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TABLE 6

ELEMENT-SPECIFIC GEOHETRIC MEANS CGM) OF THE LOGNORMAL

PROBABILITY DENSITY FUNCTIONS !'OR THE CONCENTRATION RATIO

CBv1 ) AND TRANSFER QQEFFICIENTS CF1 , AND B1 ,) FOR CONCEPT ASSESSMENT

BV1 F1 , B1 j

Elesent Plant/SoU IE MILK TE HE.U TE aIRD PV FISH

A::. 8.8 x 10-' 2.0 x 10- • 2.5 x 10-' 2.5 X 10- 3 * 1.5 Ie 101

AlII 1.4 X 10- 3 4.1 " 10- 1 3.5 J< 10-' 8.5 x 10- ] 1.0 X 102

Ar 0.0 0.0 0.0 0.0 0.0
Be 2.5 "

10- ) 9.1 X 10- 1 1.0 X 10-' 1.0 X 10- 1 * 2.0 x 10·
B1 8.8 x 10- • 5.0 x 10-' 4.0 x 10' • 4.0 x 10- 21- 1.5 X 101

Br 3.8 x 10- 1 2.0 J< 10- 2 2.5 x 10' 2 2.5 x 10·* ... 2 X 102

C 5.5 x 10· ** 1.5 X 10- 2 6.4 X 10- 2 6.4 x 10·* 5.0 x 10'
ea 8.8 x 10- 1 1.1 X 10- 2 1.6 X 10- 3 4.4 X 10- 1 4.0 X 101

Cd 1.4 X 10- 1 1.5 x 10- ] 3.5 x .1Cr~ 8.4 x 10- 1 1.0 X 102

Cr 1.9 x 10- 3 1.1 x 10- 3 9.2 X 10- 3 9.2 X 10- 1 * 2.0 X 102

Cs 2.0 X 10- 2 7.1 X 10-' 2.6 x 10- 2 4.4 x 100 1.0 x 10'
8***
8f 8.8 x 10-' 5.0 x 10-' 1.0 X 10- 3 1.0 x lO- h 3.3 x 10·
I 3.8 X 10- 2 **** 9.9 X 10- 3 7.0 x 10-' 2.8 x 100 5.0 X 10

'K 2.5 X 10- 1 7.2 x 10- • 1.8 X 10- 2 1.8 x 10·* 1;0 x 103

Kr 0.0 0.0 0.0 0.0 0.0
Mo 6.3 X 10- 2 1.4 x 10- 3 6.3 x 10- 3 5.0 X 10- 1 1.0 X 10i

Nb 5.0 x 10- J 2.0 x 10- 2 2.5 X 10- 1 3.0 x 10- 3 1.0 X 102

N1 1.5 x 10- 2 1.0 x 10- 3 2.0 X 10-' 2.0 X lO- i * 1.0 X 102

Np 2.5 X 10- 2 5.0 x 10- , 5.S x 10-' S.S x 10-'* 2.5 X 10'
P 8.8 X 10- 1 1.6 X 10- 2 4.9 x 10- 2 4.9 x 10°* 6.7 x 10<
Pa 6.3 x 10-< 5.0 x 10-' 1.0 x 10- • 1.0 X 10. 3 * 1.1 X 101

Pb 1.1 x 10- 2 2.6 x 10-< 4.0 x 10-< 4.0 X 10- 2 * 3.0 X 102

Pd 3.8 x 10- 2 1.0 x 10- 2 4.0 X 10- 3 . 4.0 x 10- h 1.0 x 10
'Po 6.3 x 10-< 3.4 x 10-< 4.5 X 10-' 4.5 X 10- 1 * 5.0 X 102

Pu 1.1 x 10-< 1.0 x 10- ' 2.0 x 10- 6 7.6 X 10-' 2.5 X 102

Ra 3.3 X 10- 3 4.0 x 10-< 9.0 x 10- < 9.0 X 10- 2 * 5.0 x'10
'Rb 3.8 x 10- 2 1.2 x 10- 2 1.1 x 10- 2 1.1 x 10°* 2.0 X 103

Re 3.8 X 10- 1 1.3 x 10- 3 8.0 x 10- 3 8.0 X 10- 1 * 1.2 X 102

Rn 0.0 0.0 0.0 0.0 0.0
Sb 5.0 x 10- 2 1.1 x 10- < 1.0 x 10- 3 1.0 X 10- 1 * 2.0 X 102

