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Study on the techniques for investigating the geological environment
under high differential pressure conditions(II)

K. Aoki®, K Hibiya®, M. Toida®
Y. Shiogama®, X.Furuichi

. ' ' Abstract

Bigh differential pressure condition is usually encountered around the adits and
shafts in deep underground rock mass. As the depth becomes larger, the magnitude of
differential pressure becomes greater. However, most of the existing investigation
techniques are seldom applicable to the high differential pressure conditions. For
surveying the hydrogeological and geochemical characteristics of deep underground rock
mass, the development of the appropriate investigation techniques is highly encouraged,

The purpose of this preliminary study which was executed the last year was to
evaluate the applicability of the existing investigation techniques to the geological
conditions in deep underground rock mass. In this year, the purpose is to evaluate the
applicability of the existing investigation techniques to the numerical analyses for the
hydrogeological structure of deep underground rock mass.

Vork performed by KAJIMA Corporation under contract with Power Reactor and Nuclear
Fuel Development Corporation.
PNC Liaison : Geological Environment Research Section, Tono Geoscience Center
Yasuhisa Yusa
* Kajima Technical Research Institute
* Kajima Corporation, Nuclear Power Dept.
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Location of the access drift, the D boreholes, the C boreholes, and the
Validation Drift at the SCV site {Oisson, 1992).
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Plan view of features contained in the conceptual model of the SCV
site at the 385 m leve! {Olsson, 1992).
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as a dashed line. Contours are in 10 m intervals.
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*H—2 Predictions of D-Hole Inflow Based on Annealing and

ey S,
SN Measured N- and W-Hole Inflows.

Full o North ) Hol Measured | Adjusted ki/ka Predicted
Template e - ole Flow Flow D-hole inflow
Sy Umin) | (min) | [ (min)
m*/S
N2 0.60 0.50 0.16 1.3
N3 0.45 0.37 0.12 0.6
N4 2.6 2.1 0.67 34
w1 1.3 1.1 0.35 1.3
w2 12.0 10.0 32 8.9
- Mean 34 2.8 .89 3.1
Initial
State Standard
XBL 903-858 Deviation 4.9 4.1 1.3 3.1
B(] - 4 ; b’?[:h:lys:)logic 2one mode! with the fins that connect the zones to the
E)‘ZI* 1 Location of the access drift, the D boreholes, the C boreholes, and the
Validation Drift at the SCV site {Olsson, 1992), *-—3 Prediction Ervor
Final Predicted | Observed Error
0> X (mi (/mi
550 State Hole leftout | <k; Q; (Vmin) Q in) in)
Hl
o
N2 1.1 34 o) 2.9
500 oot N3 1.1 34 37 30
° *| 3D-migralion} \ N4 .96 3.0 2.1 .90
dilt o X X3L 896-2191 W1 1.0 33 1.1 22
1360 [—X] - () Grid elements in 2one A. The top is the full template, the middle is the initial w2 33 1.0 10. 9.
llevel configuration, and the bottom is the final configuration after annealing.
50| . . .
190 A 385 Estimated Prediction Error 4.6
)\ level
HG-holes
400 - Veuilation
_ditt Access
" drift
B R-holes
o 5? 410
N A Full-scalo 2% _level 360 e
350 - 335 level il ST ) G , . . L .
i ~ 3}_/{ lovel /_& 1 Annealing resuis at the finat tesmtion = 3749 43{ —~4 Partition of the Expected Flow into the D-Holes from Each Zones
Time-scated - Crosstials
dril Site Hole , Zone | Observed Heads | Predicted Heads
300 ﬂv T T ! - a “Observed” heads (m) based on synthetc steady flow from 2 bs°C 50 90 . Zone EXPCCIx:d inflow (me)
900 950 1000 1200 1250 W2, used in caleulating the energy for aancaling. . N3 AB 30 79
B’ none 65 : .
XBL.921-553) c e hd g\ No mlécxéslccnon
[3(} - 2 Conceptual model of Uhe major SCV fractuse zones (modified from Black ctat., 1990) @3 Value of head not “observed”, predicted by annealing. N4 1(3: ngf‘: ) gg B 049
B none 49 \ C 0.44
£ opanoiesuo , A none 49 H, 0.44
- Wl | H.C 65 65
XBL 896-2388 Y nome & Hb 0.64
B’ none 65 I 0.41
” B
E)Z] - 5 Summary of the synthetic annealing case, none 6 Mean 051
Standard deviation 0.097
.
BZ] - 3 The simulated drift at the SCV site as outlined by the D boreholes

{Olsson, 1992},
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OEIMFER 2 AW Tk L, Validation DriftiiHIE& A TFRIL, Hi%kicValidation DriftDIEH tion Drift#iBIRROKIETRAZRY, $7/%—15, 16, 1112 C1-2, D& —)l, Validation Drift
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_17_




sz 2 bR (6)

Ci

NG - : :
B] — l Logathn of the access drift, the D boreholes, the C boreholes, and the
Validation Drift at the SCV site (Olsson, 1992),
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IX] — 2 P'Ian view of features contained in the conceptual model of the SCV
site at the 385 m level {Olsson, 1992).
D boreholes Validation drift
(cross-section) _ Plastic
b3e " 04 1 Sheets
‘ Diegl.2m
D2e TTeeDS
\\\‘./» ’
08
Validation
Drift
s0m  Crid element 463 —
g
@—» 3 Relative position of the D boreholes and approximate shape of the

Validation Drift after excavation (Olsson, 1992).

X-6

X-—4

XBL 9110-2207

The rwo-dimensional mode} annealed 1o C1-2.

R~ 5
%1

0 6

XBL 9110-2205

The two-dimensional model co-annealed 1o C1.2 2nd SDE.

Prediction of flow into to the VD drift using two-dimensional model

calibrated to the SDE.

The three-dimensional zone template,

B/H Interval Conceptual Measured Calculated Flow (I/min) £0.2
Name Interval Zone Flow (/min)
in Interval K/K=025* | K/K=1 | K/K=41 | K/K=25 | K/K=.05
D-H 24-27 H (24-26) 0.1 £7? .84 0.66 0.54 0.18
*Skin required to make the flow equal to 0.1 I/min
F— 2 Prediction of drawdown due the VD drift using two-dimensional
model calibrated to the SDE.
Calculated Drawdown (m)
B/H | Zone Measured
Drawdown (m) | K/K=1 | K/K=41 | K/K=25 | K/K=.05 | K/K=.025
W1-5 H 60.0£6 96.5 5 61 21. 12
W24 H 32.0%£13.5 16.6 12.5 10 3 2

Prediction of flow into to the T1 hole using two-dimensional model

based on LSC, SDE and VD results.
Calculated Flow
B/H Interval Conceptual Zone Measured (1/min)
Name Interval in Interval Flow (I/min)
K/K=1 | K/K=0.10*
T1-H | 31-38 H 0.0017 0.64 0.33

*skin required to reduce flow by a factor of 2

%4

Prediction of total drawdown due the opening of T1 using two-dimensional

model based on LSC, SDE and VD results.

Calculated Total
B/H Interval Conceptual Zone Measured Drawdown (m)
Name Interval in Interval Drawdown (m)
K/K=1 | K/K=0.10*
Ww1-5 2-31.0 H (46-50) not avail. 199.3 148.1
W2-4 48-65 H (50-57) not avail 26.0 18.7

*skin required to reduce flow by a factor of 2

%5

Prediction of incremental drawdown due the opening of T1 using

two-dimensional model based on LSC, SDE and VD results.

Calculated Total

B/H Interval Conceptual Zone Measured Drawdown (m)

Name Interval in Interval Drawdown (m)
KyK=1 | K/K=0.10*

W1-5 2-31.0 H (46-50) not avail 138.5 87.3
W2-4 48-65 H (50-57) not avail 15.5 8.2
C2-1 71-86 H(63-9) not avail 66.1 34.8
C3-1 1-70 H(59-61) not avail 150.7 79.1

C4 1-60.0 H(55-59) not avail 65.8 34.6

#skin required to reduce flow by a factor of 2

XK—6

Prediction of flow into the Validation Drift using three-dimensional model
annealed to steady state SDE data,
!

Caloulated Rlow (Vmin) 0.2
B Interval Concepmal Flow (lmin)
Neame  lowerval Measured 200t H:K/Ko=.025
: K Ke 41 ! =, =035
in Inerval HiKHiK=1 | K/HK H:K/K=25 | KJ/K: BiKJK* =025
o-# pL 4] 1 24-26) 0.1%1 0.1} 0.63 03t 0.18 0.
DS-B 28.100 | B (90-2),1(%4-6) 05617 0.80 sl 0.81 0.83 0.60

%1

Prediction of fiow into the Validation Drift using three-dimensional
model annealed to C1-2.

Conceptual Measured Caleulated Flow (Vmin) £02
BMH Interval Zone Flow (Ymin) T
Name  Interval in Inteeval HKJK | KK | HKAK | HKJK | HK K ‘s 024
i =4l =25 «.05 B:K/K® = .11
D2.H 24-27 H (24-26) 0.1 %7 82 65 33 19 0.10
DS-B 28-100 | B (90-2),1(94-6) 0.563 1.05 1,06 1.07 11 057

SH:K,/K required to make the D- H flow equal 10 0.1 Umin.
B:K/K required w make the D-B flow equal 10 0.6 Vinin.

