -$*2K!6.?&+8(1.?8!()1(!()&!91.1E&9&.(!#$.(+1#($+!'$+!()&!NN4!78!+&>67+&?!($!

7.#+&18&!1##&88!($!'1#7I7(7&8!'$+!6.7F&+87(7&8!1.?!$()&+!$+E1.781(7$.8!()1(!#1++5!$6(!
*;<,! 0I()$6E)! 7(! 78! 7.(&.?&?! ($! %+$F7?&! 1##&88! ($! 1II$J! '6.?19&.(1I! +&8&1+#)!
'6.?&?! :5! ()&! *&8&1+#)! -$6.#7I8! ($! :&! #1++7&?! $6(V! 1.?! ?78#6887$.8! 1+&! 7.!
%+$E+&88V!1(!%+&8&.(!()&+&!78!.$!9&#)1.789!:5!J)7#)!()&!*&8&1+#)!-$6.#7I8!#1.!
'6.?! 6.7F&+87(5! +&8&1+#)! 7.! NN4! '1#7I7(7&8V! %1+(7#6I1+I5! J)&.! 7(! 7.F$IF&8! ()&!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!ZW!$'!YSY!



%6+#)18&! $'! &>67%9&.(,! O.! 1??7(7$.V! ()&! %$(&.(71I! 68&+! #$996.7(5! 78! #$.'68&?!
1:$6(! ()&! %+$#&88! 1.?! (&+98! $'! 1##&88! ($! NN4! 1#(7F&! '1#7I7(7&8! _-$*2K! ?$#,!
R[UW`,!

Other Facilities 

S,YU! @)&+&! 1+&! 1! .69:&+! $'! 86%%I5! #)17.! $+E1.781(7$.8! ()1(! )1F&! 8$9&! #1%1#7(5! ($!
J$+3!J7()!+1?7$1#(7F&!91(&+71I8,!@)&8&!7.#I6?&!0KL-V!J)7#)!$%&+1(&8!()&!NO*0"!
'1#7I7(5V!"&+#$!1.?!218(&!K1.1E&9&.(!@&#).$I$E5,!K$8(!$'! ()&8&! '1#7I7(7&8!#1.!
$.I5! )1.?I&! I$J! I&F&I8! $'! 1#(7F7(5,! P$+! &/19%I&V! 9$8(! $'! ()&! NO*0"! '1#7I7(5! 78!
E&1+&?! ($J1+?8! &.F7+$.9&.(1I! +1?7$1#(7F7(5! 1.?! 7(! #1.! $.I5! 1##$99$?1(&!
&/%&+79&.(8! J7()! ()&! I&88! 1#(7F&! O42,! @)&! K$<! 1I8$! )18! 8$9&! '1#7I7(7&8V! '$+!
&/19%I&!$.!()&!0I?&+918($.!87(&,!

!
International Examples of Active Facilities  

S,YT! "&F&+1I! #$6.(+7&8V! %1+(7#6I1+I5! ()&!91b$+! .6#I&1+! .1(7$.8V!)1F&!*;<! '1#7I7(7&8! ($!
86%%$+(! #7F7I! 1.?i$+! 97I7(1+5! %+$E+199&8,! D$J&F&+V! ?7+&#(! #$9%1+78$.8! $'! BC!
'1#7I7(7&8! J7()! ()$8&! $F&+8&18! 1+&! .$(! 8(+17E)('$+J1+?,! @)&+&! 1+&! 86:8(1.(71I!
?7''&+&.#&8! 7.! .1(7$.1I! +&>67+&9&.(8V! ?&%&.?7.E! I1+E&I5! $.! J)&()&+! $+! .$(! '6&I!
)18!:&&.!+&%+$#&88&?!$.!1.!7.?68(+71I!8#1I&V!J)7I&!8$9&!I1:$+1($+7&8!7.#$+%$+1(&!
.6#I&1+!+&8&1+#)!7.($!1!9$+&!E&.&+1I!&.&+E5!%+$E+199&V!1.?!8$9&!86%%$+(!:$()!
#7F7I! 1.?! 97I7(1+5! %+$E+199&8,! N&F&+()&I&88V! 7(! 78! %$887:I&! 1.?! 7.8(+6#(7F&! ($!
7?&.(7'5!1!'&J!7II68(+1(7F&!&/19%I&8!'$+!#$9%1+78$.,!!

France   

S,YS! P+1.#&!$%&+1(&8!1!.6#I&1+!'6&I!#5#I&!()1(!7.#I6?&8!+&%+$#&887.E!$'!7++1?71(&?!'6&I!
1.?!+&#5#I7.E!$'!%I6($.769!7.!97/&?!$/7?&!'6&I!_KMu`V!1.?!)18!?$.&!8$!'$+!8$9&!
?&#1?&8,!O.!P+1.#&V!96#)!*;<!78!#$.?6#(&?!:5!-L0V!J)7#)!)18!+&8%$.87:7I7(7&8!
7.! :$()! #7F7I! 1.?! 97I7(1+5! .6#I&1+! &.&+E5,! @)78! 7.#I6?&8! ?&#$997887$.7.E! 1.?!
8$9&!18%&#(8!$'!J18(&!?78%$81IV!($E&()&+!J7()!.&J!+&1#($+8V!.6#I&1+!'687$.!1.?!
.$F&I! J18(&! 91.1E&9&.(! (&#).$I$E7&8! 86#)! 18! %1+(7(7$.7.E! 1.?! (+1.896(1(7$.!
_%1+1,!U,YT`,!!

!
S,Y[! @)&!'$#68!$'!*;<!$.!+1?7$1#(7F&!J18(&!7.!-L0!78!K1+#$6I&V!1.?!%1+(7#6I1+I5!()&!

+&#&.(I5! _RWWU`! #$9%I&(&?! 0(1I1.(&! '1#7I7(5,RW! O.! 91.5! J158V! ()78! 78! 1! #I$8&!
%1+1II&I!($!()&!-&.(+1I!41:$+1($+5!$'!()&!BC!NN4!_%1+1!S,]`,!K1+#$6I&!78!1!I$.EQ
&8(1:I78)&?!87(&V!J7()!:$()!$I?!1.?!#6++&.(! '1#7I7(7&8V! 1.?!0(1I1.(&! 78!1!%6+%$8&Q
:67I(!*;<!'1#7I7(5!$.!()1(!87(&,!0(1I1.(&!)18!YXVWWW!9R!$'!I1:$+1($+7&8V!7.#I6?7.E!Y]!
EI$F&:$/Q&>67%%&?!I1:$+1($+7&8!1.?!8&F&.!8&(8!$'!8)7&I?&?!)$(!#&II8!1.?!+&9$(&!
91.7%6I1($+8,! "$9&! $()&+! 8%&#71I78(! '1#7I7(7&8! )1F&! 1I8$! :&&.! ?&F&I$%&?! :5V! $+!
J7()! ()&! 7.F$IF&9&.(! $'V! ()&! -L0V! '$+! &/19%I&V! ()&! "$I&7I! 85.#)+$(+$.! :67I(! 1(!
"1#I15V! 1.?! ()&! ?&?7#1(&?! +1?7$1#(7F&! 91(&+71I8! :&19I7.&! _K0*"`! $.! "$I&7I,!
*&#&.(! 1.?! %I1..&?! -L0! 1#(7F&! '1#7I7(7&8! 7.#I6?&! ()&! G)y.7/! '18(! .&6(+$.!
+1?71(7$.!8$6+#&V!J)7#)!J18! (13&.!$''QI7.&! 7.!K1+#)!RWWXV! ()&!%+$($(5%&!8$?769!
'18(! +&1#($+!0"@*O<! _J)7#)! #1.!:&!68&?! ($!%+$?6#&!%I6($.769V!19&+7#769!1.?!
$()&+!1#(7.7?&8`!()1(!78!%I1..&?!($!:&!$%&+1(7$.1I!:5!RWRWV!1.?!()&!c6I&8!D$+$J7(e!
+&1#($+!()1(!J7II!%+$F7?&!7++1?71(&?!91(&+71I8!:5!RWYS,!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RW!http://www-marcoule.cea.fr!!
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Germany  

S,Y]! 0I()$6E)!H&+91.5!)18!$%&+1(&?!#7F7I!.6#I&1+! +&1#($+8! '$+!91.5!5&1+8V! '6&I!)18!
.&F&+!:&&.!+&%+$#&88&?!$.!1!I1+E&!8#1I&!7.!()1(!#$6.(+5,!0!87E.7'7#1.(!>61.(7(5!$'!
H&+91.!'6&I!)18!:&&.!8)7%%&?!($!P+1.#&!1.?!()&!BC!'$+!+&%+$#&887.E!1.?V!6.?&+!
()&! (&+98! $'! ()&8&! #$.(+1#(8V! F7(+7'7&?! D42! )18! :&&.! +&(6+.&?! ($! H&+91.5! '$+!
?78%$81I,!H&+91.5!1I8$!%+$%$8&8!E&$I$E7#1I!?78%$81I!$'!8%&.(! '6&I!1.?! 7(8!&1+I5!
%$J&+! +&1#($+8! 1+&! .$J! :&7.E! ?&#$997887$.&?,! O.! ()&! '$+9&+! L18(! H&+91.5V!
I1+E&! 8#1I&! 6+1.769! 97.7.E! )18! I&?! ($! &/(&.87F&! #$.(197.1(7$.! :$()! $.! ()&!
86+'1#&!1.?!6.?&+E+$6.?,!!

!
S,YZ! *;<!7.($!#I&1.6%!1.?!J18(&!?78%$81I!78!#$.#&.(+1(&?!7.!(J$!'&?&+1II5Q86%%$+(&?!

+&8&1+#)! #&.(+&8V! O.8(7(6(! '6+! N63I&1+&! L.(8$+E6.E! _ONL`! 1(! C1+I8+6)&! 1.?!
P$+8#)6.E8e&.(+69! <+&8?&.! _Pq<`,! \$()! )1F&! I7.38! ($! 6.7F&+87(7&8V! 1.?!
1#1?&97#!7.8(7(6(7$.8!86#)!18!()&!@&#).7#1I!B.7F&+87(5V!K6.7#)V!$+!()&!B.7F&+87(5!
$'! K17.e! J)7#)! )1F&! 87E.7'7#1.(! 7.'+18(+6#(6+&V! 7.#I6?7.E! 1! +&8&1+#)! +&1#($+! 1(!
K17.e,!!

!
S,YX! ONL! 78! #$QI$#1(&?! J7()! ()&! 0NC0! 85.#)+$(+$.! $.! ()&! P$+8#)6.E8e&.(+69!

C1+I8+6)&!87(&V!1.?!)18!1!?&?7#1(&?!:&19I7.&!$.!0NC0!J)7#)!#1.!:&!68&?!J7()!
+1?7$1#(7F&!91(&+71I8,!Pq<!$%&+1(&8!()&!*M\4!+1?7$1#(7F&!91(&+71I8!:&19I7.&!1(!
()&!L6+$%&1.!"5.#)+$(+$.!*1?71(7$.!P1#7I7(5V!H+&.$:I&,!\$()!ONL!1.?!Pq<!)1F&!
&/(&.87F&!EI$F&:$/!'1#7I7(7&8!$%(7978&?!'$+!E&$I$E7#1I!?78%$81I!+&8&1+#),!!

!
S,RW! H&+91.5!1I8$!)$8(8!()&!L6+$%&1.!O.8(7(6(&!'$+!@+1.86+1.769!LI&9&.(8!_O@B`!$.!

()&! P$+8#)6.E8e&.(+69! C1+I8+6)&! 87(&,! @)78! 78! $.&! $'! ()&! LB! c$7.(! *&8&1+#)!
-&.(+&8!1.?! !)18!&/(&.87F&!EI$F&:$/!1.?!)$(!#&II! '1#7I7(7&8! 7.!J)7#)! 7(!#$.?6#(8!
&/%&+79&.(8!$.!J18(&'$+9!?&F&I$%9&.(!1.?!%&+'$+91.#&V!1.?!()&!:&)1F7$6+!$'!
'6&I!7.!?78%$81I!#$.?7(7$.8,!O(8!LBQ'6.?&?!7.8(7(6(7$.1I!:6?E&(!78!sU],X9!%&+!5&1+,!

USA  

S,RY! @)&!B"0!)18!&/%I$7(&?!.6#I&1+! '7887$.!$.!1! I1+E&! 8#1I&! 87.#&! ()&!YXTW8,!K$8(!
+&%+$#&887.E! J18! '$#68&?! $.! %+$?6#(7$.! $'! %I6($.769! '$+! J&1%$.8V! J)7I&! ()&!
2&8(! r1II&5! +&%+$#&887.E! %I1.(V! :67I(! ($! 86%%$+(! #7F7I! .6#I&1+! %$J&+V! .&F&+!
&.(&+&?! '6II! $%&+1(7$.,!"%&.(! '6&I! '+$9!B"0!.6#I&1+! %$J&+! 8(1(7$.8! 78! #6++&.(I5!
8($+&?! 1J17(7.E! ?78%$81I! :6(! ()&+&! 78! 1! %$I7#5! +&F7&J! 1.?! ()&+&! 78! 7.#+&187.E!
7.(&+&8(!7.!+&%+$#&887.E!()78!91(&+71I!($!+&?6#&!()&!F$I69&8!$'!J18(&!'$+!?78%$81I,!
<&#$997887$.7.E!1.?!#I&1.6%!$'! ()&!J&1%$.8!%I1.(8V! 7.!%1+(7#6I1+! ()&!D1.'$+?!
1.?!"1F1..1)!*7F&+!87(&8V!%+&8&.(!91.5!#)1II&.E&8!#$9%1+1:I&!($!()$8&!'1#&?!
7.! ()&! BC,! @+1.86+1.7#! J18(&! '+$9! ()&! B"0! 97I7(1+5! %+$E+199&! _7.! 91.5!
+&8%&#(8! 8797I1+! ($! BC! %I6($.769! #$.(197.1(&?!91(&+71I! _G-K``! 78! ?78%$8&?! $'!
6.?&+E+$6.?!7.!()&!218(&!O8$I1(7$.!G7I$(!GI1.(!_2OGG`!7.!N&J!K&/7#$,!!

!
S,RR! @)&!91b$+7(5! $'! +&I&F1.(! *;<! 7.! ()&!B"0! 78! #$.?6#(&?! 7.! ()&! f<ML! #$9%I&/g,!

27()7.!()78V!8&F&.!N1(7$.1I!41:$+1($+7&8!)1F&!1#(7F&!'1#7I7(7&8!J)7#)!1+&V!$+!#$6I?!
:&V!68&?!($!86%%$+(!+1?7$1#(7F&!J18(&!91.1E&9&.(!1.?!?78%$81I!*;<,!@)&!<ML!
%+$E+199&! 1I8$! 7.#I6?&8! #$II1:$+1(7$.! J7()! .69&+$68! 6.7F&+87(7&8V! 7.#I6?7.E!
218)7.E($.! "(1(&V! PI$+7?1! "(1(&V! B.7F&+87(5! $'! N&F1?1! 1(! 418! r&E18V! 1.?!
B.7F&+87(5! $'! -1I7'$+.71V! \&+3&I&5,! "&F&+1I! $'! ()&8&! 6.7F&+87(7&8! )1F&! EI$F&:$/!
'1#7I7(7&8,!!

!
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Underground Facilities  
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Box 6. Examples of Topics on which Underground R&D is needed for GDF 
Design and Safety Case Development!
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!! +&8&1+#)! 7.($! ()&! +&8%$.8&! $'! +$#3!9188&8! ($! &/#1F1(7$.! (&#).7>6&V! 1.?!
$%&.7.E!87e&!1.?!$+7&.(1(7$.d!!

!! ()&!?&F&I$%9&.(!$'!L<q8!
!! ()&!%$887:I&!&''&#(!$'!&/#1F1(7$.!$.!&/78(7.E!6.?&+E+$6.?!$%&.7.E8!7.!E7F&.!

in situ!8(+&88!#$.?7(7$.8!1.?!()&!7.'I6&.#&!$'!&/#1F1(7$.!$.!8(+&88!'7&I?8,!!
!! L.E7.&&+&?!:1++7&+!%&+'$+91.#&^!

!! '6II!8#1I&!:1++7&+!(&8(8!
!! #$.(17.&+!(&8(8!!
!! :6''&+!1.?!$F&+%1#3!(&8(8!
!! (6..&I!1.?!8)1'(!8&1I8!1.?!6I(791(&I5!'1#7I7(5!8&1I8!
!! :$+&)$I&!8&1I7.E!

!! *1?7$.6#I7?&!9$F&9&.(!()+$6E)!()&!E&$8%)&+&^!
!! 8$I6(&!1?F&#(7$.!1.?!?7''687$.!!
!! #$II$7?1I!(+1.8%$+(!!
!! +1?7$.6#I7?&!8$+%(7$.!
!! E18!()+&8)$I?!%+&886+&!+&I1(7$.8)7%8!

!! 218(&!)1.?I7.E!6.?&+!+&1I78(7#!#$.?7(7$.8^!
!! &''&#(8!$'!)&1(!1.?!+1?71(7$.!$.!()&!)$8(!+$#3!
!! )&1(!&''&#(!$.!8(+6#(6+&8!
!! ()&+91IQ)5?+16I7#Q#)&97#1IQ9&#)1.7#1I!(&8(7.E!

!! @)&! I$.EQ(&+9! %&+'$+91.#&! $'! ()&! H<P! 1.?! ()&! &''7#1#5! $'! ()&! L\"! 6.?&+!
+&1I78(7#!#$.?7(7$.8^!!

!! ?&9$.8(+1(7$.!1.?!(&8(7.E!$'!?78%$81I!#$.#&%(!
!! 91(&+71I8!7.(&+'1#&8V!'$+!&/19%I&!86++$6.?7.E!()&!#$QI$#1(7$.!#$.#&%(!
!! :1#3'7II!:&)1F7$6+!1.?!&''7#1#5!
!! #$++$87$.!$'!J18(&!#$.(17.&+8!
!! ?&E+1?1(7$.!$'!J18(&!'$+98!
!! I$.EQ(&+9!%&+'$+91.#&!$'!96I(7%I&!6.?&+E+$6.?!$%&.7.E8,!

!

!
S,UX! @)&!*2K<!*;<!"(+1(&E5! &/%I17.8! )$J! 7(8!*;<!J7II! &F$IF&! ?6+7.E! ()&!K*2"!

%+$#&88! _N<0V! RWWX:`,! O(! 8(1(&8! ()1(! ?6+7.E! "(1E&! S! _86+'1#&Q:18&?!
7.F&8(7E1(7$.8`! 7(8! *;<! J7II! '$#68! $.! ()&! 87(&Q8%&#7'7#! %+$#&88&8! ()1(! J7II!
?&(&+97.&! ()&! %&+'$+91.#&! $'! &.E7.&&+&?! :1++7&+8! $+! #$.(+$I! ()&!9$F&9&.(! $'!
'I67?8!1.?!+1?7$.6#I7?&8,!P$+!"(1E&![!7(!8(1(&8!()1(^!

!
fA key aspect of this phase will be underground investigations. There will be 
some site-specific information at a large spatial scale, which can only be 
obtained by investigation underground in the specific geology to be 
considered for hosting the facility. We will carry out these investigations as 
part of the construction of the facility and therefore our planning does not 
include a separate phase for R&D in an underground research laboratory.” 

!
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S,TW! L1+I5! 7.! RWWX! ()&! &9%)1878! 7.! *2K<! %I1..7.E! 8&&9&?! ($! :&! $.! 87(&!
#)1+1#(&+781(7$.!1.?!$.!#$.'7+97.E!()1(!*;<!+&86I(8!$:(17.&?!7.!()&!I1:$+1($+5!$+!
7.!B*P8! 7.!$()&+!#$6.(+7&8!J$6I?!:&!1%%I7#1:I&! ($! ()&!8%&#7'7#!87(&!1(!J)7#)! 7(! 78!
%+$%$8&?! ($!#$.8(+6#(!1!H<P! 7.! ()&!BC!_N<0V!RWWX:`,!@)78!J$6I?!:&!8797I1+! ($!
()&!1%%+$1#)!7.!P7.I1.?V!J)&+&!()&!MNC04M!'1#7I7(5!1(!()&!MI37I6$($!H<P!87(&!78!
($! :&! 68&?! '$+! #)1+1#(&+781(7$.! 1.?! #$.'7+91(7$.! :6(! .$(! '$+! &/(&.87F&! *;<,!
D$J&F&+V! 8#7&.(78(8! '+$9! P7.I1.?! )1F&! '$+! 91.5! 5&1+8! %1+(7#7%1(&?! 7.! *;<!
%+$E+199&8!7.!B*P8!7.!"J&?&.V!J)7#)!1+&!7.!E&$I$E7#1I!&.F7+$.9&.(8!()1(!1+&!
+&I&F1.(! ($! MI37I6$($,! *2K<! )18! +&#&.(I5! 7.?7#1(&?! ()1(! 7(8! 6.?&+E+$6.?!
7.F&8(7E1(7$.8!J7II!7.#I6?&!*;<!($!1??+&88!6.#&+(17.(7&8!1.?!86%%$+(!81'&(5!#18&!
?&F&I$%9&.(!_-$*2K!?$#,!R[UWd!N<0V!RWWX3`,!
!

Conclusions on Infrastructure for R&D 

Active Facilities 

S,TY! @)&!BC!)18!1! I797(&?!.69:&+!$'! '1#7I7(7&8! ()1(!1+&!1:I&! ($!86%%$+(! +&8&1+#)!J7()!
+1?7$1#(7F&!91(&+71I8,!O.!%1+(7#6I1+V!()&!#$6.(+5!)18!F&+5!'&J!+&8&1+#)!'1#7I7(7&8!7.!
J)7#)!7(!78!%$887:I&!($!)1.?I&!91(&+71I8!J7()!I&F&I8!$'!+1?7$1#(7F7(5!1:$F&!()&!F&+5!
I$J!#$.#&.(+1(7$.8!'$6.?!7.!()&!&.F7+$.9&.(,!@)&!3&5!'1#7I7(7&8!1+&!()$8&!+6.!:5!
()&!NN4V!J)7#)! 18! 1! +&86I(! $'! +1(7$.1I781(7$.! $%&+1(&8! ()&!91b$+7(5! $'! ()&!BCa8!
1#(7F&!#7F7I!+&8&1+#)!7.'+18(+6#(6+&,!

!
S,TR! O.! -$*2Ka8! F7&JV! ()&! NN4a8! #6++&.(I5! %I1..&?! '1#7I7(7&8V! &F&.! J)&.! '6II5!

#$997887$.&?V!J7II!:&! 7.1?&>61(&! ($!86%%$+(! ()&!'6II! +1.E&!$'!+&8&1+#)!+&>67+&?!
($! 91.1E&! )7E)&+! 1#(7F7(5! J18(&8,! "7E.7'7#1.(! 79%+$F&9&.(8! 1.?! 1??7(7$.1I!
'1#7I7(7&8!1+&!.&&?&?! ($!%+$F7?&! ()&!BC!J7()! ()&!#1%1:7I7(5! ($!?$! +&8&1+#)! '$+! 7(8!
J7?&!+1.E&!$'!)7E)&+!1#(7F7(5!J18(&8,!!

!
S,TU! O(! 78!6.#I&1+!($!-$*2K!)$J!()&!NN4!'1#7I7(7&8!J7II!:&!91?&!1F17I1:I&!'$+!()&!'6II!

8%&#(+69! $'! +&8&1+#)! ()1(! 78! .&&?&?! ($! 6.?&+%7.! ()&! K*2"! %+$E+199&,! @)&!
$.I5! *;<! ()1(! #1.! :&! %&+'$+9&?! 7.! NN4! '1#7I7(7&8! 78! ()1(! '6.?&?! :5! NN4!
#68($9&+8V! .19&I5! N<0! 1.?! $()&+! .6#I&1+! 7.?68(+5! $+E1.781(7$.8V! J)$! 1+&!
6.I73&I5!($!86%%$+(!96#)!'6.?19&.(1I!+&8&1+#),!@)&+&!78!#6++&.(I5!.$!9&#)1.789!
'$+! ()&!*&8&1+#)!-$6.#7I8! ($! '6.?!6.7F&+87(5! +&8&1+#)!#1++7&?!$6(! 7.!NN4!1#(7F&!
'1#7I7(7&8V!%1+(7#6I1+I5!()1(!'$+!J)7#)!&>67%9&.(!968(!:&!:$6E)(,!!

!
S,TT! -$*2K! :&I7&F&8! ()1(! '6+()&+! ?&F&I$%9&.(! $'! NN4! '1#7I7(7&8! '$+! +&8&1+#)! J7()!

)7E)I5! +1?7$1#(7F&!91(&+71I8V! 1.?! E+&1(&+! 1##&88! ($! ()&9V! 1+&! ()&! $.I5! +&1I78(7#!
+$6(&! ($! ()&! %+$F787$.! $'! ()&! .1(7$.1I! +&8&1+#)! 7.'+18(+6#(6+&! .&&?&?! '$+! ()&!
91.1E&9&.(!$'!)7E)&+!1#(7F7(5!J18(&8,!!

Underground Research Facilities 

S,TS! O(! 78! #I&1+! ($! -$*2K! ()1(! :$()! 6.?&+E+$6.?! 87(&! #)1+1#(&+781(7$.! 1.?!
6.?&+E+$6.?!*;<!1+&!.&&?&?!1(!1.5!%+$8%&#(7F&!H<P!87(&! 7.! ()&!BC,!"6+'1#&Q
:18&?!7.F&8(7E1(7$.8!J7II!.$(!:&!86''7#7&.(!'$+!87(&!#)1+1#(&+781(7$.,!LF&.!J7()!()&!
I1(&8(! 7.F&8(7E1(7F&! (&#).7>6&8V! 87E.7'7#1.(! 6.?&+E+$6.?! 87(&! #)1+1#(&+781(7$.!J7II!
:&!+&>67+&?!7.!+&I1(7$.!($!+$#3!9188!#)1+1#(&+78(7#8V!)5?+$E&$I$E5V!E&$#)&978(+5!
1.?!8(+&88!#$.?7(7$.8,!B.?&+E+$6.?!*;<!J7II! :&!.&&?&?! ($! 7.'$+9!H<P!?&87E.!
1.?! 86%%$+(! 81'&(5! #18&! ?&F&I$%9&.(V! 7.#I6?7.E! :5! '7.?7.E! $6(! J)&()&+! *;<!
+&86I(8! $:(17.&?! &I8&J)&+&! 1+&! 1%%I7#1:I&! ($! 1! BC! 87(&,! O.! %+1#(7#&V! ()&+&! 78!
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6.I73&I5! ($! :&!1! #I&1+! ?78(7.#(7$.!:&(J&&.!87(&! #)1+1#(&+781(7$.!1.?!*;<d! +1()&+!
()&+&!J7II!:&!1!#$.(7.669!$'!1#(7F7(7&8V!1II!86%%$+(7.E!H<P!?&87E.!1.?!81'&(5!#18&!
?&F&I$%9&.(,!!

