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RESEARCH AND DEVELOPMENT OF A PLANNING METHOD
FOR GEOLOGICAL SYSTEM ( I )
Y. Kurthara*, K. Miyazaki**, H. Igarashi**
I. Tamano*, T. Hayami**, T. Tanaka*

Abstract
The objective of this study is to develop a planning method for geological disposal system. This
planning method is useful for making clear technical methods which guarantee required performance
for engineered barrier and radioactive waste repository. Based on the results of the study conducted
last fiscal year, the study in this fiscal year consists of the following sub-tasks.

(1) Development and improvement of GISCAE system
GISCAE system was improved to obtain more definite and clear results of heat flow analysis. The
graphical treatment tool, that can be used in IRIS work station, was researched.

(2) Investigation and development of database

To develop a cost estimating database, the cost of the three types of repository construction was
estimated. The rock properties in underground power electric plants were investigated to develop
the rock engineering database.

(3) Investigation of the distance between tunnel and fracture zone

The relation between scale and layout of fracture zone were researched. The results of past
studies showed that fracture zone which was more than a hundred meters wide was not suitable as
repository site, and fracture zone which was about twenty meters wide was not suitable as repository
section. The sensitivity analysis of stability effects on fracture zone, which were caused by the
excavation of tunnel, was performed. The results showed that the effect was not significant, when
the distance between tunnel and fracture zone was more than three times as large as the tunnel
diameter.

(4) Numerical analysis of the repository planning

Two dimensional unsaturated-saturated groundwater flow FEM analvsis was performed
considering excavation steps. The effect of unsaturated property to the results of analysis was
examined. Some problems for three dimensional unsaturated-saturated groundwater flow analysis
were took up. Three dimensional heat flow analysis which was performed last year was venfied.
The result of analysis in this'year agrees with one of four cases performed last year.

(5) Investigation of site characterization methodology
The goal, content, scale and period of site characterization in each repository stage were examined.
The applicability of possible research methods was investigated.

Work performed by Obayashi Corporation under contract with Power Reactor and Nuclear Fuel
Development Corporation.
PNC Liaison : Geological Isolation Technology Section
*Civil Engineering Technical Department, Technical Division
**Center of Information System Development Department
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2. Effect of Tunnel Excavation on the Fracture Zone
]: 1. Not Use Joint Element B e il (REEEZTHE)
2. Use Joint Element < (LTS EEEE)
—— 1, Create of Analysis Mesh Model
L 2. Display of Results (Major Principal Stress)
t:: 1. Effect of Distance between Tunnel and Fracture Zone
2. Effect of Fracture Zone Scale
(5 , 10m , 20m , 30m)
—— 3. Display of Results (Maximum Shear Strain)

1. Effect of Distance between Tunnel and Fracture Zone
2. Effect of Fracture Zone Scale
(5o, 10m , 20m , 30m)
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3. Ground Water Flow Analysis Subsysten
—— 1. Engineered Barrier System of Near Field (Results 32-steps)
—— 2. Far Field Model (2-D Trangent Analysis)

L 3. Far Field Model {(3-D Steady Analysis) <------- (EEEZHIE)
L4, Far Field Model (2-D Saturated-unsaturated Trangent Analysis)]
—— 1. Calling Geological Model (LTSEEER)

—— 2. Create of Analysis Mesh Model

—— 3. Display of Results

—— 1. Change in the Distrubution of Flow Vector
— 1. Analysis Step. 1 (Initial Condition)
—— 2. Analysis Step. 5 ( 20 Years )

—3. Analysis Step. 9 { 40 Years )}

—— 4, Analysis Step. 13 { 60 Years )