*Skin required 1o make the flow equal to 0.1 Ymin

..18_
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F%— 8  Prediction of total drawdown due the Validation Drift using
three-dimensional model annealed to the steady-state SDE.

il

¢ 10 prodiced vemus measured drawdovns or e SDE aer anncating 0 e SDE. %1 2 Prediction of flow into the T1 hole using three~dimensional mode! based on

steady-state annealing of SDE and calibrated to VD results.
Calculated Drawdown (m) B/ Interval e wal Zo II)-:sradn:jawd %a:aaﬂdamd‘
. oncep ne wdown wdown d Flow
B/H Interval ! Conceptual Estimated Name  Interval in Interval (@) Calculnu; 0
Name Interval Zone Drawdown | K/K | K/K | K/K | K/K | HK/K=025 i il @ B/H Interval Conceptual Zone | Measured (/min)
(m) =1 | =05 | =25 | =41 | B:K/K=0.25 N2-1  161-207 B(188-150) 45445 34 Name Interval in Interval Flow (/min)
S%-z m-lgo K(151-153) 75.73;2er 9‘; TKJ/K=1 | T:K/K=0.10*%
. ) 2-75. M (29-31) 9243 6
N2-1 161207 B(188-190) B4L36 | 603 | 23 4 44 | 503 14 N3-1 101189 | A(162-170), B (1334) | 909422 94
N2-2  111-160 K(151-153) 24.8+42 103.1 97 101 102 70 - N3-2 2-100 M (38-39) ) 3931 6t 63 T1-H 31-38 H 0.0017 12 0.7
N24  2-75.0 M (29-31) 2.5%3.1 90 28 15:0 17(?1 ;g m; ;403-219 A (153-156) 182427 94
N3-1  101-189 | A(162-170)B(133-4) | 4L7£75 | 1028 | 97 - -141 B (122-126) 742424 94 . i flow by a factor of 2
Nz 200 | oM (38-39) 92865 | 869 | 2 | | 1 w N43 77108 M (102) 7212100 | 94 “THJK required to reduce flow by
N4-1  142.219 A (153-156) 284465 | 10281 97 | 100 | 1 W1 92147 | B(130-138), 1(108-12) | 634218 94 s - ; ing three-dimensional
N4-2  109-141 B (122-126) 29285 | 1028 | 97 | 100 | 101 70 W13 5575 | Hb(59-60) 61.1£20 759 % — 1 3 Prediction of total drawdown due the openning of T1 using
N4-3  77-108 M (102) 714%115 | 1028 | 97 100 | 101 70 W15 2310 H (46-50) 95.4421.5 78.3 model based on SDE and VD results,
W2-1  110-147 | A (124-145), 1 (116-21) 70618 94
w22 76-109 B (83-91 5374 87
Wi-1 92-147 B(130-138),1(108-12) no data 102.8 97 100 101 70 w32-3 66-75 Hb((67-71)) 36.8 42 104
W13 55.75 Hb (59-60) gg-gig }g;é gg ;g g; ;2 W24 48.65 H (50-57) 70.8+38 103 Calculated Total
Wi-5  2-310° H (46-50) 0% ’ Drawdown (m)
W21 110-147 A(124-11($5),I(1 16-21) | 2027 | 1028 | 97 | 100 | 101 70 D2H 2427 H (2426) 220£30 107 B/H Interval Conceptual Zone 5 Mcdasﬁnuim) ¢
w22 76109 B (83-91) 31150 | 965 | 92 | 95 | 95 67 DS-B 28100 | B (90-2),1(54-6) 220+30 226 Name Interval in Interval rawdo PR P
Ww2-3 66-75 Hb (67-71) 24.1%8 1112 106 109 110 77 K /K-
W2-4 48-65 H (50-57) 320£13.5 | 1107 | 106 108 109 76 tusing instantancous drawdown as a substinute for equilibrium drawdown. 84 58
(Error given in the table is much lower than the true error) ST N2-1 1612207 B(188-190) o4
D2-H 24-27 H (24-26) no data 124 124 124 124 124 N2-2 111-160 K(151-153) 18.515 "
DS-B 28100 | B (90-2),1(94-6) nodam | 243 | A3 | U3 | 243 3 N4 2130 o (29'33121334) 85 96
" N3-1 101-189 | A (162-170),
*H:K/K required to make the D- H flow equal 10 0.1 Umin : N32  2-100 M (38-39) 12: 1?3
B:K,/K required to make the D-B flow equal to 0.56 Umin. N4-1  142-219 A (153-156) 8
Nd-2  109-141 B (122-126) 84 103
N4-3  77-108 M (102) 84 103
" : . ) 103
ﬁ‘( -9 Prediction of total drawdown due to the Validation Drift using three- ﬁ — 1 1  Comparison of measured and predicted drawdowns for the SDE using the Wi-1 92-147 | B (130-138),1(108-12) 8_}52 115
dimensional model annealed to C1-2. three dimensional mode! annealed to C1-2, calibrated to SDE and constant w13 5575 Hb (59-60) 1
Bow boundaries at the D-holes. w1-5 2-31.0 H (46-50) 172 115
— o W2-1  110-147 | A (124-145),1(116-21) | not available gg 1;?
Hne weesm m ) Estimated | Calculaied - 76-109 B (83-91)
B Inerval Conceprual Drawdown - B/H Interval Conceptual | Drawdown :‘z; g 66-75 Hb((67-71) 90 112
Name  Interval Zone (m) HIKKe) | KUKadl | £/kn25 | KJKm0S HiK/Ka024 Name Interval Zone (m) (m) = . 89 m
: - Bik/K=0.11 w24 48-65 H (50-57)
N2-1  B(188-190) 161-207 4545t . 12
N2l 161:207 B(188-190) A58 13 1 10 7 4 :%j 12“751%0 1;21(52191351:;) 7557;;‘%5 265 ‘ C1-2 40-70 H (45-54) 104 b;}aik
N22 1160 | KQ5115) uszaz | 2 B2 o0 6 N3l 101189 | A(162-170), B (1334) | 909422} 12 C1-3  71-105 B (96-100) blank
N4 2750 M (29-31) 25331 0 0 0 Q [ N3-2 2-100 M (38-39) 19346t 65 Cl4 106-150 | A (138-148),1(105-9) blank blank
N3l 101-189 | A(162-170),B(1334) | 417175 124 123 13 121 84 Nd-1 142-219 A (153-156) 78.2427% 52 H (63-69) 134 92
N3-2 22100 M (38-39) 42165 7n 63 57 41 21 N4-2 109-141 B (122-126) 742124 106 Q2-1 1-70.0 ( 89
Ne 142.219 A (153-156) WAL6s 57 57 56 55 % N4-3 77-108 M(102) 721110t 56 -2 71-86 B (76-82) 83
N42 109-141 B (122-126) 92485 1s 116 116 13 48’ -3 87-124 A (109-113), 1(1224) 85 103
N4-3 77.108 M (102) TAL1LS 62 59 51 51 26 Wi-1 92-147 B (130-138), 1(108-12) 63.4%18 73 1-70.0 H (59-61) 203 167
Wi3 5575 Hb (59-60) 6L1£20 0 a1 17 : 1 (35.59) 159 107
wy e (e [ [ 0w | @ | w Wi | it | Rehy | 8 G1 ma0 | AGHS) 0o | o
wis 2310 H (46-50) 6006 103 88 7 a 2 Vﬁ 7:&]7059 ;?b(ffi?ff) 3552_"37: 442’ gg C5-2 4-82.0 B (90), H (84-85) 80 88
W2-1  110-147 A(124-145) 1(116-21) 2027 70 68 68 65 21 W24 48-65 H (50-57) 170+ 383 21 ;
w22 76109 B (83.91) M1£50 65 i) 62 57 % - 0 0
W23 66.75 Hb (67-71) 24148 6 62 60 55 25 DB H 156 D3-B 28-100 B (90-2). 1(94-6)
W2.4 4865 H (50-57) 320135 23 20 19 4 8 DH H 226 T2-H H
T1 H 176
v H 113
D2H .27 H (24-26) no data 189 155 131 58 3 *T:K/K required to reduce flow by a factor of 2
DIB 20 | BEODIGLE o data 1 o & “ol o= tDrawdowns are instantaneous drawdowns. These are underestimates of
extrapolated drawdowns and have a very large emor,
* HiKJK required to make the D- H flow equal 10 0.1 Ymin *Disconnected by annealing
B:K/K required to make the D-B flow equal to 0.56 Ymin. *Data for both SDE and C12G are good and compatible s
**Disconnected by smnealing
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Z%— 1 4 Prediction of incremental drawdown due the openning of T1 using three- #K— 16 Prediction of total drawdown due to the opening of T1 using three- x5 icti i i using three
dimensional model based on SDE and VD results, dimensionai model based on C1-2, SDE and VD results. R-1T Prediction of g‘:;fg“g‘;‘or‘}’é;"‘;°‘;‘gg‘;é°vg°m‘;&°;““g of T1 using
' Calculated Incremental Calculated Total
B/H Interval Conceptual Zone Measured Drawdown (m) B/H Interval Conceptual Zone Estimated Drawdown (m) _ Calculaied Incremental
Name Interval in Interval Drawdown (m) : Name  Interval in Interval Drawdown (m) Nail/cl,{ Im;vl:v " COﬁc&n’:lvaanc Dra}::‘::wnmim) Drawdown (m)
o’ o " — . — . - *
TK/K=1 | TK/K= * , TK/K=1 | T:K/K=09 SN
N2-1  161-207 B(188-190) 70 44 N2-1 - 161-207 B(188-150) 7 6
N2-2  111-160 K(151-153) 14 34 ‘ N22  111-160 K(151-153) 15 10 N2-1  161-207 B(188-150) 3 2
N2-4  2-750 M (29-31) %0 57 . N24 2750 M (29-31) 0 0 N22  111-160 K(151-153) 9 4
N3-1  101-189 | A (162-170), B (133-4) 23 34 N3-1  101-189 | A (162-170), B (133-4) Not 86 85 N24  2.75.0 M (29-31) 0 0
N3-2  2-100 M (38-39) 107 p N32 2100 M (38-39) available 47 33 N3-1  101-189 | A (162-170), B (1334) Not 2 1
N4-1  142-219 A (153-156) 14 13 Né-1  142.219 A (153-156) 26 25 N3-2  2-100 M (38-39) available 26 12
Nd-2  109-141 B (122-126) ™ 23 N4-2  109-141 B (122-126) 54 51 N4-1 142219 A (153-156) 2 1
N4-3 77-108 M (102) 14 13 N4-3 77-108 M (102) 35 30 N4-2  109-141 B (122-126) 6 3
N4-3  77-108 M (102) 9 4
Wi-1  92-147 | B (130-138),1(108-12) 15 33 WI-1 - 92-147 | B(130-138),1(108-12) 46 38
W13 5575 Hb (59-60) 149 9 W13 5575 Hb (59-60) 0 0 W11 92147 | B (130-138),1(108-12) 12 6
W15 2310 H (46-50) 149 92 W5 2310 H (46-50) 6 45 Wi-3 5575 Hb (59-60) 0 0
W2-1  110-147 | A (124-145),1(116-21) | not available 15 33 W21 110147 | A (124-145),1(116:21) 36 33 W15 2310 H (46-50) 54 23
Ww2-2  76-109 B (83-91) 11 10 w22 76-109 B (83-91) 40 37 W2-1  110-147 | A (124-145),1(116-21) 5 2
W23 6675 Hb (67-71) . 35 W23 6675 Hb (67-71) 41 37 w22 76109 B (83-91) 6 3
W2-4 48-65 H (50-57) 13 15 W24 48-65 H (50-57) 12 10 W23 66-15 Hb (67-71) 6 2
W24 4865 H (50-57) 4 2
Ci-2  40-70 H (45-54) 88 56 Cl-2 4070 H (45-54) 58 43
C1-3  71-105 B (96-100) blank blank C13  71-105 B (96-100) 110 109 Cl2  40-70 H (45-54) 3 16
Cl4  106-150 | A (138-148),1(105-9) blank blank Cl4  106-150 | A (138-148),1(105-9) 109 108 Cl-3 71105 B (96-100) 1 0
21 1700 H (63-69) 113 7 €21 1700 H (63-69) 85 56 Cl4  106-150 | A (138-148),1(105-9) 1 0
C22  171-86 B (76-82) 30 36 €22 M-8 B (76-82) 34 2% C21 1700 H (63-69) 60 31
C2:3 87124 | A(109-113),1(122-4) 15 13 €23 87-124 | A (109-113),1(122-4) 30 2 €2 718 B (76-82) 15 7
31 1-700. H (59-61) 180 144 €31 1.700 H (59-61) 28 57 C23 871124 | A(109-113),1(122-4) 3 1
c4 1-60.0 H (55-59) 136 84 C4 1600 H (55-59) 106 o C31 1700 H (59-61) 61 33
C5-1  83-140 A (118-9) 0 0 CS-1  83-140 A (118-9) 25 21 C4 1600 H (55-59) 9 39
C52  4-820 B (90), H (84-85) 26 24 C52 4820 B (90), H (84-85) 17 13 C5-1 83-140 A (118-9) 8 4
C52 4820 B (90), H (84-85) 8 4
D5-B  28-100 B (90-2), 1(94-6) 0 ) T2-H H 24 46
T2-H H T2.H H 60 1
*T:K/K required to reduce flow by a factor of 2 T required to reduce fiqu by a factor of2 *K /K required to reduce flow by a factor of 2