!
S,T[! O.! -$*2Ka8! F7&JV! ()&! 9$8(! &''&#(7F&! J15! ($! #1++5! $6(! ()&! .&#&881+5!

6.?&+E+$6.?! *;<! J$6I?! :&! 7.! 1! B*P! 1(! 1.5! 87(&! J)&+&! 7(! 78! %+$%$8&?! ($!
#$.8(+6#(! 1! H<P,! @)&! B*P! #$6I?! 8)1+&! 1##&88! J7()! ()&! H<P! :6(! 8)$6I?! :&!
#$.8(+6#(&?!8$!18!($!1F$7?!7.(&+1#(7$.!J7()!7(,!@)&!B*P!J$6I?!:&!68&?!%+7$+!($!()&!
8(1+(!$'!J18(&!&9%I1#&9&.(!1.?!'$+!18!I$.E!18!.&#&881+5!J)7I&!()&!H<P!78!$%&.,!
O(! #$6I?V! '$+! &/19%I&V! )$I?! ?6995!J18(&! %1#31E&8! ()1(! #$6I?! :&! +&(+7&F&?! '$+!
?&(17I&?! 7.8%&#(7$.V! $+! :&! 68&?! ($! ?&F&I$%! 1.?! (&8(! %$8(Q#I$86+&! 9$.7($+7.E!
(&#).7>6&8,!

!
S,T]! @)&!*;<!($!:&!#1++7&?!$6(!7.!1!B*P!:&'$+&!J18(&!&9%I1#&9&.(!:&E7.8!968(!:&!

#I&1+I5!8%&#7'7&?V!?78#688&?!J7()!1!J7?&!+1.E&!$'!8(13&)$I?&+8V!7.#I6?7.E!()&!)$8(!
#$996.7(5!1.?!+&8&1+#)&+8!7.?&%&.?&.(!$'!()&!N<0V!1.?!1E+&&?!J7()!+&E6I1($+8,!
O(! 78! 79%$+(1.(! ($!1II$J!86''7#7&.(! (79&! ($!#1++5!$6(! ()&!*;<V!1.?! ($!%+$#&88!1.?!
188797I1(&!()&!+&86I(8V!:&'$+&!1!?&#787$.!78!(13&.!($!#$.8(+6#(!()&!H<P,!0II!()$8&!
7.F$IF&?! 7.! ()&!E&$I$E7#1I!?78%$81I!%+$E+199&!.&&?! ($!:&!1J1+&! ()1(! ()&!*;<!
915!(13&!?&#1?&8,!!

!
S,TZ! B.(7I!1!87(&Q8%&#7'7#!B*P! 78!1F17I1:I&! 7.! ()&!BCV! ()&+&!J7II!.&&?! ($!:&! 7.#+&18&?!

%1+(7#7%1(7$.! 7.! E&.&+7#! *;<! %+$E+199&8! 7.! 6.?&+E+$6.?! '1#7I7(7&8! 7.! $()&+!
#$6.(+7&8,!@)78!J$6I?!&.1:I&!BC!+&8&1+#)&+8!($!E17.!&/%&+7&.#&!1.?!($!?&F&I$%!
(&#).7>6&8!'$+!68&!7.!()78!#$6.(+5V!18!J&II!18!%+$F7?7.E!1??7(7$.1I!3.$JI&?E&!'$+!
()&!BCa8!E&$I$E7#1I!?78%$81I!%+$E+199&,!!

!
S,TX! M()&+! #$6.(+7&8! ()1(! 1+&! 7.F&8(7E1(7.E! ()&! '&187:7I7(5! $'! E&$I$E7#1I! ?78%$81I! )1F&!

#1++7&?!$6(!6.?&+E+$6.?!*;<V!&7()&+!1(!%+$8%&#(7F&!?78%$81I!87(&8!$+!7.!8&%1+1(&!
'1#7I7(7&8! 7.! 8797I1+! E&$I$E7&8! ($! 86#)! 87(&8,! @)&! 7.(&+.1(7$.1I! #$.8&.868! 78! ()1(!
6.?&+E+$6.?! *;<! )&I%8! ($! 7.#+&18&! %6:I7#! #$.'7?&.#&,! -1++57.E! 7(! $6(! 1(! 1!
%+$8%&#(7F&!?78%$81I!87(&!J7II!:&!9$+&!#$8(!&''&#(7F&!()1.!&8(1:I78)7.E!1!8&%1+1(&!
B*P!7.!1!8797I1+!E&$I$E7#1I!&.F7+$.9&.(,!!

!
S,SW! *-BC! _"&#(7$.! U`! )18! ()&! 1:7I7(5! ($! '6.?V! $+! %1+(Q'6.?! ?7+&#(I5V! I1+E&! 8#1I&!

+&8&1+#)! '1#7I7(7&8,! L/19%I&8! $'! E&.&+7#! I1+E&Q8#1I&! '1#7I7(7&8! 1+&! 17+#+1'(V! 8)7%8!
1.?!I1+E&!?1(1!8&(8,!O(!78!%$887:I&!()1(!*-BC!#$6I?!#$.(+7:6(&!($!()&!'6.?7.E!$'!1!
B*PV!%1+(7#6I1+I5!86%%$+(7.E!%+$F787$.!$'!7.'+18(+6#(6+&!$+!&>67%9&.(V!$+!1##&88!($!
6.?&+E+$6.?!'1#7I7(7&8V!'$+!'6.?19&.(1I!+&8&1+#),!
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6. SOME R&D ISSUES 
!
[,Y! *;<! #1++7&?! $6(! $F&+! ()&! I18(! '&J! ?&#1?&8! 7.! ()&!BC! 1.?! $()&+! #$6.(+7&8! )18!

%+$?6#&?! 1! 86:8(1.(71I! :$?5! $'! 3.$JI&?E&! 1:$6(! ()&! #$.?7(7$.7.EV! %1#31E7.EV!
8($+1E&!1.?!E&$I$E7#1I!?78%$81I!$'!)7E)&+!1#(7F7(5!J18(&8,!@)78!3.$JI&?E&!:18&!78!
86''7#7&.(! ($! 86%%$+(! ()&! #)$7#&! $'! I$.EQ(&+9! 91.1E&9&.(! 9&()$?8! '$+! ()&8&!
J18(&8,!O.!%1+(7#6I1+V!-$*2K!78!#$.F7.#&?!()1(!&.$6E)!78!#6++&.(I5!3.$J.!1:$6(!
E&$I$E7#1I! ?78%$81I! ($! &.E&.?&+! #$.'7?&.#&! ()1(! 7(! 78! ()&! +7E)(! J15! '$+J1+?,!
D$J&F&+V!()&+&!1+&!8(7II!6.#&+(17.(7&8!()1(!.&&?!($!:&!1??+&88&?!1.?!3.$JI&?E&!
E1%8!()1(!.&&?!($!:&!'7II&?!:&'$+&!7(!#1.!:&!79%I&9&.(&?!1(!1!8%&#7'7#!87(&!7.!()&!
BC,! P6+()&+! 7.'$+91(7$.! 78! 1I8$! +&>67+&?! 18! 7.%6(! ($! ?&(17I&?! ?&#787$.8! $.! ()&!
#$.?7(7$.7.EV!%1#31E7.E!1.?!8($+1E&!$'!()&!BCa8!)7E)&+!1#(7F7(5!J18(&8,!*;<!$F&+!
()&!.&/(!'&J!?&#1?&8!968(!'$#68!$.!()&8&!6.#&+(17.(7&8!1.?!E1%8!7.!3.$JI&?E&,!

!
[,R! <6+7.E! ()&! #$6+8&! $'! 7(8! J$+3! 7.! RWWZ! 1.?! RWWXV!-$*2K!:&#19&! 1J1+&! $'! 1!

.69:&+!$'!8%&#7'7#!($%7#8!J)7#)!7(!:&I7&F&8!915!+&>67+&!87E.7'7#1.(!*;<,!<&(17I8!$'!
()&8&! ($%7#8! 1+&! E7F&.! 7.! 0%%&.?7/! 0,! O.! ()78! 8&#(7$.! -$*2K! )7E)I7E)(8! 3&5!
%$7.(8! 1+787.E! '+$9! 7(8! &/197.1(7$.! $'! ()&8&! ($%7#8,! @)&! -$997((&&a8!
#$.87?&+1(7$.! $'! 8%&#7'7#! ($%7#8! J18! :5! .$! 9&1.8! &/)168(7F&! :6(! 8&+F&8! ($!
7II68(+1(&!()&!.1(6+&!1.?!&/(&.(!$'!8$9&!$'! ()&!3&5! 7886&8,!O(! 78!.$(! 7.!-$*2Ka8!
+&97(V!.$+!?$&8!7(!)1F&!()&!+&8$6+#&8V!($!#$F&+!1II!7886&8!7.!?&(17I,!!

!
Key Points on Waste Conditioning, Packaging and Storage R&D 

ILW Product Lifetimes 

[,U! -$*2K!78!#$.#&+.&?!1:$6(!()&!I&F&I!$'!*;<!&''$+(!:&7.E!?&F$(&?!($!?&(&+97.7.E!
()&! I7'&(79&8! $'! O42! J18(&'$+98,! H7F&.! ()&! .69:&+! 1.?! ?7F&+87(5! $'! O42!
%1#31E&8! ()1(!J7II!:&!%+$?6#&?!$F&+! ()&!+&8(!$'! ()&! I7'&(79&!$'! ()&!BCa8!.6#I&1+!
87(&8V!1.?!()&!%$(&.(71I!87E.7'7#1.#&!$'!J18(&'$+9!%&+'$+91.#&!'$+!(+1.8%$+(1:7I7(5!
1.?!?78%$81:7I7(5V!()&!&''$+(!:&7.E!?&F$(&?!($!+&8$IF7.E!6.#&+(17.(7&8!$F&+!%+$?6#(!
I7'&(79&8!?$&8!.$(!8&&9!($!:&!86''7#7&.(,!N<0a8!BC!8($+1E&!+&F7&J!_N<0V!RWWX?`!
7?&.(7'7&8! ()&! &/78(&.#&! 1.?! .1(6+&! $'! ()78! %+$:I&9! :6(! E7F&8! .$! 7.?7#1(7$.! ()1(!
()&+&!J7II!:&!86:8(1.(71I!'6+()&+!*;<,!

Graphite 

[,T! O'! 799$:7I78&?!1.?!%1#31E&?! 7.! 8797I1+!J158! ($!$()&+! O42V!:6I3! E+1%)7(&!J$6I?!
$##6%5! 1! E+&1(! ?&1I! $'! 8%1#&! 7.! 1! H<P,! O(! 78! ()&+&'$+&! 79%$+(1.(! ($! &/%I$+&!
(+&1(9&.(! $%(7$.8! ()1(! J$6I?! +&?6#&! ()&! F$I69&! $'! E+1%)7(&! '$+! E&$I$E7#1I!
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Key Points on Geological Disposal R&D  

Radionuclide Migration with Groundwater from a Closed GDF 
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Co-Location of Various Types of Waste in a GDF 
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7. CONCLUSIONS AND RECOMMENDATIONS 
!
Strategic Co-ordination of UK Radioactive Waste Management R&D 
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Recommendation 1 

CoRWM recommends to Government that it ensures that there is strategic co-
ordination of UK R&D for the management of higher activity wastes. Such co-
ordination is required within the NDA, between the NDA and the rest of the nuclear 
industry, amongst the Research Councils and between the whole of the nuclear 
industry, its regulators and the Research Councils.

Regulatory Research 
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Recommendation 2 

CoRWM recommends to Government that it ensures that the Environment Agency 
and the Scottish Environment Protection Agency obtain the resources that they need 
to access and commission the additional independent research required to support 
them fully in their regulation of the management of higher activity wastes. 

R&D Skills to Support the MRWS Programme 
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Recommendation 3 

CoRWM recommends to Government that it assigns to a single organisation the 
responsibility for providing national leadership and strategic direction for provision of 
R&D skills relevant to the long-term management of radioactive wastes. 

Infrastructure Required for R&D – Facilities for Research with Highly Radioactive 
Materials 
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Recommendation 4 

CoRWM recommends to Government that it ensures that facilities for research with 
highly radioactive materials are improved and their capability enhanced so that they 
can be used for the full spectrum of research relevant to the long-term management 
of higher activity wastes. These facilities should be accessible to all researchers who 
need them.  

 
Infrastructure Required for R&D – Underground Research Facility 
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Recommendation 5 

CoRWM recommends to Government that an underground research facility be 
constructed at any site where it is proposed to construct a geological disposal facility. 

Public and Stakeholder Engagement for R&D 
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Recommendation 6 

CoRWM recommends to Government that mechanisms are put in place to ensure 
that a wider range of stakeholders than to date will be involved in establishing R&D 
requirements for the long-term management of higher activity wastes and that 
accessible information will be made available to the public about R&D needs, plans 
and progress.  

Specific R&D Issues 
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Waste Package Specifications, Post-Closure Safety and Retrievability 
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+$I&! 7.!?&#7?7.E!$.! ()&! (79&! '$+!J)7#)!1!H<P! 78!?&87E.&?! ($! +&917.!$%&.V!J7()!
J18(&!%1#31E&8!+&(+7&F1:I&,!!

!
0,T! N<0! J18(&! %1#31E&! 8%&#7'7#1(7$.8! 1+&! #6++&.(I5! :18&?! $.! 1.! 18869%(7$.! ()1(!

+&(+7&F1:7I7(5!915!:&!.&&?&?!'$+!6%!($!UWW!5&1+8,!@)78!I&1?8!($!1!(1+E&(!#$.(17.&+!
I7'&! $'! SWW! 5&1+8,! <&9$.8(+1(7.E! ()78! (1+E&(! #$6I?! :&! 9&(! J$6I?! +&>67+&!
#$.87?&+1:I&!*;<,! O(! 78! ()68! 79%$+(1.(! ($!#I1+7'5! ()&!8(1(68!$'! ()&! (1+E&(,!@)78! 7.!
(6+.! +&>67+&8! 1.! &/197.1(7$.! $'! ()&! (&#).7#1I! 79%I7#1(7$.8! $'! +&(+7&F1:7I7(5,! O.!
1??7(7$.V!&1+I7&+!J18(&!%1#31E&8!)1F&!:&&.!%+&%1+&?! ($!?7''&+&.(V! I&88!8(+7.E&.(!
8%&#7'7#1(7$.8V!1.?!7(!78!6.#&+(17.!J)&()&+!()&8&!J7II!#$9%I5!J7()!()&!.&J&+V!9$+&!
?&91.?7.E!8%&#7'7#1(7$.8,!

!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!XZ!$'!YSY!



Current and Planned R&D for ILW 

0,S! O.!-$*2Ka8!9&&(7.E8!J7()!N<0V!NN4V!"4-8V!$()&+!J18(&!%+$?6#&+8V!+&E6I1($+8!
1.?!$()&+8!7(!)18!:&&.!91?&!1J1+&!$'!8$9&!($%7#8!()1(!1+&V!$+!7(!:&I7&F&8!8)$6I?!
:&V!()&!'$#68!$'!*;<!%+$E+199&8!'$+!O42,!-$*2K!)18!8$9&!#$.#&+.8!()1(!()&!
RWW[!N<0!N&&?8V!*7838!1.?!M%%$+(6.7(7&8!7.!*;<!?$#69&.(!_N<0V!RWW[1`!?$&8!
.$(!1??+&88!#$.?7(7$.7.EV!%1#31E7.E!1.?!8($+1E&!$'!O42!($!()&!&/(&.(!()1(!78!.$J!
1%%+$%+71(&,!O(!)$%&8!()&!F&+87$.!#6++&.(I5! 7.!%+&%1+1(7$.!J7II!#$F&+!()&8&!7886&8!
7.! ()78! 8&#(7$.! $'! 0%%&.?7/! 0! 7.! 9$+&! ?&(17I,! <$#69&.(8! ()1(! %+$F&?! 68&'6I! 7.!
%+&%1+7.E! ()78! 8&#(7$.! 7.#I6?&! ()&! N<0a8! *&F7&J! $'! BC! "($+1E&! *&I1(&?! *;<!
_?+1'(!8&&.!:5!-$*2K`!1.?!N&/71!"$I6(7$.8! _.$J!NN4`!*&F7&J!$'! ()&!-6++&.(!
"(1(68!$'!B.?&+%7..7.E!*;<!*&I1(7.E! ($! O42!G1#31E&!4$.E&F7(5! _N&/71V!RWW]`,!
@)&!I1((&+!+&%$+(!78!:18&?!$.!1!9&&(7.E!$'!7.(&+&8(&?!E+$6%8!7.#I6?7.E!L0V!"LG0V!
N7+&/V!BC0L0V!\NH"4V!K1E.$/!"4-!1.?!N&/71!"$I6(7$.8!J)7#)!J18!#)17+&?!:5!
()&! N<0! 1.?! 78! 1.! &/19%I&! $'! E$$?! %+1#(7#&! 7.! (&+98! $'! :+7.E7.E! 1II! +&I&F1.(!
8(13&)$I?&+8!($E&()&+,!

ILW Containing Reactive Metals 

0,[! 0'(&+!1:$6(!YS!5&1+8!$'!8($+1E&!I$#1I78&?!86+'1#&!:6IE&8!)1F&!:&&.!$:8&+F&?!$.!
K1E.$/!L.#1%86I1(7$.!GI1.(!_KLG`!?+698!#$.(17.7.E!+&1#(7F&!9&(1I8!_L0V!RWWZ`,!
"7.#&! ()&8&! 1.$91I7&8!J&+&! ?78#$F&+&?! ()&! +&E6I1($+8! )1F&! +&>67+&?!"&II1'7&I?!
4(?!($! 7.F&8(7E1(&!J)1(!#168&?!()&9!($!1%%&1+V!18!7.%6(!($!?&(&+97.7.E!J)&()&+!
+&9&?71I!1#(7$.!78!+&>67+&?,!@)&!$+7E7.1I!4$-!'$+!()&!KLG!?+698!($$3!'6II!1##$6.(!
$'! ()&! I73&I5! #$++$87$.! $'! K1E.$/! 9&(1I! 7.! ()&! ?+698! ?6+7.E! 8($+1E&! 1.?!
#$.(17.&?! 1! #1F&1(! 1:$6(! ()&! 6+1.769! #$.(&.(! $'! ()&! ?+698,! @)&! :6IE&8! 1+&!
()$6E)(! ($! :&! 1! +&86I(! $'! ()&! %+&8&.#&! $'! I1+E&! _37I$E+199&Q87e&?`! %7&#&8! $'!
6+1.769!7.!()&!?+698!1.?!$%&+1(7$.1I!%+$#&?6+&8!)1F&!:&&.!#)1.E&?!($!%+&F&.(!
()78!7.!'6(6+&,!2$+3!78!#$.(7.67.E!($!#$.'7+9!()&!#168&8!$'!()&!:6IE&8!1.?!188&88!
()&7+!87E.7'7#1.#&!_-$*2K!?$#,!RT[Td!N<0V!RWWZ1`,!

!
0,]! |6&8(7$.8!$'!J18(&'$+9!?6+1:7I7(5!1+&!?&8#+7:&?!J7()7.!"4-!@\6*<8V!'$+!&/19%I&!

USYZS! L.#1%86I1(&?! O42! <+69! "($+1E&! 1.?! USYRS! K1E.$/! 218(&!
L.#1%86I1(7$.! 7.! ()&! "&II1'7&I?! @\6*<,! O(! 78! 8(1(&?! &/%I7#7(I5! 7.! ()&! "&II1'7&I?!
@\6*<! f@)78! 8(+1(&E5! #$F&+8! &.#1%86I1(7$.! 1.?! 81'&! 8($+1E&! $'! O42! %+$?6#(8!
%+$?6#&?! :5! #$.87E.$+! %I1.(8! $.! ()&! "&II1'7&I?! 87(&! 6%! ($! ()&! %$7.(! 1(! J)7#)! 1!
?78%$81I!+$6(&!:&#$9&8!1F17I1:I&g,!!

!
0,Z! O.!()&!#$.(&/(!$'!1!SWWQ5&1+!(1+E&(!I7'&(79&!'$+!()&!J18(&!#$.(17.&+!_-$*2K!?$#,!

RUZX`V! :$()!9&186+&9&.(! $'! f8($+&! #$++$87F7(5g! 1.?! >61.(7(1(7F&! 188&889&.(! $'!
fJ18(&!%1#31E&!?&E+1?1(7$.g!1+&!F&+5!#)1II&.E7.EV!.$(!I&18(!:&#168&!()&+&!78!.$!
#6++&.(!#$.8&.868!$.!()$8&!%1+19&(&+8!J)7#)!.&&?!($!:&!9&186+&?V!1.?!()&+&!
J7II! :&! 1! .&&?! ($! 9&186+&! .$.QI7.&1+! %+$#&88&8! J)7#)! E7F&! +78&! ($! F&+5! 891II!
#)1.E&8!1.?!$%&+1(&!1(!F&+5!8I$J!+1(&8,!0!+&>67+&?!&I&9&.(!$'!()&!81'&(5!#18&8!
'$+! 8($+1E&! 1.?! ?78%$81I! J7II! :&! 1! J&IIQ'$6.?&?! %+&?7#(7F&! 9$?&I! '$+! J18(&!
%1#31E&!:&)1F7$6+,!<6&!($!()&!I$.E!(79&8#1I&8V!-$*2K!:&I7&F&8!()1(!1.5!86#)!
9$?&I!J7II!.&&?!($!:&!?&+7F&?!'+$9!1!%+$#&88Q:18&?V!9&#)1.78(7#!6.?&+8(1.?7.Ed!
&/(+1%$I1(7$.! '+$9! &9%7+7#1I! ?1(1! 78! 6.I73&I5! ($! :&! 86''7#7&.(,! -6++&.(I5V! ()78!
+&>67+&?! I&F&I! $'! 9&#)1.78(7#! 6.?&+8(1.?7.E! ?$&8! .$(! &/78(! '$+! BC! J18(&!
%1#31E&8,!
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Graphite 

0,X! @)&! BC! )18! 1! I1+E&! F$I69&! _1:$6(! Z[VUWW! ($..&8! $'! O42! &>67F1I&.(! ($! 1! +1J!
F$I69&!$'!1:$6(!]UVWWW9U`!$'!E+1%)7(&!()1(!78!1#(7F1(&?!$+!#$.(197.1(&?,!@)78!)18!
79%I7#1(7$.8! '$+! ()&! E&$I$E7#1I! ?78%$81I! %+$E+199&! ?6&! ($! ()&! I1+E&! 8%1#&! ()&!
E+1%)7(&!J$6I?!%$(&.(71II5!$##6%5!7.!1.5!H<P!6.I&88!J18(&!F$I69&!97.79781(7$.!
(&#).$I$E5! 78! 1%%I7&?,!M%(7$.8! '$+! E+1%)7(&! (+&1(9&.(V! +&68&! 1.?! ?78%$81I! )1F&!
:&&.!?78#688&?!1(!8&F&+1I! +&#&.(!J$+38)$%8! _N$++78!et al,V!RWW]d!N<0V!RWW[:`,!
0%1+(!'+$9!7(8!F$I69&V!1!3&5!#$.#&+.!J7()!()78!J18(&!78!()1(!7(!#$.(17.8!87E.7'7#1.(!
>61.(7(7&8!$'!()&!%$(&.(71II5!9$:7I&!1.?!+&I1(7F&I5!I$.EQI7F&?!+1?7$.6#I7?&8!#1+:$.Q
YT!1.?!#)I$+7.&QU[,!"7.#&!E&$I$E7#1I!?78%$81I!$'! ()&!#6++&.(!F$I69&!$'!E+1%)7(&!
915! .$(! :&! ()&! $%(791I! +$6(&V! *;<! 78! :&7.E! 6.?&+(13&.! ($! 7?&.(7'5! ()&! :&((&+!
8$I6(7$.8,!@)&!$%(7$.8!:&7.E!#$.87?&+&?!'$+!:6I3!+&1#($+!E+1%)7(&!1+&^!

!
!! @+&1(!1II!E+1%)7(&!J18(&!18!O42!1.?!&.86+&!()&!H<P!#1(&+8!'$+!()&!I1+E&!
F$I69&8!$'!91(&+71I,!@)78!78!()&!:18&I7.&!$%(7$.,!

!! -$.?7(7$.!E+1%)7(&!J18(&!($!+&9$F&!()&!I$.EQI7F&?!+1?7$78$($%&8!1.?!?78%$8&!
$'!()&!+&87?61I!E+1%)7(&!1(!442*!$+!1.!1I(&+.1(7F&!.&1+Q86+'1#&!?78%$81I!
'1#7I7(5,!

!! -$.?7(7$.!442!1.?i$+!O42!E+1%)7(&!J18(&!($!+&9$F&!9$8(!$'!()&!
#$.(197.1(7$.!1.?!'+&&!+&I&18&!$+!+&68&!()&!E+1%)7(&!J)&+&!%$887:I&,!

!! "&%1+1(&!?78%$81I!'1#7I7(5!_$+!'1#7I7(7&8`!'$+!E+1%)7(7#!J18(&8V!7.#I6?7.E!1!.&1+Q
86+'1#&!?78%$81I!$%(7$.,!

!! O.(&+79!8($+&!O42!E+1%)7(7#!J18(&8!1.?!#$.?7(7$.!'$+!&7()&+!442!?78%$81I!$+!
'+&&!+&I&18&,!

!
0,YW! -6++&.(! E+1%)7(&! *;<! 78! :&7.E! #1++7&?! $6(! 6.?&+! ()&! TQ5&1+! L-! -1+:$J18(&!