—-= 2. Change in the Distribution of Flow Vector

(From Initial Condition to 60 Years Later)
— Around Shaft and Tunnel

L 3. Change in the Distribution of Total Head

(From Initial Condition to 60 Years Later)
— Around Shaft and Tunnel

—— 4. Change in the Distribution of Pressure Head

(From Initial Condition to 60 Years Later)
— Ground water Surface, P.H.=0m
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Fig. 2-1a: Nagra investigation area with locations of reflection seismics lines and
deep boreholes in Northem Switzerland (Nagra boreholes: BOE =
Béttstein, WEl = Weiach, RIN = Riniken, SHA = Schafisheim, KAl =
Kaisten, LEU = Leuggern, SIB = Siblingen).
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T= Tertiary, M= Malm, D= Dogger, O+L= Opalinus-Clay and Liassic, K= Keupar, UM= Upper Muschelkalk,
MM-BS= Midgla Muschetkalk to Buntsandstein, {= fault / fiexura zone

Fig. 2-1b: Geological cross-section A-A' (cf. Fig. 2-1a) through the Nagra
investigation area along reflection seismics line 82-NF-10. From DIEBOLD
(1986).
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Fig. 11-2:

5 km

Example of -a realization of a synthetic fault network; plan view (above)
and three-dimensional view (below). Shaded blocks indicate sizes larger
than 100,000 m? (light grey), 250,000 m? (medium grey), 500,000 m?
(dark grey) and 1,000,000 m? (black). The concentric circles represent
distances of 500, 1500 and 2500 m from a randomly located vertical
borehole.
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Fig. 12-3: Sketch showing a repository concept for HLW/TRU in the_ crystalline
s basement of Northern Switzerland (variant with repository on onhe level).
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Ist order Faults Upper Rhine Graben
2nd order Fauits
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, , Ore and Mineral Veins
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Molasse Basin

Potential Siting Regions

Crystalline Basement beneath Mesozoic Sedimentary Basement Units

Crystalline Basement beneath Permian

e———... Location of Sections, Fig. 5-4

Fig.5-5: Overview of the basement of the Black Forest - Northern Switzeriand and
adjacent units; Mesozoic/Tertiary uncovered.
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Fig. 11-1:  lllustration of the investigation concept.
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Figure 3. Lineament map of northeastern Uppland, regional area.

H-3.1.9 By —icBiFa V=7 A b

—11i—



VW 3o

Figure 5.

3 g
T _ . 6700
v ¥, N-e—E
S FN
."_- ]
: \k
/ ~ .’.' . /
% N 7

ROCK BLOCK MAP , GAVASTBO AREA

SEMI-REGIONAL AREA

T Rock block boundary

“’.. Position of linegmenfs inferpreted

*’. onregional scale

D Finnsjon site

The glocial striation is north-south

Finnsjon Rock Block

2km

| N I

P

Devasion of Engiowering Gealogy

S ATREM , Uppssto 1999

=

6650

Rock block map of the Gévastbo area, semi-regional area.

