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KProbIem and requirements\

e Approach in UK
 Fundamentals of selection
 Diverse UK site options

e Uncertainty
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What Is the problem ? &
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Requwements for performance

NOT ‘secure’
NOT “no leakage”
NOT “depth / location /

KS|ze/ volume” )

-

N

Risk of death 10'6

1 in one million to
affected population

Per year

Next one Million years

into future /

e

xtra dose of about 0.02mSv

ie 1% more than natural UK
background
k(which varies by 300%)
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How did we get here?

@O’ s UK first civil nuclear power\
Magnox - some still operating / \
RoW

1960 AGR reactors
1970 => PWR Sizewell B 1995 WIPP USA - operating
2022 ? EDF PWR

_ Yucca Mountain USA
1970 Exploration waste storage

1980  Slow progress ...... => Olkiluoto Finland -
1990 Dounreay | Sellafield selected construction underway
1997  Sellafield rejected

?? Sweden - short list
1998-9 House of Lords

2001  Consultations ?? France, Germany
2003 CoRWM 1

2006  CoRWM Report Romania - underway, in a
2006 NDA => evaluation, CORWM 2 mine ...

2008 Site search ==> finish ?
2020 Start construction \Q( 2040 ... etc /
2040  Start operation

s.haszeldine@ed.ac.uk Radioactive Waste geological Society 24 Oct 2008 4




Philosophy in UK

e Find a site T —
 Make surface 180m | g 180m
measurements AN

(Tuloilmakuilu)

-m
 Engineer a cavern

‘."I'.J‘-“Iw"'“ n pituus

2892 m
e Measure below ground - AN P-a.....
0 i N\ 274m
« Deposit waste N
retrievably =S

» Close after 50-100
years

* Not ‘best’ site (only one)

« Must be ‘good enough” Olkiluoto, leand
Shows the situation on 28 March 2008
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Repository has different functions %

10° [years] 10° 10° 10° 10°
| | I | | |
| | | |

| operational phase | thermal phase | isolation | geological phase

| | | phase |

reserve

latent functions

latent function

[ Geoscience Is considered the long-term container J
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Site Selection
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Fundamentals

Engineering
Not static: Site can change
Must be PREDICTABLE

"
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Generic site selections

(a) Hard Rocks in
Low Relief

Terrain

(b) Stmall Islands

These are generic
explorations

(c) Seaward Dipping
and Offshore
Sediments

The flow direction of
groundwater is
T iInherently helpful

(e) Basement Rocks
under Sedimentary
Cover
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UK onshore generic sites

Dounreay
?x £ o /I\/Iany areas of A
- / s onshore UK can
f‘ ,,,/ . fit with the generic
exploration criteria
= /

Suitable sediments -
Basement below

sedimentary cover -
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Criteria for site selection (]

o Qo

K.@DINB\.\Q'&
. . Stage in EIA process Action relating to radioactive waste | Organisation
I mportgn ce of factors in Site et aonsie
Selection is allocated by people
Scoping Consultation on the scope of the | Implementer
/ \ Environmental Impact Assessment,
* Range of options what should be assessed and how
« Future scenarios ?nnv(‘ja Rg;; stakeholders should be
» Weighting of importance
e Sen sitivity to uncertai nty Assessment The.short-hst of sites .are.assessed Implementer
R g against the agreed criteria to
! Optimisation Y identify a preferred site.
/ \ Writing environmental report A report (Sustainability Appraisal) | Implementer
Eg of the assessments is written,
. . . including a summary report.
* Low weighting for geological
and en g ineerin gp erformance Environmental impact assessment | A national debate to review the | Government
report review Sustainability Appraisal.
V
k’ High weighting for local opinio I’l/ Decision Government will decide whether to | Government
approve implementation of the
facility at the recommended site
/. N

2001 process MRWS:

“ A . Implementation and monitoring | The implementer will construct the | Government
an opportunity for people to influence

facility and the Government will

the decision-making process, the criteria ensure appropriate monitoring is
used to evaluate potential sites and their undertaken. st
uelatlve Welght “« j 2006 vol 5 www.5tic.0g.uk
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Original generic site

“Adapted” specific site

BH2, (BH4

?’;},&

19

Adapting of@
criteria

ﬁnitial generic \

identification can
become changed during
the evaluation process

This can have important
effects on the
“fundamental” site
Integrity.

