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Irradiated Graphite Route Map

Executive summary

This report presents the irradiated graphite route-map document developed
under task 1.2 of the CARBOWASTE project. This route map is a hierarchical
document that identifies the key stages and key issues that need to be
considered in the development of an informed waste management strategy for
irradiated graphite.

History /Revisions

Rev. Date Short description Lead Author Internal Review | Task Leader WP Leader
7-09-08 First issue for Comment H Eccles NN.L team .
review meeting
16-02-09 Presentation to WP 1 H Eccles AW Banford
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ey participants updated WP 1 workshop
04-03-09 following WP 1 by WP1
workshop participants
1 15-03-09 Reformatted H Eccles AW Banford AW Banford H Eccles
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1 Introductory Notes

This route map is a hierarchical document that identifies the key stages
and issues that must be considered to enable an informed irradiated
graphite waste management option to be selected.

This route map is specific for i-graphite management and therefore is only
one contribution to the process of decommissioning nuclear reactors.

It is a route map has several ways or ‘roads’, that can achieve the
required end-points! as show in Figure 1.

Information, data and knowledge will be required for each key step. Some
of this will be generic? for all key steps whilst other information will be
specific® for the particular step.

Some key steps may require a lower tier road map to be developed to
collect all of the options/considerations. These will be provided later.

It is conceivable that some key steps can be by-passed as the disposal
options can accommodate this approach.

It is essential to identify the disposal options and then consider upstream
stages.

This route map is not a stand alone decision making activity. It needs to be
used in conjunction with Multiple Criteria Decision Analysis (MCDA) and the
review paper from WP 1. Together, the review and the route map will be
used to identify the key factors and information that will influence any
waste management strategy for irradiated graphite and to identify key
gaps in knowledge that will be researched by other participants in the
project. The MCDA will identify the most appropriate options.

! End-points are criteria such decommissioning policy, radiological considerations that affect decisions/considerations; for
example decommissioning policy that requires reactors to be fully decommissioned in 25 years.

2 Generic considerations would include environmental, social and economic considerations.

3 Specific information would include for example market opportunities for re-use/recycle step.
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Figure 1 Irradiated Graphite Route Map — level 1
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2 Identify magnitude of problem and other major considerations

STEP 1
[_ Identily magnitude of problem and other major considerations J

INTRODUCTION

This Information s fJundarmental o al bey stages of e roube map.

Erscte'Graphita history Ollending radionuclides Other conslderations

1 Cuansty of graphiie ieoised 1 Muclides. Tl will Impact on: Mon radioaciive spacies
2 [2] sworage Inrshufee-sity Crganic mater
3 Closure date of reacior o] retri=yaliremoval

& Decay period [l rematment Wigner snergy
S Graphie imacladon hstory ] recychs lssues

B FIE daa =] sl

T Cirigir of graphite

B Reacior fyme

5 Reacior operadonal hisiory

10 Fued Talleres and other reador paberbaiions

11 Reacior cpsradonal atmosphens

HCRIL W H Ol WT

Inforrnabion noedcedd T alkoes:

1 estimabe of degree of radioacklvity of graphiis
2 neutron activabion procucts based on orginal Impurites ek
3 resldual acheity due to delaved sSomge

The abowe will npact on decommilssloning strabeqy, mdclogical, ariromnmental oonslderabions and oost.

S OILMNETI WL B3

H-3, C-14 and C1-36 will have major implications to disposal options
Other neutron actlvation products such as *Co, depending on deley storage cptlon (25, 50 or 75 vears) will Impac on

dacormmissloning options.
Other sotopes resulting from heed marafaciuring routes for HTRS will also reessd conslderation for decomimissioning stages.

8 Understanding the Importance and quality of the Information ‘'data avallable and kmowledge gaps that reed to be addressed before the
meat step in the rowtes map cn be considered.
3 Waste dspasal options.
3
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Retrieval of i-graphite and/or other options

NHOTLVHHCdNT

SHOTLNE TH LN G2

M L ME

Enfermeation from the presvious step ard consloermabions hoere will allow various options Including rebriesval to be examined.

INTRODCTION

Comiributory impacts Conflrm major ssues
I Friysical schemical properties of -=graphite from I Reactor and graphite core deslgns and other relesant designdconstruction details
other materials
2 Fofertlal methods of remoeal 2 MNond to segregate [-graphife
3 Ot mmaterals eg. thermincouples, seounng wires 3 Agres mode of dismanting
4 Irnplications of reacior design on graphBe retriesal 4 Corskder radiclsglcal Implications, tme constrainks, and oosis oo

5 Waste arlsings
& Exarnine ervircrmental Inmpact

Durirsg this step mador radickogical and pheskeal/mechardcal graphite properties will have been corskdensd and thelr impact on sekecton of
graphite rebriesal from the nescbor or obher options. Radiclogical and eneirommental impoct assesoments will havwe Deen ondefaken.

Candidate retrieval andfor other options kdentfed.
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Storage considerations
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SHNOLLNETULHOD
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INTRODUCTION

Stomge covers both bufter sfomge pricer fo treabrment or ofber aptions and as an Iimberm strategrs price 5o Hnal dsposad. The buBer store will allow
ary Huchuations In treatrnent to be accormmcdatend. It will also allos treatment opfions to be conskdensd (desk-top studles) prior to making
prefiminary selection or esen IF treatment 15 e prefemed option. Interdm storage may be needsd if I-graphite has been removed from the
reactnr before 4 final dlsposal route s avallabie.