Location of the geological cross—sections in Figure 7 are

marked by arrows.
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Four orders of rock block boundaries in the Gavastbo area.: a.
first order structures, b. with second order structures added, c.
third order added and d. all four order structures compiled.
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Rock block map of the Finnsjon site. Rastered area is a part
of the Finnsjén Rock Block.
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Figure 11. Four orders of rock block boundaries in the Finnsjon site.: a.
first order structures, b. with second order structures added, c.
third order added and d. all four order structures compiled.
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Figure 18.  Generalized map of fracture zones at the Finnsjén Rock Block.
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Figure 4 Repository layout with north/south orientation of
deposition drifts, Level -600 m.
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5 -19.26 | -19. 30 -0.23 1. 04E-3 | 1. 03E-3 0.94
10 -19.22 | -19.23 -0. 03 1. 05E-3 | 1. 04B-3 0. 27
#£3.2.5 r—x2 &R
BERTEERE | RAEILHMPa) | RRERLS | BREAMUT A W) | RATAKUT A
( XDy | ¥EpiET | Al 1 &{EERE) | \BEE | |ElR Z{EN
0.5 -18.64 | -19.58 0.28 0.00E-4 | 7.56E-4 16. 07
1 ~19.64 | ~19.59 0.27 9.07E-4 | 8.52E-4 6. 06
3 -25. 36 | -25. 38 -0, 09 4,66E-4 | 4. 64E-4 0.26
5 -19.43 | -19. 48 -0.23 9,41E-4 | 9. 3264 0.96
10 -19.67 | -19.69 -0. 09 9.39E-4 |9.37E-4 0.19
+#®3.2.6 ¥—R3 DR
BERIEEHE | ZRATINSIMPa) | BAERS | BAEABUTAY) | BREAKOT S
( XDy | #EH0AT | EEI | ZqkE@®) | J@HlET | \EiR Z{LEGD
0.5 -11.97 | -12.13 -1.30 8.28E-2 | 8.24E-2 0. 47
1 -12.12 | -12. 19 -0. 55 8.32E-2 | 8. 30E-2 0. 22
3 -17.85 | ~17.90 0. 28 8.16E-4 | 8.19E-4 0. 33
5 -12.27 | -12. 28 -0. 07 8.33E-2 | 8.338-2 0,03
10 -12. 44 | -12, 44 -0.03 8. 35E-2 | 8. 34E-2 0,01
£3.2.7T r— x4 DER
BERTEERE | RAFEIEA (MPa) | RKEIEST | BAHAMUE A | RATAMNDT A
(xXD) | yeHlET | FEE0sE | Z(kEECD | JEEET | R R
0.9 -12.08 { -12. 24 -1. 28 8.33E-2 | 8.27E-2 0. 61
| -12.14 | -12.21 -0. 57 8. 34E-2 | 8. 32E-2 0.24
3 -17.89 | -17. 84 0.29 8. 19E-4 | 8.22E-4 0.34
5 -12.29 | -12. 30 -0.07 8. 37E-2 | 8.37E-2 0.03
10 -12.44 | -12.45 -0. 03 8.33E-2 | 8. 33E-2 0.01
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(iv) Va4 v MNEZRBLUHBEFOYHEEDHRE
EHBLVOTAOEEICEE T, ¥—X1&E2 . ¥—2R3&4 BEBER LA
HBEVZBIH, COYRBECTEBEARNICEWTIE. Va4 v MNERL D EREOmEE
DEBDRIDNKREVI ENPBDHSNE, - T MHEEOLEEZRITT 25T -2 &
LT, Yada v NEZROYMHERERE LT, EREOYEELREAE. &/IME. 6EED

PItEED3 ERET 5,

(2) R ERT2HMEDE L
AEERR T, WiwB LUV BETOYMEEDEE =R T 2 HICRET 2 MEE%:
#EHTES 2.8 ILRT,
#3.2.8 REHDOYIERE

Hytfa TREER) ISP BG5S
(EREEREEA) (FEREEREED)
B AHER N/n’ 26478 26478
SHHELREL MPa 30000 10000
BEHD  MPa 1.5 6.0
PIESEEIER deg 35 30
K77k 0.2 0.2
#3.2.9 WiEOHEE
ifE W RAE | EROFERER | MR BUME
BiykiEHE N/n® 26213 (0.99) | 23830 (0.9 18270 (0. 69)
St (R %L MPa 16500 (0.55) 9000 (0.3) 300 €0.0D)
¥ES MPa 7.125 (0.9 | 3.750 (0.5) |0.003 (0.0004)
| NEREEHEA deg 3% (1.0 2.5 0.7 17.5  (0.5)
FIvk 0.2 (1.0 0.2 (1.0 0.2 (L.

) FIAREERICHT 5 ERRERT

—138-




£3.2.10 YVaA v NEFOYEE

YrilE B4R B
EEMIE MPa/m 100000
TAMEIE MPa/m 5000
th&H  MPa 1.0
PEREEER  deg 20

(3) B#rr— A
Vad v b VEEORE, HBEEOHED JUMEECEEE R T 5/ DI 7 —
A& — ARET Do &S 2. ILCHER Y — X ERT,
#£3.2.11 BRrir—=x

=S
-2 | V(b ER | BTETE BT o BHY
fEEER | Wr/EE
1 7L 10n | | 64 | T 6 FEEEN Y — R

HO 10n |[1B¥E | 6EE | Vaa v hNEXROEE
=) om | HEiE 6 LEBE

EIEHEOEE (77 A4
"Y 20m | 1EHE | GEEEE | BT B REECARAT)