2— 1 5  Prediction of flow ino the T1 hole VD and remaining D-holes (D-B) using
three-dimensional model based on anncaling to C1-2, SDE data and calibrated 1o

VD results.
Calculated Flow .
B/H Interval Conceptual Zone Measured (1/min)
Name  Interval in Interval Flow (I/min)
T:K/K=1 | T:K/K = .09*

Tl-H 31-38 H 0.0017 0.37 0.18

D-H .068 .085

D-B 56 0.57 ’
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gj—l Averagely fractured rock network geometry [for
predictions (10% of fractures shown).

R
[22—]_ 2 Averagely fractured rock network geometry for Validation
Drilt inflow predictions (10% of fractures shown),

%—— 1 Predicted inflows to the remaining lengths of D-holes in the
average rock using 3.9x10% Pa m'} head gradient, flows in ml/min/m,

Realisation D1 D2 D3 D4 D5 D6 Total
1 0.07 0.50 0.51 0.18 0.33 0.27 1.86
2 0.04 0.26 0.16 0.12 0.11 0.42 1.11
3 0.09 0.16 0.42 0.13 0.06 0.23 1.09
4 0.07 0.08 0.27 0.17 0.11 0.13 0.83
Mean (1-4) 0.07 0.25 0.34 0.15 0.15 0.26 1.23
5 0.02 0.05 0.30 0.18 0.19 0.12 0.87
6 0.06 0.35 0.06 0.34 0.17 0.17 1.17
7 0.06 0.27 0.20 0.29 0.20 0.17 1.21
8 0.28 0.13 0.10 0.46 0.12 0.29 1.37
Mean (5-8) 0.11 0.20 0.17 0.32 0.17 0.19 1.16

f§_ 2 Predicted inflows (ml/min/m) to the D-holes during the SDE in H-
zone rock using 3.9x10% Pam’l head gradient.

Realisation D1 D2 D3 D4 D5 D6 Total
1 137 | 284 353 |115 |387 le1s | 1637
2 400 {571 |510 040 |286 |319 | 2043
3 072 | 241 {242 (282 |096 |344 | 1276
4 057 | 764 |046 1239 {131 |110 | 1348
Mean (1-4) 167 {465 | 288 |169 |295 [348 | 1575

F— 3 Predicted inflows (mUmin) to the Validation Drift in average rock
using 3.9x104 Pam't head gradient (no drift effects).

Realisation. Inflow Inflow Krr Kaxial
per m (m2x10-17) (m?2x10-17)

1 32 2.3 3.1 1.7

2 52 1.3 1.7 0.9

3 50 1.2 1.6

iE— 4 Predicted inflows (ml/min) to the Validation Drift in H-zone rock
using 3.9x10* Pam™? gradient (no drift effects).

K_ (m2x10-16)
T

Realisation Inflow Inflow per m

1 195 19.5 2.8
2 190 19.0 2.7
3 186 18.6 2.7
4 482 48.2 7.0

#—5 Predicted inflows (ml/min) to the Validation Drift in average rock

using 3.9x10% Pa m'l gradient, using normal-stress fracture-closure law.

Realisation | Stress a |Inflow | Inflow Kn- Ka;dal
model per m (m?x10717) (m2x10'17)

1 BEFE -0.2 96 2.4 3.3

1 BEFE -0.6 112 2.8 3.8 1.8

1 BEFE -1.5 132 3.3 4.5

1 BEFEpgd {:0.2 92 2.3 3.1

1 KIRSCH|-1.0 92 2.3 3.1

2 BEFE -0.6 64 1.6 2.2 1.1

3 - BEFE -0.6 60 1.5 2.0

BEFEnd = BEFE stress model but with no fracture dilation in NAPSAC.

#—6

using 3.9x10% Pa m’

1

normal-stress fracture-closure laws.

Predicted inflows (ml/min) to the Validation Drift in the H-zone
gradient, showing the change due to applying

Realisation Stress a Inflow Inflow |Kyr
model per m | (m2x10-16)
BEFE -0.2 186 18.6 2.7
BEFE -0.2 480 48.0 7.0

-3

H-zone.

Pattern of inflow to 30 m section of Validation Drift centred on
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;Z] —_ 2 The 1o dumensioal model co-aneated w C1-2 srd SOF
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-3 Simulated tracer breakthrough at the Yalidation Drift for RSTT plotted against the data for
the simulation period of 300 hrs calculated using the co-anncaled configuration. Dots are
data; the line is the simulation.
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E‘g — 4 Simulated tracer breakthrough at the Yalidation Drift for RST ploued against the
data for the simulation period of 400 hrs calculated using the Cl-anncaled
configuration. Dots are data; the line is the simulation.

#— 1  Conditions modeled to predict the Nerctnieks® tracer tests

Simultaneous .
Case | Source Sink Injection | Fraction Other Injections Sim}xlauon

interval | location | rate (total) | of Conc. time

mltr modeled | Interval | Flow (ml/hr) hrs.