%+$E+199&,!@)&!N<0!78!(137.E!()&!I&1?!7.!BC!8(+1(&E5!?&F&I$%9&.(!'$+!E+1%)7(&V!
J7()!86%%$+(!'+$9!7(8!K1E.$/!"4-8!J)$!1+&!$%(7$.&&+7.E!%$(&.(71I!(+&1(9&.(!1.?!
?78%$81I!$%(7$.8!'$+!7++1?71(&?!E+1%)7(&!'$+!N<0,!-6++&.(I5V!()&!+&'&+&.#&!%$87(7$.!
7.! ()&! BC! '$+! ()&! ?78%$81I! $'! E+1%)7(&! 78! E&$I$E7#1I! ?78%$81I,! @)&! +&'&+&.#&!
%$87(7$.! 7.! P+1.#&! 78! 6.?&+E+$6.?! ?78%$81I! 1(! ?&%()8! $'! :&(J&&.! YS! 1.?! RWW!
9&(+&8V! ()$6E)! %+&I797.1+5! 7.F&8(7E1(7$.8! :5! -L0! ()1(! 7.?7#1(&?! %$(&.(71I! '$+!
97E+1(7$.!$'!#)I$+7.&QU[!)1F&!I&?!($!1!+&#$99&.?1(7$.!'$+!?78%$81I!1(!?&%()8!$'!
E+&1(&+!()1.!YWW!9&(+&8!7.!()7#3!96?+$#3,!*68871!1I8$!)18!1!91b$+!7.(&+&8(!7.!()&!
?78%$81I! $'! E+1%)7(&! 1.?! "%17.! 1.?! O(1I5! )1F&! E+1%)7(&! +&1#($+8,! -$*2K!
6.?&+8(1.?8! ()1(! ()&! '$+()#$97.E! O0L0! -$Q$+?7.1(&?! *&8&1+#)! G+$b&#(! $.!
E+1%)7(&! J7II! :+7.E! 1II! ()&8&! #$6.(+7&8! ($E&()&+! ($! 8)1+&! &/%&+(78&! 1.?! 7?&18,!
@)&+&! 915! 1I8$! :&! 1! .&&?! '$+! :7I1(&+1I! #$Q$%&+1(7F&! 1%%+$1#)&8V! '$+! &/19%I&!
:&(J&&.!()&!BC!1.?!P+1.#&,!

Other Planned ILW R&D 

0,YY! @)&! N<0a8! RWW[! N&&?8V! *7838! 1.?! M%%$+(6.7(7&8! ?$#69&.(! _N<0V! RWW[:`!
7?&.(7'7&?!8$9&!3&5!7886&8!'$+!*;<,!P$+!O42!()&8&!7.#I6?&?!7.#+&187.E!()&!+1(7$!
$'!J18(&!($!#&9&.(V!79%+$F7.E!E+$6(!%&+#$I1(7$.!()+$6E)!J18(&!1.?!+&?6#7.E!()&!
?7''7#6I(7&8! $'! +&1#(7F&!9&(1I8,! M()&+! .&&?8! )7E)I7E)(&?! 7.#I6?&?! 1I(&+.1(7F&! _:6(!
#)&1%!1.?!+$$9!(&9%&+1(6+&`!91(+7#&8!'$+!O42!J18(&8!()1(!#6++&.(I5!1+&!+&1#(7.E!
J7()! #&9&.(V! 1.! 6.?&+8(1.?7.E! $'! ()&! I$.EQ(&+9!:&)1F7$6+! $'! 8($+&?!J18(&8! 8$!
97.79787.E! ?&E+1?1(7$.V! 1.?! +&9&?71I! 1#(7$.! $.! 8($+&?! 8&1! ?69%! ?+698,! O.!
1??7(7$.!()&!*&F7&J!$'!()&!-6++&.(!"(1(68!$'!B.?&+%7..7.E!*;<!*&I1(7.E!($!O42!
G1#31E&! 4$.E&F7(5! _N&/71V! RWW]`! 7?&.(7'7&?! 7886&8! 7.#I6?7.E^! '17I6+&! #+7(&+71V!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YWW!$'!YSY!



J18(&'$+9! 7.(&E+7(5! 1(! &.?! $'! 8($+1E&! %&+7$?V! $F&+%1#3! 8(+1(&E5! 1.?! +&J$+37.EV!
+&1#(7F&!9&(1I8V! 1I(&+.1(7F&! $%(7$.8! ($! &.#1%86I1(7$.! 1.?! 1I(&+.1(7F&! #$.(17.&+8!
_91(&+71I8i?&87E.`,!!

!
0,YR! -$*2K!:&I7&F&8! ()1(!*;<! 7.($!+&9&?71I!1#(7$.!$.! '17I&?!$+!$6(!$'!8%&#7'7#1(7$.!

%1#31E&8!8)$6I?!:&!1??+&88&?!18!1!%+7$+7(5,!M%(7$.8!)1F&!:&&.!&/197.&?! 7.!1!
+&F7&J!:5!L0!_L0V!RWWS`,!N<0!)18!1I8$!#1++7&?!$6(!8$9&!J$+3!$.!$F&+%1#37.E!
_N<0V!RWWZ1`V!18!)1F&!K1E.$/!87(&8!_K#D6E)V!RWWZ`,!!

Steel Corrosion 

0,YU! 0! +&#&.(! +&F7&J! $'! ()&! I$.EQ(&+9! :&)1F7$6+! $'! ()&! 8(&&I8! 68&?! '$+! O42! 8($+1E&!
#$.(17.&+8!_45$.V!RWWZ`!86%%$+(8!()&!E&.&+1I!188&+(7$.!()1(!()&!#6++&.(!#$.(17.&+!
91(&+71I8!_(5%7#1II5!UY[4!1.?!8$9&!UWT!168(&.7(7#!8(17.I&88!8(&&I8!1I()$6E)!8$9&!
&1+I5! ?+698! J&+&! 97I?! 8(&&I`! J7II! I18(! 867(1:I&! _SWW! 5&1+`! (79&8#1I&8! 7'!
91.6'1#(6+&?! 1%%+$%+71(&I5! 1.?! 8($+&?! 7.! #$.(+$II&?! 1(9$8%)&+7#! #$.?7(7$.8,!
D$J&F&+V!()&+&!J&+&!#$.#&+.8!()1(!I797(&?!$F&+1II!#$.'7?&.#&!7.#I6?7.E!#$.(17.&+!
91(&+71I! 8%&#7'7#1(7$.8V!91.6'1#(6+&!1.?! '17I6+&! #+7(&+71d! 18%&#(8!$'! 7.(&+.1I! 1.?!
&/(&+.1I!#$++$87$.d!1.?!()&!.1(6+&!$'!()&!?&87+&?!8($+1E&!1(9$8%)&+&,!0!8%&#7'7#!
#$.#&+.! 78! ()&! 1:7I7(5! $'! #6++&.(! 8(&&I8! ($! +&878(! 1(9$8%)&+&! 18878(&?! 8(+&88!
#$++$87$.! #+1#37.E! _0"--`! J)7#)! 78! &/1#&+:1(&?! :5! ()&! 81I7.&! 1(9$8%)&+&8!
%+&F1I&.(!1(!91.5!BC!8($+1E&!I$#1(7$.8,!!

!
0,YT! -6++&.(! +&8&1+#)! 78! '$#68&?! $.! 687.E! )7E)! %&+'$+91.#&! ?6%I&/! 1II$5! _97/&?!

168(&.7(&! 1.?! '&++7(&`! 8(17.I&88! 8(&&I8! J)7#)! 1+&! 9$+&! +&878(1.(! ($! 0"--,!
-6++&.(I5V!()&+&!78!.$!.1(7$.1I!%+$E+199&!$'!?&F&I$%7.E!1!87.EI&!:&8(!_7.!(&+98!$'!
#$++$87$.! +&878(1.#&V! #$8(! 1.?! &18&! $'! '1:+7#1(7$.`! #$.(17.&+! 91(&+71I! 1.?!
?7''&+&.(!.6#I&1+!87(&!I7#&.8&&8!68&!?7''&+&.(!8(&&I8,!M()&+!3&5!?+7F&+8!7.!#$.(17.&+!
?&F&I$%9&.(!_-$*2K!?$#,!RUZ[`!1+&!($!91(#)!()&!#$.(17.&+!($!()&!J18(&'$+9!7(!
#$.(17.8! _8$! )7E)! +783! J18(&8! #1.! :&! %1#31E&?! 7.! 1! 9$+&! +$:68(! #$.(17.&+`V!
91(#)7.E! #$.(17.&+8! ($! ()&! 8($+&! 1.?! &F&.(61I! H<P! &.F7+$.9&.(! 1.?!
8(1.?1+?787.E!1.?!879%I7'57.E!#$.(17.&+!?&87E.,! O.!1??7(7$.! '17I6+&!#+7(&+71! '$+! ()&!
#$.(17.&+8! 1+&! .$(! J&II! &8(1:I78)&?!9137.E! 7(! ?7''7#6I(! ($! ?&F&I$%! 1! 81'&(5! #18&!
87.#&V!7.!%+7.#7%I&V!1.5!97#+$8#$%7#!%7.)$I&!#$.8(7(6(&8!'17I6+&,!!

High Temperature Conditioning Processes 

0,YS! @$!?1(&V!)7E)!(&9%&+1(6+&!#$.?7(7$.7.E!%+$#&88&8!)1F&!.$(!:&&.!68&?!7.!()&!BC!
'$+!O42,!@)&5!1+&!68&?!7.!L6+$%&!1.?!)1F&!()&!1?F1.(1E&!$'!%+$?6#7.E!?6+1:I&!
J18(&!'$+98!J7()!I$J!F$I69&8,!O.(&+&8(!7.!86#)!%+$#&88&8!)18!7.#+&18&?!+&#&.(I5,!
P$+! &/19%I&V! \+7(78)! L.&+E5! 78! #$.87?&+7.E! )$(! %+&887.E! '$+! ()&! "7e&J&II! \! 7$.!
&/#)1.E&! +&87.8! _-$*2K! ?$#8,! RTYXV! RTZX`V! 1.?! "&II1'7&I?! 78! #$.87?&+7.E!
()&+91I!(+&1(9&.(!'$+!"OuLG!81.?V!#I7.$%(7I$I7(&!1.?!8I6?E&!_N<0V!RWWZ1`,!@)&8&!
7.F&8(7E1(7$.8!$'!1I(&+.1(7F&8!($!&.#1%86I1(7$.!7.!#&9&.(!1+&!(79&I5,!!

!
Storage Systems 

0,Y[! 0.!7886&!7.!8($+1E&!858(&98!78!()&!:1I1.#&!:&(J&&.!()&!#$.(+7:6(7$.!$'!()&!8($+&!
:67I?7.E!1.?!()1(!$'!()&!#$.(17.&+,!"$9&!8($+&8!_e.g.!()&!LG"Y!8($+&!1(!"&II1'7&I?`!
1+&!91887F&!1.?!%+$F7?&! ()&! +1?71(7$.!8)7&I?7.E! '$+! ()&!%1#31E&8! ()&5!)$I?!:6(!
1+&! &/%&.87F&,! 0I(&+.1(7F&8! 1+&! 879%I&+! J&1()&+%+$$'! 8($+&! :67I?7.E8! J7()! 8&I'Q
8)7&I?&?!#$.(17.&+8V!86#)!18!97.7!8($+&!858(&98V! 7.87?&,!@)&!97.7!8($+&!#$.#&%(!
7.! J)7#)! O42! J18(&! 78! 8($+&?! 7.! +$:68(V! ()7#3QJ1II&?V! 8&I'Q8)7&I?7.E! #18(! 7+$.!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YWY!$'!YSY!



#$.(17.&+8! 78!$.&!$'!8&F&+1I!J)7#)!915!$''&+!9$+&! 'I&/7:7I7(5! 7.! (&+98!$'!8($+1E&!
1.?!?78%$81I!$%(7$.8!:6(!7(!78!1(!1.!&1+I5!8(1E&!$'!?&F&I$%9&.(!7.!()&!BC!#$.(&/(,!
M()&+! +&8&1+#)! 1.?! ?&F&I$%9&.(! 7886&8! '$+! 8($+1E&! 858(&98! :+$6E)(! ($! $6+!
1((&.(7$.! 7.! 9&&(7.E8! J7()! N<0V! "4-8V! \+7(78)! L.&+E5! 1.?! 1(! ()&! O$G! "($+1E&!
*;<!9&&(7.E!_-$*2K!?$#,!RSYX`!7.#I6?&^!

!
!! L8%&#71II5!'$+!$I?&+!&/78(7.E!8($+&8V!)$J!?$!J&!913&!:&((&+!%+&?7#(7$.8!$'!
()&7+!I7'&(79&8V!)$J!#1.!F&.(7I1(7$.!858(&98!:&!79%+$F&?V!)$J!#1.!#$.?7(7$.8!
7.!()&!8($+&!:&!:&((&+!9$.7($+&?!1.?!:&((&+!1++1.E&9&.(8!:&!7.(+$?6#&?!'$+!
7.8%&#(7.E!J18(&!%1#31E&8=!

!! P$+!'6(6+&!8($+&8V!J)$!78!%&+'$+97.E!*;<!$.!()&!.&J&+!97.7Q8($+&!#$.#&%(!
.$J!:&7.E!#$.87?&+&?=!

!! O'!"#$(I1.?!%I1.8!&/(&.?&?!.&1+Q87(&V!.&1+Q86+'1#&!8($+1E&!18!1.!$%(7$.!7.!7(8!
$J.!+7E)(!()&.!*;<!J7II!:&!.&&?&?!($!?&F&I$%!1%%+$%+71(&!#$.#&%(8!1.?!
?&(17I&?!?&87E.8,!

!
0,Y]! @)&! '7+8(! %$7.(! 78! )7E)I7E)(&?! 7.! %1+1E+1%)8! U,U[QU,UZ! $'! ()&! -$*2K! O.(&+79!

"($+1E&!+&%$+(!_-$*2K!?$#,!RSWW`!J)7#)!#$F&+8!()&!I1#3!$'!867(1:I&!1(9$8%)&+&!
#$.(+$I! 7.! 8$9&! $I?&+! 8($+&8,! @)78! )18! I&?! ($!J18(&! #$.(17.&+! #$++$87$.! ()1(! 78!
'18(&+! ()1.! ()1(!&.F781E&?!J)&.! ()&!4$-!J18! 7886&?V!?6&! 7.! I1+E&!%1+(! ($!81I(5!
#$18(1I! 1(9$8%)&+&8,! 08! 1! +&86I(! 7(! 78! 9$+&! I73&I5! ()1(! +&9&?71I! 1#(7$.! _e.g.!
$F&+%1#37.E! J7II! &F&.(61II5! :&! .&&?&?! %+7$+! ($! J18(&! (+1.8%$+(! 1.?! ?78%$81I,!
@)&+&! 78! 1! .&&?! ($! 188&88! $%(7$.8! '$+! 79%+$F7.E! F&.(7I1(7$.! 858(&98! 1.?! '$+!
9$.7($+7.E!1(9$8%)&+7#!#$.?7(7$.8!7.!8($+&8!J)&+&!86#)!#$.?7(7$.8!&/78(!$+!#$6I?!
$##6+! 7.! '6(6+&,! O(! 78!1I8$!&88&.(71I! ()1(!.&J!8($+1E&!858(&98!1+&!?&87E.&?!J7()!
1%%+$%+71(&!F&.(7I1(7$.!1.?!1(9$8%)&+&!9$.7($+7.E!%+$F787$.8,!@)&5!8)$6I?!1I8$!
)1F&!1%%+$%+71(&!1++1.E&9&.(8!1.?!+&E79&8!'$+!9$.7($+7.E!1.?!7.8%&#(7.E!J18(&!
%1#31E&8,! @)&! 7.?68(+5! +&#$E.78&8! 7(! 78! .$(! 1:I&! ($! #1++5! $6(! 9$+&! ()1.! F&+5!
I797(&?! 7.8%&#(7$.!$.!O42!%1#31E&8! 7.!8$9&!8($+&8!1.?!()1(!*;<!78!+&>67+&?!($!
?&F&I$%! +&9$(&! 9$.7($+7.E! 1.?! 7.8%&#(7$.! (&#).7>6&8! _-$*2K! ?$#,! R[UW`,!
"$9&! $'! ()&8&! %$7.(8! 1+&! +&#$E.78&?! 7.! ()&! N<0! BC! 8($+1E&! +&F7&J! _N<0V!
RWWX?`,!

!
0,YZ! P6+()&+! *;<! 78! .&&?&?! ($! ?&9$.8(+1(&! ()1(! &/78(7.E! 8($+&8! J7II! 1#)7&F&! ()&!

?&87E.! I7F&8! #I179&?! '$+! ()&9! 1.?! ($! 188&88! J)&()&+! ()&8&! I7F&8! #1.! :&!
&/(&.?&?V! 1.?! 7'! 8$! :5! )$J! 96#),! O'! #$.(+$II&?! 1(9$8%)&+&! 8($+&8! 1+&! ($! :&!
+&>67+&?! '$+!91.5!?&#1?&8V!*;<! 7.($!1(9$8%)&+&Q7.?&%&.?&.(!%1#31E&8! _86#)!
18! #&+197#! $F&+%1#38`!915! :&! .&&?&?,! @)&! $%(7$.! $'! 687.E! $'! 86#)!%1#31E&8!
#$6I?!()&.!:&!#$9%1+&?!J7()!()&!#$.(+$II&?!1(9$8%)&+&!$%(7$.,!
!

Management of Spent Fuels 

0,YX! @)&!&/78(7.E!1.?!#$997((&?!BC!7.F&.($+5!$'!8%&.(!$+!68&?!.6#I&1+!'6&I8!#1.!:&!
?7F7?&?! 7.($! #1(&E$+7&8! ?&%&.?7.E! $.! (5%&! 1.?! 8$6+#&,! @)&! #1(&E$+7&8! 1+&^!
K1E.$/! '6&IV! 1?F1.#&?! E18! #$$I&?! +&1#($+! _0H*`V! %+&886+78&?! J1(&+! +&1#($+!
_G2*`! '6&IV! f&/$(7#g! '6&I8!1.?!K$<!'6&I8,!@)&!#6++&.(!91.1E&9&.(!8(+1(&E5! '$+!
&1#)!78!86991+78&?!:&I$J!1I$.E!J7()!()&!+&I1(&?!#6++&.(!1.?!%I1..&?!*;<!1.?!
1+&18! 7.! J)7#)! '6+()&+! *;<! 78! I73&I5! ($! :&! .&&?&?! 1+&! )7E)I7E)(&?,! 0.! $%(7$.!
+&I1(&?!($!()&!I$.EQ(&+9!91.1E&9&.(!$'!8%&.(!'6&I8!()1(!78!+1%7?I5!E17.7.E!'1F$6+!
78!?+5!8($+1E&!1.?!*;<!7886&8!#$..&#(&?!($!()78!1+&!1I8$!7?&.(7'7&?!:&I$J,!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YWR!$'!YSY!



Magnox Fuel 

0,RW! K1E.$/! '6&I! #$.878(8! $'! 6+1.769! 9&(1I! 7.! 1! 91E.&8769Q1II$5! #I1??7.E,! @)&!
N<0o8! #6++&.(! 8(+1(&E5V! 18! &9:$?7&?! 7.! ()&! K1E.$/! M%&+1(7.E! GI1.V! KMGZ!
_N<0V!RWWX&`!78!($!+&%+$#&88!1II!8%&.(!K1E.$/!'6&I,!@)&!BC!O.F&.($+5!7.?7#1(&8!
()1(! 1+$6.?! SVZWW! ($..&8! _)&1F5! 9&(1IV! (DK`! $'! K1E.$/! '6&I! +&917.8! ($! :&!
+&%+$#&88&?! _<&'+1iN<0V! RWWZ:`,! "$9&! $'! 7(! 78! 7.! $%&+1(7.E! +&1#($+8V! 8$9&! 7.!
(&9%$+1+5!?+5!8($+1E&!7.!8)6(Q?$J.!+&1#($+8!1.?!7.!()&!25I'1!?+5!8($+&V!1.?!()&!
+&8(! 78! 8($+&?! 6.?&+! J1(&+V! 917.I5! 1(! "&II1'7&I?,! @)&! +&%+$#&887.E! 8(+1(&E5! 78!
#$.(7.E&.(!6%$.!()&!"&II1'7&I?!K1E.$/!*&%+$#&887.E!GI1.(!#$.(7.67.E!($!$%&+1(&!
6.(7I!1II!K1E.$/!8%&.(!'6&I!()1(!#1.!:&!+&%+$#&88&?!)18!:&&.,!H7F&.!()&!&I?&+I5!
.1(6+&! $'! ()&!K1E.$/! *&%+$#&887.E! GI1.(V! #$.87?&+1:I&! &''$+(! 1.?! +&8$6+#&! 78!
:&7.E! &/%&.?&?! $.! 3&&%7.E! 7(! $%&+1(7.E! :6(! ()&! %$887:7I7(5! $'! #)+$.7#! $+! 1#6(&!
'17I6+&! :&'$+&! +&%+$#&887.E! 78! #$9%I&(&?! _#6++&.(I5! %+$b&#(&?! 18! RWY[`!968(! :&!
#$.87?&+&?!_-$*2K!?$#,!RSRW`,!!

!
0,RY! 0##$+?7.EI5V!#$.(7.E&.#5!%I1.8!'$+!1.5!6.Q+&%+$#&88&?!K1E.$/!'6&I!1+&!+&>67+&?!

_-$*2K! ?$#,! RSRW`,! @)&! N<0! 78! 7.F&8(7E1(7.E! ()&8&! _N<0V! RWWZ?d! -$*2K!
?$#8,!RTYZV!RSWWV!R[RT`!1I$.E!()+&&!%+7.#7%1I!I7.&8V!.19&I5^!

!
!! Reprocessing through the Thermal Oxide Reprocessing Plant (THORP)!J7()!
()&! +&#$F&+&?! 6+1.769! 1.?! %I6($.769! 1.?! ()&! 188$#71(&?! D42! :&7.E!
91.1E&?!7.!()&!819&!J15!18!$()&+!@DM*G!%+$?6#(8,!@)78!J$6I?!:&!?7''7#6I(!
1.?!#$8(I5V!&.(17I7.E!9$?7'7#1(7$.!($!()&!@DM*G!)&1?!&.?V!1.?!J$6I?!+&>67+&!
87E.7'7#1.(! *;<! '$+! ()&! .&#&881+5! 1?1%(1(7$.8! $'! ()&! @DM*G! %+$#&88,! O(!
J$6I?!1I8$!?78+6%(!1.?!%+$I$.E! ()&!@DM*G!%+$E+199&,!P$+! ()&8&!+&18$.8!
()78!$%(7$.!78!#6++&.(I5!o8)&IF&?o!:5!()&!N<0,!

!! Dry storage followed by geological disposal.! @)78! .&#&887(1(&8! ?+57.E! ()&!
8%&.(!'6&I!:&'$+&!%I1#7.E!7(!7.!$.&!$'!()&!%+&'&++&?!'$+98!$'!?+5!8($+1E&!_%1+1!
0,UT`,!0.!7886&!78!)$J!?+5!($!913&!()&!'6&I,!@)&+&!78!1(!%+&8&.(!.$!#1%1:7I7(5!
7.! ()&! BC! '$+! ?+57.E! 8%&.(! '6&I! $'! 1.5! 37.?! $.! 1! I1+E&! 8#1I&! :6(! ()&+&! 78!
#$.87?&+1:I&!&/%&+7&.#&!7.!$()&+!#$6.(+7&8,!@)&!J$+3!1(!D1.'$+?!7.!()&!B"0V!
J)&+&!9&(1I!'6&I8!)1F&!:&&.!86##&88'6II5!?+7&?!18!1!%+&I6?&!($!?+5!8($+1E&!
1.?!&F&.(61I!?78%$81IV!78!$'!+&I&F1.#&!($!K1E.$/!'6&I,!0I()$6E)!()&!D1.'$+?!
%+$#&88! )18! :&&.! 8)$J.! ($! :&! F71:I&V! &F&.! '$+! 8&+7$68I5! #$++$?&?! '6&I!
&I&9&.(8V! 7(! 78! 6.I73&I5! 7(! #$6I?! :&! (+1.8'&++&?! ($! ()&! BC! '$+! K1E.$/! '6&I!
J7()$6(! 86:8(1.(71I! *;<! _-$*2K! ?$#,! RSRW`,! @)&! D1.'$+?! &/%&+7&.#&! 78!
J7()!89$$()!e7+#1I$5!#I1?!9&(1I! '6&I,! O.!#$.(+18(V!K1E.$/! '6&I!#I1??7.E!)18!
I1+E&!'7.8!J)7#)!+&86I(!7.!1!96#)!)7E)&+!86+'1#&!1+&1,!K1E.$/!'6&I!#I1??7.E!
78! #$.87?&+1:I5! 9$+&! +&1#(7F&! ()1.! e7+#1I$5! 1.?! )&.#&! 78! 96#)! 9$+&!
868#&%(7:I&!($!#$++$87$.!7.!J1(&+,!O.!1??7(7$.V!#1+:$.1#&$68!?&%$87(8V!J)7#)!
915!:&!%1+(7#6I1+I5!?7''7#6I(!($!?+5!$6(V!1+&!$'(&.!'$6.?!$.!K1E.$/!'6&I,!<6&!
($! ()&!%$(&.(71I! '$+!#$.(7.6&?!+&1#(7F7(5!$'!6+1.769!9&(1I! '6+()&+!*;<!J$6I?!
:&! .&&?&?! $.! %1#31E7.E! ()&! ?+7&?! %+$?6#(! '$+! 8($+1E&! 1.?! E&$I$E7#1I!
?78%$81I!7.!1!BC!'1#7I7(5!_-$*2K!?$#,!RSWW`,!M6+!6.?&+8(1.?7.E!78!_-$*2K!
?$#8,!RTYZV!RSRUV!R[RT`!()1(!()&!N<0!78!'6.?7.E!8$9&!*;<!7.($!()&!?+57.E!
$'! K1E.$/! '6&I! 1.?! 7.($! %1#31E7.E! 7(! '$+! ?78%$81IV! 1.?! J7II! &F1I61(&! ()78!
$%(7$.!8)$+(I5!J7()!1!F7&J!($!%6+867.E!7(!'6+()&+,!

!! Encapsulation in preparation for interim storage and geological disposal.!
L/%&+7&.#&!J7()!&.#1%86I1(7$.!$'!+&I1(7F&I5!891II!19$6.(8!$'!+&1#(7F&!9&(1I8!
86#)!18!6+1.769!)18!8)$J.!()1(!&/78(7.E!#&9&.(!'$+96I1(7$.8!J$6I?!.$(!:&!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YWU!$'!YSY!