2
3
4
5 (=R 0m | HREE | 6FE
6
T
8

=) 10 |12 | &AE | PHEEDOEE (ANDEECET
5 RERE)

(=) 10m |1R¥E | B//ME
=) 10m |85 | 6K
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3.2.5 fETFER

(1) BRFEIDTH ICRATEABMOT A5

&7 — ADBRKELHIAHE L LURKTAMOTA2HER =, K3.2.6 ~3.2.13,
3.2. 14~3. 2. 21T g
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(2) BHD B 2EATIEE LURREAKO T HOBHRTROZE(LER
FOETEHIC L 2B~ ORETERNICRET T 5700, FEEE L ERRIC, SRR
DHEIZH L TR HEWHTER S OERICE T 5 EAEEH LURAT ARV T SO
HigiteDZ(LE ( GRHIET—HHIR) /RREIOXER) ZHH L, &7 —RA0O#HRE
#3.2.12~3. 2. 191T7R Y,

—173—



#3.2.12 BAREIGTBLPRAEANOTAOE LR

(r—x1)

(Fa{vh BRI, WIEEL0n | REE - FRHE. WL - 66E5D)

PERIRERE | RAEILAMPa) | RAERT | RRKEAUTAR) | ZREAKOTS
( xXD) | ¥EHET | BHIR | ZE(ER 0D | JREIET | JEHl ZALE G
0.5 -14.42 | -16.93 | -17.43 23.98E-4 | 17.T7B-4 25.92
1 -14.38 | -15.58 -8. 36 24. 06E-4 | 20. 90E-4 13.12
3 -14.19 | -14.46 -1, 87 24, 098-4 | 23. 324 3.17
5 -14.18 | -14.28 -0. 73 24. 42E-4 | 24. 12B-4 1.20
10 -14.13] -14.15 -0. 15 24.50E-4 | 24. 45B-4 0.2]
#£3.2.13 RAELHNBIURATAMUVTAOENE (r—2x2)
(Va{vb BFREO . BEELOn . 55 - 2%, HiEH - 655
BEFRIRERE | RKER A MPa) | RARFEST | BREAKOTAW) | RRKEABUVTS
( xXD) | JEBlET | fmBite | 2k (D) | IEAIAT | JEHIER ZRE
0.5 -14.41 { -16. 00 -11, 07 23. 96E-4 | 18. 54E-4 22. 60
1 -14.37] -15.21 -5. 86 24. 03E-4 | 21. 22E-4 11. 68
3 -14.19 ] -14.42 -1. 59 24. 03E-4 | 23. 32E-4 2. 94
5 -14.17 | -14.26 0. 66 24. 3984 | 24.11E-4 1.15
10 -14.14 | -14.16 -0. 14 24.438-4 | 24. 3884 0.20
#3.2. 14 BARELNBLUCBRAEAMOTHOENR (5—23)
(Va{vh BRHD. WEIESn . BT - R, B - 648
HERTRERE | RAEL WPa) | ®AELT | BKEAMOTAE) | RREAROTS
( xD) | JEHIET | JEHIER | Z(ERG) | JERIET | JEIR Z{RE
0.5 -13.93 | -15. 17 -8. 87 25, 218-4 | 19. 68B-4 21. 94
1 -13.90 | -14.53 -4.52 25, 258-4 | 22. 34B-4 11.50
3 -13.72 { -13.80 -1.26 25. 178-4 | 24, 43E-4 2.95
5 -13.69 | -13.76 -0.51 25. 486-4 | 25. 19E-4 [.13
10 -13.48 | -13.50 -0.11 25. 66E-4 | 25. 61E-4 0.18
#3.2.156 mAERNIBLIURAZAMOTHOE(E (F—24)
(a{vh BFEFD . HifB1E20n | BEEH - FHE, BB - 655
BERIEERE | RATISS I (MPa) | RARERS | RARAMUT AR | RAEAMUT A
( XD) | JEEYAT | fmElg | ZE(kE D | JEHIAT | JEHEIE Z{LERE)
0.5 -15.45 | -17.48 -13.10 20. 99E-4 | 15. 62E-4 25. 56
1 -15.42 | -16. 48 -6. 87 21.11E-4 | 18.39E-4 12. 86
3 -15.30 | -15.57 -1.76 21, 188-4 | 20. 54E-4 3. 05
5 -15.37 | -15. 48 -0.75 21.52E-4 | 21. 26B-4 1.24
10 -16.28 1 -16.30 | -0.17 20. 78E-4 | 20. T2B-4 0.27
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#3.2.16 BRELNBLIURAEAMOTAOEMNE (F—X5)
(Fa{vb BREFD., BEEn . @S - Z58, WS - 655

