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Scenario and Data Base for Safety Assessment

of Geological Disposal

Haruto NAKAMURA, Susumu MURAOKA, Tsunetaka BANBA
and Shinichi NAKAYAMA

Department of Environmental Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Imnstitute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 1, 1989)

In order to pick up the important items for the safety researches
scenarios and data bases were listed. The structure of this report is as
following:

1} Based scenario
The most probable release scenario and well known mechanism were
selected to assess the system performance at normal conditions.
2) Other scenarios

Unknown phenomena likely relevant to release were collected for

sensitivity analysis of the phenomena and less probable penomena

were collected for assessment on abnormal conditions.

3) Data bases

~ For preconditions : The combination of barriers, phernomenas to
be assessed, data regarding the waste form, capacity of repository
and dominant functions of bariers for each period were reviewed.

- For based scenario : Recommended values of parameters in the baséd
scinario were selected from mainly national assessment reports such
as Project Gewahr "85 and KBS-3. Results of relating experiments
in our laboratory were also described briefly,.

— For other scenarios : Probable values and/or the range of
parameters were reviewed.

4} Probabilistic phenomena relevant to release

(2)
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A categories of TAEA safety series No. 68 were referred where they
are categorized to two groups bringing perturbations of normal

scenarios and new scenarios.

Keywords: Geological Disposal, Scenario, Data Base, Sensitivity

Analysis, Barriers, Recommended Value
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Table 1

Phenomena potentially relevant to release scenarios for waste repositories

Natural processes and evenis

Climatic change
Hydrological change
Sea level change
Denudation
Stream erosion
Glacial erosion
Flooding
Sedimentation
Diagenesis
Diapirism
Faulting/Seismicity
Geochemical change

Fluid interactions
Groundwater flow
Dissolution
Brine pockets

Human activities

Undetected past intrusion
Boreholes
Mine shafts

Inadequate design
Shaft seal failure
Exploration borehole seal failure

Improper operation
Improper waste emplacement

Transport agent introduction
Irrigation
Reservoirs
Intentional artificial groundwater
recharge or withdrawal
Chemical liquid waste disposal

Waste and repository effects

Thermal effects
Differential elastic response
Non-elastic response
Fluid pressure, density, viscosity changes
Fluid migration

Chemical effects
Corrosion
Interactions of waste package and rock
Gas generation
Geochemical change

Uplift/Subsidence
QOrogenic
Epeirogenic
Isostatic

Undetected features
Faults, shear zones
Breccia pipes
Lava tubes
Intrusive dykes
Gaus or brine pockets

Magmatic activity
Intrusive
Extrusive

Meteorite impact

Climatic change (including climate control)
Large-scale hydrological change

Intentional intrusion
War
Sabotage
Waste recovery

Inadvertent future intrusion
Exploratory drilling
Archaeclopical exhumation
Resource mining (mineral, water,
hydrocarbon, geothermal, salt, etc.)}

Mechanical effects
Canister movement
Local fracturing

Radiological effects
Material property changes
Radialysis
Decay product gas generation
Nuclear criticality
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Table 2.1
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Processes and events caused by nature

Time period

104to

4
up to 10%a 106 5

—

Slow natural processes

— climate changes

— sea—level changes

- erosion {fluvial and glacial)
= sedimentation

— tectonic crustal movements
— magma intrusion

— volcanism

— diapirism

— diagenesis

— metamorphosis

— weathering, mineralisation
— groundwater changes

2 Rapid natural events

— earthguakes

— volcanic eruption

— meteor impact

— flooding with extreme erosion
— hurricane, storme

— movemenis at faults

— formation of new faulis

ERCLOMOEEEOR
NEENCE EEEON

ERECm
EN(ECE

W =3 quantitative consideration

[l =a qualitative discussion of the mechanism for safety analysis

Table 2.2 Effect of scenario mechanisms on the base scenario mode! chain
Model chain
Scenario mechanism
EH|{LH|NFH{C|NFC|SL|L|RNTNF|RNTNFIRNTE
Slow natural processes
— climatic changes
= without glaciation [ ] ®
« with glaciation L
— erosion
= fluvial ® e
+ glacial ®
— sedimentation [ AN ) [ ]
— tectonic crusial movement e o
— volcanism ®
— diagenesis L N ] ® ®
— metamorphosis e o ® e
~ weathering, mineralisation e O ® ®
Rapid natural events
— earth quakes [ ]
— metecr 1mpact o @
— movements at fauhs ® e
~ new formation cf faults L
Legend
® Direct parameter change RH  Regional hydrology C Canister corrosion
O Change in conceptud model LH  Local hydrology RNTNF Radionuclide transport-near—
NFH Near-field hydrology field
NFC Near—field chemistry RNTFF Radienuclide transport—far-
1. Leaching waste matrix field
SL  Chemical speciation RNTB  Biosphere transport
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Table 2.3 Definition of Classes of Events in Relation to the Magnitude
of the Consequences
Symbol Definition Consequences
E5 Third order fault {displace- Breaching of clay if preceded by loss of clay

E6
E7
E13
E14
El6

E17

E18

E19

E22
E23
E24

E25

ment legs than 5—10m)
Second order fault (displace-
ment greater than 5—10m)
First order fault (displace-
ment greater than 200m)
First order glacial action
Second order glacial action
First order stream erosion

Second order stream erosicen

First order denudation

Second order denudation

First order human activities
Second order human
activities

First order meteorite

Second order metecrite

plasticity

Breaching of clay and radioactivity release -
to ground water

Direct exhumation of waste and radioactivity
release to land surface

Removal of the entire sedimentary cover
(200m) and release to land surface
Removal of 100m of sedimentary cover, able
to affect the radio-elements partially raised
Downcuiting of the sedimentary cover up to
the repository and release to land surface
Downcutting of the sedimentary cover up to
a depth of 100m, able to affect the radio-
elements partially raised

Lowering of the sedimentary cover sufficient
to cause a release to land surface
Lowering of the sedimentary cover up to a
depth of 100m, affecting the radioelements
partially raised

Human operations able to affect the repository
directly and causing release to land surface
Human operaticns able to exhume the
partially raised radionuclides