Se 6.3 x 10- 3 4.0 X 10- 3 1.. 5 X 10- 2 9.3 x 10· 1. 7 X 102

S1 8.8 x 10- 2 2.5 x 10-' 4.0 x 10-' 4.0 X 10-'* 2.5 x 10·
S. 2.5 x 10- 3 2.0 x 10- • 5.0 X 10- 3 5.0 X 10- 1 * 3.0 X 101

So 7.5 X 10- 3 1.2 x 10- 3 8.0 x 10- 2 8.0 x 10°* 3.0 X 103

Sr 6.3 x 10- 1 1.4 x 10- • 8.1 x 10- < 3.0 X 10- 1 1.0 X 102

Ta 2.5 x 10- 3 2.8 x 10-' 6.0 x 10-< 6.0 X 10- 2 * 3.0 x 10<
Tc 2.4 x 100 9.9 x 10-< 8.5 x 10- • 1.9 x 10° 1.5 x 101

continued •••
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Couatry Disp<>sal oIesl&a naluated Scope, methodolocy or RefeR"'"
odaer commeats (Project _l

BcIgium I. HLW ill indioed bord>oIes IQoccpt asvsS"Y"'t based on site MariVOd Ik. 80aDe
from tuoIlCIs ill Boom ~y. data. ddcnniDistic* 1988 (pAGIS)
based OG tbc Mollile probebiIistic aulyscs

2. HLW emp!a<Yd in wonels Coocept cssessment based on sile NirasK>adrafI989
with lRU wastes in Boom data. detenninistic and (SAAR)
clay. based OG 6e Mol site IllI'Obabilislic analyses

Car.ad3 liF in holes dri!Ied from caverns AsVSS!!lC'OI ofa MRef=ncc: Goodwill, McCoanell
in granile plulOli base<: OG the Disposal Syslem". deterministic et aI. 1994
URI. sile at the WbileSheil ud probabilistic aulyses (AEO..EIS)
Resean:h Area

Denmad:: HLW in bo<d>oIes drilled from Coocept assessment based on Undsb1lm JensonIthe surface in a saa dome. bav.d liaUIcd life data. deterministic 1987
On in the MOl'S sail dome ..wvses (in sUPPO<t of PAGlS)

Gennany I. HLW in boreboIe,; drilled C'.oo>cep( assessmenl based on sile Sto:el:: el aI. 1988
from caverns in a sail dome. data. cletaministic and (pAGIS)
based on the Gorleben sile probabilistic aulyses

2. HLW b boreboIes and UF Inter~of disposal Buhm....n et aI. 1991
emplaced horizontally in concepts/options in sa!IIO guic.le
r.averns in sail dome. allhe ~
GorieI>e!1 refe<ence sile

France HLW in granite inland rna<sif C.oncepl assessmenl based on VlIJI Kole el aI. 1983
(Auriat; and ;., low relief C03Slal Iinrited sile data. doIcmUnislic and (pAGJS)
site (BarlIeur) 'listie anaIvses

Finland UF in holes drilled from driflS in Cancept and geological guidance Vieno el aI. 1992

Icrystallw basement, based on assessment based on site data, (lY092)
data frcr!1 five sites deterministic analyses

Japan HI..W in crystalline and Generic COncepl assessrr.enls PNC 1992 Isedimentary fonn:nions with in- based on some site data, (H3)
Lunnel and deposition hole deterministic analyses !Options considered

Netherlands 1. HLW in bordloIes <killed Coocepc assessment based on G1asbergen et aI 1987 ,
from caverns in a sail dome limited site data, deterministic (in s"WOrt of PAGIS)

analyses.

2. HLW in boreholes drilled Probabilistic safety assessmenl Prij C! aI 1993
from caverns in a salt dome with special altenlion 10 (PROSA)

methodology for scenario
idenliflCalion and treatmenl of
uncertainties

Spain HLWand UF in crystalline rock Preliminary engineering and ENRESA 1994
and sail formations safety concepl studies.