867(1:I&! '$+!6+1.769!9&(1I! '6&I8,! O(!J$6I?! ()68!:&!.&#&881+5! ($! #1++5!$6(!1!
86:8(1.(71I!_1.?!86##&88'6I`!%+$E+199&!$'!*;<!7.($!.&J!&.#1%86I1.(8V!86#)!
18! %$I59&+8V! EI188&8! 1.?! 1I(&+.1(7F&! #&9&.(8V! :&'$+&! ()78! $%(7$.! #$6I?! :&!
%6+86&?,!@)78!J$6I?!.&&?! ($! 7.#I6?&!*;<!($!?&9$.8(+1(&! ()1(! ()&!8&I&#(&?!
&.#1%86I1(7$.!858(&9!J18!867(1:I&!'$+!E&$I$E7#1I!?78%$81I,!

!
0,RR! LF&.! 7.! ()&! &F&.(! ()1(! ()&! +&%+$#&887.E! 8(+1(&E5! %+$#&&?8! ($! o#$9%I&(7$.oV! 7(! 78!

7.&F7(1:I&!()1(!()&+&!J7II!:&!8$9&!8%&.(!K1E.$/!'6&I!()1(!#1..$(!:&!+&%+$#&88&?!
_<&'+1! ;! N<0V! RWWZ1`,! O.! %1+(7#6I1+V! ()&! #$++$?&?! 1.?! ?&E+1?&?! '6&I! '+$9! ()&!
I&E1#5!%$.?8!1.?!87I$8!1(!"&II1'7&I?!_-$*2K!?$#8,!RTYZV!RSRW`!J7II!)1F&!($!:&!
(+&1(&?! 18! J18(&,! *;<! 78! 7.! %+$E+&88! $.! 867(1:I&! #$.?7(7$.7.E! 1.?! %1#31E7.E!
$%(7$.8! '$+! I&E1#5! %$.?8! 1.?! 87I$8! J18(&V! 7.! %1+1II&I! J7()! ()&! ?&F&I$%9&.(! $'!
9&()$?8!($!+&(+7&F&! 7(! _-$*2K!?$#,!RSRWd!N<0V!RWWZ1`,!*&?6#7.E!()&!)1e1+?8!
188$#71(&?!J7()! ()&! "&II1'7&I?! I&E1#5! %$.?8! 1.?! 87I$8! )18! :&&.! 7?&.(7'7&?! 18! 1!
91((&+!$'!6+E&.#5!:5!()&!+&E6I1($+8!1.?!N<0!)18!%+7$+7(78&?!'6.?7.E!($!6.?&+(13&!
()&!.&#&881+5!J$+3!18!>67#3I5!18!%$887:I&!_N<0V!RWWX1V!?`,!

AGR Fuel  

0,RU! 0H*! '6&I! #$.878(8! $'! I$JQ&.+7#)&?! 6+1.769! $/7?&! %&II&(8! 7.! 8(17.I&88! 8(&&I!
#I1??7.E!J7()!E+1%)7(&!8I&&F&8,!P$+!91.1E&9&.(!%6+%$8&8! 7(! 78!?7F7?&?! 7.($! (J$!
(+1.#)&8V! +&'&++&?! ($! 18! t)78($+7#t! 1.?! t.&Jt! _-$*2K! ?$#,! RTYX`,! @)&! '$+9&+!
7.#I6?&8!1II!0H*! '6&I! I$1?&?! 7.($! +&1#($+8!$.!1.?!:&'$+&!YT!c1.61+5!RWWS!1.?!
()&! I1((&+!1II! '6&I! I$1?&?!1'(&+! ()1(!?1(&,!@)&!)78($+7#!0H*!'6&I! 78! ()&!%+$%&+(5!$'!
\+7(78)! L.&+E5! 1.?! 1:$6(! ()+&&! >61+(&+8! $'! 7(! 78! #$.(+1#(&?! '$+! +&%+$#&887.E!
()+$6E)!@DM*G!J7()!()&!+&8(!#$.(+1#(&?!($!()&!N<0!($!8($+&!$+!+&%+$#&88!1(!()&7+!
?78#+&(7$.,! @)&! .&J! 0H*! '6&IV! 7.#I6?7.E! 1.5! 1+787.E! '+$9! &/(&.87$.8! $'! 0H*!
I7'&(79&8V!78!#$.(+1#(&?!($!()&!N<0!($!91.1E&!18!()&5!8&&!'7(,!!

!
0,RT! P$+!&#$.$97#!+&18$.8V! 7(! 78!6.I73&I5!()1(!@DM*G!J7II!#$.(7.6&!$%&+1(7$.!:&5$.?!

7(8!:18&I$1?! +&%+$#&887.E! _?6&!:5!RWYS`!1.?! 7(! 78!%+&?7#(&?! ()1(!:&(J&&.!SVSWW!
_<&'+1iN<0V!RWWZ:`!1.?!]VWWW!_-$*2K!?$#,!RSRW`!(DK!$'!0H*!8%&.(! '6&I!J7II!
+&917.!7.!8($+1E&!1(!"&II1'7&I?,!@)&!#6++&.(!%I1.!'$+!0H*!8%&.(!'6&I!78!&88&.(71II5!
'$+! 7(! ($! +&917.! 7.! %$.?! 8($+1E&,! 0%1+(! '+$9! #1%1#7(5! 7886&8V! ()78! 78! .$(! 1!
81(78'1#($+5! I$.EQ(&+9!8(+1(&E5!1.?! 7(! 78! 7.#69:&.(!6%$.!()&!N<0!($!?&F&I$%!1.!
1I(&+.1(7F&,!!

!
0,RS! 0H*! 8%&.(! '6&I! 78! 8($+&?! 7.! %$.?8! 1(! "&II1'7&I?,! "$9&! $'! 7(! 78! 7.! ()&! @DM*G!

*&#&7%(!1.?!"($+1E&!%$.?!1I$.E87?&!_$F&+8&18!$J.&?`!I7E)(!J1(&+!+&1#($+!_42*`!
8%&.(! '6&I! 1.?!1! I1+E&!.69:&+!$'! &9%(5!96I(7Q&I&9&.(! :$((I&8,!@)&!%$.?!J1(&+!
#)&978(+5! #1..$(! :&! 3&%(! 86''7#7&.(I5! 1I31I7.&! ($! %+&F&.(! #$++$87$.! $'! ()&! 8(&&I!
#I1??7.E! $.! ()&! 0H*! '6&I! 1.?! ()&+&! 78! 1! +783! $'! I&131E&! 7.($! ()&! %$.?! J1(&+,!
"&II1'7&I?! 4(?! )18! 7.(+$?6#&?! 8)$+(Q(&+9! 9&186+&8! ($! 91.1E&! ()&! 87(61(7$.V!
7.#I6?7.E!()&!%+7$+7(781(7$.!$'!+&%+$#&887.E!'$+!#$++$?&?!0H*!'6&I!_-$*2K!?$#8,!
RUZ[V!RSRW`!1.?!J$+3!78!7.!%+$E+&88!($!'7.?!1!I$.E&+Q(&+9!8$I6(7$.,!!

!
0,R[! O.! +&8%$.8&! ($! ()&! +&E6I1($+8V! ()&!N<0! 78! ?&F&I$%7.E! 1.! f$/7?&! '6&I8! 8(+1(&E5g!

_N<0V!RWWX?d!-$*2K!?$#8,!RTYZV!RSRWV!R[RT`!7.!J)7#)!7(!J7II!8&(!(1+E&(8!'$+!)$J!
96#)!$'!()&!+&917.7.E!0H*!'6&I!J7II!:&!+&%+$#&88&?!1.?!)$J!1.?!J)&+&!()&!+&8(!
J7II!:&!8($+&?,!@)&!:18&I7.&!%I1.!78!J&(!8($+1E&!%&.?7.E!#$.?7(7$.7.E!'$+!?78%$81IV!
J7()!?+5!8($+1E&!:&7.E!I$$3&?!1(!18!1.!$%(7$.,!D$J&F&+V!()78!J$6I?!+&>67+&!?+57.E!
$'! ()&! '6&I!J)7#)!)18!:&&.! 8($+&?!6.?&+!J1(&+,!08!J7()!K1E.$/! 8%&.(! '6&IV! .$!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YWT!$'!YSY!



#1%1:7I7(5!&/78(8!7.!()&!BC!'$+!?$7.E!()78!1.?!1!86:8(1.(71I!%+$E+199&!$'!*;<!J7II!
:&!.&&?&?!7.!$+?&+!($!%6+86&!()&!?+5!8($+1E&!$%(7$.,!!

!
0,R]! @)&+&!)18!:&&.!96#)!*;<!7.!$()&+!#$6.(+7&8!$.!()&!#$.?7(7$.7.E!1.?!%1#31E7.E!

$'! 42*! 8%&.(! '6&I! '$+! E&$I$E7#1I! ?78%$81I! :6(! ()&+&! 1+&! 87E.7'7#1.(! ?7''&+&.#&8!
:&(J&&.! ()&8&! '6&I8! 1.?! 0H*! '6&I! _-$*2K! ?$#8,! RTZWV! RSRWV! RSUU`,! O(! 78! $'!
8$9&!#$.#&+.!()1(!+&I1(7F&I5!I7((I&!*;<!)18!:&&.!6.?&+(13&.!7.($!()&!#$.?7(7$.7.E!
1.?! %1#31E7.E! $'! 0H*! 8%&.(! '6&I! '$+! E&$I$E7#1I! ?78%$81I! _e.g.! -$*2K! ?$#,!
RSRW`,! N<0! )18! 7.F&8(7E1(&?! J)&()&+! ()&! "J&?78)! C\"QU! #$.#&%(! #$6I?! :&!
1?1%(&?! '$+! ()78! %6+%$8&! 1.?! )18! 7?&.(7'7&?! *;<! +&>67+&9&.(8! '$+! 86#)!
1?1%(1(7$.!_-$*2K!?$#,!R[UW`,!0.$()&+!%$887:7I7(5!J$+()!7.F&8(7E1(7.E!#$6I?!:&!
()&!&.#1%86I1(7$.!$'!0H*!'6&I!%7.8! 7.! I&1?V!18!)18!:&&.!%+$%$8&?!_H7::!et al.,!
RWWZ`! 18! 1! %+&I6?&! ($! ()&! E&$I$E7#1I! ?78%$81I! $'! 42*! 8%&.(! '6&I! %7.8,! M()&+!
7886&8! I73&I5! ($! :&! 79%$+(1.(! 7.#I6?&! ()&! (5%&! $'! #1.78(&+! ($! :&! 68&?! 1.?! ()&!
I&1#)7.E!:&)1F7$6+!$'!()&!'6&I!$.#&!7(!#$9&8!7.($!#$.(1#(!J7()!E+$6.?J1(&+,!!

!
0,RZ! 27()$6(! ?&9$.8(+1(7.E! ()1(! E&$I$E7#1I! ?78%$81I! $'! 0H*! 8%&.(! '6&I! 78! '&187:I&V!

0H*!'6&I!8(+1(&E7&8!1+&!7.#$9%I&(&,!H7F&.!()&!19$6.(!$'!8%&.(!0H*!'6&I!I73&I5!($!
+&>67+&! ?78%$81I! 1.?! ()&! '1#(! ()1(! 7(! 78! 1I9$8(! 6.7>6&! ($! ()&! BCV! 7(! J$6I?! :&!
8&.87:I&! ($!E7F&!0H*! '6&I!%+7$+7(5! 7.!1.5!N<0i*2K<!*;<!%+$E+199&! 7.($! ()&!
E&$I$E7#1I!?78%$81I!$'!8%&.(!'6&I8V!7.#I6?7.E!(+1.8%$+(!($!1!H<P,!!

PWR Fuel 

0,RX! G2*!'6&I!#$.878(8!$'!I$JQ&.+7#)&?!6+1.769!$/7?&!%&II&(8!7.!1!e7+#1I$5!#I1??7.E,!0(!
%+&8&.(!7(! 78!68&?!7.!()&!BC!$.I5!1(!"7e&J&II!\V!J)&+&!()&!8%&.(!'6&I!78!8($+&?!7.!
()&!'6&I!%$.?,!MF&+!()&!8#)&?6I&?!TWQ5&1+!I7'&(79&!$'!()&!+&1#($+!7(!78!&/%&#(&?!($!
E&.&+1(&!1+$6.?!YVRWW!(DK!$'!8%&.(! '6&I!_<&'+1!;!N<0V!RWWZ:`V!J)7#)!+&917.8!
()&! +&8%$.87:7I7(5! $'! \+7(78)! L.&+E5,! \+7(78)! L.&+E5! )18! .$! %I1.8! ($! +&%+$#&88!
"7e&J&II!\!8%&.(!'6&I!_-$*2K!?$#,!RTZX`,!O(!78!#6++&.(I5!8&&37.E!($!7.#+&18&!()&!
1%%+$F&?!#1%1#7(5!$'!()&!"7e&J&II!8($+1E&!%$.?!:5!+&Q+1#37.E!:6(!()&!%$(&.(71I!'$+!
'6+()&+!7.#+&18&!78!I797(&?,!!

!
0,UW! \+7(78)!L.&+E5! 78!#6++&.(I5! 7.F&8(7E1(7.E!?+5!8($+1E&!_-$*2K!?$#8,!RTYXV!RTZX`!

J7()!1!F7&J!($!)1F7.E!f?+5!#183g!8($+1E&!_%1+1!0,US`!$.!87(&!1(!"7e&J&II!:5!RWYS,!
<+57.E!$'!G2*!'6&I!78!96#)!879%I&+!()1.!?+57.E!K1E.$/!$+!0H*!'6&I!:&#168&!$'!
7(8! +$:68(! e7+#1I$5! #I1??7.E,! G2*! 8%&.(! '6&I! 78! ?+5! 8($+&?! 7.! 8&F&+1I! $()&+!
#$6.(+7&8V! %1+(7#6I1+I5! ()&! B"0V! 1.?! \+7(78)! L.&+E5! 8&&8! 1.! $%%$+(6.7(5! ($! :65!
7.($! o$''! ()&! 8)&I'o! (&#).$I$E5,! 0! '6+()&+! 7886&! +&I1(&8! ($! ()&! '1(&! $'! ()&! 8($+&?!
8%&.(!'6&I,!@)&+&!J7II!.&&?!($!:&!*;<!$.!#$.?7(7$.7.E!1.?!%1#31E7.E!"7e&J&II!\!
8%&.(!'6&I!'$+!E&$I$E7#1I!?78%$81IV!1.?!()78!8)$6I?!(13&!7.($!1##$6.(!()&!&/(&.87F&!
+&8&1+#)!#1++7&?!$6(!7.!$()&+!#$6.(+7&8!$.!E&$I$E7#1I!?78%$81I!$'!G2*!'6&I8,!

Exotic Fuels 

0,UY! K&(1IV!$/7?&!1.?!#1+:7?&!'6&I8!'+$9!1!.69:&+!$'!&/%&+79&.(1I!1.?!$()&+!+&1#($+8V!
86#)! 18! ()&! 27.?8#1I&! G7I&8! 1.?! ()&! <$6.+&15! P18(! *&1#($+! _<P*`! 1.?!
G+$($(5%&!P18(!*&1#($+! _GP*`V! 1+&! E+$6%&?! ($E&()&+! 18! j&/$(7#a! '6&I8,!\18&I7.&!
%I1.8! '$+! ()&! 91.1E&9&.(! $'! ()&8&! &/78(! :6(! 1+&! %$$+I5! 6.?&+%7..&?! :5! *;<!
_-$*2K! ?$#,! RSRW`! 1.?! ()&! N<0! 78! .$J! ?&F&I$%7.E! 1.! &/$(7#! '6&I8! 8(+1(&E5!
_-$*2K!?$#,!R[RT`,!<&1I7.E!J7()!86#)!1!J7?&!+1.E&!$'!91(&+71I8! 78!1!#$9%I&/!
%+$:I&9!1.?! 7(! 78!1!91((&+!$'!8$9&!6+E&.#5! ($! 7?&.(7'5! ()&!%+&'&++&?!$%(7$.8! '$+!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YWS!$'!YSY!



8$9&! $'! ()&9V! 86#)! 18! ()&! <P*! '6&IV! :&#168&! ()&5! #$6I?! 7.F$IF&! 6(7I787.E! ()&!
K1E.$/! *&%+$#&887.E! GI1.(! $+! @DM*GV! :$()! $'! J)7#)! )1F&! I797(&?! I7'&!
&/%&#(1.#5,!<P*!:+&&?&+!'6&I!)18!:&&.!68&?!18!1.!&/19%I&!$'!()&!1%%+$1#)!($!
:&! '$II$J&?! 1.?! ()&! %+&'&++&?! 8(+1(&E5! '$+! 7(! )18! :&&.! 7?&.(7'7&?! ($! :&!
+&%+$#&887.E!7.!()&!K1E.$/!%I1.(!1(!"&II1'7&I?!_-$*2K!?$#,!RSRU`,!0(!%+&8&.(!7(!
78!6.#I&1+!J)7#)!$'!()&!$()&+!&/$(7#!'6&I8!#1.!:&!+&#5#I&?!1.?!J)7#)!J7II!)1F&!($!
:&! ?&#I1+&?! 18! J18(&! _8$9&V! 86#)! 18! ()&!27.?8#1I&! G7I&8! '6&IV! 1I+&1?5! )1F&!
_<&'+1!;!N<0V!RWWZ1``,!

!
0,UR! -$*2K!1E+&&8!J7()! ()&!N<0!()1(! 7(! 78! 79%$+(1.(! ($!)1F&!%I1.8! '$+!?&1I7.E!J7()!

&/$(7#! '6&I8V! 8$! ()1(! %I1.(V! 7.'+18(+6#(6+&! 1.?! *;<! +&>67+&9&.(8! 1+&! #I&1+!
_-$*2K!?$#,!RSWW`,!!

MoD Used Fuel 

0,UU! N1F1I! G2*! '6&I! #$.878(8! $'! e7+#$.769Q#I1?! )7E)I5! &.+7#)&?! 6+1.769,! @)&! 68&?!
'6&I! 78!8($+&?!6.?&+!J1(&+!1(!"&II1'7&I?!$.!:&)1I'!$'!K$<V!J)7#)!+&E1+?8!7(!18!1.!
188&(V!:6(!)18!.$!#6++&.(!%I1.8! '$+! +&%+$#&887.E!$+!1.5()7.E!:&5$.?! ()&!8(1(68!
>6$,!*&%+$#&887.E!$'!86#)!)7E)I5!&.+7#)&?!'6&I!#$6I?!%+$F&!?7''7#6I(!1.?!#$6I?!.$(!
:&! 6.?&+(13&.! J7()$6(! 1! %+$E+199&! $'! *;<,! @)&! 8($+&?! '6&I! 78! 8)$J7.E! .$!
&F7?&.#&! $'! #$++$87$.! 8$! ()&+&! 78! I&88! 6+E&.#5! '$+! ?&#787$.8! ($! :&! 91?&!
#$9%1+&?! ($! $()&+! '$+98! $'! .6#I&1+! '6&Id! :6(! 7(! #1..$(! +&917.! 7.! 8($+1E&!
7.?&'7.7(&I5,!O(!78!&.#$6+1E7.E!()1(!()&!K$<!78!b$7.7.E!()&!N<0!E+$6%8!_86#)!18!()&!
"(+1(&E5! <&F&I$%9&.(! 1.?! <&I7F&+5! H+$6%! 1.?! ()&! "%&.(! P6&I! 1.?! N6#I&1+!
K1(&+71I8!@$%7#!MF&+F7&J!H+$6%`!()1(!?&1I!J7()!8%&.(!'6&I!91.1E&9&.(!_-$*2K!
?$#8,!RSRUV!RSWW`,!

Dry Storage of Spent Fuels 

0,UT! K1E.$/!1.?!0H*!'6&I8!1+&!?&87E.&?!'$+!68&!7.!?+5!&.F7+$.9&.(8,!@)&5!#1.!$.I5!
:&! 8($+&?! 6.?&+J1(&+! '$+! I797(&?! %&+7$?8! :&#168&! $'! ()&! +783! $'! #$++$87$.! 1.?!
?&E+1?1(7$.,! -$.(+$I! $'! ()&! J1(&+! #)&978(+5! #1.! +&?6#&! ()&8&! &''&#(8! :6(! 78!
#$9%I&/V!&8%&#71II5!J)&+&!?7''&+&.(!(5%&8!$'!'6&I!1.?!$()&+!91(&+71I8!1+&!%+&8&.(!
7.!()&!819&!%$.?,!<+5!8($+1E&!78!1.!1I(&+.1(7F&!()1(!78!7.!68&!'$+!8%&.(!'6&I8!7.!1!
.69:&+!$'!#$6.(+7&8V!&8%&#71II5! '$+!42*!'6&I8,! O(!)18!1I8$!:&&.!68&?! 7.! ()&!BC!
:6(!$.I5!$.!1!F&+5!I797(&?!8#1I&!1.?!9$8(I5!'$+!'6&I8!()1(!)1F&!.$(!:&&.!%+&F7$68I5!
8($+&?!7.!%$.?8!_-$*2K!?$#,!RTZW`,!O(!78!%$(&.(71II5!#)&1%&+!()1.!%$.?!8($+1E&V!
97.7978&8! ?&E+1?1(7$.! 1.?! J$6I?! :&! 1.! 1%%+$%+71(&! %+&#6+8$+! ($! E&$I$E7#1I!
?78%$81I,!

!
0,US! @)&! 8%&.(! '6&I! 78! ?+7&?V! 6861II5! J7()! )$(! 17+V! 1.?! 8&1I&?! 7.($! 8(&&I! #$.(17.&+8!

6.?&+! 1.! 7.&+(! 1(9$8%)&+&! _e.g.V! )&I769V! .7(+$E&.`,! @)&! #$.(17.&+8! 1+&! ()&.!
8($+&?! &7()&+! 7.! 9$?6I1+! #$.#+&(&! F16I(8! _#1II&?! o87I$8o! 7.! ()&! B"0`! $+! 7.! '+&&Q
8(1.?7.E! #1838! $'! #$.#+&(&V! 8(&&I! $+! $()&+! 91(&+71I8,! r16I(! 858(&98! 1+&!
86:8(1.(71I! :67I?7.E8V! $'(&.! %1+(I5! :&I$J! E+$6.?V! 7.! J)7#)! ()&! #$.(17.&+8! 1+&!
8($+&?! 7.! F&+(7#1I! (6:&8! #$$I&?! :5! %1887F&! :6$51.(! 1?F&#(7.E! 17+! ()1(! ?$&8! .$(!
#$9&!7.($!#$.(1#(!J7()!()&!8%&.(!'6&I,!@)&8&!#1.!:&!#$.8(+6#(&?!7.!RQU!5&1+8,!0.!
&/19%I&!$'!86#)!1!858(&9!78!()&!G138!Kr<"!%+$b&#(!7.!D6.E1+5,!-1838!1+&!I1+E&!
#5I7.?&+8V!6861II5!$'!#$.#+&(&!1.?!8(&&IV!1.?!#1.!:&!?&87E.&?! '$+!F&+(7#1I! _9$+&!
6861I`! $+! )$+7e$.(1I! 8($+1E&,!@)&5!1+&! #$$I&?!:5! #$.F&#(7$.!1.?!)&1(! +1?71(7$.!
'+$9!()&7+!$6(&+!86+'1#&!1.?!915!:&!8($$?!$.!$6(?$$+!?78%&+81I!%1?8!_8797I1+!($!1!
'&.#&?! #1+! %1+3`! &/%$8&?! ($! ()&! &I&9&.(8! 7.! +&9$(&! 1+&18! $+! 7.87?&! 1! 879%I&V!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YW[!$'!YSY!



%6+%$8&Q:67I(!:67I?7.E,!@)&!'$+9&+!78!#$99$.!7.!()&!B"0!:6(!()&!I1((&+!J$6I?!:&!
9$+&!1%%+$%+71(&!'$+!()&!BC,!!

!
0,U[! 0I()$6E)! 96#)! $'! ()&! ?+5! 8($+1E&! (&#).$I$E5! #$6I?! :&! :$6E)(! o$''! ()&! 8)&I'oV!

&8%&#71II5!'+$9!()&!B"0V!()&+&!1+&!1!.69:&+!$'!87E.7'7#1.(!*;<!7886&8!()1(!J$6I?!
.&&?! ($!:&!1??+&88&?!:&'$+&! 7(! #$6I?!:&!68&?! 7.! ()&!BC! '$+!K1E.$/!1.?!0H*!
8%&.(!'6&I8,!P$+!0H*!'6&IV!'$+&9$8(!19$.E!()&8&!1+&!8(6?7&8!+&I1(&?!($!)$J!?+5!
()&! '6&I! .&&?8! ($! :&! 7.! $+?&+! ($! 1F$7?! #$++$87$.! $'! 7(8! 8(&&I! #I1??7.E! ?6+7.E!
8($+1E&!1.?!8$!:&!81'&I5!8($+&?!_1.?!86:8&>6&.(I5!?78%$8&?!$'`V!1.?!($!%$(&.(71I!
?+57.E!%+$#&88&8! _-$*2K!?$#8,! RTZWV! RSWWV! RSRWV! RSUU`,!@)&! '$+9&+! 7.#I6?&!
8(6?7&8!$'!()&!'6&I!#I1?!#$++$87$.!%+$#&88&8!7.!()&!%+&8&.#&!$'!+&87?61I!9$78(6+&!
1.?! 6.?&+! ?7''&+&.(! o7.&+(o! E18&8,! B"0! &/%&+7&.#&! $'! ?+57.E! 9&(1I! '6&I8! 1.?!
J$+I?J7?&! &/%&+7&.#&! $'! ?+57.E! 42*! '6&I8! 78! F1I61:I&! :6(! *;<! 8%&#7'7#! ($! ()&!
BCa8!'6&I8!78!+&>67+&?,!!