Direct exhumatipo of waste and release 1o
atmosphere

Fracturing of geological formation and
release to ground water

Tabie 2.4

Scenarios for Demonstration of Performance

Assessment Methodology for a High- Level
Waste Repository in Basalt Formation

Shaft Seal Failure

L~ R S

Normal Ground - Water Flow

Change of River Location

Change of Recharge to Aquifers

Pumpage of Groundwater

Coupled Thermohydrolegical Effects
Mechanohydrelogical Effects Due to Approching Glacier

Drilling Through Repository
Fault Through Repository




JAERT-M 89-024

ssanoad [moiwayo

00T $°0 7012 ¢ vaumy g Wo1) JUIUIPag
10 7 002 v TS 9)SEM » UON
0g Z FJ ooy 71 WD 31SeEM
000 °9¢ g9 700¢€°1 F0 juaLRg Nul
000094 008°¢ JoLt £1°0 sserd 9isEM [0AD]-YFIH
QUMWMWW,\E:EQMEME Cer 138SOA e X1EN £108a9e)
(any juads uoj suo 1ad Juissascidsd [on] WOI] UOTIEIaUad 378k 26 21qel
89C°9€ | LCBCT| PE6'Y | 1S6'E | LG0°C | 0822 | 029°T | 220°T | 259 98¢ 87 UOBEINUNIOY
ELLT [FFS 286 B8 SLL 099 g GE¥ 9z¢ 862 82 [e10],
og
o | o | £
o
98¢ |98 | 98c 867 | o08s | ¥ |81 lez | o S T e
0 0 952 |0 0 miwwm%op%@m 2
0 01 0r1 04 Zr 8¢ INJ
0E04 | C10Z | 000Z | 5661 | 86T | L4667 | 9661 | $68T | v66T | €661 | 2661 1661 N
9)SEM [948] YFIy JO UOHBIAUAD g alqB],



JAERI-M 89-024

Table 3.3 TRU and FP in waste
TRU U, Pu, 99.5% recovery per iton U (33000MWD. ton U)
300y 1000 y 10000 v
Ci g Ci g Ci g
Pa-233 3.3%107" 3.6x1071 3.6%107"
Np-237 3.3x107! 3.5x107" 3.6%107!
4,7x10% 5.0X10° 5.1x10°
Np-235 1.6x10 1.5 %10 6.3
Pu-238 1.3 %10 1.9%107" '
Pu-239 1.7 2.0 3.7
6.2 %10 6.3% 10 7.4 %10
Pu- 240 7.2 6.7 2.6
Pu-241 1.3x107! 1.2x107" 8.9x1072
Am-241 1.5 % 10% 4.8x10 5.6 %1072
1.2 X102 8.7 %10 3.2%10
Am-243 1.6x10 1.5%10 6.3
Cm-242 1.6 6.4 %1072
8.5%1071 8.0x 107! 3.7x107!
Cm-245 1.3x107} 1.2x107" B.9x1072
U- total 4.2x10°%  4.8x10° 4.6%107% 4.8 x10° 6.3%10°% 4.8x10°
total  2.1x10° 5.4 x10° 8.7x10 5.4%10° 2.0%10 5.4%10°
FP rare gas, *H; 100 % loss, halogen ; 99.9 % loss
Se-T4 4.1%107° 5.7%10 4.1x107! 7 %10 3.7x107" 5.6 %10
Zr -93 1.8 4.1x10° 1.8 4.1x10° 1.8 4.1 x10%
Nb-93m 1.7 1.7 1.7
Tc-99 1.3 10 7.7 x10° 1.3x10 7.7 x10° 1.3%10 7.7 x 10
Pd-107 L.1x10™! 1.3x10° 1.1x107" 1.3x10° 1.1x107’ 1.3x10°
Sn-126 7.7%x107! 8.9x10 7.6x107" 8.9x10 7.2%x107! 8.9x10
Sh-126 11x10t 1.8 %10 1.1x107? 1.8 %10 1.1x107? 1.8 10
Sb-126m 7.7x107 7.6x107" 7.2x107"
Cs-135 4.1x107’ . 4.1x1077 £.1x107" )
, 1.5%10 1.5x10* 1.5x10°
Cs - 137 1.0%10
Ba-137m  9.5x10
Sr-90 5.7 %10 3.6 % 10" 3.5x10° 3.5x10°
Y-90 5.7%x10
Sm- 151 3.5 %10 8.6 x10° 8.5 x 102 8.6 x 10°
total  3.6x10° 2.8 %10 1.9%10 2.8 x10* 1.9%10 2.8 x10*

(calculated using ORIGEN—-2)
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Table 3. 4 Decay chain of TRU

4N 4N+1
Cm 265 (8 260)
$
Crm 224 [18.2)
T Pu 241 (14.5)
.
Py 740 (576D
U 235 (239 - 10% M
- No 237 (2.13 - 10%)
iy Pa 2733
Th.232 (14700 - 10%)  Pu 235 (2.85) .
Ra 228 +
Ac 278 U 212 (72 Y 233 (1820000
\\ / #
: Th 2739 (7 300
Th 278 (1.91] 52—2; |
—— a
Ra 224 Ac 225
An 220 .
r 221
Po 218
Ar 277
Ph 212 -
8 212 Bi 213
Po 213 (97.8%), T1 209 (2.3%]
Po 212 {B4.0%], T 208 [36.0%) Pb 209
4 +
P 208 {stabie) Bi 709 {swabie}
AN+2 AN+T
Cm 246 (4 7100 Am 242m {151} Cm 247 (16-10%)
L —"Te% Am 242 | L
Pu 742 (379 000) ! 1g2% Am 263 (7 650 Cm 243 (32
l Cm 742 1163 gays) Np 239
U 238 14500 10%) 7 N
Th 234 Pu 238 (89) Py 2;9}(24 400)

Pa 234m (39.9%), Pa 234 {0.1%)} B
\ U 235 (710-10%)
Thz3

U 234 (247 00Q) i

1
>

Pa 231 (32 500)
Th2X {80000}

Ac227 (21.5)

* Th 227 (98.6%), Fr 223 {1.4%]
Ra 226 (1 6001 Az 223
An 222 Rn 219
Fa 218 2o 215
Pb 214 Ph 211
Bi 214 8 211
Po 214 TI 207 (99.7%), Po 111 (0.3%)
Pb 210 {20.9) .
8i 210 _ ,
Pa 210 Pb 207 !swabie)

il

Ph 206 (stabile)