1 T1:2 drift 4 1 T2 475 2000
2 T2:1 drift 47.5 30/47.5 Tl 4 2000

3 c2 drift 15 1 2000

4 T2 T1, Drift 56.5 30/56.5 1000

#— 2  Estimates of first arrival and maximum concentration for the tracer tests.

Case | Source First arrival (hrs) Maximum C/Co
prediction data prediction data
1 T1:2 800 to 2800 400 | 0.0001 to 0.0005
2 T2:1 200 to 1400 200 | 0.0001t00.0004  0.002
3 2 200 to never 300 010 0.002 0.002
T2 100 (to T1) 100 0.0018 - ?
T2 never (o YD) 200 0 ?
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see also Figure 3.)a
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X|— 3 Horizontal view of the 1op boundary of the geomeny of the domoin intended
to describe the geological features (left), and the

Jinite element mesh (right);

Horizontal view of the top boundary (left) and the bottom boundary (middle)
of the geomerry of the bounding frocture 2ones; horizonsal view of the top
boundary of the finite element mesh (right); compare Figure 32a.

;}f{—- 1 Boundary conditions for the different cases on the local scale.

-2

Model set-ups for the cases considered for the semi-regional model.
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Hydraulic conducrivitics (m/s) Jor the cases on the semi-regional model.

#HE HhBWw
3DSB 1.04-10% 2% Ref. values
3DS1A 1.04:10%2°% Ref, values
3DSiB 1.04-10%2"’ Ref, values
3Ds2 1.04.10% " 1.04-10%. 27
3DS3 1.04-10% 2 Rel. values
xX—4 Reference values of the hydraulic conductivities (m/s) for the fracture zones.
HNBW U M ) Kb
(m) . (m/s)
1 20 75 SE 1.21-10% 2"
2 100 16 SW 1.02:10% 2"
3 50 80 SW 5770
4 50 60 Sw 3.14-10%2
12 50 90 3.70-10%2""
13 50 90 1.21.107%2""
14 50 90 3.70-10%. "
Skogsbo 100 90 3.14-107 2"
Giboda 100 90 3.14:1072
Imundbo 100 90 3.14.10% 2"
Grisbo 100 90 3.70-10%2"*
Dannemora 100 90 3.70-10%2"*
Killlviken 100 90 1.21-107 "
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Horizontal view of the top boundary indicaring the areal coverage of :one
2 (screened area) In Case 3DSB (lefr), and Case 3DS3 ({right), as modelled
on the semi-regional scale. The doshed line corresponds o the position of the
cud through which the nanwral groundwater flow was estimated.

The flow (nt'lyear) into ond out of

zone 2 through its confining fearures for

Cases 3DSB and 3D53.
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"R WA 744 A it
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LC2S 14600 564 3790 - 0

221900 237264 232170 261000
131 -15364 (6.7%) -28330 (11.5%)

Flux dismribution ar a level of :=-500 m; Case 3DSB, the Base Case.

Flux distribution at a level of :=-500 m; Case 3DS2, homogeneous rock mass
properties.
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Pressure dismibution at :=-500 m: Case 3IDL2, no-flow lateral boundaries,
local topography, local fracture zones, KBSJ-like conductivities.
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Frequency diagram of the flux distribution for Cases 3DSB (base cose on
semi-regional scale). IDLSR (reference case with rransferred lateral boundary
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The finite-element mesh as generated for the two-dimensional modelling of the
salt intrusion.
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in the model.
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Type of boundary condition for the different cases considered within the mo-
dimensional modelling of the salt intrusion.

Lavels: ° . %o, Levels:
r ’_“.aw” 9;&;
- -
$C-009 o T 7 3¢-010
1£-010 - - - <n -7 1011
I evr0m -7 AT et ittt
-0fd o . ~01
i _}j” - 1£-012
- 300 -300 }- v
,ﬁf’n——)k .”
—~~ — - N
3 E V.,
N 3
~ S~ . /
b-’,’ V
N ~N [ 4
’
- 1000 ~1000 1 ’
N
- ‘)\
&
/
4
4
-
YR S TN TN TS TSN AN S SN SO WU DU S NN T T SN N S { 1 _,,ml’ W SR TS DUPU S ISR SN W SN NN SO NN Y SO WY DU NN Il
) 1000 1500 2300 ] 300 1000 1300 2000 1300
X (m) Nomtons X (m) Comam

X-3

: Flux distriburion for Case 201 ; no-flow lateral boundarics, no selt. Flux volues

are expressed in m'inils,

Z (m)

X—5

Flux disibusion for Case 203: hydrostatic lateral boundaries. no salt. Flux

values are expressed in nt'im'ls,

Levels,

-
- 1301
[ LI es'§ P10 LSl !
-
:
s
-1000 - |
Lo
F i
'
= /7
[_’L
L
-13%00 11t 1 i’ 1 I ] S 1 1 il ) — 1
L] 00 1000 1400
X (m)

]

V-V 2 UETO

y—-2 A ATEK RAMADKE gy
D1 X

2D2 X

2D3 X

2D4 X X

Widths, inclinarions, and hydraulic conducnivities of the fracture 20nes for the
mwo-dimensional modelling of the salt inmrusion.

il
b

|
Do

R [3:1 g ). KK
(m) (m/s)
1 20 75 (SE) 1.21-10%.2""
2 100 16 (SW) 1.02.10%"
12 50 90 3.70-10*%z""°

M- 4

Flux disribution for Case 2D2; no-flow lateral boundaries, salt below rone

2. Flux values are expressed in nt'intls.

Levels:

Flux distribution for Case 2D4; hydrostatic lateral boundaries, salt below zone

2. Flux values are expressed in ni'intls,

_49_




YA MITICFEET 5V — v 2 I B P O/KBHE 2 H T 5,

Wi 3 2| 74 vvar® w3 m
R x =T V2B BE L AOVEUR RS UL 5 O R #A
#
BF
%
D
H
)
i .
T 7K}E§1£§ﬁ
e BB AR  200kPaT1HAHEIHEIK & Z DR ISDHDEIE A RIE, 7272 LEFEK DO T ld¥ikPa
- DEKEE UEBKDOEA Tl 2 B OHER,
” FHbElER K—1, £—1IRT &) IKBKALOBEXM o—ERMBTHKL, AHicdh b8
o P HOBHITLIZ <V F Ry /) —BREZU R UONIR & O/KEEVHELER, B OAEE
B #* IS &5 A,
3 T PU—H—HBR b L— - K- 21RT KSR Bk LIt Fkicy 5 = o 28
= AL, ThaEAKILNSL 8SmDKAZETAIKT B, radialfis
- lineari T&EKFRE & HIBREBE TG (F—2) ,
7 ISR MU= -8Bk K- 3R T &I SERIAN550~12. 52 @ + L —4—(BFI
% 01: 5=y, KFI06 : 2 — K, KFI1l: 73 VB ZHEAL,
= X 51250~1258 DHETFIKS 5 WEBHKEKEREA, KEIEHR
u RAEIZTS - 72 &BFI0260° 55004 /minT 9 HiEBKL, ML —H
—BEAAGE, BoRiRO OBKFRE, EINEE, HBIRREE
ﬁﬁ (ﬁ— 3) o
b U —H —FHEER 2mdb L IF20mXBIT b U=y =% b ZRICHEA L1,
| GiE) b L~ —OFRERE L THITFKBARZRD, HITARA
E 215 n DIFONEILT, & kHEA, E— ML TV 3, BeRkws (R—-42R) .
. GHE) :
i B QR ROIERPIE N O & N, —HicRIS <y 1 MERERME, 7754 bEES,
=
iy V=7 A v MIFEIER ARG, LR 3 00sMARNSH D, i, ThERRlicy —
B |7 2 78 EHERPEAO/NS WHIRICE D NI WIS AT 5,
i
& i
K| BROKEEIIEE Z I, PTok I fixhs,
B EROFTKFEE k() =4.90X107°X CXZ ' 3°(n/s)
e BERERr DRI k (s)=5.06X107>xX C X Z~2 *5(n/s) %
B C : E L kMBI & » T T 2 HAlER
55
) HRUKIZIESREN300ng, /2 PLEOEKNES AL, Yoldia#EKk UlLitorinafg DAk OVE & O HELEH
BR | TR L CHKERDO LD TH 5,
1t
B
551y

_50_




Mg 74 a3

a— K4 | SUTRA SR EF IV
KAETRIZOWTIE, HEEBEORERIZENNE & 1313—8d 50%, AHEREORRIEME L b hish KX
2 RERERE T — N, Vo UL, KAETHEROSENEEER, SoBRATLTVWEL J@-T) .
gt
- SEHEF IV
B , « X~ 6 DFEF & HRRM-ORENHERMY & AR D L —BL, ZORDKAM 2 V7 —%K~8 I,
N IRAE PR 2R — 9 12/R L 7z,
o « = 2DRGZOVTOH M LicAS, BF 1020EOENERG & HELTVSD, fRREkT
N BFBRREREZRFLEN, SO ERY — V2B 322N RAHEES LD, BFI
7~ 02FLAER DRFTN IS A EM AR T LD LIRIRTE 3,
i
g E T IV i
NM— 5iRt & 5 REF NV TFSHARE 7L,
A
% | SEHEETIV ‘
¥ K—6lcmg koo — 2 2%2KERE LTTHEREET I,
*
7
b
iR BT
L]
iFt
yy | THHETIV
Hr m M— 61oRe & S ICEKIEER & RNBKIER,
4 KAHE T WT, Z DR EHRRIZELIC W THERIME & ik, BEE,
%
1
#
B
BiSGR E )L
@— 5 ?/S,Hao E‘E
K SEiEET IV F
B M- 62818, b, BEICY-> TRETHBTRDIE L.
i H:
i