BERPERE | BAES A (MPa) | ZREILT | BAETAMOTAR) | ZATAMOT S
( XDy | $@HlAT | JEHIAE | Z{eRG) | SHIET | AR ZALEE)
0.5 -16.66 | -20.47 | -22.90 17. 94B-4 | 12, 62E-4 29. 64
1 -16.67 | -17.89 -1.31 17. 99E-4 | 15. 34E-4 14.73
3 -16.67 | -16.97 -1.78 17. 98E-4 | 17. 37E-4 3.42
5 -16.90 | -17.04 -0. 78 18. 20E-4 | 17. 93E-4 1.48
10 -18.12| -18.16 -0.18 18. 72E-4 | 18. 66E-4 0,32
#3.2. 1T BAFEABIUCBRATAMUTAOELE (F—X6)
(Fa{vh BREFL ., WBIEIOn . RS - FE, W/ED - HoKfE)
BERTIERE | ATIEAI(MPa) | RAESS | RAEAMUTAHGR) | &AREAKO TS
(xD) | EHlET | ek | b3 | mElET | JHER Z{ERG)
0.5 -19.52 | -20. 18 -3.43 10. 256-4 | T.91E-4 22. 84
1 -10.48 | -19. 87 -1.99 10. 28B-4 | 9. 08E-4 11. 61
3 -19.30 | -19.53 -1.22 10. 27E-4 | 9.85E-4 4.10
5 -19.27 | -19. 38 -0. 56 10. 42E-4 | 10. 25E-4 1. 61
10 -19.23 | -19. 25 -0.14 10. 43E-4 | 10. 40B-4 0.25
#3.2.18 BAFGNBLIURATLABMOTHOENRE (F—RT)
(Va{vh BEFFD. HEELn \ #5555 - BE, BB - &/IME)
BERRERE | BAEIG/ MPa) | AT | RATAMUTSH) | FATAKDTS
( xXD) | JEHlal | f@EIE | (R | JEEET | \HIE ZiR0®
0.5 -12,17 | -12. 34 -1.45 82. 98E-3 | 82. 26E-3 0. 86
1 -12.20 | -12. 27 -0. 54 83. 12B-3 | 82. 90E-3 0. 26
3 -12.20 | -12. 21 -0.12 82. 17E-3 | 82. 14E-3 0. 04
5 -12.31 | -12. 32 -0. 07 83. 286-3 | 83. 26E-3 0.03
10 -12.47 | -12. 48 -0. 03 83. 28B-3 | 83. 27E-3 0.01
#£3.2.19 BREGNBLUOEATAROTAOELE (5F—X8)
(Faf7h BEFRFD. WEEI0n . @S - 555, WUE - 65EED)
BERGEEEE | RAELI(MPa) | MAEILT) | EAEAMOTAR | RAEAKOT A
(XD | ywilei | gl | Z(ER0G) | fEHlET | JEHIE Z{EE®
0.5 -25. 65 { -27. 10 -5.65 14.16E-4 | 9.46E-4 33.20
I -25.29 | -26. 55 -4. 97 14. 20B-4 | 10.51E-4 25, 94
3 -24. 96 { -25. 02 -0. 24 14. 50B-4 | 14. 28E-4 1. 57
5 -24.83 | -24. 88 -0.20 14.75E-4 | 14. 66E-4 0. 62
10 -24.41 1 -24. 43 -0. 06 15, 29E-4 | 15, 30E-4 -0. 07
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