The decay chains of the heavy nuclides. Half-lives given within parenrheses, in years.
Half-lives shorter than 20 years have generally not been included. ¥ is an integer. Nuciides in the
chain 4N have atomic weights which are integral mulriples of 4. All hexvy nuclides are inciuded
in these decay chains. There is ne connection berween them.
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Table 4.1 Termination of assessment

assessment
period (y)
UsA? 101 for environment
10° for package
Belgian — practical assessment period
~ 2.5 X10%y
Germany 104 qualititative assessment after
104 v
Canada 10% ”
Sweden — assessment at least 10"y
Switzerland 10° limit of assessment period
108y




JAERI-M 89-024

Table 5.1 High level waste COGEMA

11. 6. Container
a) Material | stainless ateel Z 15 CN24 13 ( French standard)
lel 0.15%C, 24%Cr, 12%Ni
b) Dimensions '

* outside diameter : 430 mm

* height (with lid) : 1,338 mm

* wall thickness : 5 mm
¢) Total veolume internal : approx 170 liters
d) Weight : approx 80 kg

11.7. Residue
The residue has the foilowing nominal characteristics |

a) Glass velume : 110 1.7tU
b) Number of centainers : 0.73,7tU
(round to 0.75,7tU)
c) Glass volume per container : 150 1
d) Filled container weight : approx 492 kg
e) Glass composition {(percent in weight)
* 5102 : 45.1 %
+ B:0s : 139 %
+ AlQs . 1.9 %
* Na:0 6.8 %
* Ca0 4.0 %
* Feo0s 2.9 %
= NiO 0.4 %
¢+ Cra20s 0.5 %
* Qs 0.3 %
« Li:O 2.0 %
« ZnQ 2.5 %
* (FP+Zr) oxides + metallic
paticles including : 12.8 %

— FP oxides from concentrated FP solutions and oxidizable FP from clarification
fines . 11.1 % {among which MoQs . 0.5%)

— Zr oxides from clarification fires and glass [rit 1.0 %
— metallic particles including all other
elements from clarification fines : 0.7 %
* Actinides oxides 0.9 %
f) Density of glass X approx 2.75 g /cm®

S
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Table 7.1 Candidate material for overpack

USAY 1) Ti-code 12 : 2.5 mm
: with carbon steel (mechanical strength)
2) Cast iron 300 mm
Sweden ¥ Titanium : 6 mm
with lead (filler>
Switzerland 7 Cast iroen GS 40 250 mm
Germany ¥ No overpack
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Table 9.1 Bulk Corrosion Rate Constants (inches, yr)

SALT REPOSITORY HARDROCK REPOSITRY

MATERIAL ANOXIC OoXIC ANOXIC OXIC
5;10013. >1007C | <100°C | >100°C S;IOOTZ >100°C | < 100C | >1007C
Mild Steel 0.00140 | 0.00280 | 0.00270 | 0.27600 } 0.00050 | 0.00100 | 0.00050 | 0.00200
Zircaloy 0.00010 | 0.00010 | 0.00010 | 0.00010 { 0.00010 | 0.00010 | 0.00010 | 0.00010
Inconel 0.00100 | 0.00030 | 0.0G400 | 0.00400 | 0.06010 { 0.00010 | 0.00010 | 0.00010
304 SST 0.00040 b.OOO4O 0.00500 | 0.00390 | 0.00010 | 0.00010 | 0.0G0G30 | 0.00020
Copper 0.0C040 | 0.00300 | 0.00040 | 0.04700 | 0.00050 | 0.00200 | 0.01200 | 0.00200
Lead 0.00010 | 0.01200 | 0.G0060 | 0.04700 | 0.00030 | 0.00050 | 0.00030 | 0.00050
Iron 0.0030 | 0.03600 | G.05400 | 0.05000 | 0.00400 | 0.00200 [ 0.00050 | 0.00200
Ti code—12 0.00005 | 0.00020 | 0.00005 | 000020 | 0.00005 | 0.00020 | 0.00005 | £.00020

Corrosion Rate Multiplier Due to Nuclear
Radiation (no units)

MULTIPLIER
MATERIAL
10° R/ hr 107 R/hr

Mild Steel 3 14
Zircaloy 1 50
Inconel 1 50
304 SST 1 50
Copper 1 1
Lead 1 1
Iron 3 14
Ticode-12 1 2
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Table 9.2 Corrosion rate

G—85" GS steel 29 mm,” 1000 v

OECDNEA SWG " Steel 30 ~ 75 mm,” 500 y
Titanium < 0.00l mm, ¥

KBS 37 Titanium 0.5mm,~ 1000 v
Copper < 10mm,/ 10%y

Table 10.1 Local Corrosion Rate Constants {inches./yr)

SALT REPOSITORY HARDROCK REPOSITORY

MATERTAL ANOXIC OXIC ANOXIC OXIC
< 100°C | > 100°C | < 100°C | > 100°C | <{160°C | >100°C | <1007C | >100C
Mild Steel 0.00050 | 0.00050 | 0.02700 | 0.00050 | 0.00200 | 0.00200 | 0.0020 | 0.01900
Zircaloy 0.00050 | 0.00050 | 0.00050 | 0.00050 | 0.00050 | 0.00050 | 0.00050 | 0.00050
Incone! 0.00600 | 0.00050 | 0.00050 | 0.00050 | 0.00050 | 0.00250 { 0.006050 | 0.00050
304 SST 0.02000 | 0.00050 { 0.03000 | 0.03000 | 0.00010 { 0.00050 | 0.00010 | 0.00030
Copper 0.00500 | 0.00050 | 0.00500 | 0.00050 | 0.00050 | 0.00050 | 0.00050 | 0.00050
Lead 0.00050 | 0.00050 | 0.00050 | 0.00050 | 0.00040 | 0.00100 | 0.00060 | 0.00100
Iron 0.01200 | 0.04000 | 0.10000 | 0.30000 | €.03500 | 0.00800 | 0.00600 | 0.03500
Ticode— 12 0.00005 | 0.00005 | 0.00005 | 0.00005 | 0.00005 | 0.00005 | 0.00005 | 0.00005
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1.1 Activation energy of leaching