Agres anwironmental tangats /and poimts Assess decontamination Tactors Ot her considerations
required for varkous and-peints [storage)
L loer@lfy envircmmental threshakds for washe I Calouladion of OF values mesnded L shore boundaries
nptions ege vLLW, LW, LW 1o achieve the varous disposal optians 2 graphitefoontainer
2 Cormelate threshold walues wih quantity for C- 14 and other radionudices Inberactions

3 Examnine current routes: for dispasal

4 Defermine: axoess quantity reguiring trestment
5 Climaée change implications on decomrmissioning
G Dwration of material storage

Frocess techrology evaluatiors will pricritise options most appropriate for further conslderation
The: deterrnination of DF values will provide an indlcation of eficlencies reouired and whether the task appears practical.

Boundary conditions of potentlal C- 14 decorfamination processes entified,
Boundary conditlons for storage.

5
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5 |- graphite treatment options

INTREODUCTION

Tha treatrnent optlons will kawe to sabisfy numerncus criterla not kst cost, erironmiental impact and sodo-political considerabions. Treatrment
and final disposal of secondary wastes/effluents gensrated from the -graphite freabment prooess will be cructal o s aooeptablisy.

Revlew technologles capable of schbeving Identily key lssues of candidate Secondary waste  Waste arisings Enwlronmsental
reguired DF technologlas treatment options from candidate  Impact
oipibon assassment ;
I Corslder It proreen technolcghess can L Tohesvtity waste/effluent arsirgs L sebect brestrment L Tokeritify all L erwdrorenental E
achlowe the required OFs from candidate processes bk Aral wastes) ASGESSTRNT &
2 Subsequent conslderations of 2 Corslderation ot otbesr process [ a1 ] maoy v weashbe ofluenks of all waste’ =
e perimetalroesl technigues conskderations such as! generation 2 assessment of L i Toy ’ﬂ-
1 Corslderation of Himedframes for techinolagy - MR rends [b] Figh efficlency wolumees/ arksings from a
Impderresntation - radislagical conslderations [c] Hexitiity guantities ardidate F
- BTy MUl remEts [ ] pircees 1 pirlcritise process
- mEdular techiniol ogs Eeachinology sewerity of
- foctpring Wt
- obher ersironmental lssoes 4 opportunities
-~ HexlbllEy of process for recvele
Thez evabuation of current proven separation technalcdy can be undertaken using caloulated OF saduess. I existing technology 1s mot capable
E of achiewing the OFs required with singlefoual pass sysbem then nosel fexperimental stage echnology could be corsloered. In this cise risk,
E time to dernonstrate and cost of commerdalisstion need to be consldersd.
E fsnossment of waste/efluents and thedr degres of treatment dffiodty will be paramount to the Aral selection of the cancldate treatment
= Prociss
E Treatment of wastes/efluents arising from the treatment of I-graphite will contribute to sustairable solutian

" OF Is the ratle of C- 14 presens Ingraphits to the quantity acceptable for disposal
&

SL ML T
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6 Re-usel/recycle

[ STEP 5 J
Re-use/recycle

INTRODUCTION

Rae-usefrecyoie mey complement dsposal. This will depend o B market oppotunites Tor re-ose' recyds and on the mdloact]vity that can be
accamrmadated by users. Other Issues such as oot of re-usefrecyoe ete willl need consideration.

Major considerations

I Market pobtential e, more than one user

2 Usage e tes/ammum

1 Radloactivity

4 Ot propertes that will Infuenoe oosts of re-use/recycis

ROIL ¥ WY Od NI

SHOLLMTE THLNOD

Market survey Indicating re-use/recycle graphite s acceptable

SLMdL M
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7 STEP 6 Disposal

INTRODLUCTION

The disposal apticn will mesd to conslder both treabed ard untreatesd 1-graphibe, reskdues from recyole and re-wse optlons and potential
wastes resldues arisirg frorn B brestrnent aption,

Waste Torm optlmisation Cisposal deshgm
; Optirmise with respect ba: 1 Hear-Aeld” behaviour of -graphite
T I actiwity category 2 Radlologica) assessrment
2 2 volume 3 Geosphere requirements
E 3 package skae 4 Desslgn aptions
4 treatmnent ard encagsulation reouliremisnt 5 Location geckagy
a 5 wasteoontainer Inberactions i Location trarsport
3 G wasteform/repasibary Interactions 7 Public acceptanon
T location tracsport 8 Hatlonal/locad agressrnent
8 public soreptanoe T Climate chang:
9 naticral local agresment L0 Rtriewablity of waste

Disposal cptiors and Aral waste categoies to be consldersd through retriesal, treabrment ard storage stages 0. refriesval processes maossd To
conslder sultabiity of powdersd graphite ard impact on solurne minimisagion, activity segregation, meabment cotlons, radoruclide bebavicur In
weashbe forrn and reposibory

Uppser el concltions for acceptance for graphite
Mational variations
Sustalnable waste management aption for -graghits

SlN4 LD || SHOTLTETHINGD

U LAk defiretioe of e Sl - b o od v BEr o 18 coriecl weik tha wams pacosgrng, mclrding Almp or meling meernds, md dees pae =l tha ko madram
ek Wiz chemsolansiza baes baan ar coul ke abimed by dha repesizny or i covanis
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