_51_




Mike 74>var (3)
BFl02 8F102 BF102 #F—2 figprL—Y — i R Hydraulic conductivity tm/s) Groundwater flux {m¥alyr)
C — 10-12 1010 q0-8 49-6 0-t opi 1 w
Obs section Flow regime Ke (m/s) P e _;
3 6 8 )
S oy W 0N Radial flow 1.5€-1 6.7€-3
3 g 6% Linear flow 3.4g-2 2.9€-2
' N : 100 100
: BFl01
u KF106
KELN BF102
INTERF, TESTI INTERF. TEST2 INTERF. TEST3 200 200
Packer pos. :245-216  Packer pos. :192-193  Packer pos. :192-193 Distonce ¢ Tracer measur ement ——
270-271n 217-218a 270-271a 7
Pusped secl.:246-270n Puvaped secl,:193-217a Puaped sec!.:193-288. 60a Teocer / v
injection
MBorehote @Packer @Subrone 3 300 300
@Pipe string for ®lone 2 ®FPacker /
sater discharge @Punp @Borehole bdotloa //
@ Subrone | Zone 2
% P No measureable flow
e R s = o Pockers /.
-1 FHRBONN v H—(E Fracture L00 400
g " = Radi - Radius r, =+
*x-1 THERBOKRMH ocsh )
CONCEPTUAL HOOEL OF THE EXPERIMENT
Test Phase Active Discharge Duration . o . !
p section rate . ° . g e M-4 #HREBEEEEKEOM
(m) {1/min) {days) -3 Sz br—Y-HBRIE
1 Drawdown 246-2170 500 3.7 ~ . ~
1 Recovery  246-270 - 5.2 *-3 NWILR « pL—HY-HKBEER
2 Drawdown 193-217 500 7.8
2 Recovery 193-217 - 10.2 Route BFI01-8F102 KF106-8F102 KFi1l-BF102
JA Drawdown 193-289 " 500-700 0.9 Distance (m) 168 189 155
3A Recovery 193-289 - 0.8
Ke" (m/s) 1.6 £-1 6.1 £-1 9.7 £-1
38 Orawdown 193-289 700 4.0 . - . .
38 Recovery 193-289 - 8.2 e (m) 5.1 £-4 9.9 g-4 1.2 €-3 o g S 3 & 8 & 8 8 8
* [ERT R S0 de00%8
Py {1m section)™ 9.4 £-3 1.8 €-3 1.0 £-3
. 0 el !
By (1m section)** 8.8 E-3 2.3 £-3 1.4 £-3 g 1 B '?_:.:“ - ®
/\ a (m) 2.4 3.9 1.3 % :' :°.“°_. ::':"’::,‘ LU Y A
\( |- FLO HETIR W pe () 70 49 118 Ko 31077 |s.-¢-ao" Ket0'? § s8en?
2 PP R S0 20 1077 a
DRULLING . ¥ x N 8
HELHINE -
& i Recovery (%) 68 81 70 )
v — R §
. * = K in £qn (3) determined as mean value from E£qn {10) 8 s 109 S ug.10mm0
** =K in £qn (3) determined from hydraulic interference test 2 .
SR ML ol e HINEE o KK Permz U AR 8 18
WA S 4K i% 18805 1 4 o il N I’E
S 18
8 8
g - 8
° 3 E : 3 g ] 8 g 3

FiRR RO MR L BEL

_52_




Wi 74vvary (3

VA B I E D WY
S =3

CAVASTEO tCST

SV 5 W) I B R

FIANOAN L1ORT
i

CEKEIh =00 WAL

1003 1203 1400 1630 1800 2030 2200 2400 2620

WAL

k) ra2 Lkl £0¢ 0°0e

/= yl/ Finnsjon#¥h S OIKDH AN & 3

\ e ).\\s(’
.4 « 2410°
1ot
:e.Q B
S« 10 T K Bt
=10,0
EIKEh =0.0
1o 2sa0t
togngt } $ o tae! }"”
RN
1200 1408 1630 1806 2080 P00 2408 2€00
AL
-6 FH2ZRELTEFNEIHETHE
e 1 i 1 ! | S | ] S -
Yt m 7Ty ]
CERXIAXE]
TTiti

Tithi N1 ni R, W3
IEEEEYEEINY]

SICTIONS 4
sicrion s

v SICTION 2 jlemet
SICTION ¥
SICTION 1 4ot

107!
!
T v T T T
10"t 10 10"t (Time (nin))
h i t 1 , Lt L I ) )
Y i n CLA R K @
(XX 2
[RERS1]

(AER T Y |
KR ER]

o — /

150!

. . )
......... stcTion 1}
I stcrron 1 f 17

1 i R Al SICTION | foe 2yveve pan

el : 1
: T +
(Fime (min)}

-7 ENEEETEE (ER)

a) JEEERE (KF1D)

b) BEERE (HFIOL)

10°°

° 1E06 1408 1800 1800 2800 200 T408 604 Tsae
),
100 166
Veoe 100¢
800 00
(XX} to0o
409 400
100 100
‘e Ta0 406 €08 800 1360 1200 1400 €00 1s00 £000 Tr9e £i06 rcoe teos °
X-8 kfiovsy—
e . . 18 T
ERKEEC, 2V —HE 0.2
1 1 } i 1 i :
Yt ] o (4E .
iy i
Tt R
ALY P I FLYY | i

e e

SICTION S snee
o SICTIONC
SICTION) Jteme
SECTION 2
SICTION | dne

(Hmejmm))

1 1 1

IR EY Y IX)

e

\/”‘V’_
//v

4

;
l

SECTIOX 3
secrion 3 [ >
SICTION 1 Lo~ Luowe sun

i

X-9

1]
{Time (min))

a) MEREE (KFI1D)

b) sfEEE (HFI0L)

EEEFVICLSRIHBR (KHR) LHRNE

_53_




e B¢

£ | HRL (1) +#0 0~500 m

T2 — FRETIULT 7o —F O, RRFEIN T BEBRRND € 7LD 7o OBERGRM: &K
BRI OFTEANORME N E LT, BHEMRAy —VENRE U ESKERE U —5 B R %

LSOV BRI B OBF MR & LT, T RARBICEERING, A RAI—V v ARETFHREHR | # | BT 5007 IHERTS, BEANICE, Bc08%% 7 IUWET 5 RERGETFEE, SRONIGER%:
DOWE F2E®RT ST 7 e A0E i) L ARETFTONAEEEILE CHETH00m £ TET 5, B | EANCHEB Ll AT D 2 D OFHEH WTHRT 2T 7125 BbD 12 Th 5,
C O BRI FE D 7o DIRERIIIYER BT, B8, SEHONEElII G, o
7
D
H
i
Hh .
T O EIEARG
” BKTL (KA S06, FLESI2m) — HiFEH» 560" ORIFL FLER ¢ 164m (0 ~100m)
& BkE1354 /43, BERFLTHRERIE FE P 56mm (100mPIEE)
) g |O PL—Y—HE
o # o FHHHE - EA4AXBOBE
e g | © hu—v-EE
6 - « RL—#— (In', 11, Re'®, »5=%)
- ¢« bLU—#—FAKH: — Internitted decaying pulse injection
5 ® 4,000ml DL —Y—EERERHRY AT LROEFRPITEA
& @ b=t —HRXEOH FKOMABREHEIC LD ER
F ® DBARDOEEELE—EIFEILD, RO MV —F—DBAVE
o @ O~@DFMHT3H, &5 6H I LO—ERHMRTHIEAIC b L ——4,000m £ ZHEA
o BIKALTOD b L —H—DIFH
8oDH VY VB «— AEF—KETHitH X N BREHR
| TARROWER, HVIR0REE, FURKIER A~ R, 70 OlE, MeE, | . S
W | 7754 MNRURS TS A b, BRERDTA 0FA bS53, : . : SEAKA S
Pt AKASOS CWIE & KK & : KASOB'e
* Lﬁﬂ:‘i»’;”wmw“a > KASO2 _ KASI3
i i [ uts05 S VoA
’E ’uﬂ(&{(fk/\iseﬁ:lgs“:t/;;()u*“Mj ' . oms?m
| TARBIIES T 5 2% 5 v FEREREAOE LIFETT v nitE L EL, TnEl-> T2, T §
g | 7RI T Y RRICE AL, AEO TS, 275 ¥ MEMES 2 EOBIEDERY TH pisamew) L -
- D, WTFhbHEAL THh, FBillidibic?S v VL TW5A, Sl o h o B & BT Th 5, HRRCETAT €€ 0 200w g T yan
- ' W bo-lrun K — 2 SSETLoRRE
K| TERS OB/ IBD TEL, FKREZ1078~10" > m/sDEPBHIZH 5, i o
B ke bLBAEOS HWMA, OILN e (RAKERD , @R -—Pi~HUoR - e | & e Y |
2| (EAEERD , @Itk —-EEEEn EHEER) , @R-FER (BAEERD 0454 TRHST S i
By | %, OF A TOBRROFZKEREIZ1071~10"5nf/s, @~@®i310 °nf/sA —¥ —%7RT, §§__Q_ff"}__’fff_fﬁ‘f_ff_'_’_j_‘_‘_f‘_f_.‘f_fQ ________
ol e .
i;n? EARENE, WKEBOKOREIEL SN, S 1 EMBKRBE b Lo RO
1t
B B — 3 FL—YHRREax
HERY (Rhén et al., 1992 L v 31AD)