Reseacher

Energy (K]~ mol)

Reference

1) Kamei, et al
2) Marples et al
3) Grambow

4) Vaswani

5) Chick, et al

63

58 ~ 81

72 ~ 77

52

34 ~ 76

1983 An. Meeting AES]
EUR-—7138 (1983)
Glastech Ber 56, 1 (1983)
BARC—1032 (1979)
PNI, —4576 (1983}

Table 12.1

Weight loss (%) of glass after leaching
covering with various mineral powder

1 3 5 10 30 (day)
granite 0.18 0.33 0.58 0.76 2.83
basalt 0.23 0.75 1.20 2.16 3.17
hentonite 0.48 0.87 1.50 2.85 6. 64
glass flit 0.15 0.12 0.09 0.18 0.07
?ﬁﬁtﬁitﬁfnijm tlit 0.03 0.03 0.03 0.03 0.03
deionized water 0.60 1.11 1.25 2.40 2.86
Table 13.1 Solubilities of long lived nuclides used for
performance assessment
G—-857 PAGIS—11® Hanford
mol,~] mg /m’® (mol,/1) mol/]
Tc 1L.ox10°° 29(3.0x10™7) 5x10 '~2x107°
Th 1.6x107%
U 2.5%x107°
Np 2.0x107° 0,9(3.8x107%) 1%x1077 ~3x%x107*
Pu 1.0%1077 2.4 (1.0%x107%) L2x107 8 ~1.8x107"
Am 5.0%x107° 49 (2.0x107")
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Table 14.1 Cemposition of glass and altered layer

NayO MgO AlyQs Si0z Zr0Oz Cal Ti0p Mn0O; FeO CoO NiO REO"
Simulated glass 145 - 26 624 37 24 — 03 46° 02 04 46
Altered laver after 14 day’s icaching (8 #m)
Position ) 7.6 - 103 823 66 1.1 : 0.2 52 00 00 4.2
©) 3.6 - 78 556 104 1.1 — 08 &6 01 00 89
& 3.7 48 482 135 09 — .0 10,9 02 04 11.3
@ 3.2 - 4.6 484 152 0.7 : 13 110 02 04 11.8
Clay mineral 4.0 - 7.3 456 0.0 0.0 : 28 17.8 58 156 0.0
Natural Basaltic glass 33 63 154 511 - g2 18 02 111
Altered Tayer after 10% ~10% vear’s leaching (800 um)
Position @? L0 04 363 430 - 00 3.1 S160 — -
@e 09 10 435 40.3 0.2 24 - 11.Lb —
L 64 00 382 309 - 0.0 40 - 26.4

Clay mineral
i@ 1.3 0.4 265 328 - 0.0 3.0 - 36.0

Table 14.2 Alteration of leaching rate of vitrified wasie

forms as a function of time

Result of leaching ** Calculated value from”™
test in laboratory field investigation
day g/em’d vear g/ cmid
0 1x107? 1960 4x 1078
5 1x107° 1961 7x107°
10 2x107° 1962 4x107'°
20 gx1077 1963 3x107 1
40 5x1077 1964 3x1071
80 3x1077 1965 2x1071
120 2x1077 1966 gx107H
1967 gx107M
1968-74 5x 107

+« (Calculated value using concentration of radioactivily in groundwater
and soil at 1 m downgradient of block ( Bancroft, 1960)

#x [eaching rate measured with distilled water flowing at 3 mé min
using a vessel conlaining 4 blocks in 4 ¢ water (Merritt, 1976)
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Table 161 SURFACE-AREA INCREASES FOR DIFFERENT COOLING
RATES FOR CYLINDERS OF GLASS SM 58LWl1

Cylinder Die(u;ﬂrzt)er Cooling conditions coo?ﬁlogu:i?le irzsclxl‘le;gicee}izf?r
4 20 Free cooled 18 i0
5 30 Annealed 120 9
12 30 Free cooled 24 13
14 30 Insulated 120 g
20 30 Free cooled 24 15
23 20 Free cooled 18 14
29 20 Annealed T2 5
41 30 Free cooled 24 10

Table 16.2 Change in Normalized Elemental Mass Loss by Devitrification
in the Early Stage of the Leach Test

Devitrified glass (D) As-prepared glass {A)
Flement aix10° Period” ai x10° Period®  a(D)/a (A)?

(g/cm® day) (day) (g/cm?® day) (day) ()
Na 600 11 210 7 2.9
B 500 11 210 7 2.9
Cs 510 4 170 7 3.0
Mo 400 11 250 7 1.6
ST 22 1 160 5 0. 14
Ba 24 1 150 5 0.16
Cr 90 11 25 7 3.6
Fe 4.3 7 3.9 6 1.1

a This value is the ratio a; for the devitrified glass to that for the as-prepared glass.
b Period indicates the maximum day of the data to which the least-squares method was applied
to obtain a;.
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Table 16.4 Radiolysis by dose from high-level waste

(a]l DOSE RATES FROM HIGH-LEVEL WATES IN DIRECT
CONTACT WITH GROUNDWATER

Time after vitrification Dose rater {Mrad,”h)
(years) fonizing radiation(g, r) a-radiation
4 0.53 2.7x10°¢%
50 0.08 2.2% 107
500 ~0 1.1x10°¢%

(b} CONCENTRATIONS (in moi/dm’) OF REACTIVE RADICALS
PRODUCED BY RADIOLYSIS

Radiation . -
H H G 03 H OH
(Mrad,~h) 0 Eaa :
2.4 7 9.4x107"" 4.2x10°° 9.4x107"  3.8xip7® 1.2x10°7  8.3x10°8
4 a L1x107"  2.3x10710  4.1x107'  1.9x107°  1.3x1077  7.7x107°

Table 16.5 Comparison of Gamma-Irradiated amd Unirradiated Leach Rates *
at~ 90 C with a Surface Area to Volume Ratic of 10m’