Here, water flow no
longer passes overhead,

but flows through the
store /

Radioactive Waste geological Society 24 Oct 2008 12



Why so much rush ?
2001 process MRWS: \ .
Ges that were considered to (a0t processrws: )

o Al bl «from 537 sites
N p_otentla y sulta © sequentially to 204,
previously on geological

_ 165, and on down
grounds could be considered to a shortlist of 10

suitable- and 2 generic

“Equally, given the \offshore” /
developments that have

occurred, sites /% Jume 2008 B

where the geology was
viewed aIS Iesslgal;/ogra::)lg ; Council has already
previously could be include expressed its interest

n the new to the Government”
site selection process” N J
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Different Types of UK Site
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Why ignore sediments ?

-y

A

-
) Qo
o
6:0; N B\'\Q'

URL Site
MORLEY 2 km — CIRFONTAINES
— s
EST 103
NW l— MSE 101 l ¢ SE
500 . Cretaceous : M -500
__Mﬁ 7T Snian calcareous = '
Kimmeridgian marl
0- Oxfordian calcareous
l Dogger calcareous
- 500 - -- 500
Toarcian claye
mu 1A L asss— Consulting

/ANDRA France (NAGRA Switzerland). Mud sediments. A
Simple structure: easy to evaluate across tens km
Rock is very low-flow < 10-19 m/s oil and gas “seal”
Fractures are self-sealing ==> Diffusion not flow

\Mineralogy adsorbs leachates /
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Wells |
(vertical depth) &
+ not known Wy

+ 0.5 -1km
+ 1 -2km
+ >2km

200km

= W

A
+ o
o

R,
Mid North Sea High

T ;,.&

AO

Offshore sites §®

' o
€OINBOYT

Original generic sites
were defined from the

late 1970’s

Subsequently, more is
known about offshore
than all of onshore
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j Inner.
m’\‘a -u't?\ "'Duter

reas i
’ terrain with hard
= rocks at or near
the surface

-

Areas of potentially
suntable sedimentary
formations

Area of low
permeabili
- basement with ‘
)* sedimentary cover /.
v
Z
SIL1 |

Horsts and graben *
(Mesozoic)

Buckle folds . Ll

| Minibasins and
rE salt walls

Mother salt

~ Generic zong
offshore

Channel tunnel 30km £5Bn, with
2 degree gradient, to reach the
repository depth 600m

éb! NB \ﬁ‘

Salt over sandstone

Salt over sandstone

Deep saline granite

Sediments above

(striped if deformed - 100km
or partly dissolved) —— basement
~| @ | Salt Diapir o . 57
| 3| va “. ‘r L
/ / o
;/ \
- ewart 2002
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/Deep boreholes are
focused on coal,
hydrocarbon, geothermal :
all excluded as radwaste

stores

~

/

How can volunteer bids be
evaluated quickly / at all ?
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Deep Sellafield

= And ....

generic
nearshore

sites

/Volunteer communities\

are only onshore

This excludes all the
new Information -
specific to UK, about

the nearshore, and /

about the offshore
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Groundwater flow
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Inevitable that a Repository will leak.