!
Management of Plutonium 

0,U]! *;<!7.($!91.1E&9&.(!$'!()&!BCa8!#7F7I!%I6($.769RR!8($#3%7I&!)18!:&&.!1.!N<0!
%+7$+7(5!87.#&!7(8!7.#&%(7$.!1.?!)18V!-$*2K!:&I7&F&8V!:&&.!1.!&/19%I&!$'!E$$?!
%+1#(7#&! J)7#)! #$6I?! :&! 68&?! 18! 1! 9$?&I! '$+! '6(6+&! *;<! %+$E+199&8,! O(! )18!
7.F$IF&?!#$II1:$+1(7$.!:&(J&&.!()&!N<0V!NN4V!6.7F&+87(7&8!1.?!I&1+.&?!8$#7&(7&8!
7.! 1! #$Q$+?7.1(&?! 91..&+,! @)&! 8(+$.E! 7.%6(! '+$9! ()&! *$51I! "$#7&(5! _*$51I!
"$#7&(5V!RWW]d!-$*2K!?$#,!RU]T`!)18!I&.(!#+&?7:7I7(5!($!()&!%+$E+199&!18!)18!
%1+(7#7%1(7$.! 7.! ()&! LBQ'6.?&?! L6+1($9! %+$E+199&! &.(7(I&?! *&?! O9%1#(! _*&?!
O9%1#(V!RWW]`,!!

!
0,UZ! O.!RWWZ!()&!N<0!7886&?!1!#$.86I(1(7$.!%1%&+!$.!$%(7$.8!'$+!()&!91.1E&9&.(!$'!

%I6($.769!1.?!)&I?!(J$!8(13&)$I?&+!J$+38)$%8!_N<0V!RWWZ&`,!O(!68&?!()&!+&86I(8!
$'!()&!#$.86I(1(7$.!1.?!()&!J$+38)$%8!7.!%+&%1+7.E!1!%1%&+!$.!f#+&?7:I&!$%(7$.8g!
'$+! %I6($.769!91.1E&9&.(! ()1(!J18! 86:97((&?! ($!H$F&+.9&.(V!J7()! 86%%$+(7.E!
(&#).7#1I!?$#69&.(8!_N<0V!RWWX'V!EV!)V!7`,!@)&!RWWX!N<0!?$#69&.(8!7?&.(7'5!'$6+!
)7E)!I&F&I!8(+1(&E5!$%(7$.8!'$+!91.1E7.E!()&!BCa8!8&%1+1(&?!%I6($.769^!

!
7`! #$.(7.6&?! 8($+1E&! 6.(7I! RYRWV! ()&.! 799$:7I78&! ()&! %I6($.769! 7.! 1! 867(1:I&!
J18(&!'$+9!1.?!?78%$8&!$'!()&!J18(&!7.!1!E&$I$E7#1I!'1#7I7(5!

77`! 799$:7I78&! ()&!%I6($.769!18!8$$.!18!%+1#(7#1:I&V!8($+&! ()&! +&86I(7.E!J18(&V!
()&.!?78%$8&!$'!7(!7.!1!H<P!J)&.!$.&!78!1F17I1:I&!

777`!8&II!$+! I&18&!()&!%I6($.769!'$+!+&#5#I7.EV!()&.!?78%$8&!$'!()&!+&86I(7.E!8%&.(!
'6&I!

7F`!8$9&!#$9:7.1(7$.!$'!()&!1:$F&,!
!
0,UX! @)&! N<0! %+$%$8&?! ()1(! $%(7$.! _7`! :&! 1?$%(&?! 18! ()&! +&'&+&.#&! 8(+1(&E5! '$+!

%I1..7.E!%6+%$8&8V!J)7I&! '6+()&+!J$+3! 78! #1++7&?!$6(! ($!?&F&I$%!1.?!188&88! ()&!
$()&+!$%(7$.8!_N<0V!RWWX'`,!!
!

0,TW! @$! ?1(&! ()&!N<0! )18! #$.87?&+&?! 8&F&+1I! 799$:7I781(7$.! $%(7$.8! '$+! %I6($.769,!
@)&8&!1+&!68&!$'!1!#$9%$87(&!#&9&.(V!68&!$'!1!EI188!#$9%$87(&!91(&+71IV!68&!$'!
96I(7%)18&! #&+197#8! 91?&! via! )$(! 78$8(1(7#! %+&887.E! $+! #$I?! %+&887.E! 1.?!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RR! K$<! 1I8$! )18! )$I?7.E8! $'! %I6($.769,! 0.5! %I6($.769! ()1(! 78! ?&#I1+&?! 86+%I68! ($! K$<!
+&>67+&9&.(8! :&#$9&8! %1+(! $'! ()&! #7F7I! 8($#3%7I&! 1.?! 78! 91.1E&?! 6.?&+! #7F7I! 1++1.E&9&.(8V!
1I()$6E)!7(!78!8(7II!$J.&?!:5!K$<,!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YW]!$'!YSY!



87.(&+7.EV!1.?!9137.E!()&!%I6($.769!7.($! I$J!8%&#7'7#1(7$.!KMu!_&7()&+! 7.!1!.&J!
%I1.(!()1(!J$6I?!913&!KMu!188&9:I7&8!$+!:5!9$?7'57.E!()&!"&II1'7&I?!KMu!%I1.(!
($!%+$?6#&!KMu!7.!#1.8`,!@)&!#&9&.(!$%(7$.!78!()&!9$8(!&/%&.87F&!:6(!1I8$!()&!
$.&!J7()!()&!I1+E&8(!F1+71(7$.8!7.!#$8(V!?&%&.?7.E!$.!)$J!96#)!%I6($.769!()&+&!78!
7.!&1#)!J18(&!%1#31E&,!@)&!N<0!%+$%$8&?!($!#1++5!$6(!1!%+$E+199&!$'!J$+3!($!
188&88!()&!%$887:I&!J18(&!'$+98!7.!9$+&!?&(17IV!%1+(7#6I1+I5!'+$9!()&!%$7.(!$'!F7&J!
$'!()&7+!867(1:7I7(5!'$+!E&$I$E7#1I!?78%$81I!_N<0V!RWWXEV!)`,!!

!
0,TY! "$! '1+V! ()&! N<0! )18! .$(! #$.87?&+&?! ()&! $%(7$.! $'! +&#5#I7.E! %I6($.769! 7.! BC!

+&1#($+8! _&7()&+! &/78(7.E! $+! .&J! :67I?`,! @)78! 78! :&#168&! 1! '6+()&+! fb68(7'7#1(7$.g!
&/&+#78&!J$6I?! :&! +&>67+&?! ($! 1II$J!KMu! '6&I! ($! :&! 68&?! 7.! ()78! #$6.(+5,! @)&!
N<0!)18!18869&?!7.!7(8!1.1I58&8!()1(!+&#5#I7.E!J$6I?!$##6+!7.!1.$()&+!#$6.(+5V!
&7()&+!7.!1.!42*!$+!7.!1!-0N<B!+&1#($+!_68&!$'!'18(!+&1#($+8!J18!.$(!#$.87?&+&?!
f#+&?7:I&g! 1(! %+&8&.(V! :&#168&! $'! ()&! I$.E! I&1?! (79&,`! @)&! N<0! %+$%$8&?! ($!
6.?&+(13&! 91+3&(! &.E1E&9&.(! ($! E16E&! ()&! I&F&I! $'! 7.(&+&8(! 7.! +&#5#I7.E!
%I6($.769,!O'!()&!$%(7$.!8&&9&?!F71:I&V!()&!N<0!J$6I?!()&.!.&&?!($!?78#688!J7()!
H$F&+.9&.(! ()&! (5%&! $'! #$99&+#71I! 1++1.E&9&.(! ()1(! J$6I?! :&! 1##&%(1:I&!
_N<0V! RWWXEV! )`,! @)&+&! J$6I?! 1I8$! .&&?! ($! :&! *;<! $.! 7.(&+79! 8($+1E&! 1.?!
E&$I$E7#1I!?78%$81I!$'!KMu!'6&I,!@)78!*;<!J$6I?!:&!#1++7&?!$6(!:5!()&!#$6.(+7&8!
687.E!()&!KMu!'6&I,!

!
0,TR! H$F&+.9&.(! 7.(&.?8! ($!)$I?!1!%6:I7#! #$.86I(1(7$.!$.! I$.EQ(&+9!91.1E&9&.(!$'!

%I6($.769!8(1+(7.E!7.!16(69.!RWWX,!08!1!%+&#6+8$+!7(!78!%6:I78)7.E!(J$!?78#6887$.!
%1%&+8,RU! N<0! (&#).7#1I! J$+3! $.! 799$:7I781(7$.! $%(7$.8! '$+! %I6($.769! 78!
#$.(7.67.E,! O(! 78! %$887:I&! ()1(! ()&! H$F&+.9&.(! J7II! 913&! 1! ?&#787$.! $.! ()&!
%+&'&++&?!9&()$?!'$+!()&!I$.EQ(&+9!91.1E&9&.(!$'!%I6($.769!7.!&1+I5!RWYW!_BC!
H$F&+.9&.(V!RWWX`,!

!
Management of Uranium  

0,TU! @)&! ($(1I!BC!#7F7I! )$I?7.E8!$'!6+1.769!J&+&!X[VTWW! ($..&8!1(! ()&!&.?!$'!RWW],!
0I9$8(! 1II! $'! ()78! 78! ?&%I&(&?V! .1(6+1I! 1.?! I$J!&.+7#)&?!6+1.769,!4&88! ()1.!Y,S!
($..&8! 78! )7E)I5! &.+7#)&?!6+1.769! _i.e.!J7()! RWh!$+!9$+&!6+1.769QRUS`,!P6(6+&!
1+787.E8! 1+&! &8(791(&?! ($! :&! 1:$6(! XWVWWW! ($..&8! $'! ?&%I&(&?V! .1(6+1I! 1.?! I$J!
&.+7#)&?!6+1.769!_<&'+1iN<0V!RWWZ:`,!B+1.769!78!8($+&?!7.!F1+7$68!I$#1(7$.8!1.?!
7.! 91.5! '$+98! 7.#I6?7.E! 18! $/7?&8V! )&/1'I6$+7?&V! .7(+1(&8V! #1+:7?&8! 1.?! 9&(1I,!
@)&! N<0! 78! ?&F&I$%7.E! 1! 8(+1(&E5! '$+! 91.1E7.E! 7(8! 6+1.7#! 91(&+71I8! 1.?! 78!
#$.87?&+7.E!:$()!+&Q68&!1.?!?78%$81I!$%(7$.8!_-$*2K!?$#,!RTYZd!N<0V!RWWXb`,!O(!
)18!*;<!7.!%+$E+&88!'$+!799$:7I781(7$.!$%(7$.8!'$+!8&%1+1(&?!6+1.769,!

!
0,TT! fD&/! (17I8g! 1+&! 6+1.769! )&/1'I6$+7?&! _BP[`! +&87?6&! '+$9! ()&! %+$?6#(7$.! $'!

&.+7#)&?!6+1.769,!@)&!(17I8!1+&!?&%I&(&?!7.!6+1.769QRUS!($!I&F&I8!J&II!:&I$J!()&!
W,]Rh! :5! J&7E)(! _J(h`! $'! .1(6+1I! 6+1.769! 97.&+1I8V! 6861II5! 1:$6(! W,R! J(h,!
B+1.769! )&/1'I6$+7?&! 78! 1! 8(1:I&! 8$I7?! 1(! +$$9! (&9%&+1(6+&! 1.?! %+&886+&! :6(!
86:I79&8! ($! 1! F1%$6+! 1(! S[,S$-,! O(! 1I8$! E7F&8! $''! )5?+$E&.! 'I6$+7?&V! J)7#)! 78!
)1e1+?$68V! 7.!#$.(1#(!J7()!J1(&+!$+!J1(&+!F1%$6+,!K$8(!$'! ()&!BCa8!)$I?7.E8!$'!
D&/!(17I8!1+&!1(!B+&.#$!BC!4(?!-1%&.)6+8(!87(&,!B+&.#$!%I1.8!($!f?&#$.F&+(g!()&!
D&/! (17I8! :1#3! ($! 6+1.769! $/7?&! _BUMZ`V! J)7#)! 78! 1! 8(1:I&! 8$I7?V! 1.?! 8($+&! 7(!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
RU!
)((%^iiJJJ,?&##,E$F,63i&.i#$.(&.(i#98iJ)1(}J&}?$i63}86%%I5i&.&+E5}97/i.6#I&1+i7886&8i%I6($.
769i%I6($.769,18%/!!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YWZ!$'!YSY!

http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/nuclear/issues/plutonium/plutonium.aspx
http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/nuclear/issues/plutonium/plutonium.aspx


%&.?7.E! 1! ?&#787$.! $.! 7(8! I$.EQ(&+9! 91.1E&9&.(,! @)&! (&#).$I$E5! '$+!
?&#$.F&+87$.! )18! :&&.! &8(1:I78)&?! 7.! $()&+! #$6.(+7&8,! B+&.#$! 1798! ($! :67I?! 1!
@17I8! K1.1E&9&.(! P1#7I7(5! _@KP`! 1(! ()&! B+&.#$! BC! 4(?! 87(&! 1(! -1%&.)6+8(V!
#$.878(7.E!$'!1!?&#$.F&+87$.!%I1.(! '$+!D&/!(17I8!1.?!1!6+1.769!$/7?&!8($+&,!@)&!
%I1..7.E!1%%I7#1(7$.!)18!:&&.!86:97((&?!1.?! 7(! 78!)$%&?! ()1(! ()&!@KP!J7II! 8(1+(!
$%&+1(7$.8!7.!RWYT,!

!
0,TS! @)&!6+1.769!$/7?&!#$6I?!:&!+&#$.F&+(&?!($!BP[!7'!7(!:&#19&!1((+1#(7F&!($!+&Q&.+7#)!

7(!1.?!8&II!7(,!0.$()&+!$%(7$.!78!($!#$.?7(7$.!1.?!%1#31E&!()&!$/7?&!1.?!?78%$8&!$'!
7(! 7.! 1! E&$I$E7#1I! '1#7I7(5! 7.! ()&! BC,! -$*2K! )18! :&&.! ($I?! ()1(! B+&.#$! )18!
1%%I7&?! '$+! 1.! 4$-! 18! %1+(! $'! ()&! ?&9$.8(+1(7$.! ()1(! 86#)! 1.! $%(7$.!J$6I?! :&!
%+1#(7#1:I&,!@)78!J7II!&.(17I!%+$F7?7.E!&F7?&.#&!()1(!7(8!%+$%$8&?!J18(&!'$+9!J$6I?!
:&!867(1:I&!'$+!:$()!8($+1E&!1.?!?78%$81I,!B+&.#$!78!1I8$!86%%$+(7.E!7.(&+.1(7$.1I!
J$+3!()1(!78!7.F&8(7E1(7.E!()&!%$887:7I7(5!$'!8&.?7.E!()&!6+1.769!$/7?&!:1#3!($!()&!
$+7E7.1I! %+$?6#&+8! $'! ()&! $+&V! '$+! ?78%$81I! 7.! &/)168(&?! 6+1.769! 97.&8,! @)78!
J$6I?!+&>67+&!1.!7.(&+.1(7$.1I!1E+&&9&.(!$.!()&!(+1.8%$+(!$'!6+1.769!$/7?&!J18(&!
'+$9!()&!#$6.(+7&8!J)&+&!7(!78!)&I?!($!()&!#$6.(+7&8!J)&+&!$+&!78!%+$?6#&?,!

!
0,T[! @)&!L.#1%86I1(7$.!$'!K&(1II7#!B+1.769!"(&&+7.E!_LKB"`!H+$6%!%+&?1(&8!N2*P!

_%1+1! U,YW`! 1.?! J18! &8(1:I78)&?! :5! "&II1'7&I?! 4(?,! 1I()$6E)! 91.5! $()&+! "4-8!
%1+(7#7%1(&,! O(8! %6+%$8&! 78! ($! &.86+&! ()1(! #6++&.(! 1.?! '6(6+&! $%&+1(7$.8V! J)7#)!
+&>67+&!9&(1II7#!6+1.769!#$.?7(7$.7.E!'$+!(+&1(9&.(V!8($+1E&!1.?!?78%$81IV!)1F&!1!
8$6.?! (&#).7#1I! '$6.?1(7$.! 1.?! ($! '1#7I7(1(&! (79&I5! ?&I7F&+5! $'! ()&! %I1.8! $'! ()&!
"4-8! '$+! 87(&! #I&1.Q6%,! O(! 8)1+&8! 7.'$+91(7$.! ()+$6E)! N2*PV! :6(! 7(! 78! .$(! 1.!
$''7#71I!86:!E+$6%,!!

!
0,T]! @)&+&! 78! 1! .&&?! '$+! 1! BC! 6+1.7#8! *;<! 8(+1(&E5! ($! 7.#I6?&! 6+1.769! )&I?! :5!

$+E1.781(7$.8!$()&+! ()1.!()&!N<0V!86#)!18!()&!K$<!1.?!B+&.#$!_-$*2K!?$#,!
RSRW`,!

!
Management of Thorium 

0,TZ! @)&+&! 1+&! 891II! 19$6.(8! $'! ()$+769! 1(! F1+7$68! N<0! 87(&8! _e.g.! <$6.+&15V!
27.'+7()`,!@)&+&!78!.$!91+3&(!'$+!()$+769!1.?!()&!#6++&.(!8(+1(&E5!78!($!(+&1(!7(!18!
J18(&!'$+!E&$I$E7#1I!?78%$81I,!@)78!8(+1(&E5!78!8(+17E)('$+J1+?!7'!()&!()$+769!78!7.!
$/7?&!'$+9!_:&#168&!()&!$/7?&! 78!8(1:I&!1.?!7.8$I6:I&`,!D$J&F&+!8$9&!'$+98!$'!
()$+769! #1.! :&! %5+$%)$+7#! 1.?!915! +&>67+&! #$.F&+87$.! ($! 1!9$+&! 8(1:I&! '$+9V!
86#)!18!()&!$/7?&!'$+!()&7+!I$.EQ(&+9!91.1E&9&.(,!O(!78!'$+!()&!N<0!87(&8!($!#1++5!
$6(! *;<! $.! ()&! 91.1E&9&.(! $'! ()&7+! ()$+769! )$I?7.E8! _-$*2K! ?$#,! RTYZ`,!
27.'+7()! %I1.8! ($! #$9%I&(&! 799$:7I781(7$.! $'! 7(8! ()$+769! 9&(1I! 7.! RWWXiYW,!
<$6.+&15!)18!I7>67?!()$+769!.7(+1(&V!J)7#)!J7II!.&&?!($!:&!#$.F&+(&?!($!1!8$I7?!'$+!
I$.EQ(&+9!8($+1E&!$+!?78%$81I,!@)&!87(&!)$I?8!1.!4$-!'$+! ()&!91(&+71I!1.?!%I1.8!
'6+()&+!*;<!%+7$+!($!7(8!8$I7?7'7#1(7$.,!

!
Some Specific R&D Issues for Geological Disposal  

0,TX! -$*2K! )18! .&7()&+! ()&! +&97(! .$+! +&8$6+#&8! ($! 7?&.(7'5! 1II! *;<! +&>67+&?! ($!
6.?&+%7.! ?&87E.! 1.?! #$.8(+6#(7$.! $'! 1! H<P! 1.?! ($! ?&F&I$%! ()&! 81'&(5! #18&8V!
J)7#)!J7II!:&!91?&!($!()&!+&I&F1.(!+&E6I1($+8,!@)&!81'&(5!#18&8!J7II!7.?7#1(&!)$J!
()&!H<P!78!1.(7#7%1(&?!($!%&+'$+9!?6+7.E!()&!$%&+1(7$.1I!1.?!%$8(Q#I$86+&!%&+7$?8!
1.?!J7II!?&9$.8(+1(&!()1(!+&E6I1($+5!+&>67+&9&.(8!1+&!9&(,!!

!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YWX!$'!YSY!



0,SW! O.'$+91(7$.!$.!J)1(!78!.&&?&?!7.!1.!&.F7+$.9&.(1I!81'&(5!#18&!_L"-`!78!E7F&.!7.!
()&!H67?1.#&!$.!*&>67+&9&.(8!'$+!06()$+781(7$.!_H*0`!_L0!;!NOL0V!RWWX`,!@)&!
H*0!8(1(&8!()1(!1.!L"-!8)$6I?V!inter alia^!

!
!! ?&9$.8(+1(&!1!#I&1+!6.?&+8(1.?7.E!$'! ()&!H<P! 7.! 7(8!E&$I$E7#1I!8&((7.E!1.?!
)$J!7(!J7II!&F$IF&!$F&+!(79&!!

!! 7.#I6?&!1! #I&1+! $6(I7.&!$'! ()&! 3&5!&.F7+$.9&.(1I! 81'&(5! 1+E69&.(8! 1.?! 815!
)$J! ()&!91b$+! I7.&8!$'! +&18$.7.E!1.?!6.?&+%7..7.E!&F7?&.#&!86%%$+(! ()&8&!
1+E69&.(8!

!! 913&!68&!$'!96I(7%I&! I7.&8!$'! +&18$.7.EV!:18&?!$.!1! F1+7&(5!$'! >61.(7(1(7F&!
1.?!>61I7(1(7F&!&F7?&.#&V!I&1?7.E!($!#$9%I&9&.(1+5!81'&(5!1+E69&.(8!

!! &/%I17.!)$J!6.#&+(17.(7&8!)1F&!:&&.!#$.87?&+&?!
!! 7.#I6?&! >61.(7(1(7F&! &.F7+$.9&.(1I! 81'&(5! 188&889&.(8! '$+! ()&! $%&+1(7$.1I!
1.?!%$8(Q#I$86+&!%&+7$?8!

!! :&! 6%?1(&?! 1(! &1#)! 8(1E&! 7.! ()&! ?&F&I$%9&.(! $'! ()&! H<PV! 1(! 867(1:I&!
7.(&+F1I8!?6+7.E!7(8!$%&+1(7$.V!1.?!1(!#I$86+&,!

!
0,SY! -$*2K!:&I7&F&8!()1(!:$()!'6.?19&.(1I!1.?!1%%I7&?!+&8&1+#)!J7II!:&!.&&?&?!7.!

$+?&+!($!?&F&I$%!1!+$:68(!L"-,!
!
0,SR! 2)7I&! 8$9&! 7.(&+.1(7$.1I! +&8&1+#)V! %1+(7#6I1+I5! ()1(! $'! 1! 9$+&! '6.?19&.(1I!

.1(6+&V!J7II! :&!)&I%'6I! ($! ()&!BCa8!E&$I$E7#1I! ?78%$81I!%+$E+199&V!96#)!$'! ()&!
+&>67+&?!*;<!J7II!:&!87(&Q8%&#7'7#!1.?!)&.#&!#1..$(!:&!#$.?6#(&?!6.(7I!#1.?7?1(&!
87(&8! 1+&! 7?&.(7'7&?,! D$J&F&+V! ()&+&! 1+&! 1! .69:&+! $'! 6.?&+%7..7.E! .$.Q87(&!
8%&#7'7#!1+&18V!:$()!1%%I7&?!1.?!'6.?19&.(1IV!J)&+&!8(+1(&E7#!7.F&8(9&.(!7.!*;<!
78! +&>67+&?,!K1.5!$'! ()&8&!1+&18!1+&!J&II! 3.$J.!1.?!)1F&!:&&.! ()&!86:b&#(!$'!
+&8&1+#)!%+$E+199&8!J$+I?J7?&!'$+!91.5!5&1+8!_8&&!e.g.!K*"V!RWWZ`,!"$9&!$'!
()&9! 1+&! )7E)I7E)(&?! :&I$J! :6(! -$*2K! 1I8$! &9%)1878&8! ()&! ?7''&+7.E! 1.?!
#$9%I&/! .&&?8! 188$#71(&?! J7()! ()&! BCa8! ?7F&+8&! J18(&8! 1.?! ()&! '1#(! ()1(! ()&!
E&$I$E5!7.!J)7#)!1!BC!H<P!J7II!:&!I$#1(&?!78!.$(!5&(!3.$J.,!

!
0,SU! 2)7I&!1! +1.E&!$'!?&(17I&?!*;<! 7886&8!1+&!?78#688&?!:&I$JV!-$*2K!#$.87?&+8!

()1(!&.$6E)!78!#6++&.(I5!3.$J.!1:$6(!E&$I$E7#1I!?78%$81I! '+$9!%+&F7$68!BC!1.?!
7.(&+.1(7$.1I! *;<! %+$E+199&8! ($! &.E&.?&+! #$.'7?&.#&! ()1(! 7(! 78! ()&! +7E)(! J15!
'$+J1+?,!@)&!#6++&.(!8(1(&!$'! ()&!BC!*;<!8#&.&! 7.! ()&!1+&18!?78#688&?! 7.! ()78!
8&#(7$.!J18!)7E)I7E)(&?!1(!1!9&&(7.E!86%%$+(&?!:5!-$*2K!1(! ()&!B.7F&+87(5!$'!
")&''7&I?!7.!0%+7I!RWWX!_-$*2K!?$#,!R[YX`,!M()&+!7886&8!J)7#)!#19&!6%!1(!()&!
9&&(7.E!7.#I6?&^!%+$8%&#(8!'$+!?&&%!:$+&)$I&!?78%$81I!18!1.!1I(&+.1(7F&!($!97.&?!
+&%$87($+7&8! '$+!D42d! ()&!%$(&.(71I! '$+!#+$88$F&+!$'!3.$JI&?E&! '+$9!()&!$7IV!E18!
1.?!97.&+1I! 7.?68(+7&8V! 7.#I6?7.E!8&789$I$E5!1.?!E&$%)587#8! (&#).7>6&8!'$+!87(&!
#)1+1#(&+781(7$.d! (&8(7.E! $'! 9$?&II7.E! %+&?7#(7$.8d! 1.?! 188&887.E! ()&!
#)1+1#(&+781(7$.!$'!E&$I$E7#1I!&.F7+$.9&.(8,!