7668- DLW, ° 7668-D.IW. SC-DIw " SC-DIW

Element Gammma Irradiation No Irradiation Gammma Irradiation No Irradiation

: (m2+h)-! (mZeh)™! (mZ-h)! (m2h)!
Silicon 2.27x107° 6.52x107¢2 148 x 107! 3.24%x107%
Boron 2.80 x 107! 9.50 % 1072 — —
Calcium 3.14%x107" 4.41 x 1072 1.38 x107" 4.10 %1072
Sirontium 2.15x107" 4.89%1072 2. 15 % 107" 1.97 x 1072
Barium 1.38 x 107! 116 x107% 1.54 x 1071 3.05 %1072
Sodium 6.64 x 107! 1.22 % 107! 2.26 % 167! 9.50 x 107!
Cesium 183 %1071 1.27x107" 7.15 %107 ¢ 5,05 x 1072
Molybdenum 2.58 x 1071 2.67x 1072 3.51 %1071 5.33 %1072
Nickel 2.53 % 107! 2.93x 107!
Wei. ght Loss “l‘zm E'SWQZX IF)_]g_ §“’7‘453(“]—0_£ -

K mZsday meeday me«day

* Dose rafc was 2.4%10°Rh, total dose was 7.4x10%R
a DLW = doionized water.

b SC.-D.ILW=super calcine—deionized water,

¢ Fraction lecached per unit area and time (leach ratej

— 44 —
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Table 17.1 Ground-Water Compositions in Different Rock Type t

Solution Concentration{(ppm) in Ground Waters From
Species Salt Basalt Granite Tuff
Li" 20 — — 0.05
Na” 42,000 250 125 51.0
K" 30,000 1.9 0.4 4.9
Mg?" 35,000 0.04 0.5 2.1
Ca®' 600 1.3 59 14.0
Sr* 5 - — 0.05
Ba®" — — — 0.003
Fe 2 0.02 0.04
Al - — — 0.03
Si0; — 121 3.7 61
F o 37 37 2.2
Cl™ 190,000 148 283 7.5
NOs — — 0.28 5.5
H2PO4 — — —- 0.12
HCO3 700 70 12.8 120
coi — 27 —
SOq 3,500 108 19 22
(BOs™) 1,200 — — —
Br- 400 — — —

lal Composition guide taken from draft report compiled by the Reference Repository Conditions
Interface Working Group of NWTS program, G.S, Department of Energy, Washington, DC
{December 1980). The pH of ground waters from salt, basalt, granite, and tuff are given
as 6.5, 9.9, 8.95, and 7.1, respectively.
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Table 19.1

JAERI-M

Apparent diffusion

{a) Normal scenarioc

89-024

coeffecient of

buffer material

Apparent Diffusion Apparent Diffusion
Element Coefficient Element Coefficient
(De x 10 mis) (Da x10'2m%/s)
Sr 2—-25 U 1
Tc 53 Np 0.2—0.4
Cs 1-8 Pu 7T—30x10"3
Th 5-gx107? Am 4—14x1073
Pa 1
(b) Altered evolution scenarios
Diffusion Diffusion
Element coefficient D Element coefficient D
10" me/s 10" m*~s
Sr 670 U 1.5
Tc 0.5 Np 0.8
Cs 57 Pu 2.1
Th <1.0 Am 1.8
Pa =60
Table 19.2 Conservative, realistic and experimentai values for apparent diffusivities

D, calculated

Da experimental

Species conservative we realistic ‘EVI\I:T%ZSS;- 222)(:
(m’/s) (m%'s) (m%/s)

I- 1E—10 3E-11 1E-19

Cs™ 1E—11 1E—-12 EE—~12

Sr+? 1E—11 lE—12 2E-11

UCIv) 2E—12 2E—13 ZE—13

Th(IV) 2E—-12 2E—13 5E—14




Table 20.1
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Scolubilities and Retardation Factors of Some Hazardoac
Radioactive Elements

Solubility {log ppm)

Retardation Factor {1+ 10 Kq4)

Reducing: Eh=—0.2 Oxidizing: Eh=+0.2 Clay,
Most ' Soil,
Element Probable pH=?9 pH=6 pH=9 pH=6 Granite Basalt Tuff Shale Salt

5 5 5 5 20

Se — — — — 50 50 50 50 200
200 200 200 200 1,000

10 50 20 50 1

Sr high —-0.2 high ~0.2 high 200 200 200 200 10
2,000 2,000 10,000 5,000 100

500 500 500 500 300

Zr —4 —4 -6 -4 —8 5,000 5,000 5,000 5000 1,000
30,000 10,000 10,000 50,000 5,000

1 1 1 1

Te -3 - 10 high high high 5 5 5 5 5
40 100 100 20 20

100 100 200 200 10

Sn —3(7 ~4 —4 ~4 —4 1,000 1,000 1,000 1,000 100
5000 5000 5000 5000 1,000

10 10 10 10 5

Sh =3 — — — — 100 100 100 100 50
1,000 1,000 1,000 1,000 000

1 1 1 1 1

I high high high high high 1 1 1 1 1
1 50 1 1 1

10¢ 100 60 200 1

Cs high high high high high 1,000  1.000 500 1,000 10
10,000 10,000 10,000 10,000 2,000

10 20 20 20 5

Pb —1 -1 0 -1 0 50 50 50 50 20
200 500 500 500 too

50 50 50 50 5

Ra -2 -3 -1 3 —1 500 500 500 500 50
5000 5000 5000 5000 500

500 500 500 500 300

Th -3 ~—4 -4 —4 —4 5000 5000 5000 5000 1000
10,000 10,000 10,000 10,000 5000

10 20 5 50 10

U -3 -3 —5 high high 50 50 40 200 20
500 1,000 200 5,000 60

10 10 10 10 10

Np -3 -4 —4 -2 -1 100 100 100 100 50
500 500 500 400 300

10 100 50 500 10

Pu -3 -5 —4 -5 -3 200 500 200 1,000 200
: 5000 5000 5000 20,000 10,000

500 60 300 200 300

Am —4(D -8 -5 -8 -5 3,000 500 1,000 800 1,000
50,000 50,000 50,000 50,000 5,000

200 100 100 200 200

Cm -3 — — - -- 2,000 500 500 2,000 1,000
10,000 10,00¢ 10,000 20,000 3,000

NOTE : See Section 7.10 for comments, explanation, and bibliographic references, Boldfaced values of
retardation factors are those that K B. Krauskopf considers to be suitably conservative for predicting
the performance of conceptual repositories (Chapter 9).