Leakage Leaks can go: Down - long path

Up - dilute , disperse

BIOSPHERE

Interaction with life

Various processes affect
radionuclide distribution
in the biosphere

——o i 2R

Plume of radionuclides Nz NAR

emerging from repository - - trolled
< : \ Radionuclsj?ie(s)ucl)s% %ggl%ede

as they travel through geosphere

NEAR FIELD

Designed, controlled

Initial inventory cemented in steel
containers in backfilled disposal vault

Not to scale |



%?A\

St.Bees %
nnerdak

Head



Choose simple, or complex site

SW NE
Irish Sea Sellafield .~ Lake District Penrith
S
E 0- s ‘-..__|___* '-h"“-l.. TS a-;;':-:‘
g 2 Wit
£ _ | Lake District
ks East Irish Sea Basin Regional Flow System
o 5
0 ik 23 a4 46 EIT-" 'EnIQ EI-:L'J EJIE 11.113 115
Kilometres
< [nland Saline Water System <— | ake District Flow System
B Basinal Brine Water System «—— Local Flow System
<— Shallow Flow System S G

23
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Fundamental: outflow difficult &

SW @ EXxpectation

PIlE|I®S

Groundwater
- - - Flow

b el )

0.5 km

Need to know accurately: 1 km
rates and volumes and times
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Non-average values
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Flow below repository

30l

o
&DJN B\,\q'

Figure 6.4 Current conceptual model of the groundwater systems in the Sellafield area '
This small part has

(Based on Figure 13 in Nirex Report No 525.) NE
to retain the most

Wsw

- 5001

L o

-1,5007

Hills and Basement Regime 1 km :

Groundwater moves, and can ascend from beneath
Best performance at IN-flow, not OUT -flow
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Extremes control performance

PERMEABILITY OF BORROWDALE VoLcaNIic Grouprp
FROM FIELD MEASUREMENTS IN BOREHOLES

1 | I }= | 1 T T
Permeability 0.001 0.01 0.1 1 10 - 100 1,000
(milli- Nirex
10 Darcies) average
regional
value Qilfield permeabilities
-% -
modelled
regional value

Number of Measures

' .Borehole Hi

measured e
range of BVG .
__-rfconductwtty L.

| SEEEIEREET l .'.'-_'.5'-::':1'31'_:'__'_'f' r ’ i '.-_:.-:_.l i I Bz ."' ZiEEEe :
- -13 -12 -11 -10 =9 = -8 -7 -6 -5 -4

Log Permeability (Log ms-1)
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Against, or with flow paths?

IN flow water age - modelled as 120,000 yr
measured as 100,000 - 1,000,000 yr.
OUT flow modelled as 20-30,000 yr

3Ol

G

&
“DINBUY

£ COAST MOUNTAIN

Depth (km aOD)

4 _ | Flow Line |CSst| Calder Sandstone |SSst| St Bees Sandstone P | Permian

- Proposed
Carboniferous Borrowdale :
Fault CL | [imestone BVG| vjoicanic Group m Repository




Singular features
Unusual events
Risk
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WilVE,

Fractures and water flow ]

Approaches:
* Measure everything - very difficult
o Statistically simulated - but what about the rogue 0.01%?
\_ /
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“Leakage” singular features

Statistics are a guide, not certainty

AN N

90 95 100 95 90% 100 95 90%

tx

[Gas will emerge from Repository from bacteria and by
radiolysis - will this pressure make fractures ?
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FOR EVERY 569,260 TRAIN PASSENGERS,
ONLY ONE WILL HAVE THEIR PROPERTY
STOLEN FROM A TRAIN

(Very Improbable events A

0.005% to 10° risk
\Can be high IMPACT
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Models and unknowns
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Using models - principle

‘ Pressure | ‘ R;OCk and | ‘ Climate |
Temperature racture change
stress
Physical
Laboratory to
movement of | === Change Of |e—) it 3|/
fluids chemistry reaiity scaiing
and changes
Complicated to do ‘

Even more complicated to

. [ One scenario of many }
communicate

Simulations inevitable to make predictions
Need: calibration, then validation, rival models, range of
barriers, several indicators of performance
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Complex models need rich data

Dounreay

a) Surface water system .,

(shaded area is catchment
of Dounreay Burn)

ridge of high ground
i rising to elevations
gjfl intherange 80mto

#i¥ 130m above sea level

{orange lines are 10m
contours of relief)

small hills rising
to 40 to 50m
above sea level

b) Pre-2003 concept for the
regional-scale
groundwater

flow system
{dominated by flow from high
fidge in the South East
directly towards the sea)”

Quintessa

st | DOUNreay Shaft

out of plane of section?