_54_




Mgk HRL (1)

a—KFKZ 1 FracMan/MAFIC

FracMan/MAFICI3ff ~ DBRZZ AL TREL, BREVERNIN D,/ XIIHFHHIICRESH,

-

-

BRSO T IALORERER - 6, TiZ, SHEREOETIULOREEZR— 9IZRT,
o BB OE/ Ny H—XETOKMET K-—10
o  HBIKEEBRIREOEHKANOESEIEEN S ORMARSH K-11

i NODBENERT ABH R Y bY—IBEEZETIMELT 5 LItk D, BRANONIERRhER o MU= -—HEOBLRMHKER X-—12~13
- B30/ LThb, b U—H -, 6EID D LIERSEENMIRHIINIKASI8—1, KAS12-2&, hL—H%—2
r [ FracMan/MAFICIIRD 5 oD a— Rick bR EhTHw3 (®—-4) , BN X NS> 72 K A S07T—4D 3ENCOWTHF 21T > 1o
S O RAERHT— 5 OBt 2 — K (Frac Sys) b U —H —HBRIFIC M, BAROSEREE TN T N4Am, 1mE L, WEBT LOBHOESE
o ©® ‘Lt~ K (Frac Yorks) KB RE & DBIREEGE U TRE L 7o
M ® HIREHREHL T~ (MeshMonster) ~
7 @ FAvw¥atREa— 1 (EdMesh)
® 1TFmREa— K (MAFIC)
i3
M- 51RT & I AREFERESL—X 1 knDIHEERE € F LR E T 5, ¥r
WRes: o K=Y VAL O/NNER, AP —RBREDanonalyF — & 2HWTETFIAL
o K=V VTN SRENBREEE, 0mEBRICAE L ARNEERAET AH—OMmE | &
i LTEFIMEL E—-6, T)
7 o K=V UIHEBREENERT AT OVTIE, HRS. SmOEREREL, M | B
£ J& &% 6 WO E AT BRI Tchse (K- 8)
vl WEHEEEE o HERBETRAEINW-BRUFHERIC, HNicaREzRE (X-9) .
v Fil) — Bootstrapih: (Fisher{&#k15)
BZE — Frac Size® Y o — VTR
KB, BKUBEOBE — OXFILETE Y o — )V TR
o M ERHERRM:
LR — HERFM30m (—8)
i AR — #KHEER
1 TR — WL 000micbB W TAREKIER
tr wmo|© PR SR
% Bkl — BKARNOHIRDOAHMBNWEKE L —ET 5 L SERE O BKEERIIWNT & SEHIMEA & < —B L 12,
% o Bk — BkEER — Ny A—ROMIR IV — T ORBAFTNE 0 llRE : O Mr—¥-HET,
b=t B — BEAREOMR S NV —TOMBAFTTN—EITL D X HRE o KA S08—1Lidf#tric & BraR % X { BT/,
#: o KASI12-2i3Bui%l & ©— 7 OBERHMII L BHRTETVWAY, EROHNL D IED - 768
HERRITTS D, TFOBKEORGEY:, & 2 WIZHFREAVNE - 122 %R,
B o JKERMIBACR & WEBIT LOBIEOEN S, ZFANCE S BHOETRO 2H#H L D, EBO b
By V—H—DOBITEER 1A -5 —BO I E100 5,
N — R EF —anomalydh 518 5N A FEKERK 3E o KASQOT—4Tid, EBECR MU —H—2 BB LI e, BFrclBaR L 2[RRI >W\W T
BeFeHr  — HIERRETFRICE S SBKRRRONGER 252 5 10w, FKERBOIE, BESE T IV IO OEIE L 1o
K BHERZE, B WEE ¥F R ORZIRICHB VT, EFIVRIAEOZLBAZREL TVAD, EBIIRL > TV,
m Bam — FKEREI0 /s TENEZOND,
Wy BHEBE
pE BZLER — 913, Tm, HEHEFEZEL2. Tm CHEIERSDTR)

ZKMBROFE — 0.0334/m
BUKBRRE — ¥453.8X107 " nf/s, BHERZET. 0107 °ni/s

..55..




Mgk HRL (1)

BHET — % P
gggi’t_v?@ .............. FracSys J~—— IFSr;ascSize
4 Oxfilet
%Z“!O)&gfﬁ“ﬂﬁﬂi HeterFrac
ELFANO f—{(BEx5n]
S3ab-23 2 e
E,tia;z,ézt/ FracMan
— 80
BRABEETIN
e {pz 70
GAERAL -{MeshMonster g
: 50
. [3
BIFET I g 0 PP U R D e § w0
2 Yoy, 2 oY 10
At‘ A LY 58
BIREFEN wrrisrsionns EdMesh s £ - ) A. ““‘, Iy R o B -
° - o e st
BAREF I 2 °
(RXiL) S -8 -z 0 T ST R SRR =
%_,0 ) 0 200 400 600 800 1000 1200 1400 1600
FIE IR AT o MAFIC z e e T . Tmekew .
= o e + Measured Pressure e s '
B — 4 FracMan/MAFICIC & 2 BRHT DAL 2 | " Response LT R T
@ -6 b _ = . Cat u g:mﬁfdpreswm B — 12 KASO8-1/ S A L 7zRhenium O HEEhE:
8200 T T T T T T T T T T T T a8 b = [ ([E]W'}“’CB!“S{E)
FracMan Mode! Reglon : o 20 o
8000 . tog’ 3
375 ) 200 400 600 800 1000 -
2800 |- e oo Distance to Pumping Section (m) » ' .
7600 | N 425 BI~10 LPT-2 stsgpso0 k(i fEF \
i : 450 _ )
%, . L =< 27 Simulation 0141 Observed
T - 580 r
@ i
__é 7200 i 595 0% (no':c;:t:s * [ U _15.0%
§ 7000 ,’/Bzﬂw/ 55 100 m —
oo ! a7 E:N-Sw 58 v o 20 400 50 80 1000 1200 1400 1600
E N . m— Time (ho
i -6 00 18% A memmdp! g A 20.9% et ,
6600 | L A,
ol ; B— 7 IR T L S 4% pedlQDp  lgm B 56% R — 13 KASIZ-2 & A L1z 5 = > DRI
- < NIHBEDET o : Ca 8.4% (R Hlis{L)
r ’ | BW-5: 42 A1 12% Cas+Ch | M) Ga Ba%
6200 PR W S PSR VS S N SN S AU S S B NW'Q%m§4 30% DM « D 153%
1000 1400 1800 2200 2600 Lk 060 400 .
Eastward (okg) 6% [ mummmsmmly| iduu £ 258% i A
500 m | .
— £ 7 LA - E
X—5 7 AL — = Fa 5% »
10% Fa+Fb { ‘ 260
R . | g = Fh 1.3% § 20
# 1.8n A € F —anomaly , _ :
BrRAR FL3om B — 11 BAfLC 51 3 A RD S oy .
n'/s 0o : ]
0} 7 E .
A .
0 200 400 600 800 1000 1200 1400 1600
' Time (hours)
o= Sug Superposiion |