SOURCE : Compiled by K. B, Krauskopf, Stanford University.
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Table 20.2 Distribution coefficient for granite (m’/kg)

Element Oxic Anoxic
Zn -— —
Se — —
Sr 7.7 %107 0.017
Zr 1.2 —
Mo — —
Tc e 0.0562
Pd — —
Sn — —
11 0 1.9x107°8
Cs 0.12 0.065
Ce 12 —
Nd 3.8 —
Sm — —
Eu 7.3 —
Pd — —
Ru - —
Pa 0.086 0.52
Ac — -
Th 0.73 2.5
Pa — —

u 5.8x107° 1.2
Np 0.037 1.2
Ru 0.15 0.31
Am 12 33
Cm — 17

Calculated from KBS-3 data using density of 2600 (kg m®)
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Table 20.3 Distribution coeffecient of various elements

(a) Wethered granite ibl Bentonite
Kq(m®kg) 3
Element ‘ c Element _ .Kd (mke) .
realistic conservation Realistic Conservation
Ac ) 0.25 Ac 5 }
Am 5
Am g 0.5 Re 0.01 0
Cs 0.03* 0. 006* Cs 0.2 0.02
Ca 0.2 0.02
5
Cm 0.5 o 0. 005 0
I 0. 001 0 Cm 5 1
Ph 1 0 Ho 2.5 0.26
I 0. 005 0.001
Mo 0. 005 0 Pb 1 0001
Np i 0.1 Mo 0. 005 0.001
Np 1 0.1
Pd 0.01 ) ] N ! 0
Pu 5 0.5 Nk 2.5 0.02
Pa 1 0.01 Bd 0. 005 0.001
Pu 5 1
Ra 1 0.05 Pa 1 01
Rn 0 0 Ra 0.2 0.02
Rn 0 0
Sm 2.5 0. 25 Sm 9 5 0. 95
Se 0.005 0 Se 0. 005 0. 001
Tc 0.25 0. 005 fS\g gg 8 8;
T . .
Th L 0.01 Te 0.25 0. 01
Sn 0.05 0 Th 1 0.1
Sn .08 0.001
U 1 0. 05 U 1 01
Zr 5 0.1 Zr 5 0.25

Table 20

4

Kaand Kpratios of '*Cs, *°Sr, ®'Am and **"Np for the various kinds of rock

Granodiorite Andesite Basalt Rhyolite Granite

11d 78d 114 78d 11d 78d 114 78d 114 78d

ISTCS

11%10 1.9%10 6.0x10 13x10%259%10 1.5%10% 25x10 2.0x10 1.2x10 22x10
3.8x10% 65%10% 3.3x10% 7.4x10% 1.0x10* 2.8x10% 3.4x102 3.0x10% 7.6%10% 1.2x10*

g

2.5 8.9 16x10% 1.0x10% 8.1 12%10 2.4x10 13x10% 1.1x10 1.9x10
1.0x10% 2.3%10% 8.7x10° 5.9x10% 1.3x10% 1.9%x10% 3.3x10% 2.0%10°% 58x10° 9.7%103

241.Am

68x10 1.1x10%33x10% 1.3x10% 1.7x10% 3.3x10% 1.5x10% 2.0x103 53x10 6.9x10
24x10* 35%10% 1.8x10% 7.3x10% 2.7x10% 5.3x10* 1.9x10% 2.6x10* 2.6x10* 3.7x10*

237Np

Ko

9.3x107 6.4 A6x10 151107201071 45%107" 3.4x107°38x107 L2x107 1 7.4x 107"
2.9x10% 25%x10% 25%x10 3.1x10 3.1x10 7.0x10 4.5 5.1 4.7x10 2.8%10°

Kd_

AW, AW, A, Amount of activity sorbed by rock,

. Amount of interstitial water,

- L P . i
As/Ws As/ Wy /< © Volume of soluticn

. - Amount of activity left in solution
« - Weight of rock

=55
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Table 23.1 Changes in Geosphere Parameters for a High Consquence/
Low Probability Event

Groundwater velocity Dispersion coefficient
m oy m? y !
Initial Altered [nitial Altered
Clay 3x107* 3x1077 3x107® 6x 1073
Shale 1x107*° 1 1 x107! 10

Note :
All other parameiers remain unchanged. In particular dispersive lengths remain the same at 0.1m
for clay, and 10m for shale. The dispersion coefficient is the sum of diffusion coefficient and the

product of dispersive length and groundwater velociiy,

Table 23 2 Biosphere Parameters for Land Disposal Options
Inland Site '
Siream volumetric flow, m® y ' 6 x10°

Proportion of flow consumed as 0.2%
drinking water,

Maximum individual drinking water 0.73
consumption rate, m® y~'

- Coastal Site
Local marine compartment :

Depth, m .o 2x10!

Volume, m* 2x10°

Exchange rate with Central North 4 X0t
Sea, y~!

Suspended sediment load, t m? 107°

Sedimentation rate, £ m™*y™! Ex107°
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~ fracture

;i%high density region

_____

Fig.2.1 Distribution of fractures appeared

for quarternary.

104 ¢

Integrated frequencies

109 L L
10° 105 108 10
Time Cy)

Fig.2. 2 Integrated frequencies of fracture

appearance for time
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Fig. 4.1 Toxicity index of radioactive waste compared

with natural reference values
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subsidence
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Fig.4. 2 Uplifi and subsidence in the quarternary period
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LT Lid thickness: 3 T
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. & 430
iw >
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COGEMA
Material : 215 CN 2413
(0.15% C, 24% Cr, 12%Ni)
Fig.6.1 Overall dimension of glass canister
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1.48 HPa

hydraulic pressure decrease

.0 10.10 20.10 30.
Time [ @in ]
Hydraulic oressure versus time,
befor the test
} '
- VI o
(= 12 ] b
} i
f S
after the test
Pt
all dimensions in millimeters.
Fig. 7.1 Schematic representation of the canister after the test.
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Fig.1L1 Leach rate of®*Pu, ®Sr and™ Cs by Soxhlet method ( Scoxhlet test)
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Fig.13.4 Elemental release rates as a function of flow parameter for PNL 7668
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Fig,17.4 Distribution of Eh-pH measurements of natural agueous environments.
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Fig.18.1 Reduction of hydranlic conductivity with depth in granite layer