Sluice Fault:

¢) Revised concept for the regional-scale groundwaterflow system Assticays 1o water table

(dominated by flov from y foreshory water table
low hills in the South / - . oD
within compartments) 3

10

apart fo show flow
within compartments

=20

1 Y . 7 "
40 discharge
to LEDT? f

basement \ | 4 N % 4 t t -

upward flow from depth upward flow from depth

Quintessa
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(Gas pressures

+ Carbon steel will generate

hydrogen gas

* The gas may affect the
performance of the
repository

* Formation of permanent
fractures:
- Loss of diffusional
barrier
+ De-saturation
- (Loss of diffusional
barrier)
* High gas pressure

- Mechanical damage to
repository

Pressure (MPa)

22 1

- Axial stress [PT1] - 5.0E-08
— Axial stress [PT2]
Radial stress [PT3]
— Porewater pressure [PT4] r 4.56-08
—— Radial stress [PT5]
—— Injection pressure L 4 0E-08
Sink array [1]
— Sink aray [2] &
— Sink array (3] r 35E-08 o
—— Injection flow rate =
r 3.0E08 ~
L
L 26E.08 @
[0
' I 20E-08 +
e
- 1.56-08 g
T
- 1.0E-08
- 5.0E-09
0.0E+00

155 165 175 185 195
Elapsed time (days) Selln SKB Sweden

[Hydrogen from radiolysis - will this pressure make fractures ? }
Permeability need to permit escape, whilst limiting water fow
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Future climates

+12,000 yrs (<109 kyr BP) +21,000 yrs (-100 kyr BP) +36,000 yrs (-85 kyr BP)
B % o - o

a

+63,000 yrs (-58 kyr BP) +74,000 yrs (47 kyr BP) +103,000 yrs (18kyrBP)  +109,0000 yrs (-12 kyr BP)
] * o L o o »

‘ -

Sellin SKB Sweden

Glaciation predicted : effect on fluid pressure, stress, fluid
circulation rate and depth and pathway, geochemistry .....

s.haszeldine@ed.ac.uk Radioactive Waste geological Society 24 Oct 2008 37



Who referees ?

Environment Agency 1) /°|S there a co- \
: ordinated R&D
CoRWM ) overview ?
RCUK ) e |S the
. iInformation
NGO ) > public enough ?
4 N
Replication by academics  How can
5 (how to be ‘independent”?) ) support be
@dependent? /

(International) peer review | /
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Skills shortages R

10,000 | PEQPLE [ Winfrith

Windscale B BNFL
Capenhurst
Springfields [] UKAEA

Marchwood B CEGB

Dounreay /A Lab Closure
Harwell

Leatherhead

/\

8,000 '\

A

A

6,000 -
Wythenshawe
Risley/Culcheth
4,000 - Gravesend

/\

Berkeley

2,000

80 82 84 86 88 S0 92 94 96 98 00 02 04

~ . . N @sNhL
Geoscience too has rival employers:

Hydrogeology, engineering, geophysics,

environment, oll, carbon, City....
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Summary

« UK has diverse geology - potentially suitable sites

e Initial choices vital - one or several sites?

e Hard rock caverns (again), or offshore sediments ?
« Working with nature or engineering against it ?

 VVolunteer communities solve politics, may create technical
problems. Site choice much too quick ==> one site (again)

e Uncertainty is not understood. Risk can be emotional

e Who are the referees to NDA and Government ?

Radicactive waste disposal at Sellafield, UK

site scbection, geobegical and engincering probloms

From 1996 Sellafield e )
@ Univ Edinburgh

UNIVERSITY

o
of
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