P =++* Shg Superposition

B —14 KASOT-4 HSBA L3 Y ZOW A
X — 9 MEHERBPOBBUDEF I

M=y U TILADEFL I ERERE

-8 -1 riAuoET Lt

..56_



W% & | HRL (@ +ib 0~500 m it 2 — FRe T IULT Fa—F OBSE, *‘v’ﬂ%%ﬁ‘éM'C&\ﬁiﬁﬁﬁﬁiﬁ@%v‘-’)b{tfbkbb@f)‘%%%ﬂﬁ&Ijix"
BIROFTEAORMEHWE LT, FEmAYy —LERRE UEREKERE b U —t — B ER 25T
& L SOVIRGHEBERR B AL OB EMER & LT, TARBICERING, A XA —V v LARFHFRET | B | MiT27DDEFIULET S, BiEHICE, e 08BREETILT 5 EkHATFE L, SHONGHENZ
DOBIE N EERT AT 7 AY0E GYD & XRE FONEIREYLE THIF00m £ T&#d 3, B | SEAHCEE L o BATF D 2 0 OFHEEHW T RT3 BbD 120 TH %,
C OB D 72 DIRERITIER UHRE, A8, S ORI Eh 5, ot
%
D
H
iy
s -
F O RIGEKHER
W Bkl (KA S06, FLE62m) — HiFEN 560° OfFL FE S 164mm (0 ~100m)
- BYKE135.0 /), BUBAL TKERIE &S S6m (100mBAED
o & | o TEEMR — BEA4RMORE
L2 B e« PlL—#— (In't4, [131, Rel8 »35=.)
+ o PL—¥—AKt: — Intermitted decaying pulse injection
o O 4,000mLD b U —H—ERERFER S X7 LPOEFHFHICHEA
% @ b= -—HERXHOM FKOBMAREFHFICLDEH
F ® BAROBEEZ—EIHEOLD, KD U—H—DBEURE
* @ O~@DFIAT3H, H5W\F6H I & DO—ERHREIRTHerIc b L —3—4, 000m .2 ZFEA
o BKILTO MU —H—DEFI
820 VY Y /E < AEF—RIETHIH S NI BRER
it IZREOHME R, HOED, oS, PSR M~PRifERE 7V oltRea, Mh{ERE, ) e
; 775/{ ’\&0\/\077&/{ }\‘ )ﬁﬁ’(ﬁ'&(f’?{ﬂ‘)"f f‘b\gf&‘éo oo BXAALE cveemronrmnienreeenienaniaenes — KASOS o
. | (/IS AKASOS C W IEG BAK € ’ N s D
Hy : Lﬁtg;gwaﬁmmm*ia : NSOS" 5:5513\7
" 'uuﬂ_x,\sosx!m\ru:»ku:m) . [ o xAss
| TARBIEAET 3 X5 MBS MEAOH LB TT Volta s L, ThEB->Tva, QL B Vel
g | TURIERERT YaRICES ML, IEFICEUTY . X275 v MBS 2 EORBIMER L2 TH B e RERS b e AT
g | 0 WEROBEAL T, RillidItic 7S v v LTV B, B O h SR & VAT TH 5o VPl IO o v VAR
. 1 SRR Loy 5 — 2 SHEETLOGLE K
i o (emaw b
k| TEREOFEKEEIRD TIES, AR ~10" > m/sDORBRICH 5, RTITTYIYy (A R
BE | kB &1 BEHEED S BB, O —EPEEE GRAEERD , OF —F~5LH - e | & B T Treramareon R SEO Sy (L
F | (BAEERD , @Jtitrs—ERRER (SAEERD , OX-FEN (EAEER) 04514 TXST §§b““"”"’.““""’" D S L e gl
B | &, OF A OB OFKEREIE10 1 ~10"%nf/s, @~@310"°ni/sA—5 —%IRT, @“m%’c METITD) . f}f; : ‘\7'7“.,' 3*:_
15 R R . s \ - ':;
Hi | EABEDE <, Bk EHKDRATEL SN 5, SR D
Bk — 1 RIBkERE b U — Y EUROHRE Gmm i ol
1t X et i3 S M O SR V2
e A 52— 3 I Lf-~')~3;t5ﬁﬂ',’£.ﬁ*.[>2!
B0 (Rhen et al.. 1992 Lo aIaD

_57_




M4 HRL (2

a— K%

I — 7% 258 L 7oittiE T,

O
¢/

B, BUEXR, NHEHEAHIRLFEAEICE > TV (E-1) .
BBET VIV DIRT X~ Qi IRIOMAE T—EIL > TWADT, REVIZImEBEL (X
- 6) o) . .

fi% HiMkEET2: (Geostatics) DRMATE Y I ab—Y a VERILEIDRE—BA2HEL, #hFho o FRE—RABIBOTETEBRRBITETY, JhickbRD Shi i A CParticle track-
- BTRD SN TFREEREZRE LAhT o Lickd, DE¥FMNEAMERET S, HMEHHETES ing method THVEMMAMNT 1T 5. WHIMZ IS T 2 ESHRED, BRF XA —F all XD RG—
Pr ] 5K, REVOBESEREWASRY, 75975V I I)VOEARITS, EFINERB,
S o BERBITOMRE SN SBRA TOKMET -7
) o MU= —HEBROBAHER K- 8~10
M
";é_v
i
M— 4 1R TFIECRMETIVEERL, BIET S, r
75w 750 VOBANKHERRNER L BREINHOREICE, BREESHEHV AR
by b SRS L ERLE X AR KD, TOEEHE S S ICHEL - 3IRTRRAHNE | &
7 | R D K ASAHERAV S,
¥ PRFTREA ¢ 900 X510 X 750m
= T A v ¥ 2 REVAEIIMICBSE L, —@M0mDHEAEREAETETE (K—5) o
7 WEHEWLl, EW3, NE 23 2R cHHERTETF Mt
)2 WBRED A v ¥ 2 B HE T BL OEHE L5,
2E RO EE
fi#
5
#r =
2 o HWKBEIC K AKMETRIEBRICHETE
2% e o ML—H—HERIcOWTH, KASWBTEALKEEG, FHMHED2 >DOILIHETE THIIWLD,
ZFhPA RIS EETETVWEEWVWL S,
1 .
®
REVZ30m&EPUE Lz, 3m I & IicBAAKERN 53R O e KFEERERT K- T
Li230m & & ICBANEEEIT Y, ThERY, BIFrTHVIRERTRI N EKT VY IVICER | BT
L, BRIERSA—F—aijzkD s, IhibEic, HBEHFEOREMNEY I 2L—-Ya VFHE
" ck D, BRINTICRLS a 2RO 5, F
1 WD 2 OTHEERICE, FRABSRRN SR SN HEEKREER V5,
W &
i3

_58_




Wadyez HRL (2

(ﬁﬁ%mpamﬁ&srmm§>
1

(f/ 5907 ‘/yzv&mwrmzv&zm)

1

Cmsw: 511 z,;smmwﬁ@

LH—RGBOFHHR

G%Ebﬁfﬁ%’?t%ﬁfﬁﬁém@

M- 4 REETFVEROFA

EW3 NE2
YW 5 L0857
/ nolses al
"X(”)ff;é%;’:' ,’Z‘:—/ KASO2!
Pl Lol s § 2

3

}
T
4

g

.
=
—

)]

]
M

R\
T
1

TT T

I

T

900m -
K—5 AB#Haixyral

D
(=]

- TT T T T 17T l 1T l L T
E A ® Measured § J
Z—1 mWEORBER S0 F 2 A Calculated [
AWMLY [P —AEE | FL—-aEs | b LA 5 40 | & — . ]
LR |oTm | ot |osEdun gk og A ]
° 3
3 20E 5 A 1.83 1.92 233 5 F A . ]
© 20 —3 ]
o 1.51 1.42 4.65 VY A °
10 r X 13 B
P %l 3.41 3.05 9.11 L A A 3
et iz 0 L 1 1.9 1 MAMAMbl 11 %m
P TRy 1.41 3.77 2.64 0 400 80‘-”““‘-0 1200 1600 2000
ELAPSED TIME(hours)
Bl — 8 ntstFLKASOSIC 611 5 B AR
GEAILKASI2, 4 > FiLfai# Level 4 (390m) )
20 . 60 prrrrr
s Qs 3 : ® Measured E
............ ,,._-a/'_.,: 50 F [
Q U.16 o /”’ ] L & A Calcutated | 4
12 A ] g 40—t ]
4 ] a f A 3
o O 30 |44 A 1
C 3] - A
8 :./ an . 8 EA & .ﬁ Q A 3
N B : NARCY RN
E 02 E 10E Aé' rA 1
0 — 0 .Y B Y- O
0 5 10 15 20 gfg (m)30 ¥ 0 400 800 1200 1600 2000

X-— 6 BroXk&a|ls15Q4

ELAPSED TIME(hours)
B~ 9  xtst7LKAS06!Z #5115 B AR
GEAFLKASI2, % > TIL{E{B Level 5 (360m) )

20 o

® KAS02(Measured

L O KAS02({Calculaled)

L n A KASO5(Measured
15 A KASO5(Calculated) K
E r W KAS07{Measured) H
T [ 0 KASO7(Calculated) b
3 r 4 KASO08(Measured) [
310 © KASO08(Calculated) i
g + [a)] ¥y KAS12(Measured) H
E - 0 v KAS12{Calculated) H
a [ . i

5 b 4

L A 05.2\ O‘y; ]
[ o ]
1.1 13 1.1t ] 12 11 IVEI 1111 L Ll I—‘

0 100 200 300 400 500 600

200 T 17T 1 T 1t T 1 7 L S L S S
rie Measured j
160 +—{ A Calculated .
& 120 ]
6 : -
% L 4
3 80— - :
40 [—a "
T A [ ] A
0 " x.x L1 2 IAXALL‘JﬁAAll:“AJI‘:‘ILAlI‘:l
0 200 400 600 800 1000
ELAPSED TIME(hours)
B —10 stsFLKAS0SIC 511 3 B@MER

R(m)
B — 7 &I 53 KQETF

GEAZLKASOS, %> 7 IL{IiE Level 3 (430m) )

_59_




Z| VLN FAM HA4 b (GTS) +#0 450 m

HMEOSHEAS

HER R A A DAL#E46° 35" BIAESS 19 7'V A¥IUROILH, EE1730micfIEd 5, GT SEALRT IV
F2ORIEIHT, ZOIWEEE L BEOKIRBEREBA b 1)U S T BMTHEIES. 5SmD T
FDEEA b 2 UK1000mAEEIL7e (K- 1)