Migration (Sorption, Colloids and Water Flow) 
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fA deep understanding of the fundamental physical and chemical processes 
that control migration of chemical constituents underground is essential for 
safe and effective sequestration … of radioactive waste. Building that 
understanding will require a new generation of experiments and 
computational models… new laboratory and field techniques and perhaps 
most importantly, a continuing supply of broadly trained geoscientists” 
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Figure 6.  Adsorption Processes  
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Box 7. Radionuclide Speciation 
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Box 8. Mineral Surface Reactivity 
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Box 9. Modelling 
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#)&97#1I!%+7.#7%I&8V!1.?!%+&?7#(7$.!$F&+!96#)!I1+E&+!8%1(71I!1.?!(79&!8#1I&8V!J)7#)!78!.&&?&?!
($! 188&88!H<P!%&+'$+91.#&V! +&917.8! F&+5! ?7''7#6I(,!N&F&+()&I&88V! 7'! ()&! E1%! :&(J&&.! ()&8&!
?7''&+&.(!8#1I&8!1.?!1%%+$1#)&8!#1.!:&!:+7?E&?V!()&!%+$?6#(!J7II!:&!1!%$J&+'6I!%+&?7#(7F&!($$I,!
@)&!B"<ML!)18! 7?&.(7'7&?! ()+&&!H+1.?!-)1II&.E&8! 7.! ()&!E&$8#7&.#&8V! (J$!$'!J)7#)!#&.(+&!
1+$6.?!()78!%1+(7#6I1+!>6&8(7$.!_B"<MLV!RWWZ`,!!

Gas 

0,SX! @)&!E&.&+1(7$.!1.?!9$F&9&.(!$'!E18&8!7.!1!H<P!1+&!$'!#$.#&+.!'$+!(J$!+&18$.8,!
M.&!78!()1(!86''7#7&.(!E18!97E)(!:&!E&.&+1(&?!($!1''&#(!E+$6.?J1(&+!9$F&9&.(!$+!
&F&.!?78+6%(! ()&!H<P,!@)&!$()&+! 78! ()1(! +1?7$1#(7F&!E18&8!#$6I?!9$F&! ()+$6E)!
()&! +$#38! ($! ()&! 86+'1#&! 1.?! I&1?! ($! +1?71(7$.! &/%$86+&! $'! )691.8! 1.?! $()&+!
$+E1.7898,!-$.8&>6&.(I5V!1!:1I1.#&!968(!:&!8$6E)(!:&(J&&.!%+$F7?7.E!86''7#7&.(!
E18! %&+9&1:7I7(5!J7()7.! ()&!H<P! ($! %+&F&.(! 1.! &/#&887F&! +78&! 7.! E18! %+&886+&V!
1.?!7.)7:7(7.E!:$()!'I67?!'I$J!1.?!()&!97E+1(7$.!$'!(+1#&!+1?7$1#(7F&!E18&8!7.($!()&!
E&$8%)&+&,!@)&!%+7.#7%1I!9&#)1.7898!'$+!E&.&+1(7$.!$'!:6I3!E18&8!1+&!1.1&+$:7#!
#$++$87$.! $'! 9&(1I8V! &8%&#71II5! 8(&&I8V! 1.?! ?&#$9%$87(7$.! $'! $+E1.7#! J18(&8,!
*1?7$1#(7F&!E18&8!#1.!:&!'$+9&?!:5!7.(&+1#(7$.8!$'!:6I3!E18&8!J7()!()&!J18(&8V!
1.?!:5!?&#15!$'! 8$9&! +1?7$.6#I7?&8! _'$+!&/19%I&V! +1?$.! 78!1!?&#15!%+$?6#(!$'!
6+1.769`,!!

!
D5?+$E&.!

0,[W! @)&!H<PV!%1+(7#6I1+I5!1'(&+!#I$86+&!1.?!+&81(6+1(7$.V!J7II!#$.(17.!I1+E&!F$I69&8!$'!
J1(&+V!&7()&+!'+&&!E+$6.?J1(&+!$+!:$6.?!7.!J18(&!&.#1%86I1.(8!I73&!#&9&.(V!$+!7.!
:1#3'7II,! *1?7$I5878! _:+&13?$J.! :5! +&1#(7$.! J7()! +1?71(7$.! 1+787.E! '+$9!
+1?7$.6#I7?&8`!$'!J1(&+!E&.&+1(&8!)5?+$E&.!E18V!J)7#)!78!F&.(&?!'+$9!9$8(!O42!
J18(&! #$.(17.&+8,! @)&!&/(&+.1I! +1?71(7$.! '7&I?! 1+$6.?! O42!1.?!D42!#$.(17.&+8!
J7II! %+$9$(&!J1(&+! +1?7$I5878! 7.! E+$6.?J1(&+! 1.?! :1#3'7II,! @)&+&!J7II! :&! 8&F&+1I!
)6.?+&?! ()$681.?! ($..&8! $'!9&(1I8! 7.! 1.5!H<PV!9$8(! $'! J)7#)!J7II! :&! 8(&&I8V!
J)7#)! 1+&! 1! #$.8(7(6&.(! $'! 8$9&! J18(&8! 1.?! $'! 9$8(! O42! #$.(17.&+8! _*$51I!
"$#7&(5V! YXXT`,! D42! #$.(17.&+8! 1+&! 1I8$!91?&! $'! 8(&&I! 1.?!915! :&! %I1#&?! 7.!
8(&&I! $F&+%1#38! '$+! ?78%$81I,! 0.1&+$:7#! #$++$87$.! $'! 9&(1I8! J7II! E&.&+1(&!
#$.87?&+1:I&! >61.(7(7&8! $'! )5?+$E&.,! @+7(769! J7II! :&! +&I&18&?! '+$9! J18(&8! 1.?!
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#$6I?!97/!J7()! ()&!:6I3!)5?+$E&.!E18!$+! '$+9! (+7(71(&?!J1(&+V! 1I()$6E)! 7(8! 8)$+(!
)1I'QI7'&!_YR,[!5&1+8`!9&1.8!()1(!78!F&+5!6.I73&I5!($!+&1#)!()&!86+'1#&!7.!87E.7'7#1.(!
>61.(7(7&8,!!

!
0,[Y! "6:86+'1#&!97#+$:71I!#$996.7(7&8!1+&!$'(&.!J&II!1?1%(&?!($!&/%I$7(!)5?+$E&.!18!

1.! &.&+E5! +&8$6+#&! _e.g.! N&1I8&.!et al,V! RWWSd! G&?&+8&.V! RWWR`! 8$! ()&! '1(&! $'!
)5?+$E&.! 78! 7.(791(&I5! I7.3&?! ($! ()&!&F$IF7.E!97#+$:71I!&#$I$E5!$'! ()&!H<P,!P$+!
&/19%I&V! ()&! )5?+$E&.! 86%%I5! 7.! 1! H<P! J7II! :&! 96#)! E+&1(&+! ()1.! ()1(! 7.! 1!
%+78(7.&! &.F7+$.9&.(V! J7()! ()&! %$(&.(71I! ($! (+7EE&+! 1! 97#+$:71I! :I$$9! J)$8&!
#$.8&>6&.#&8!915!:&!?7''7#6I(!($!%+&?7#(,!!

!
0,[R! \H"! 78! ()&! I&1?! +&8&1+#)&+! 7.! ()&! pkRK! LB! PM*HL! %+$E+199&! $.! E18!

97E+1(7$.!1.?!78!86%%$+(&?!7.!()78!:5!()&!N<0,!@)&!PM*HL!%+$b&#(!78!?&87E.&?!($!
#)1+1#(&+78&!1.?!>61.(7'5! ()&!#$.?7(7$.8!?6+7.E!E&$I$E7#1I!?78%$81I!6.?&+!J)7#)!
()&! '$+91(7$.! $'! )5?+$E&.! 1.?! $()&+! E18&8! J7II! $##6+! J7()! 86''7#7&.(! %+&886+&!
7.#+&18&! ($! +&86I(! 7.! +1?7$.6#I7?&! 97E+1(7$.! '+$9! ()&! +&%$87($+5! 7.($! ()&!
86++$6.?7.E! )$8(! +$#3,! O(! 78! %+&?7#(&?! ()1(! #$++$87$.! $'! '&++$68!91(&+71I8! 6.?&+!
1.1&+$:7#! #$.?7(7$.8! 7.! 1! +&%$87($+5! J7II! I&1?! ($! ()&! '$+91(7$.! $'! )5?+$E&.,!
*1?7$1#(7F&!?&#15!$'!()&!J18(&!1.?!()&!+1?7$I5878!$'!J1(&+!J7II!%+$?6#&!1??7(7$.1I!
E18,!K$F&9&.(! $'! ()&8&! +&%$87($+5! E18&8! ()+$6E)! )$8(! +$#38!J7II! $##6+! :5! ()&!
#$9:7.&?! %+$#&88&8! $'! 9$I&#6I1+! ?7''687$.! 1.?! :6I3! 1?F&#(7$.,! O'! ()&! E18!
%+$?6#(7$.!+1(&!&/#&&?8!()&!+1(&!$'!?7''687$.!$'!E18!9$I&#6I&8!7.!()&!%$+&8!$'!()&!
L\"! $+! )$8(! +$#3V! 7(! 78! %$887:I&! ()1(! 1! ?78#+&(&! E18! %)18&! #$6I?! '$+9! 1.?!
1##696I1(&!6.(7I!7(8!%+&886+&!:&#$9&8!86''7#7&.(I5!I1+E&!'$+!7(!($!&.(&+!()&!L\"!$+!
)$8(! +$#3,! @)&! PM*HL! %+$b&#(! 78! ?&87E.&?! ($! #)1+1#(&+78&! 1.?! >61.(7'5! ()&!
#$.?7(7$.8! 6.?&+! J)7#)! ()78! 915! $##6+V! &.1:I7.E! 9$?&II7.E! ($! 6.?&+%7.! H<P!
?&87E.! ()1(! I7&8! J7()7.! 1! 81'&! E18! E&.&+1(7$.! &.F&I$%&,! \H"! 78! 7.F$IF&?! 7.!
&/%&+79&.(1IV!9$.7($+7.E!1.?!9$?&II7.E!+&8&1+#)!#$.(+7:6(7.E!($!()+&&!$'!()&!'7F&!
J$+3!%1#31E&8!#$9%+787.E!PM*HL,!@)&8&!7.#I6?&!7(8!41+E&!"#1I&!H18!O.b&#(7$.!
@&8(! _418E7(`V! '6.?19&.(1I! 7886&8! $'! E18! 97E+1(7$.! 7.! :&.($.7(&V! #1+:$.1(7$.!
+&1#(7$.8!$'!:6''&+i:1#3'7II! #&9&.(8!1.?! ()&7+! 79%1#(!6%$.!E18!1.?! +1?7$.6#I7?&!
97E+1(7$.V! ()&!&''&#(!$'!8(+&88! '7&I?!1.?!9&#)1.7#1I!?&'$+91(7$.!$.!%&+9&1:7I7(5!
1.?! '+1#(6+&!8&I'Q8&1I7.EV!F1I7?1(7$.!$'!#+7(7#1I!8(+&88! ()&$+5!1%%I7&?! ($! +&%$87($+5!
#$.#&%(8V! 1.?! :18&I7.&! )5?+16I7#! 1.?! E18! (+1.8%$+(! %+$%&+(7&8! $'! -1II$F$Q
M/'$+?71.!1+E7II7(&, 

 
-1+:$.Q#$.(17.7.E!E18&8!!

0,[U! K&()1.&!1.?!#1+:$.!?7$/7?&!J7II!:&!%+$?6#&?!7.!:6I3!:5!()&!F1+7$68!9&#)1.7898!
7.F$IF&?!7.!()&!?&#$9%$87(7$.!$'!$+E1.7#!91(&+71I8!7.!()&!J18(&8,!@)&!F$I69&8!$'!
9&()1.&!1.?!#1+:$.!?7$/7?&!E&.&+1(&?!J7II!:&!96#)!891II&+!()1.!()&!F$I69&!$'!
)5?+$E&.!:&#168&!()&+&!J7II!891II&+!>61.(7(7&8!$'!$+E1.7#!91(&+71I8!7.!1!H<P!()1.!
()&+&! 1+&! $'! 9&(1I8! _%&+)1%8! 1! '&J! (&.8! $'! ()$681.?8! $'! ($..&8! $'! $+E1.7#!
91(&+71I8!_*$51I!"$#7&(5V!YXXT``,!D$J!96#)!$'!()&!9&()1.&!1.?!#1+:$.!?7$/7?&!
78! +1?7$1#(7F&!J7II!?&%&.?!$.!)$J!96#)!#1+:$.QYT! ()&+&! 78! 7.! ()&!J18(&8! 7.! ()&!
H<P!1.?! 7.!J)1(! #)&97#1I! '$+9,!@)78!J7II! 7.! (6+.!?&%&.?! I1+E&I5!$.!)$J!96#)!
7++1?71(&?!E+1%)7(&!78!%+&8&.(!1.?!()&!9&()$?!$'!(+&1(9&.(!%+7$+!($!?78%$81I,!

!
0,[T! -1+:$.! E18&8! #1.! :&! &/%I$7(&?! :5! 1.1&+$:7#! 97#+$Q$+E1.7898! &7()&+! 18! 1.!

&.&+E5!+&8$6+#&!_9&()1.&`!$+!18!1!(&+97.1I!&I&#(+$.!1##&%($+!_-MR`V!8$!()&+&!78!
%$(&.(71I!'$+!1!97#+$:71I!#$996.7(5!($!#5#I&!:&(J&&.!()&8&!'$+98!$'!#1+:$.,!@)&!
#)&97#1I!:&)1F7$6+!J7II!1I8$!:&!F&+5!?7''&+&.(V!?&%&.?7.E!$.!J)&()&+!()&!#1+:$.!
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78!%+&8&.(!18!9&()1.&!$+!#1+:$.!?7$/7?&,!P$+!1!E7F&.!%+&886+&!1.?!%DV!9&()1.&!
78!87E.7'7#1.(I5!I&88!8$I6:I&!()1.!#1+:$.!?7$/7?&,!P6+()&+V!#1+:$.!?7$/7?&!8$I6:7I7(5!
78! %1+(7#6I1+I5! ?&%&.?&.(! $.! %D^! 7.! 1! )7E)! %D! H<PV! YT-Q#1+:$.! ?7$/7?&! 78!
&/%&#(&?! I1+E&I5! ($! &/78(! 7.! 8$I6(7$.! 18! #1+:$.1(&! 1.?! :7#1+:$.1(&! 7$.8! 1.?! ($!
'$+9!+&I1(7F&I5!7.8$I6:I&!#1I#769!#1+:$.1(&!8$I7?,!\5!#$.(+18(V!1!.&6(+1I!%D!H<PV!
'$+! &/19%I&! $.&! J7()! :&.($.7(&! :1#3'7IIV! J7II! :&! 96#)! I&88! &''7#7&.(! 1(! (+1%%7.E!
#1+:$.!?7$/7?&,!!

 
M()&+!E18&8!

0,[S! "$9&! O42! 8(+&198V! '$+! &/19%I&! <$6.+&15! +1''7.1(&8V! #$.(17.! +&I1(7F&I5Q)7E)!
#$.#&.(+1(7$.8!$'!.7(+1(&!J)7#)V! 7.!1.!1.1&+$:7#!858(&9V!#1.!:&! (+1.8'$+9&?!:5!
:7$I$E7#1I!%+$#&88&8!7.($!E18&$68!.7(+$E&.!8%&#7&8V!%1+(7#6I1+I5!.7(+$E&.!E18,!@)&!
79%I7#1(7$.8!$'!()78!$##6++&.#&!$.!H<P!%&+'$+91.#&!1+&!.$(!#I&1+!1I()$6E)!7(!915!
:&!68&'6I! ($!&8(791(&! ()&! 7.F&.($+5!$'!.7(+1(&!%+$%$8&?! '$+! ()&!H<P!1.?V! 7'! 7(! 78!
87E.7'7#1.(V! ($! #$.87?&+! ()&! I73&I7)$$?! $'! .7(+$E&.! E18! E&.&+1(7$.,! "797I1+I5V!
86I%)1(&!J7II!:&!%+&8&.(!7.!#&9&.(7(7$68!91(&+71I8!_&.#1%86I1.(!1.?!:1#3'7II`V!J7()!
()&! %$(&.(71I! '$+! 97#+$:71I! %+$?6#(7$.! $'! )5?+$E&.! 86I%)7?&,! *1?7$I5878! $'!
%$I5F7.5I#)I$+7?&! _Gr-`V! 68&?! &/(&.87F&I5! 7.! J18(&! %1#31E7.EV! E&.&+1(&8!
E18&$68!)5?+$E&.!#)I$+7?&! _41r&+.&!et al,V!RWWZ`,!\$()!)5?+$E&.!86I%)7?&!1.?!
)5?+$E&.!#)I$+7?&!1+&!#)&97#1II5!+&1#(7F&!1.?!1+&!F&+5!I73&I5!($!+&1#(!#I$8&!($!()&!
%$7.(! $'! E&.&+1(7$.V! J7()! ()&! %$(&.(71I! ($! %+$9$(&! I$#1I78&?! #$++$87$.V! %&+)1%8!
1##$9%1.7&?!:5!1!?&#+&18&!7.!%D,!!

Criticality 

0,[[! 0! 3&5! 7886&! 7.! ?&87E.! 1.?! #$.8(+6#(7$.! $'! 1!H<P! 78! ()&! 19$6.(! $'! +1?7$1#(7F&!
91(&+71I!%+&8&.(!J)7#)V!7'!7(!#$II&#(8!($E&()&+!$F&+!(79&V!#$6I?!)1F&!()&!%$(&.(71I!($!
1EE+&E1(&! 7.($! 1! #+7(7#1I! $+! 86%&+Q#+7(7#1I! 9188! 1.?! #168&! 1! .6#I&1+! '7887$.!
+&1#(7$.,! O.! ()78! ?78#6887$.V! ()&! (&+9! '7887I&! 78! 68&?! 8%&#7'7#1II5! ($! ?&8#+7:&! 1.!
78$($%&! J)7#)! )18! 1! 87E.7'7#1.(! 1:7I7(5! ($! 6.?&+E$! '7887$.! J)&.! 7++1?71(&?! J7()!
()&+91I! .&6(+$.8,! M.I5! 1! +&I1(7F&I5! 891II! %+$%$+(7$.! $'! ()&! H<P! 7.F&.($+5! 78!
'7887I&,!!

!
0,[]! @)&!I73&I7)$$?!$'!#+7(7#1I7(5!J7()7.!1!H<P!J7II!?&%&.?!%+791+7I5!$.!()&!7.F&.($+5!$'!

'7887I&!78$($%&8!?78%$8&?V!()&!'$+9!7.!J)7#)!()&5!1+&!?78%$8&?!1.?!()&!I$.EQ(&+9!
:&)1F7$6+!$'!()&!+&I&F1.(!J18(&'$+98,!-+7(7#1I7(5!J18!#$.87?&+&?!7.!+&I1(7$.!($!()&!
$+7E7.1I!N7+&/!O42!+&%$87($+5!#$.#&%(!_e.g.!D7#38!;!H+&&.V!YXXX`,!O(!78!96#)!9$+&!
$'!1.!7886&!'$+!1.5!H<P!#$.(17.7.E!8%&.(!'6&I!_1.?!8&%1+1(&?!%I6($.769`!:&#168&!
()&! '7887I&! 7.F&.($+5! $'! 86#)! 1! H<P! J$6I?! :&! E+&1(&+! :5! 91.5! $+?&+8! $'!
91E.7(6?&! ()1.! ()1(!$'! 1.! O42! +&%$87($+5,!@)&+&!)18!:&&.!86:8(1.(71I!J$+3!$.!
#+7(7#1I7(5! 7.! ()$8&! #$6.(+7&8! ()1(! %I1.! ($! ?78%$8&! $'! 8%&.(! '6&IV! '$+! &/19%I&! ()&!
B"0!1.?!"J&?&.,!@)78!78!1.!1+&1!7.!J)7#)!()&!BC!#1.!913&!&/(&.87F&!68&!$'!()&!
*;<!#1++7&?!$6(!7.!$()&+!#$6.(+7&8,!

!
0,[Z! -+7(7#1I7(5! #1.! 1+78&! '+$9! &7()&+! ()&! +&9$F1I! $'! .&6(+$.Q1:8$+:7.E! J18(&!

#$9%$.&.(8V!$+!()&!I&1#)7.E!$6(!1.?!1##696I1(7$.!$'!'7887I&!91(&+71I,!@)&!+783!$'!
#+7(7#1I7(5!J7II!#)1.E&!$F&+!(79&!?6&!($!+1?7$1#(7F&!?&#15!J)7#)!#1.!:$()!+&9$F&!
1.?!#+&1(&! '7887I&! 78$($%&8,!08! ()&! 78$($%7#!97/!#)1.E&8V!8$! ()&!#+$88!8&#(7$.8V!
#+7(7#1I!9188!1.?!8%$.(1.&$68! '7887$.Q?&+7F&?!.&6(+$.! 'I6/!J7II!1II!#)1.E&,!@)68!
%I6($.769QRUX!_'7887I&d!)1I'!I7'&!RTVYWW!5&1+8`!?&#158!($!6+1.769QRUS!_'7887I&d!)1I'!
I7'&!]SW!97II7$.!5&1+8`!:6(!()&!#+7(7#1I!9188!'$+!%I6($.769QRUX!78!86:8(1.(71II5!I$J&+!
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()1.! ()1(! '$+! 6+1.769QRUS,! 473&J78&V! %I6($.769QRTY! _'7887I&d! )1I'! I7'&! YT,U! 5&1+8`!
?&#158!($!19&+7#769QRTY!_.$.Q'7887I&d!)1I'!I7'&!TUR!5&1+8`,!!

!
0,[X! "&F&+1I!(+1.86+1.7#!&I&9&.(8!?&#15!:5!8%$.(1.&$68!'7887$.!($!8$9&!?&E+&&V!1.?!

J)7I&! ()78! 78!$'(&.!1!97.$+!%1()J15!_e.g.!S,]S!/!YWQ[h!'$+!%I6($.769QRTW`V! 7(!#1.!
:&!F&+5!87E.7'7#1.(! 7.!8$9&!#18&8!_e.g.!Z,UXh!'$+!#6+769QRTZ`,!@)&!%+&8&.#&!$'!
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Multiphase Fluid-Solid Interactions in Perturbed Geochemical Environments  

fOver a wide range of scenarios, the thermodynamic properties of complex 
geological fluids and solids, and the reaction rates among phases and 
species, must be known to define the critical environmental parameters that 
control migration or immobilization of wastes,g!_B"<MLV!RWWZ1`!
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Co-location of ILW, HLW and Other HAW in One GDF 
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#)1+1#(&+781(7$.,!

!! @)&! #6++&.(! ?78(+7:6(7$.! $'! 8(+&88! J7()7.! 1! +$#3! 9188! 78! 7.'I6&.#&?! :5! ()&!
?78(+7:6(7$.V!'+&>6&.#5!1.?!.1(6+&!$'!()&!'+1#(6+&8!%+&8&.(,!*&8&1+#)!7.($!()&!
+&I1(7$.8)7%!:&(J&&.! '+1#(6+&!?78(+7:6(7$.!1.?!8(+&88! '7&I?8!J$6I?!17?! 7.!87(&!
#)1+1#(&+781(7$.,!!

!! B.?&+8(1.?7.E! ()&! #$.(+$I8! $.! 7?&.(7'7#1(7$.! 1.?! ?&8#+7%(7$.! $'! ()&!
?78(+7:6(7$.!$'!%&+9&1:7I7(5! 7.! I$JQ%&+9&1:7I7(5!+$#3!6.7(8!J7II!:&!&88&.(71I! ($!
()&!#)1+1#(&+781(7$.!$'!1!%$(&.(71I!H<P!87(&,!!

!! *&8&1+#)!J7II! :&! +&>67+&?! 7.! +&I1(7$.! ($! 6.?&+8(1.?7.EV! 7.! 1! '+1#(6+&?! )1+?!
+$#3V! ()&! #$..&#(7F7(5! 1.?! (+1.897887F7(5! $'! ()&! .&(J$+3! $'! '+1#(6+&8,! O.!
1??7(7$.!+&8&1+#)!J7II!:&!+&>67+&?!7.($!1.5!I7()$I$E7#1I!1.?!8(+6#(6+1I!#$.(+$I8!
$.!%&+9&1:7I7(5!?78(+7:6(7$.,!

!! 21(&+! %1887.E! ()+$6E)! '+1#(6+&8! 7.! ()&! +$#3! 9188! 78! 7.'I6&.#&?! :5! ()&!
86+'1#&!#)1+1#(&+78(7#8!$'! ()&! '+1#(6+&!86+'1#&8,!@)78!J7II! #)1.E&!?&%&.?7.E!
6%$.! ()&! in situ! 8(+&88!#$.?7(7$.8,!*&8&1+#)! ($!6.?&+8(1.?! ()&! 7.'I6&.#&!$'!
'+1#(6+&! J1II! +$6E).&88! 1.?! in situ! 8(+&88! J$6I?! :&! 68&'6I! 7.! ()&!
#)1+1#(&+781(7$.!%+$#&88,!

!! H&$%)587#1I! (&#).7>6&8! J7II! :&! &9%I$5&?! ?6+7.E! 87(&! #)1+1#(&+781(7$.! ($!
6.?&+8(1.?! ()&! 8%1(71I! F1+71:7I7(5! :$()! )$+7e$.(1II5! 1.?! F&+(7#1II5! $'! ()&!
F1+7$68! +$#3! (5%&8!1.?!E&$I$E7#1I!8(+6#(6+&8!1(!1.5!%+$%$8&?!87(&,!@)78!J7II!
18878(!7.!6.?&+8(1.?7.E!E+$6.?J1(&+!9$F&9&.(!1.?!1.!7.7(71I!188&889&.(!$'!
+$#3! 9188! 1.?! 91(&+71I! %1+19&(&+8,! U<! 8&7897#! 7.F&8(7E1(7$.! 1.?! $()&+!
E&$%)587#1I!(&#).7>6&8!)1F&!:&&.!?&F&I$%&?!'$+!97.&!%I1..7.E!$F&+!+&#&.(!
5&1+8!18!)7E)I7E)(&?!1(!()&!*2ON!K&&(7.E!7.!0%+7I!RWWX!_-$*2K!?$#,!R[YX`,!
O(! 78!#$.87?&+&?!()1(!+&8&1+#)!7.($!()&!68&!$'!()&8&!(&#).7>6&8!7.!+&I1(7$.!($!
%$887:I&! H<P! 87(&8! #$6I?! 7.'$+9! E&$8%)&+&! #)1+1#(&+781(7$.! 1.?! 18878(! 7.!
H<P!I15$6(!1.?!()&!?&87E.,!!