JAERI-M 89-024

"lopow A80101pAY PaLy- IBIN 2’81814

suoz uoissardwooag e

suoz ucissasdulionap
Buoje —
MO} [BIXY

[0
(2011501
8} 19n0 mmmﬁm?@_

S/ 0L =M

s/We0L=%y ) -
s/ M 0L x Gl = @ }3lupiey Buneaq-1aiepp
S/ 01 XGZ' L = 'Y

salunjey ul Ajpewnd mop) asiepn —

S/W L, 01 = &y NOO01 192)UI Ul MO]) JSIEM MO




JAERI-M 89-024

SINIWIOIS NI

weldeip £118010 J - A31A1SNITI(]

SIRAWITE L,ONTEHOS-NON.

d02 WVIOVIQ ALISOMOd ~ ALTAISNAITT (D)

o5

u A11S080d

o'l &0 0 4
[ 1 [ [ ! 1=
JLINOLNGE © ® .
ldo.v._l
SIM3WIJQAS : O
s1TUOLUSH
21174Ad v yous — 0l
suswIpas s ~doag o SR ot~
. sAUSmMIDas
uoraoedmoo \.\m:m.mtgwmo
2ZTS Ulels P \\mum S2U01SPURS Am\mﬁs
. L7 o ’ - pexord QQOQ
(4 0T X &°1) “«
o ey \\\a\l\\n\\ﬂ\\ . n..O_
a e-="" K 7
o * sSpues
£eTo _ ot 56 peaEpITOSUODUN
aTTs ﬂ
T ol czg
puEsS g’ .
wa g
yaJomiuay

16T 84

*(4pn3s STY}) UOTYDBITP
uoTsnJJIP 8yq o7 JIelnoTtpuediod ST A3Ts01STYOS
asoym TFemT wolJ 3sTyYos M {UOT3OSJITP UOTISNIJTIP

ayy o049 TerTTeJed sT £9Ts50M5TyHos asoym T¥XeA]
molj 38THO9s : O fnzy wolJy JJul ¥ {EPEUT BOJI]J
g TuUBIE X  ‘(gggl ‘SYSINIIYIN PUE SONIDVYNE) uapasg
woaj SSTauf : e fuapamg woixj 83TUBIE : O

a?w.hpﬁmopcm ayy Jo
enNTBA DPTUYITIBIO] 8yl SNSI#A JUBTOTIFB0D UOTSUFIIID
@AT3DB8JI® B8Yl JO anTea OImMysIIedoT (¥)

Ayisolod bBo)

0 L~ ¢~ £- 7=

| | _ Sl-

o
@]

| \\x — Nwl
PR 2
s D

s

- . 4 Li-

s 0 -
s
v/ 3,
L — — _—
o/ - Ol- =
s —
L~




JAERI-M 8%8-024

Tuff at Itado
Tuff at Ohtani
Granite at Raokke

Granite at Inada

(xf1)

3]
3
i
g
HE
3 %o
i3] in}
8 NN
]
g
m
=5
RORRARARARR
§ % | Pa®a e
A M
S
552
i L
i,
@ Q
i -
g
E v
[
[m NG
ks
Jm

Am

Pu

Np

Th

Eu

Ca

Te

Sr

Distribution ceefficient of 4 type of rock in JAPAN

Fig.20.1



JAERI-M 88-024

S0
[ »
o0
- .
) L
» wf
5 I
i -]
—
= |
~ L
b
w.-.
s
10 w ~Hitrats Flont
L o 0 -Arec “h°
L
F
3 .
Ullllllk paa s by Lo Ta s b gl vl
a7 og as 1.0

Vi) al oz o3 e ns Ls

Surfece Arec (m?-grﬂ“ )

Fig.20.2 Relation between Kd of ®Sr and specific surface area for soil taken at
various points in plumes at the nitrate decomposition plant and A diposal



log Wi(axygen per gm alom em2s1)

TAERI-M 88-024

TEMFERATURE ("C]

(&3]

25 100 200 300 400 600 800
-8 i i i i I [ [} 3
CISSOLUTICN o
& QUARTZ 4
A SANIDINE ® © 8 ]
ok A MICROCLINE N
A ADULARLA o
F T ALEBITE X -
. x PLAGIOCLASE = A -
B PHLCGIPITE . B0
. -+ MUSCOVITE
12 .-.l
3 j
b4 PHASE EQUILISARIUM
L - o QuARTZ i
3 ® QUARTZ®
- O CORUNDUM 'J
r O ANDALUSTTZ l
Lx @ KYANITE _.
T & SILLIMANITE J
. & CLIMQZRISTTE |
- Seierce, 222, 413 (1983) O GROSSULAR =
= ADULARIA -
] 1 1 1 ' 1 r ! ' JI t J
22 28 24 0 i5 12 C.
TEMFTRATURE (K407
Fig.21l.1 Reaction rate of dissolution and phase lguilibrium

Rough estimation of reduction rate of concentration hy minerzlization
dc AK .
— = - = (C"-C
e . { )
A Specific surface bared to ground water
3 Y o~ =1
Gramt.e 50 r2000;‘0 y Case@ 10%cm !
Rhyolite 10* ~10%¢m™° Case® 10%cm ™
Seabed sediment 10° ~10° ¢’ ’
k: reactionrate
k 1 1x1071 (gatom, cm?s, Contentof 0 147%
1% 107" x 16
- = 3 x 10—15 SN g
wE 3.4 g/ cm
| © specific gravity of water 1g//em’

@% =34 x107% ¢!

eduction rat Tl' 0.693
reduction rate 15 TS X 3.2 X10°

@55 x10° x107* = 6.5y

= 6.5 x10%




tog (Ca or Mg] mol/L

JAERI-M 89-024

-1 i ] 1
]
.
- -
e i;‘n . -
s %
D;]D «j
.
2l g _
«
A a
# g
a
- o -c
o
* - >
-3 . o
» “e . .
s @ .
l— . . -
e 3 L
.
5 W, ° o
-y 9 . a —
= @]
e o o
@
| 5 [ o
-1 a 1 Z 3
log [DOC] masL
(a) Concentraticons of Ca and Mg
(mel/L) found in different Gorleben
groundwaters plotted in relation
with the DOC ceoncentration (mg C/L)
Fig.22.1