Table 5.1 Survey of published performance or safety assessmenls of geological disposal
of nuclear fuel waste: vitrified high-level waste (HLW) or used fuel (UF) ­
part I

An International Comparison ofDisposal Conc~ptsand Poslclosur~A.ss~ssmen:
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e-atry Dispose' coecqot Scope. • cdlodOlou or Rere.--
otIler co-weats (Project aame)

Sweden 1. HLWand UF iIlcryslalline I. D1ustration 0( wUlc KBS 19n.1978.1983
basemenl consickriDg IlWIIgClDClli oplioas aDd (KBS-I.2, 3)
attenlalive l:OIll:qlls aDd pdiminuy CO'" • I( safety
prosressi¥C1y iIIlp'oving 'ss=ssmeats
gcoIogicaI data 2. Demonslralioo of PA SKI 1991 (Projcct90)

2. UI' ill crysUIliac basement """""<'. ~OIY. dclmninistic
f~KBS-3 concept at analysis
hypod>dical coasl8l dte 3. Cooccpt and g~.()logical SKB 1992 (SKB 91)

3. UF ill ayslalliac basement euidJDoe assessment using real
following KBS-3 concept. site daIa, dacnninistic and

1
4

.

based 00 the Filutsjlln site proba1lilislic aaalyses

UF in ayst.1llinc basement 4. Development of asp.xu of SKI in preparation
following KBS-3 concept. mec.!1Odo1ogy for assessment (Sm;; 94)
based 011 the Aspll site usi4g ",at site data

Switzerland 1. HI..W in aystalline basement Engineering and safely feasibility Nagral9R~

in N. Switzcrland study. dctcnninistic analysis \Proj<-.ct Gcw3hr)
2. HI..W in sedimentary rocks in Concept assessment. Nagra 1988

N. Swi:z.:rland . det=mlinistic analysis

3. HI..W in c:yslallin.., basement Safety asocssmc'lt and geological NagraI994
iI. N. Switzer!and . siting study. detenniniS'jc (Kri:;lallin-I)

......vsis

Unilcd I. HI..W in cryslalline rocks. Preliminary conccplllSSC>smcnlS. Burton & Griffin.
Kingdom above ar.d below water table. simple dete:ministi~ evaluation of 1981

.\lId in clay alternatives.

2. HI..W in clay layer. based on Co~cept assessment based on site M.-t.;voel & Bonne
Harwell site data. detenninistic !lJld 1988 (pAGIS)

. probabilistic analyses

United Stales Vari"cs. notably:

1. UF in basalt flows based on J. Environmer-taI assessment US DOE .'986
the Hanford site prior 10 4ctai1cd silc

investigation. for regulatory
"I'l""val

213. UF in dry deposition boles 2. Ocmonsttation of assessment DIVlWd el at 1992
in unsaturated wddcd b1ff at mctbodology with most recent (TSPA 1991)
the Yucca Mountaill site site data prior to tunnel

construction.

3. Setting priorities for site Wilson et aI 1994
characlcrisatio. guide reposilOry (TSPA 1993)
design and develop metbodology

Table 5.1 SUlVey of published perfonnance or safety assessments of geological disposal
of nuclear fuel waste: vitrified high-level waste (HLW) or used fuel (UF). ­
part 2

Chapr<r 5 -~'le .." and Introduction to dte Assessments for Detailed Compa";".n 55



SO '1 TVOU Krllt.llla·1 PNC Il3 AECL 94

Bcsatunlion Assuncd Asp......M hagncd Asg!ll!C!d Assumed
of vault iosIaoIaneous iasufttaDcous inslantalIeous iDst.arvous instantaneous

Concainer Probability of Disappca'S at Disappean at Dis3A"'an; at ScveraI fail,"

failwe iniliaI defect 10000 Y 1000y 1000) modes modelled;
all fail bv 10000'1

Cootpmjnar;t Ius=t tdease 1nstant tdease Matrix Matrix Instant releao;e
ldeasefrom compooeDi plus compoacnI plus degradalion only degradation only component plus
the waste sIowcc ID'llrix sIowcc malrix slower matrix

tiegradation degradation dissolution

Solubility Yes y", Yes Yes Yes
limitation

Contaminant Diffusion to host Diffusion to DifflOSloa 10 Diffusion io DilfllSion
transport in rock and EDZ EDZ EDZ ouIer boundary upwanlsto
buff", backfJlI

Contaminant Conservatively Conservatively Not applicable Not applicable Diffusion
!raMport in IICgIcaed negIcaed upwanlslO
backfill g

Transport !rom Spatially Instantaaeous!y Ir.stantaneously Instanla:,eously Val!lt sectors

fe!'CSitory disttibuled source along EDZto Ialong 'EDZ to t<> geosphere connected to
to geosphe..e fracture ZOOt: warcr-<:"C'do <:ting transport palh geosphere

fedtures in rock transoort Daths

Transport in Adve.ction in dual- Conservatively Adve.ction in Adve.ction in Advtdion and
sparsely porosity stream not inr.lllded io channels within fractum:I cor diffusion in
f;actun:d host tubes in variabk ttansport pa':h wal::c-<:or.duetiog continuos equivaJenll"'IOOS
",,--Ie hydraulic features porous medium m:dium (diff-

cooductivity field usion dominates)