Microbiology  

0,XS! \7$I$E7#1IV! 1.?! %1+(7#6I1+I5! 97#+$:7$I$E7#1I! %+$#&88&8V! )1F&! #$.87?&+1:I&!
%$(&.(71I! ($! 7.'I6&.#&! %&+'$+91.#&! $'! 1! H<PV! '$+! &/19%I&! ()+$6E)! 1##&I&+1(&?!
?&E+1?1(7$.!$'!e.g.!#&9&.(&?!J18(&8! _0F179!et al.,!RWWTd!*$E&+8!et al.,!RWWU`V!
#$++$87$.!$'!8(&&I!#$.(17.&+8!_41.?$6I87!et al,V!RWWZd!u6!et al,V!RWWZ`V!%&+(6+:1(7$.!
$'!:7$E&$#)&97#1I!#$.?7(7$.8V!E&.&+1(7$.!$'!#$II$7?8!1.?!#$9%I&/1.(8!_H1$.1!et 
al,V!RWWZd!HI168!1.?!r1.!4$$.V!RWWZ`!1.?!9$?7'7#1(7$.!$'!'I$J!%1()8!_"6#)$9&I!
et al,V!YXXZd!*$88!et al,V!RWW]`,!

!
0,X[! @)&!97#+$:71I!&#$I$E5!$'!()&!H<P!J7II!:&!#$9%I&/!'$+!8&F&+1I!+&18$.8,!P7+8(V!7(!78!

F&+5! I73&I5!()1(!()&+&!J7II!:&!1.!7.?7E&.$68!97#+$:71I!#$996.7(5! 7.!()&!)$8(!+$#3!
'$+91(7$.8,! @)78! J7II! :&! %&+(6+:&?! ?6+7.E! #$.8(+6#(7$.! 1.?! &/%$8&?! ($! 1! F&+5!
?7F&+8&!1++15!$'!7997E+1.(8V!91.5!$'!J)7#)!#$6I?!%$(&.(71II5!#$I$.78&,!M.!#I$86+&!
1.?!+&81(6+1(7$.V!J)&.!1.1&+$:7#!#$.?7(7$.8!1+&!+&7.8(1(&?V! ()&!.&J!#$996.7(5!
J7II! &F$IF&! '6+()&+,! LF$I6(7$.! 7.! #$996.7(5! #$9%$87(7$.! 1.?! E&.$9&8! J7II! :&!
?+7F&.! :5! '1#($+8! 86#)!18! %D! _%$(&.(71II5! F&+5! )7E)`V! (&9%&+1(6+&V! ()&! +1?71(7$.!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YRU!$'!YSY!



'7&I?V!J1(&+!1F17I1:7I7(5!_%$887:I5!I$J!7.!1!)7E)I5!#$9%1#(&?!:&.($.7(&!:6''&+!$+!1.!
&F1%$+7(&! E&$I$E5`! 1.?! E&.&+1(7$.! $'! )5?+$E&.! 18! 1.! &I&#(+$.! ?$.$+,! O.! 1.5!
&F&.(V!()&!97#+$:71I!#$996.7(5!J7II!#&+(17.I5!.$(!+&(6+.!($!7(8!%+78(7.&!8(1(&,!@)68V!
97#+$:71I!%+$#&88&8!+&%+&8&.(!91b$+!6.#&+(17.(7&8!7.!()&!%&+'$+91.#&!$'!1!H<P,!

!
0,X]! 2)7I&! 91.5! 18%&#(8! $'! 1! H<Pa8! 97#+$:71I! &#$I$E5! J7II! :&! 87(&! 8%&#7'7#V! ()&+&!

+&917.8!1!+&>67+&9&.(!($!#$.?6#(!E&.&+7#!+&8&1+#)!1.?!:67I?!&88&.(71I!#1%1:7I7(5V!
'$+! &/19%I&! 7.! (&#).7>6&8! '$+! ()&! 819%I7.E! 1.?! #)1+1#(&+781(7$.! $'! 86:86+'1#&!
97#+$:71I!#$996.7(7&8V!J)7#)!1+&! (&#).7#1II5!F&+5!?7''7#6I(! _G&?&+8&.V!RWWR`d! ()&!
&#$I$E5!$'!)7E)!%DV!1.1&+$:&8!1.?! ()&+9$%)7I&8d!$+! ()&!&#$I$E5!$'! +1?7$1#(7F&V!
)5?+$E&.Q+7#)!858(&98,!

Temporal Evolution of Geosphere   

0,XZ! @&9%$+1I!&F$I6(7$.!$'!()&!E&$8%)&+&!78!%$$+I5!6.?&+8($$?!$F&+!(79&8#1I&8!$'!$.&!
)6.?+&?! ($! $.&! 97II7$.! 5&1+8,! <7+&#(! &/%&+79&.(1I! $:8&+F1(7$.8! 1.?! )691.!
7.?6#&?! %&+(6+:1(7$.8! _e.g.! &''&#(8! $'! $7I! 1.?! E18! &/(+1#(7$.! $+! 97.7.E`! 1+&! 1II!
:18&?! $.! 8)$+(! (79&! %&+7$?8! $'! I&88! ()1.! YWW! 5&1+8! _$'(&.! 86:8(1.(71II5! I&88`V!
J)&+&18!$:8&+F1(7$.8!$'!E&$8%)&+&!&F$I6(7$.!:18&?!$.!E&$I$E7#1I!1.1I$E6&8!1+&!
$.!I$.E!(79&8#1I&8!_YW!()$681.?!($!YWW!97II7$.!5&1+8`,!

!
0,XX! @&9%$+1I!&F$I6(7$.!$'!()&!E&$8%)&+&!J7II!%$(&.(71II5!%+$?6#&!87E.7'7#1.(!#)1.E&8!

7.! E+$6.?J1(&+! #)&978(+5V! +&E7$.1I! E+$6.?J1(&+! E+1?7&.(8V! +$#3! )5?+16I7#!
%+$%&+(7&8V! E&$#)&97#1I! %+$%&+(7&8! _7.#I6?7.E! 97.&+1I$E7#1I! 86+'1#&8! '$+!
1?8$+%(7$.`V!9&#)1.7#1I!I$1?7.EV!97#+$:71I!&#$I$E5!1.?!8&1!I&F&I,!LF$I6(7$.!$'!()&!
E&$8%)&+&! 915! 7.F$IF&! E+1?61I! #)1.E&! 86#)! 18! 97.&+1I781(7$.! $'! '+1#(6+&!
86+'1#&8! #1687.E! 1! E+1?61I! ?&#+&18&! 7.! I$#1I! %&+9&1:7I7(5! 1.?! 7.#+&18&! 7.!
9&#)1.7#1I!8(+&.E()V!$+!915!:&!96#)!9$+&!+1%7?!18!+&86I(V!'$+!&/19%I&V!&7()&+!$'!
#I791(&! #)1.E&! #1687.E! +1%7?! EI$:1I! (&9%&+1(6+&! #)1.E&! $+! $'! &1+()>613&!
1#(7F7(5,!O8$($%&!E&$#)&978(+5!#1.!%+$F7?&!?1(1!$.!&F$I6(7$.!$'!%18(!E&$#)&97#1I!
&.F7+$.9&.(8! _$F&+! YWW! ($! $.&! 97II7$.! 5&1+! (79&8#1I&8`,! D$J&F&+V! 7(! 78! .$(!
%$887:I&! ($! ?&(&+97.&! '+$9! ()&8&! ?1(1! ()&! rate! $'! 7.?7F7?61I! 97.&+1I781(7$.!
&%78$?&8!_e.g.!8)$+(!&%78$?7#!%6I8&8!$'!+1%7?!'I67?!9$F&9&.(!F&+868!#$.8(1.(!(79&!
1F&+1E&?! 'I$J!+1(&8`d! ()&+&! 78!1I8$!.$!#I&1+!:1878! '$+!687.E!86#)!?1(1! ($!%+&?7#(!!
()&!'6(6+&,!

!
0,YWW! @$! :&((&+! #)1+1#(&+78&! E&$8%)&+&! &F$I6(7$.! 1.?! +&?6#&! 6.#&+(17.(5! 7.! 9$?&I!

%+&?7#(7$.8V!-$*2K!:&I7&F&8! ()1(! 1! '6.?19&.(1I!9&#)1.78(7#! 6.?&+8(1.?7.E! 78!
+&>67+&?! $'! ()&! %+$#&88&8! E$F&+.7.E! %)587#1IV! #)&97#1I! 1.?! 97#+$:7$I$E7#1I!
&F$I6(7$.!$'!()&!E&$8%)&+&,!P6+()&+V!($!F1I7?1(&!86#)!9$?&I8V!.&J!'7&I?!1.1I$E6&8!
8)$6I?! :&! 8$6E)(! ()1(! 7II697.1(&! ()&! +$I&! $'! 7.?7F7?61I! %+$#&88&8! 7.! E&$8%)&+&!
&F$I6(7$.!1.?!1+&!1%%I7#1:I&!($!()&!(79&8#1I&8!1%%+$%+71(&!'$+!E&$I$E7#1I!?78%$81I,!

Radionuclide Movement in the Biosphere 

0,YWY! O.! ()&! E&$I$E7#1I! ?78%$81I! #$.(&/(! f:7$8%)&+&g! 9&1.8! 8$7I8V! 86+'1#&! J1(&+8V!
8&?79&.(8V!()&!1(9$8%)&+&!1.?!()&!1.791I8!1.?!%I1.(8!()1(!I7F&!7.!()&8&!%1+(8!$'!
()&!&.F7+$.9&.(V!7.#I6?7.E!)691.8,!O(!78!#I&1+!()1(V!$F&+!()&!(79&8#1I&8!$'!7.(&+&8(!
7.!E&$I$E7#1I!?78%$81IV!7(!78!.$(!%$887:I&!($!%+&?7#(!)$J!()&!86+'1#&!&.F7+$.9&.(!1(!
1.5! %1+(7#6I1+! 87(&! J7II! #)1.E&V! .$+! )$J! %I1.(8! 1.?! 1.791I8! J7II! &F$IF&,! @)&!
1%%+$1#)!68&?!'$+! ()&!%6+%$8&8!$'!?&F&I$%7.E!H<P!81'&(5!#18&8!78! ($!#1++5!$6(!
#1I#6I1(7$.8!:18&?!$.!1!+1.E&!$'!%$887:7I7(7&8!'$+!(&9%$+1I!#)1.E&8!7.!()&!86+'1#&!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YRT!$'!YSY!



&.F7+$.9&.(V!1II!J7()!()&!#)1+1#(&+78(7#8!1.?!:&)1F7$6+!$'!)691.8V!$()&+!1.791I8!
1.?!%I1.(8!(13&.!($!:&!18!()&5!1+&!7.!8797I1+!&.F7+$.9&.(8!($?15,!@)78!78!3.$J.!
18!()&!f+&'&+&.#&!:7$8%)&+&g!1%%+$1#)!_D&1I()!G+$(&#(7$.!0E&.#5V!RWWX`,!@5%7#1I!
81'&(5! #18&! #1I#6I1(7$.8! &9%I$5! 8&F&+1I! +&'&+&.#&! :7$8%)&+&8V! &1#)! '$+! 1!
?7''&+&.(! #I791(&! 8(1(&! ()1(! #$6I?! $##6+! 1(! ()&! '6(6+&! 1(! 1!H<P! 87(&,! @)&! 8(1(&8!
?7''&+! 7.! 18%&#(8! 86#)! 18! (&9%&+1(6+&! 1.?! +17.'1IIV! 1.?V! '$+! #$18(1I! 87(&8V! 8&1!
I&F&I,!

!
0,YWR! @)&!9$?&I8!1.?!?1(1!+&>67+&?!'$+!()&!+&'&+&.#&!:7$8%)&+&!1%%+$1#)!I1+E&I5!&/78(,!

@)&! 9$?&I8! )1F&! :&&.! ?&F&I$%&?! $F&+! 91.5! 5&1+8! 687.E! &/%&+79&.(1I! 1.?!
$:8&+F1(7$.1I! ?1(1! _'$+! &/19%I&V! $.! ()&! 9$F&9&.(! $'! +1?7$.6#I7?&8! +$6(7.&I5!
?78#)1+E&?!($!17+!1.?!8&1!'+$9!.6#I&1+!'1#7I7(7&8`,!"7.#&!()&!J)$I&!j#1I#6I1(7$.1Ia!
1%%+$1#)!78!8(5I78&?V!7(!78!6..&#&881+5!($!%&+'$+9!6.#&+(17.(5!1.1I58&8,!!

!
0,YWU! @)&!1?$%(7$.!$'!()&!+&'&+&.#&!:7$8%)&+&!1%%+$1#)!9&1.8!()1(!()&+&!78!1! I797(&?!

+&>67+&9&.(! '$+! :7$8%)&+&! *;<! '$+! E&$I$E7#1I! ?78%$81I! 81'&(5! #18&! %6+%$8&8,!
@)78! 78!.$(! ($! 815! ()1(! 86#)!*;<! 78!.$(!.&&?&?! '$+!$()&+!%6+%$8&8V!$+! ()1(! ()&!
3.$JI&?E&!E17.&?! 7.! $()&+! #$.(&/(8! 8)$6I?! .$(! :&! 68&?! '$+!H<P! 81'&(5! #18&8,!
@)&+&! 915! 1I8$! :&! 1! .&&?! '$+! *;<! ($! 79%+$F&! %+&?7#(7$.8! $'! +1?7$.6#I7?&!
9$F&9&.(! ()+$6E)! ()&! E&$8%)&+&Q:7$8%)&+&! 7.(&+'1#&! _'$+! &/19%I&V!9$F&9&.(!
'+$9!+$#38!($!8$7I8!1.?!8&?79&.(8`,!

!
!
!
!
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APPENDIX B  REFERENCES 
 
CoRWM Documents 

N$(&^!0II!-$*2K!?$#69&.(8!1+&!1F17I1:I&!$.!()&!-$*2K!J&:87(&V!www.corwm.org.uk,!!!
!
!

Number Title 

!!]WW! *&#$99&.?1(7$.8!($!H$F&+.9&.(V!RWW[!

RR[[! -$*2K!2$+3!G+$E+199&!RWWZQRWYYV!c6.&!RWWZ!

RURU! 2$+37.E!H+$6%!-!2$+3!GI1.V!0%+7I!RWWZ!

RU]U! N$(&!$'!9&&(7.E!J7()!N<0!$.!*;<!7886&8V!RX!0%+7I!RWWZ!

RU]T! N$(&!$'!%I6($.769!'$II$JQ6%!9&&(7.EV!*$51I!"$#7&(5V!RR!0%+7I!
RWWZ!

RUZ[! N$(&!$'!9&&(7.E!J7()!"&II1'7&I?!"7(&8!4(?V!YX!c6.&!RWWZ!

RUZX! G$87(7$.!G1%&+!$.!*;<!'$+!-$.?7(7$.7.EV!G1#31E7.E!1.?!
O.(&+79!"($+1E&!$'!D7E)&+!0#(7F7(5!218(&8!1.?!K1.1E&9&.(!$'!
"%&.(!P6&I8V!GI6($.769!1.?!B+1.769V!c6.&!RWWX!

RTWZ! -$*2K!#$99&.(8!$.!?+1'(!N<0Q*2K<!*;<!"(+1(&E5V!
c1.61+5!RWWX!

RTYT! N$(&!$'!9&&(7.E!J7()!M''7#&!'$+!-7F7I!N6#I&1+!"&#6+7(5V!RU!c6I5!
RWWZ!

RTYZ! N$(&!$'!9&&(7.E!J7()!N<0!$.!8%&.(!'6&I8V!%I6($.769!1.?!
6+1.769V!Z!06E68(!RWWZ!

RTYX! N$(&!$'!9&&(7.E!J7()!\+7(78)!L.&+E5V!YY!06E68(!RWWZ!

RTTU! N$(&!$'!9&&(7.E!J7()!NN4V!Y!"&%(&9:&+!RWWZ!

RTTT! K&&(7.E!J7()!0?+71.!\6IIV!-)17+!N"0N!N2!;!NL!L9%I$5&+!
"(&&+7.E!H+$6%V!U!06E68(!RWWZ!

RTSS! N$(&!$'!*;<!9&&(7.E!1(!H&$I$E7#1I!"$#7&(5V!YY!"&%(&9:&+!
RWWZ!

RTS[! N$(&!$'!9&&(7.E!J7()!\H"V!R[!"&%(&9:&+!RWWZ!

RTSX! N$(&!$'!9&&(7.E!J7()!N<0!$.!4$-!G+$#&88!1.?!218(&!
G1#31E&!"%&#7'7#1(7$.8V![!M#($:&+!RWWZ!

RT[T! N$(&!$'!9&&(7.E!J7()!L0!1.?!"LG0!$.!J18(&!#$.?7(7$.7.EV!
%1#31E7.E!1.?!8($+1E&V!Y]!M#($:&+!RWWZ!

RTZW! N$(&!$'!*1?7$1#(7F&!218(&!O99$:7I781(7$.!N&(J$+3!_*2ON`!
(&#).7#1I!9&&(7.E!$.!+1?J18(&!8($+1E&!*;<V!Y[!M#($:&+!RWWZ!

RTZT! N$(&!$'!9&&(7.E!$.!8#7&.(7'7#!7886&8!7.!87(&!8&I&#(7$.!1.?!
#)1+1#(&+781(7$.V!H&$I$E7#1I!"$#7&(5V!YU!N$F&9:&+!RWWZ!

RTZZ! *&%$+(!$'!UW!M#($:&+!RWWZ!G"L!&F&.(!

RTZX! N$(&!$'!F787(!($!"7e&J&II!\V!RU!M#($:&+!RWWZ!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YR[!$'!YSY!

http://www.corwm.org.uk/


Number Title 

RSWW! O.(&+79!"($+1E&!$'!D7E)&+!0#(7F7(5!218(&8!1.?!()&!
K1.1E&9&.(!$'!"%&.(!P6&I8V!GI6($.769!1.?!B+1.769,!
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APPENDIX C  GLOSSARY AND ACRONYMS 
 
Glossary of Terms 

N$(&8!
Y,! @)&! HI$881+5! ?&'7.&8! (&+98! 7.! ()&! J15! ()1(! -$*2K! 68&8! ()&9,! <7''&+&.#&8! '+$9!
?&'7.7(7$.8!E7F&.!7.!%6:I7#1(7$.8!:5!()&!H$F&+.9&.(V!()&!+&E6I1($+8V!()&!N<0!1.?!$()&+8!
1+&!7.(&.(7$.1I,!
R,! <&'7.7(7$.8! 1+&! 7.! .$+91I! (&/(d! 1??7(7$.1I! #$99&.(8! 1.?! &/19%I&8! 1+&! 7.! 8>61+&!
%1+&.()&8&8!z!{!1.?!7(1I7#8,!
!

Active facility 0!'1#7I7(5!J)&+&!+1?7$1#(7F&!91(&+71I8!#1.!:&!68&?,!

zSuch facilities are subject to safety, security and environmental 
regulation.{!

Advanced Gas-
Cooled Reactor 
(AGR) 

0!BC!?&87E.&?V!E18Q#$$I&?!+&1#($+!J7()!1!E+1%)7(&!9$?&+1($+,!

zIt uses enriched uranium oxide fuel with steel cladding and 
graphite sleeves. The primary coolant is carbon dioxide.{!

Applied research O.F&8(7E1(7$.!?7+&#(&?!%+791+7I5!($J1+?8!1!8%&#7'7#!%+1#(7#1I!179!
$+!$:b&#(7F&V!J)7#)!#1.!7.F$IF&!687.E!&/78(7.E!3.$JI&?E&!1.?!
6.?&+8(1.?7.E!$+!1#>67+7.E!.&J!3.$JI&?E&,!!

Basic research "&&!fP6.?19&.(1I!+&8&1+#)g,!

Becquerel (Bq) @)&!8(1.?1+?!7.(&+.1(7$.1I!6.7(!$'!9&186+&9&.(!$'!+1?7$1#(7F7(5V!
&>67F1I&.(!($!$.&!?787.(&E+1(7$.!%&+!8&#$.?,!

zRelated units are the: 

       kilobecquerel (kBq) – one thousand Becquerels 

       Megabecquerel (MBq) – one million Becquerels 

       Gigabecquerel (GBq) – one thousand million Becquerels 

       Terabecquerel (TBq) – one million million Becquerels.{!

Biosphere @)1(!%1+(!$'!()&!&.F7+$.9&.(!J)&+&!9$8(!$+E1.7898!I7F&,!

zIncludes soils, surface waters and their sediments, and the 
atmosphere.{!

Chemically 
disturbed zone 

0!+&E7$.!86++$6.?7.E!()&!&.E7.&&+&?!e$.&!$'!1!fE&$I$E7#1I!
?78%$81I!'1#7I7(5g!()1(!78!1''&#(&?!:5!+&I&18&!$'!I&1#)1(&,!!

zParticularly significant where cementitious backfill is used, 
since the high pH effluent from the GDF will cause extensive 
reaction with the host rocks.{!!

Co-disposal H&.&+1II5V!?78%$81I!$'!J18(&8!J7()!?7''&+7.E!%)587#1I!1.?!
#)&97#1I!#)1+1#(&+78(7#8!7.!()&!819&!'1#7I7(5,!N$J!8%&#7'7#1II5!
68&?!7.!()&!BC!:5!H$F&+.9&.(V!-$*2K!1.?!$()&+8!($!9&1.!
?78%$81I!$'!.&J!:67I?!J18(&!7.!()&!819&!'1#7I7(5!18!&/78(7.E!1.?!
f#$997((&?g!J18(&,!

zOften used in radioactive waste management literature to 
mean “co-location”.]!
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Co-location <78%$81I!$'!f)7E)!I&F&I!J18(&gV!f7.(&+9&?71(&!I&F&I!J18(&g!1.?!
$()&+!(5%&8!$'!f)7E)&+!1#(7F7(5!J18(&g!7.!1!#$9:7.&?!fE&$I$E7#1I!
?78%$81I!'1#7I7(5g!7.!J)7#)!()&+&!1+&!8&%1+1(&!%1+(8!$'!()&!'1#7I7(5!
'$+!()&!F1+7$68!(5%&8!$'!J18(&,!!

[For example, there could be one part of the facility for 
intermediate level waste and another part for the high level 
waste and spent fuel.] 

Committed waste *1?7$1#(7F&!J18(&!()1(!J7II!1+78&!7.!'6(6+&!'+$9!()&!$%&+1(7$.!$+!
?&#$997887$.7.E!$'!&/78(7.E!.6#I&1+!'1#7I7(7&8,!

zAs distinct from existing waste, which already exists, and new 
build waste, which will only arise if new facilities are built.] 

Conditioning 0.5!%+$#&88!68&?!($!%+&%1+&!J18(&!'$+!I$.EQ(&+9!8($+1E&!
1.?i$+!?78%$81I,!

zUsually by converting it into a suitable solid form e.g. 
incorporation in glass (vitrification), encapsulation in cement,{!

Contingent strategy 0!8(+1(&E5!()1(!#1.!:&!68&?!7'!7(!:&#$9&8!#I&1+!()1(!()&!
f*&'&+&.#&!8(+1(&E5g!78!.$!I$.E&+!1%%+$%+71(&,!

zColloquially, “Plan B”.  In most radioactive waste management 
situations several contingent strategies are required, in order to 
address various possible future scenarios (“Plans C, D etc.”`,{!

Deep borehole 
disposal (DBD) 

<78%$81I!$'!J18(&!7.!:$+&)$I&8!9$+&!()1.!YWWW9!?&&%,!

zAlso known as very deep geological disposal and very deep 
disposal.{!

Desk-based studies *&F7&JV!86991+5V!#$II1(7$.!$+!&F1I61(7$.!$'!&/78(7.E!
3.$JI&?E&V!7.'$+91(7$.V!'1#(8!1.?!+&8&1+#)!$6(#$9&8,!!

[In the context of the UK geological disposal site selection 
process, assessing the suitability of sites using existing 
knowledge about the geology, surface environment, 
communities etc.] 

Development G+$E+&887F&V!858(&91(7#!68&!$'!3.$JI&?E&!1.?!6.?&+8(1.?7.E!
E17.&?!'+$9!f+&8&1+#)g!?7+&#(&?!($J1+?8!()&!%+$?6#(7$.!$+!
79%+$F&9&.(!$'!91(&+71I8V!?&F7#&8V!858(&98!$+!9&()$?8,!

zIncludes!the design and development of processes,{!

Disposal L9%I1#&9&.(!$'!J18(&!7.!1.!1%%+$%+71(&!'1#7I7(5!J7()$6(!()&!
7.(&.(7$.!$'!+&(+7&F7.E!7(,!!

zRetrieval may be possible but if intended the appropriate term 
is “storage”.{!!

Disposable 0!J18(&!%1#31E&!78!?78%$81:I&!7'!7(!#1.!:&!81'&I5!+&9$F&?!'+$9!
1!8($+&V!(+1.8%$+(&?!($!1!?78%$81I!'1#7I7(5!1.?!&9%I1#&?!7.!()1(!
'1#7I7(5V!1.?!7'!7(!J7II!%I15!7(8!%I1..&?!+$I&!7.!&.86+7.E!()&!%$8(Q
#I$86+&!81'&(5!$'!()1(!'1#7I7(5,!
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Encapsulation 0!#$.?7(7$.7.E!%+$#&88!7.!J)7#)!+1?7$1#(7F&!J18(&!78!%)587#1II5!
&.#I$8&?!7.!1!.$.Q+1?7$1#(7F&!91(&+71I!()1(!%+&F&.(8!
+1?7$.6#I7?&8!'+$9!9$F7.E,!

zThe most commonly used encapsulants are types of cement. 
Others include polymers.{!

Engineering 
disturbed zone 

0!+&E7$.!86++$6.?7.E!()&!&.E7.&&+&?!%1+(!$'!1!fE&$I$E7#1I!
?78%$81I!'1#7I7(5g!()1(!)18!:&&.!1''&#(&?!:5!#$.8(+6#(7$.!$'!()&!
'1#7I7(5,!

zFor example through stress or fracturing,{!

Enriched uranium B+1.769!7.!J)7#)!()&!9188!#$.(&.(!$'!()&!78$($%&!6+1.769QRUS!
78!1:$F&!()&!I&F&I!7.!.1(6+1I!6+1.769!$+&8!_W,]Rh!:5!9188`,!

Exotic fuel @&+9!68&?!:5!()&!BC!'$+!1.5!(5%&!$'!.6#I&1+!'6&I!()1(!78!.$(!
'+$9!1!#$99&+#71I!.6#I&1+!%$J&+!+&1#($+,!

zMainly fuels from research reactors and nuclear powered 
submarines,{!