NI

-4
[ ! [ [
/ ’
/o /
/ /
/ / —
/: ./‘
/
Fe , ,
=5 / —
/ /
/ !
_ i\, %
~ ]
(Y y
]
8 ‘4
e’ A
e b /" —
2 / ../
[} /
/
. / ,J
oy
// /
/ '/
-7 /
/
7
| I I
~1 a 1 2 3

log [0cc] mgrsL

(b) Concentraticas of Fe(lli)
(mol/L)

concentration

as afunction of the DOC
{mg C/L} in
different Corleben grundwaters

Concentration of elements in different groundwater as a function of DOC



JAERI-M 89-02Z4

CATIONIC
EEZ] ANIONIC
o100 - -
= ] 7]
o > e N
o - N <] ~
L ) ”.4 o N
15 >
v B0 - X [<] N N
5 N <] ot N N
=) = N £ N N
[ N o N N
< 0 |— N § N N
s N ol N ~
~ :j . N
= B 3 i N N
~ N
— | 151 x] >
= bR - Y
L o A ! N
(] — b‘ N 1] S
. KA :0" t N
Y kS = ot N
o 20— ol N ol .
NN S N
m R ?3 N
0 hed - 1 ] N ;
B g, 97, 125, SSEe Liga Iheeo z:épu
13.7 318 258 0033 538 0.8 0.015 3.54
TOTAL CONCENTRATION (Eiq~L‘1 }
M PARTICULATE  EEJANIGNIC
100 - DY taTioNg CTINONIONIC
%) ] [
X - ; 2
% b‘ b3
& 4
w3 §§ f‘ci
! (2] ?5 :2:: Ed ]
L 2 4 3 1 2
g ¢ & ;‘5 l':;' ;.‘ {g
- : K B % q
= F 1] % o r
o 5 3 % :
— K K I
> ] 3 i 3
- * I3 tod b
&5Noowk ] % % 5
i e 7t o .
o K % 2 %
% o "
i » 3 % %
600, ¥Snb 57, Wiy 12Scp mc's
241 118 Th 4 202 644 0.19
TOTAL CONCENTRATION(Bq-L")
Fig.22.2 Sclution phase radionuclides in the plume fromthe chemical pit

(Champ et al,,1984)

Total radicactivity of the waste disposed
8r nuclides 150 T Beg
a nuclides 350 G Beg
Co 370 G Beqg



JAERI-M 89-024

SSNYISUTY - YV H USP INJ UISIIIRGSIIAYIAYD 1S Uau[azula iap Suniity 21p Ioqu jyoIsiagan 1've81g

(e}

—.m
nazsbuniabozion e}

| ajeisbunziasialy
uoIsNyIQg

v\,x_:m_z
{uaplunyy) juojuag {uapiunyy) puojueg younp

Q19ZSY2rIqyaIncy UoISNIQ)
18y|BYOY U195 WayoIp

U X1ewseln

- Bungsbuwin
._meCQL@_N:UG.. LH
Uapaxyoysol
“UBPIL Y

uondiog

UINEZSSONJ-1OSSEAA e/waiwu QL < Q

Hw yoiaiag B /WU O

—c0l

enD e/wLaaul gl >

N yoraag

|

e asaynby

AYDSIPILBIUN

(yeuuByORIIaGO) \qm -0l
1assempunin) =

e

1BINPOA

¢

(- ))

O

(-

\ 4 {u/)
Bunuunpuap




JAERI-M 85-024

1i0dSUBI) 3JUAS0dE 10T SIVPWRIR

8dA3 p1oY uL ade sagjsweded ased aseq Ay

A AN

011RUBDS. 352G YY)
Ul $3555304d UDLIUIISL pUB 340dSURLT JO M3 LAJBAG D1IPUBLDS

{1xe3 85%)

W OoLT W 008
‘0wt
we_nt

ws

m\wEMHnoH..ﬁ
*S/a® gp-01-5"1
Z2-01-E7¢

cui/By 9192
WSz ‘w08

5/8 g-01-2
/@ 1-01-2°1
S/W 11-01-5°T

W op-07
Wy 01-§ ‘W e 0T-5
1-W 01

-U e -l

| 80UBLSLIp uoileubily

(z-Q) Bsu0Z 83Ldiyey -
(g} ssanssiy »
SBUCZ P531[R 40 quUBIXJ

BUOZ FALALYPY YT 40y
dg quessvos UGLSNYJ P XLJa3El

(artatyey) €9 f3psouod xpaamy

2U0Z B3La LRy BUF 4O AJIsuap 3O0Y

Te y3abua| uorcaadsq

Ob sul|te3sdun Jaddn

3yl ul obuaeyosip d1yi0ads abeaany

Wp 3uy|1eashun appiw

8yl ut obuBYIS P D14133ds abruaay

3U0Z AYAp

/33441%8Y 3U3 UL 3bBaeyosip ILsLoads

q @4njgade aanssyy
Y Sniped agng
u Asuanbauay adnssi4

u Aouanbaay agny

Jtodsuesl 3uaydsoab Joy siojoweded juspuadspui-apl[onN

;- ¥oos1s0H ©

o
e e U, A

SR

J3ISIUED QISEM PAPOLICT

BUOZ SUINEY

i

riTpl
Hup e

SIuaWIpag




JAERI-M 89-024

lo_ 1 1 1 ! ;
0 5 10 15 26 25
distance (cm)
Fig.24.3 Distributicn of radionuclide Concentration in pore water of buffer
material

-
—— & 100

Klhydrolie conduetivity

H‘ﬁ—@%:@f? 4 @ .l p 1 “ 4 g
560 My SX107TYs 4 x107ys - s
— - = o — E » . 7 .7 7 Hﬂ?m
R o ; K=10"mys J
] > > T 1 r 1 L 7 g
3
Lm0 > = » -3 7 . > g7
Kot sPotys 1$86hys it k=10Vm/s iy
[
«—1 km—, i Bstamcs g km A
Fig.24.4 Effect of ground surface gradient on water velocity

mirte