Transport in Fractwe zones are Ad,-e.ction in a Instantaneous Not considered Adve.ction and
major fra..-nue included as trend dual-porosity (included in an (ReI...... diffusion in
zones function. wilh medium ahenlative calculated at 10, equivalent porous

higher median
model) 100 and 1000 m medium

conductivity chan
fro!R vault) (adveetiori

the sparsely
fractured rock mass dominate.s)

Transport in None None Rapid Not considered Adve.ction and
overlyi.,g geo- diffusion in
units sediment cover

Surface Well. lake and Well. lake and Gn.vel aquifer. Not defined. Well,lake.
environment agricultunl agricultural well, river and Drinking water agricultural and
(biosphere) palhways pathways agricultural dose applied to ocher palhways

plm,ways flux

Critical Group Subsistence Subsistence Subsistence Individual Subsistence

fanners fanners farmers drinking water farmers and
hunters.•

Refer aiso to Figures 7,1 and 7,2 • Doses to other biota also calculated.

Table 7.1 Primary conceptual model choices - comparison of the main features, processes
and assumptions contained in the assessment model chains of groundwatcr­
mediated release for each of the five assessments

Chapter 7 - Comparison ofa GroundwrJler-Mediated Release ScelllJrio 117



SKB91

AECL94 ----_._---_._- ---,

Lake C

Well Upper I'OOk ZJOe

Middle I'OOkI
zone

~
l:
~, ,

RepoeIlo<y
VO Vl

Lower I'OOk zone

See also Tables 7.1 and 7.4.

TV092

PNCH3

~--­I:::
~~ ..

O Host rock rTl ~~ Irad'Jr~
(sParsely frac1ured) ~ ~v.",

Diffusion 01 cO!'lCa~Nn(:s
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SKB91 TV092

I~~~
I!«llonIle

DHIuolon Ifr.>ugh benlol1Ito 10 COZ

_ .~olongEDZ

:""'~ 0l«u0I0n f1roagh boo.,.". 10 EDZ

- ~ through.rld olong EDZ

/

PNCH3

Hoot rocIc

Krlstallln-1

~I DI!M!on1hrough bentonite
--+ In.,~tnlneferin EOZ
--Advection In _<onducting _

AECL94
KEY:

DBodd~

lDWast~and
conlalner

DlI'fusion d contaminants

- Advection of coru.mi'lanl:s

- Irnmet£a.M lranster

See also Tables 7,1 and 7.3.
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Criteria as listed in the review Specific to: Mct~
Can e5

remote locztion with sparse .
ftSon

intIUsion barrier, especially to non-buman biota, beoa"se of -mundwater
10·'" possibility fOI human intrusion because ofwbsea location subsea IIOIIC

in communities tIut received most benefit from nudear -. .
in stable rock formations w!Iere intrusion is unlilceJv deep -more tha.., 1 1cm to streams, no q>lingS or other discharges on IIOIIC

site
no exploitable resources IlOIIIIC

future population growth and developments not likely to affect SOIIIC

the pelfonnance
the waste should be below the rooting zone ofindigenous SOllIe

plants
avoil! aitical habitats ofendangered species or special cultural J'CS

resources
no irriltated or irrilt3ble land DCXJC

nc suzfic:iaI sand or uavd
. -far from SlXfaoe wam- .

~

little 00me . . Ian<! SOIlIle

ex:c1ude protected lands, including deerwint~ areas -
avoid Class 1 awicultura1 ~ds ftS

la01;e enoU£h site so vaults are 1000 m from the site border SCOIe

not above all aauifer that serves a community or a business surfiIc:e ~

seek areas with tow .
cd

.
ftS.

more than IS miles (-241cm) oh .
of 100.000 yes

more·than two miles (-31cm) ofa communitvofSOOO -
avoid quany blasting, conflicting sources ofradiation and yes

military lands
more than 2 krn from boundary ofpopUlation centers yes

avoid the wind corridor, upwind or downwind, ofexisting IIOIIC

facilities I
avoid bogs or wetlands at the groundwater discharge point SOllIe

which mav accumulate radionuclides
avoid areas with fair or Rood {4 .potential SOllIe

avoid good recreational potential (m the case that institutional DOlle

control fails)
have road access avoidinR residential streets yes

silm11'icant natural areas. such as areas with
.

that are yes
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