Far-field @)&!fE&$8%)&+&g!:&5$.?!()&!f.&1+Q'7&I?g,!

zi.e. the rocks and subsoil undisturbed by the presence of the 
geological disposal facility.{!

Fundamental 
research 

M+7E7.1IV!&/%I$+1($+5!7.F&8(7E1(7$.!7.F$IF7.E!&/%&+79&.(1I!$+!
()&$+&(7#1I!J$+3!6.?&+(13&.!%+791+7I5!($!1#>67+&!.&J!3.$JI&?E&!
1.?!6.?&+8(1.?7.E!$'!%)&.$9&.1!1.?!$:8&+F1:I&!'1#(8!J7()$6(!
.&#&881+7I5!)1F7.E!1.5!799&?71(&!1%%I7#1(7$.!$+!68&!7.!F7&J,!!

Geological disposal H&.&+1II5V!&9%I1#&9&.(!7.!()&!L1+()a8!#+68(!J7()!.$!7.(&.(!($!
+&(+7&F&,!B8&?!8%&#7'7#1II5!7.!()&!K*2"!%+$E+199&!($!9&1.!
f?78%$81Ig!$'!+1?7$1#(7F&!J18(&!7.!1.!6.?&+E+$6.?!'1#7I7(5V!J)&+&!
()&!E&$I$E5!_+$#3!8(+6#(6+&`!%+$F7?&8!1!:1++7&+!1E17.8(!&8#1%&!
$'!+1?7$1#(7F7(5!1.?!J)&+&!()&!?&%()V!(13&.!7.!()&!%1+(7#6I1+!
E&$I$E7#1I!#$.(&/(V!86:8(1.(71II5!%+$(&#(8!()&!J18(&!'+$9!
?78(6+:1.#&8!1+787.E!1(!()&!86+'1#&,!!

Geological disposal 
concept 

0.5!F1+71.(!$'!E&$I$E7#1I!?78%$81IV!7.#I6?7.E!()&!68&!$'!1!f97.&?!
+&%$87($+5gV!f?&&%!:$+&)$I&8g!1.?!9$+&!()1.!$.&!fE&$I$E7#1I!
?78%$81I!'1#7I7(5g,!!

Geological disposal 
facility (GDF) 

0.5!'1#7I7(5!68&?!'$+!E&$I$E7#1I!?78%$81I,!

zIncludes mined repositories, natural caverns, disused man-
made caverns or mines, and deep boreholes,{!

Geological disposal 
facility design 

@)&!?&(17I&?!?+1J7.E8!1.?!8%&#7'7#1(7$.8!()1(!J7II!1II$J!
#$.8(+6#(7$.!$'!1!fE&$I$E7#1I!?78%$81I!'1#7I7(5g,!

[Includes nuclear, civil, mechanical, electrical. Materials, 
chemical, geotechnical and geological engineering aspects.] 

Geological 
repository 

"&&!fK7.&?!+&%$87($+5g,!
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Geosphere "$I7?!%$+(7$.!$'!()&!&1+()!#$.878(7.E!$'!()&!#+68(!1.?!%1+(!$'!()&!
6%%&+!91.(I&,!

[Often used in the geological disposal context to mean rocks, 
subsoil and the water and organisms in them]. 

Hex tails B+1.769!)&/1'I6$+7?&!+&87?6&!'+$9!()&!%+$?6#(7$.!$'!&.+7#)&?!
6+1.769,!

zHex tails are depleted in uranium-235 to levels well below the 
0.72 wt% of natural uranium, usually about 0.2 wt%. Uranium 
hexafluoride is a stable solid at room temperature and pressure 
but sublimes to a vapour at 56.5 oC. It reacts vigorously with 
water or water vapour.{!

Higher activity waste 
(HAW) 

*1?7$1#(7F&!J18(&!J7()!1#(7F7(5!1:$F&!()&!()+&8)$I?8!'$+!I$J!
I&F&I!J18(&!_442`V!i.e.!1:$F&!T!H\>i($..&!1I%)1!1#(7F7(5!$+!
1:$F&!YR!H\>i($..&!:&(1!E1991!1#(7F7(5,!!

zIt is usually also taken to include LLW unsuitable for near-
surface disposal.{!

High level waste 
(HLW) 

*1?7$1#(7F&!J18(&!7.!J)7#)!()&!(&9%&+1(6+&!915!+78&!
87E.7'7#1.(I5!18!1!+&86I(!$'!7(8!+1?7$1#(7F&!#$.(&.(V!8$!()1(!()78!
'1#($+!)18!($!:&!(13&.!7.($!1##$6.(!7.!()&!?&87E.!$'!J18(&!
8($+1E&!$+!?78%$81I!'1#7I7(7&8,!!

zIn practice the term is only used in the UK for the nitric acid 
solutions arising from reprocessing spent fuels and for the 
vitrified form of the solutes in these solutions.{!

Historic waste, 
historical waste 

"&&!fI&E1#5!J18(&g,!

Host community 0!#$996.7(5!7.!J)7#)!1!E&$I$E7#1I!?78%$81I!'1#7I7(5!915!:&!:67I(,

zIt is a community in a small geographically well-defined area, 
such as town or village, and includes the population of that area 
and the owners of the land.{!

Hot cell 0!)&1F7I5!8)7&I?&?!#$.(17.9&.(!7.!J)7#)!91.7%6I1(7$.8!$'!)7E)I5!
+1?7$1#(7F&!91(&+71I8!#1.!:&!#1++7&?!$6(!687.E!+&9$(&!)1.?I7.E!
(&#).7>6&8,!!

Immobilisation 0!#$.?7(7$.7.E!%+$#&88!7.!J)7#)!+1?7$1#(7F&!J18(&!78!#)&97#1II5!
7.#$+%$+1(&?!7.($!1!.$.Q+1?7$1#(7F&!91(&+71I!8$!()1(!
+1?7$.6#I7?&8!#1..$(!9$F&,!

zfVitrification” and incorporation in ceramics are types of 
immobilisation processes.{!

Interim storage "($+1E&!$'!+1?7$1#(7F&!J18(&!%+7$+!($!79%I&9&.(7.E!1!'7.1I!
91.1E&9&.(!8(&%V!86#)!18!fE&$I$E7#1I!?78%$81Ig,!!

Intermediate level 
waste (ILW) 

*1?7$1#(7F&!J18(&!&/#&&?7.E!()&!6%%&+!1#(7F7(5!:$6.?1+7&8!'$+!
fI$J!I&F&I!J18(&g!_i.e.!$F&+!T!H\>i($..&!1I%)1!1#(7F7(5!$+!YR!
H\>i($..&!:&(1!E1991!1#(7F7(5`!:6(!'$+!J)7#)!7(8!)&1(!$6(%6(!
.&&?!.$(!:&!(13&.!7.($!1##$6.(!7.!()&!?&87E.!$'!8($+1E&!$+!
?78%$81I!'1#7I7(7&8,!
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Legacy facility 0!.6#I&1+!'1#7I7(5!#$.8(+6#(&?!8&F&+1I!?&#1?&8!1E$!J)&+&!J18(&!
)18!:&&.!E&.&+1(&?!$+!8($+&?,!

Legacy waste *1?7$1#(7F&!J18(&!()1(!1+$8&!8&F&+1I!?&#1?&8!1E$,!

zA subset of existing waste; sometimes called “historic waste” 
or “historical waste”. The term is usually reserved for wastes 
kept in, or that have arisen in, legacy facilities.{!

Low level waste 
(LLW) 

f*1?7$1#(7F&!J18(&g!J7()!1#(7F7(5!I&F&I8!()1(!?$!.$(!&/#&&?!T!
H\>i($..&!1I%)1!1#(7F7(5!$+!YR!H\>i($..&!:&(1!E1991!1#(7F7(5,!

zSubsets of LLW include “very low level waste” (VLLW) and 
exempt waste (i.e. “radioactive waste” with activity levels below 
those in the various Exemption Orders made under the 
Radioactive Substances Act).{!

Low Level Waste 
Repository (LLWR) 

@)&!BC!.1(7$.1I!?78%$81I!'1#7I7(5!'$+!I$J!I&F&I!J18(&,!

zLocated near the village of Drigg in Cumbria.{!

Magnox reactor 0!BC!?&87E.&?!E18Q#$$I&?!+&1#($+!J7()!1!E+1%)7(&!9$?&+1($+,!

zIt uses uranium metal fuel of natural isotopic composition with 
a magnesium alloy cladding.{!

Mined repository 0!'1#7I7(5!8%&#7'7#1II5!&/#1F1(&?!1.?!#$.8(+6#(&?!'$+!()&!
fE&$I$E7#1I!?78%$81Ig!$'!+1?7$1#(7F&!J18(&,!

zfMined and engineered repository” is a more correct 
description. Most designs consist of shafts or adits leading to 
tunnels and vaults,{!

Near-field @)&!%1+(!$'!1!?78%$81I!'1#7I7(5!.&1+!$+!7.!#$.(1#(!J7()!()&!fJ18(&!
%1#31E&8gV!7.#I6?7.E!'7II7.E!$+!8&1I7.E!91(&+71I8!1.?!()$8&!%1+(8!
$'!()&!)$8(!+$#3!J)$8&!#)1+1#(&+78(7#8!)1F&!:&&.!$+!#$6I?!:&!
1I(&+&?!18!1!+&86I(!$'!()&!%+&8&.#&!$'!()&!?78%$81I!'1#7I7(5, 

Near-surface 
disposal 

<78%$81I!1(!$+!#I$8&!($!()&!86+'1#&!$'!()&!L1+(),!

zIncludes underground disposal in the Earth’s crust at depths 
less than a few tens of metres, and emplacement in engineered 
structures at or just below ground level. Formerly called 
“shallow land burial” or emplacement in a “near surface 
repository”.{!

Neutron transport 
modelling 

"796I1(7$.!$'!()&!%1()J158V!&.&+E&(7#8!1.?!I7'&(79&8!$'!
.&6(+$.8,!

[Used particularly in the control of criticality which is mediated 
by neutrons.] 

Overpack 0.!1??7(7$.1I!#$.(17.&+!'$+!1!J18(&!%1#31E&,!

zUsually to make it more suitable for storage, handling, 
transport or disposal,{!

Package "&&!f218(&!%1#31E&g,!
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Packaging GI1#7.E!J18(&!7.($!1!#$.(17.&+!'$+!I$.EQ(&+9!8($+1E&!1.?i$+!
?78%$81I,!

zIn most cases this includes conditioning but sometimes waste 
is simply placed in containers, with or without compaction to 
reduce its volume,{!

Primary research @)&!$:(17.7.E!$'!3.$JI&?E&V!'1#(8!1.?!?1(1!()1(!?7?!.$(!
%+&F7$68I5!&/78(,!!

zAll fundamental and much applied research is primary.{!

Pond 0!J1(&+Q'7II&?!8(+6#(6+&!7.!J)7#)!.6#I&1+!'6&I!78!8($+&?,!

zUsually made of concrete, the water provides cooling and 
shielding,{!

Pressurised water 
reactor (PWR) 

0!.6#I&1+!+&1#($+!7.!J)7#)!J1(&+!78!68&?!18!()&!#$$I1.(!1.?!
9$?&+1($+,!

zThe fuel is enriched uranium oxide with “zircaloy” cladding. 
PWRs operate above atmospheric pressure to prevent the 
water boiling.!{!

Public G&$%I&!J)$!)1F&!.$!%1+(7#6I1+!7.(&+&8(!7.V!1.?!1+&!.$(!1''&#(&?!
:5V!+1?7$1#(7F&!J18(&!91.1E&9&.(,!

zCoRWM distinguishes between “stakeholders” and the public.{!

Radioactive waste *1?7$1#(7F&!J18(&!78!?&'7.&?!7.!()&!*1?7$1#(7F&!"6:8(1.#&8!0#(!
YXXU,!O.!&88&.#&!7(!78!1.5!86:8(1.#&!'$+!J)7#)!()&+&!78!.$!
'6+()&+!68&!1.?!7.!J)7#)!1+(7'7#71I!+1?7$.6#I7?&8!1+&!%+&8&.(!1(!
1.5!I&F&I!1.?i$+!.1(6+1I!+1?7$.6#I7?&8!1+&!%+&8&.(!1:$F&!()&!
I&F&I8!E7F&.!7.!"#)&?6I&!Y!$'!()&!0#(,!

zNote that spent fuels, plutonium and uranium are not 
radioactive wastes unless it has been decided that there is no 
further use for them and they are declared to be wastes,!The 
Radioactive Substances Act definition of radioactive waste is 
under review and it is expected that a revised definition will be 
put in place in 2010.{!

Radioactive waste 
management 

0II!()&!1#(7F7(7&8!7.F$IF&?!7.!91.1E7.E!+1?7$1#(7F&!J18(&8,!

zIncludes minimising arisings, all types of treatment (e.g. 
decontamination, sorting, segregation), “conditioning”, 
“packaging” and “disposal”,{!

Raw waste 218(&!()1(!)18!.$(!:&&.!#$.?7(7$.&?,!!

Recoverability @)&!1:7I7(5!($!+&9$F&!J18(&8!'+$9!1!#I$8&?!?78%$81I!'1#7I7(5!:5!
97.7.EV!?+7II7.E!:$+&)$I&8!etc,!

zUnlike “retrievability”, recoverability does not entail the 
inclusion of any specific design features in a disposal facility.{!

Reference strategy 0!8(+1(&E5!()1(!78!:18&?!$.!+&1I78(7#!18869%(7$.8!1:$6(!()&!
'6(6+&!1.?!()1(!+&%+&8&.(8!()&!#$6+8&!$'!1#(7$.!()1(!78!($!:&!
'$II$J&?!6.I&88!#7+#698(1.#&8!#)1.E&,!

zColloquially, “Plan A”. See also “Contingent strategy”.{  !
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Repository 0!'1#7I7(5!J)&+&!J18(&!78!&9%I1#&?!'$+!?78%$81I,!

zOften used as shorthand for “mined repository”, but also used 
in other contexts, e.g. the UK’s Low Level Waste Repository 
(LLWR),{!

Research 0.!7.F&8(7E1(7$.!?7+&#(&?!($!()&!?78#$F&+5!$'!8$9&!'1#(!$+!
%+7.#7%I&!:5!1!#$6+8&!$'!8(6?5!$+!8#7&.(7'7#!&.>67+5,!

Retrievability 0.!1:7I7(5!($!J7()?+1J!J18(&8!'+$9!1!?78%$81I!'1#7I7(5!()1(!78!
1#)7&F&?!:5!9&1.8!?&87E.&?!7.($!()&!'1#7I7(5!$()&+!()1.!879%I5!
+&F&+87.E!J18(&!&9%I1#&9&.(,!!

zSee also “reversibility” and “recoverability”.{!

Reversibility @)&!1:7I7(5!($!J7()?+1J!J18(&8!'+$9!1.!$%&.!?78%$81I!'1#7I7(5!:5!
+&F&+87.E!()&!&9%I1#&9&.(!%+$#&88,!

Rock 
Characterisation 
Facility (RCF) 

0.!6.?&+E+$6.?!'1#7I7(5!'$+!68&!7.!#)1+1#(&+787.E!()&!%)587#1IV!
#)&97#1IV!9&#)1.7#1I!1.?!)5?+$I$E7#1I!867(1:7I7(5!$'!()&!
E&$I$E7#1I!&.F7+$.9&.(!'$+!fE&$I$E7#1I!?78%$81Ig,!

zA term used mainly by Nirex for the  facility it proposed to 
construct in Cumbria.{!

Safety assessment 0.!188&889&.(!$'!J)&()&+!1!.6#I&1+!'1#7I7(5!$+!$%&+1(7$.!78!$+V!7'!
%1+(7#6I1+!1#(7$.8!1+&!(13&.V!J7II!:&!81'&,!

Safety case @)&!#$9%I&(&!8&(!$'!1+E69&.(8!()1(!?&9$.8(+1(&8!()1(!1!
.6#I&1+!'1#7I7(5!$+!$%&+1(7$.!78!$+V!7'!%1+(7#6I1+!1#(7$.8!1+&!(13&.V!
J7II!:&!81'&,!

Secondary research *&F7&JV!86991+5V!#$II1(7$.!$+!&F1I61(7$.!$'!&/78(7.E!
3.$JI&?E&V!'1#(8!1.?!$6(#$9&8!$'!:187#!1.?!1%%I7&?!+&8&1+#),!!

Scientific research @)&!1%%I7#1(7$.!$'!()&!8#7&.(7'7#!9&()$?!($!$:(17.7.E!.&J!
7.'$+91(7$.!($!&/%I17.!()&!.1(6+&V!%+$%&+(7&8!$+!:&)1F7$6+!$'!
8$9&()7.E!7.!()&!6.7F&+8&!1+$6.?!68,!

Silo 0!8(+6#(6+&!68&?!'$+!8($+1E&!$+!?78%$81I!$'!+1?7$1#(7F&!J18(&,!

zThe term is applied in the UK mainly to concrete structures 
(buildings) used for temporary storage of wastes, but it can also 
apply to vertical shafts in rock used for underground storage or 
disposal,{!

Spent fuel P6&I!()1(!)18!:&&.!68&?!7.!1!.6#I&1+!+&1#($+!1.?!'$+!J)7#)!
()&+&!78!.$!'6+()&+!68&!18!'6&I,!

Stakeholder 0!%&+8$.!$+!$+E1.781(7$.!J)$!)18!1.!7.(&+&8(!7.!$+!78!1''&#(&?!:5!
+1?7$1#(7F&!J18(&!91.1E&9&.(,!!

zIn the context of CoRWM’s work, stakeholders include waste 
producers, regulators, non-governmental organisations, local 
authorities and communities near existing nuclear sites and 
potential disposal sites,{!!

Stakeholder fatigue 0!87(61(7$.!7.!J)7#)!8(13&)$I?&+8!1+&!$F&+J)&I9&?!:5!
#$996.7#1(7$.8!1.?!#$.86I(1(7$.8!$.!1!%1+(7#6I1+!($%7#V!1.?!?$!
.$(!+&8%$.?!($!+&>6&8(8!'$+!()&7+!F7&J8,!

-$*2K!<$#69&.(!RSTUV!M#($:&+!RWWX!! ! ! ! G1E&!YTW!$'!YSY!



Stillage 0!9&(1I!'+19&!68&?!($!)$I?!?+698!$'!+1?7$1#(7F&!J18(&,!

Storage GI1#7.E!J18(&8!$+!$()&+!91(&+71I8!7.!1!'1#7I7(5!J7()!()&!7.(&.(7$.!
$'!+&(+7&F7.E!()&9!1(!1!I1(&+!?1(&, 

Surface-based 
investigations 

O.F&8(7E1(7$.8!$'!1!%$(&.(71I!E&$I$E7#1I!?78%$81I!87(&!()1(!1+&!
#1++7&?!$6(!'+$9!()&!86+'1#&V!+1()&+!()1.!6.?&+E+$6.?,!

zFor example, seismic investigations and boreholes.{!

Tonne M.&!()$681.?!37I$E+198,!!

Underground 
Research Laboratory 

(URL) 

0.!6.?&+E+$6.?!'1#7I7(5!'$+!f+&8&1+#)g!7.($!fE&$I$E7#1I!?78%$81Ig,!

zSome URLs are at prospective disposal sites, others are in 
geological settings similar to those proposed for geological 
disposal but remote from potential disposal sites.{  

Underground 
Research Facility 
(URF) 

0!87(&Q!$+!)$8(!+$#3!8%&#7'7#!6.?&+E+$6.?!'1#7I7(5!'$+!
#)1+1#(&+781(7$.!1.?!*;<!+&I1(&?!($!E&$I$E7#1I!?78%$81I,!

Very low level waste 
(VLLW) 

r&+5!I$J!I&F&I!+1?7$1#(7F&!J18(&!_r442`!78!442!()1(!)18!
+1?7$1#(7F7(5!I&F&I8!J&II!:&I$J!()&!91/7969!'$+!()&!#1(&E$+5,!O(!
#1.!:&!?78%$8&?!$'!J7()!.$.Q+1?7$1#(7F&!J18(&V!+1()&+!()1.!
:&7.E!%I1#&?!7.!()&!4$J!4&F&I!218(&!*&%$87($+5!$+!$()&+!
8%&#71I78&?!'1#7I7(5,!

!

zThere are two types of VLLW: low volume and high volume. 
Low volume VLLW is radioactive waste that can be disposed of 
safely to an unspecified destination with municipal, commercial 
or industrial waste (so-called “dustbin disposal”). It has an 
activity not exceeding 400 kBq in any 0.1m3 and no individual 
item in the waste should have an activity above 40 kBq. These 
levels are increased by a factor of ten for tritium or carbon-14 
(i.e. 4 MBq in 0.1m3 and 400 kBq per item, where the limits 
apply to tritium and carbon-14 taken together). High volume 
VLLW is radioactive waste that can only be disposed of to a 
specified landfill site. Its activity level must not exceed 4 
MBq/tonne or 40 MBq/tonne for tritium.{!

Vitrification @)&!%+$#&88!$'!#$.F&+(7.E!J18(&8!7.($!1!EI188!$+!EI188QI73&!
'$+9,!

Voluntarism 0.!1%%+$1#)!($!87(7.E!E&$I$E7#1I!?78%$81I!'1#7I7(7&8!()1(!7.F$IF&8!
#$996.7(7&8!F$I6.(1+7I5!&/%+&887.E!1.!7.(&+&8(!7.!)$I?7.E!
?78#6887$.8!J7()!H$F&+.9&.(V!()&.!?&#7?7.E!J)&()&+!($!
%1+(7#7%1(&!1.5!'6+()&+,!

Waste hierarchy @)&!)7&+1+#)5!$'!%+7.#7%I&8!68&?!7.!J18(&!91.1E&9&.(,!@)&8&!
#$.878(!$'^!_Y`!.$.Q#+&1(7$.!$'!J18(&8!J)&+&!%+1#(7#1:I&d!_R`!
97.79781(7$.!$'!1+787.E8d!_U`!+&#5#I7.E!1.?!+&68&d!_T`!?78%$81I,!

Waste package 0!#$.(17.&+!1.?!1II!7(8!#$.(&.(8!,!

zIncludes the waste, any encapsulating material, any capping 
grout, etc,{!
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Zircaloy 0.!1II$5!$'!e7+#$.769!68&?!'$+!#I1??7.E!.6#I&1+!'6&I,!

!

List of Acronyms 

!

0L-4! 0($97#!L.&+E5!$'!-1.1?1!4(?!

0H*! 1?F1.#&?!E18!#$$I&?!+&1#($+!_0!(5%&!$'!+&1#($+!J7()!1!E+1%)7(&!#$+&V!1.?!
6+1.769!$/7?&!'6&I!7.!8(&&I!#I1??7.E!J7()!1!E+1%)7(&!8I&&F&,`!

040*0! 18!I$J!18!+&18$.1:I5!1#)7&F1:I&!

040*G! 18!I$J!18!+&18$.1:I5!%+1#(7#1:I&!

04"! 0?F1.#&?!47E)(!"$6+#&!_1(!B.7F&+87(5!$'!-1I7'$+.71!\&+3&I&5V!B"0`!

0N<*0! 0E&.#&!N1(7$.1I&!?&8!<y#)&(8!*1?7$1#(7'8!_P+&.#)!8(1(&Q$J.&?!1E&.#5!
'$+!+1?7$1#(7F&!J18(&!91.1E&9&.(`!

0N*L! 0E&.#5!'$+!N1(6+1I!*&8$6+#&8!1.?!L.&+E5!_c1%1.`!

0GK! 1?1%(7F&!%)18&?!91.1E&9&.(!_$'!8%&.(!.6#I&1+!'6&IV!-1.1?1`!

0G"! 0?F1.#&?!G)$($.!"$6+#&!_1(!0+E$..&!N1(7$.1I!41:$+1($+5V!B"0`!

0"--! 1(9$8%)&+&!18878(&?!8(+&88!#$++$87$.!#+1#37.E!

0"N! 06($+7(y!?&!"Ä+&(y!N6#Iy17+&!_P+&.#)!+&E6I1($+`!

02L! 0($97#!2&1%$.8!L8(1:I78)9&.(!_1(!0I?&+918($.`,!_02L!%I#!78!()&!
#$9%1.5!()1(!+6.8!0I?&+918($.!1.?!\6+E)'7&I?!6.?&+!#$.(+1#(!($!()&!
K7.78(+5!$'!<&'&.#&,`!

\0@! :&8(!1F17I1:I&!(&#).7>6&8!

\L! \+7(78)!L.&+E5!

\L**! <&%1+(9&.(!'$+!\687.&88V!L.(&+%+78&!1.?!*&E6I1($+5!*&'$+9!_.$J!%1+(!
$'!()&!<&%1+(9&.(!'$+!\687.&88V!O..$F1(7$.!1.?!"37II8`!

\H"! \+7(78)!H&$I$E7#1I!"6+F&5!

\O"! <&%1+(9&.(!'$+!\687.&88V!O..$F1(7$.!1.?!"37II8!

\NL"! \+7(78)!N6#I&1+!L.&+E5!"$#7&(5!

\NP4! \+7(78)!N6#I&1+!P6&I8!4(?!

\NH! \+7(78)!N6#I&1+!H+$6%!
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\NH"4! \+7(78)!N6#I&1+!H+$6%!"&II1'7&I?!4(?!

\GLM! :&8(!%+1#(7#1:I&!&.F7+$.9&.(1I!$%(7$.!

\*HK! \6+&16!?&!*&#)&+#)&8!Hy$I$E7>6&8!&(!K7.7Å+&8!_P+&.#)!&>67F1I&.(!$'!
\H"`!

\@-! \NP4!@&#).$I$E5!-&.(+&!_.$J!()&!-&.(+1I!41:$+1($+5`!1(!"&II1'7&I?!

\2*! :$7I7.E!J1(&+!+&1#($+!

-0N<B! -1.1?71.!?&6(&+769!6+1.769!+&1#($+!_1!+&1#($+!J7()!.1(6+1I!6+1.769!'6&I!
1.?!)&1F5!J1(&+!_?&6(&+769!$/7?&`!18!()&!9$?&+1($+!1.?!#$$I1.(`!

-0"L! -$Q$%&+1(7F&!0J1+?!7.!"#7&.#&!1.?!L.E7.&&+7.E!_8#)&9&!($!86%%$+(!
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