& L OV BRI A I [

OB RIERIT OBIFR & FH:OHAL

@AA ZWBIF BULY T v F b icfb 2EEBROEN

OUEN TORERE 2 A ADHEBRBIC ED K D ISHAT 5 DHhDOPI
f){ﬁbﬂfh\éo

Fm O b

AUBIRICH 2BITHBRY A McBbN BRI -SIHFI L, KERE TR BRERERL. JIT
HbBTFED b U - —HBREHMKGTT %,

B i I B o ID O B

HWER—-) T

$8m 8 K—-2, 3BM
KB

A ULB/KEHE

PR — )V F OEKBROEKE

il
i

i

Seh v T T OEMEME EHEARD Y 7 U X5 v LEBNCE I BAENSTE 5,

B ITE RS ETH 5. TREAER, TERED 5V IIERBIRSEEERL T 5, THH
PURDTEERIIRD — SHEERMIEIC & » T 2B 8 FHER EHEEXI LTV B,

TERE DD « L « DI & DIERR I NN RPBPERICIR » TIERE < /< REKD 7 754 b
FICROEEMERNEZR I N TE YD, Ih &S OBRERIEH TR ERELREE b > T b,

B R &

GT SOHIF/KIREE LT, HIROKKPHIKS, TEREETOWRRTPRIAEREBIIMALTVED
DEEZ LN, ZTOWRHFE LB IHNERPHEISHET REAMOHNIEETH 5,

O IR LSS, — I EHEB PR AR (K5%) BEL TV A,

OHITIRA A VBT, —R3Ic50ng, /2 LITDIEA A ¢, FaSHINa, Ca, F, Cl, HCO, SOZEMNM 5735,
FASEVOAHE T, SIS R SIcaTh 2 AR ERETEHDTHA 9,

@KEIZT IV A Y HTpH=9. 6,

@bV F o AMEMEL, BEBEORWV M) F 9 AHTKESE L WMELL LRI OFRIKER EHEE I N 5,

_60_




Mg 70 LEIL

BEE 7

A~ F&| PDE/PROTRAN KD b ¥ ZVEDICRLAERIEAT 34, KEXIOWTRE— 1ITRT & S ICHllEL D&
[ M S L oG BREREHE: 2 IRTCTEH MfnT WEEHL L TV 5, SIEOR—Y VA BB LIRS OEKBRISENFER LENMNRETE D LS
figt Lh, RELES>HDLH 5,
- FEEETFIN :
e | WNTRESRIE R — 2 10RT & B0 THEEF M HARERIE & OABENRL - TW3,
S FKBIZERERNERIREIGEL TORLN IALERVLTIHIEEER L TV 5,
o IKFEIZ D W TIR—EB ARSI [ (Pexp— Puod) /Pexpl PRATH26%FERE & FNME & T
M HDED/NX L LTV B, :
o~ b L —Y - RE U kR
1) B THKETY, {MOBRFLEBRT 28556
fig Bt r — 2% % — 312K T,
ARFLICX U TERRFLAMBEVW R T ¥ v Wicd 5154, BUKBEONTS %M EMFLTEIREh, Hb 25%
Ty —T74 —IVKEFI ¥r BYLEHFEICHEN TV S, BUKALEBRRFLOR T v ¥ v WVEHRANHIZ /S 5 & BUNERIHEL 125,
IKEHE14880m, SREFIAISHIZR N SEEES00m (A ULt F1229m) FTOfE (R—4) &L, 1) & B THAKEITY, hOBHTLTEKT 2854
=T =7 4 =)V FEFIVOERZMEEE, & Batr — 2% &K — 412/,
B | =7 —74—=VEEFNL D, @), WiIZ>WTEFM b L= =B8RI TED, 1), Q2T FRIELDISKLILE
Br K—5icmd&Hic, AULD S100mEBEEDBIL PPN O FEEE R, HEERFLTEMN S e dy, (DI W TIRFIICR L TT0%EENBIN I i,
e FHRNIE A USTEI/KED SRD IcBKBREEMER LB 7V E, BER—Y VOB —HAK
7 i S8 7 B KB CRAE B OMEAEE L RYEETF VA,
v
AR ®X—-400, @) Wik 3 & - THKEER
ThHER - 400) L ANBIKEER
fig EAER (K- 40@) : SEARIFIRAE
i b (R—-500~@) : KKERRE
¥r
i oo Ly, #HER—Y) VS OFKEEFHKRIZOWTHEAM &L, BIEETT->TWVW5,
|
1
L3
WHEET IV
AUBAOEKE (0.5¢ /nin) H SBKBFHRES. 6 X107 80t/ s 2T, Efl
REEEF IV
K AR -V 7 OM—FLEERTE S NOEKBFREO S K- 6 10RT & S icThiessen® AIEFET | F
m BARLOMERE, & SIHMUIOHERRIGEE €7 IV CHA L%,
) &
g

_61_




W% 7V AENeFZ b YA b

FLG FELSLABOR GRIMSEL

ot iem xim y(m
GTS GRIMSEL TEST SITE Genntenesn Y 4 (998 -3.81)
o 5: (6.60, -3.72)
Sitvation 6 (-5.06, -5.37)
g = 7t (-6.43, -4.15)
8: (-1.19, 4.90) Kmnulntngso X:b::-
__‘_ IWN‘OITM!\I-ME-MA’.VNI . 1} 9: (-6.02. _7.19) " llnl: "‘zo. 1 ol en
e :lhmnh‘l':w-l:v;:a.:: 10: . (.73, -2.99) - .
o A, 1 (1748 4.92) § (8)
Lanirader Abtegrand ZAGR . K
D Canival Aasegronts CAGA 123292 ()
Blovweicher 2AGA - : et wiiie
ED CAGA mith BN cantent of boilte . tasis Sm NISSERRL)
B [ riowe s I3 1123.15n Scheftalhdhe  Scheltelhdhe
o . x . 5 3.5a RIETY 254 3.25a
———  Scherzone/Sheer sone Rem 12 k‘/ gefrist gefrfst gesprengt qetprengt
~ Lamorophye/Lamprophyre
b Wassanuwat/ Wates iviow
Ll Sondlarbotvung/ Lrplors iony borehole ¢
. o s 10 s Kassstad
23 Tenwskes Bare Convat lochiies 7 ‘ On 10 0 30a
AU Auhockenmg/€scavedon effects ﬂ
BX  BonocAManL/ Frachwe syatem Aow 4 6
EM Elmaga KF-Mesiongen mes swements 1. *
FA Kultone/Fracnae 10me i siipaion " 9
GS  Gudvgsspanmmgen/ Rock siresses Yy *
HPA  Myor, Pasanvelet/ Hycr, parematers 2,
MW lgrsGons Aigration t
MOO Hydrodyn ModesernglK modekng VR BZI—— 5 Near-field model region.
MM Neigungsmasser Tamaeters ‘:‘
UR  Untertagandu/ Underground radar - BZ]— 3 Location of the intersections of the different boreholes with the MI-S1
l: ::m-‘-:wvm‘:‘::‘...w . fracture plane (x. y-plane). The “Kalone” K and the pump sump C are shown as /\ . /
WT  Wirmevassch/Heat Test SN well, —
A — A Schnitl/Seciion . : NE \ /\
Km LS
A SW A
.. Region Transmissivity {m?/s]
- . \ 4 15x10-* .
. . \ @ s 59 x10-*
B . - 0
. .. o o @ £ o 6 175 x 10 ™S 1 /‘
. .. £ a = $ 0.5 7 1x 10!
.— 0 -7
- . . = v v 1 8 86 x10
B o £ 3 9 . 24 x10-¢
P 10 59 x10™¢
11 1x10°?
0 km c 8.6 x 10~7 /
. . . . - - > -7
B— 1 A detailed map of the Grimsel Test Site. The migration site M| is Located i z';:}g_a
at AU 96 m. clse. 8.6 x 104
-0.5 where \
—Z
2
Z
[ i »'f/ + i B ES .
4 5 e - —
5 - . . . ‘ ™ /
-3 -2 -1 0 1
) 1 L . .
km M_ 6 The transmissivity field T(X.Y) near the drift as used for the heterogeneous
BZ_['“ A Far-field model region. Circled number indicate boundaries (eq. 3) mode! input, The boundaries of the Thiessen polygon biocks have been adjusted

to the existing grid. also shown here.

'
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ﬁ* 2 Comparison of experimental data with results from the heterogeneous mode!

calculation. The discharge rates were. calculated in the same way as menticneq

Comparison of experimental data with results from the homogencous model ca]culauon
The discharge rates have been determined by Darcy's law:

Q=bT|v & | T=8.6 x 10~¢

is given by the circumference of the borehole ®
time discharge rates and Q,,,,4 steady state rates,

m?/s. To calculate the nanmal gradient discharge rates the
quanury “b" is given by the diameter of the well (b=0.086 m); in case of free outflow, “v”

= x:0.086 m). Note that Q,,, arc short

Because borehole 11 is not yielding any water and is far from the rcxlor\ of main interest,
no cfforts were made o model free outflow for this well.

The notation (a,b] (b>a) indicates the range of cxperimentally observed discharge rates.

hydrosuatic pressure nawnl gradient discharge rates free outflow discharge rces
(all wells cloted) (all wells closed) observation well open, test closed

well | posp Bre] | prnod orr} | Qe min] | Quuag Mmin] | Quny. Uimin] | Quros [Umin)
4 153 3.85 {12)x 10=* | 735x10~4 {0.1,0.3) 0.16

) 138 2.61 not measured 1.07 x 10-3 (0.01,0.02} 0.11

6 1.46 .02 9210~ 135 x 10-3 [0.1,0.3] 0.13

7 032 .02 not measurcd 1.18 x 10-3 < 0.001 0.13

8 0.80 2.90 (4.3) x 10— 2.00x 103 0.1.0.3) 0.10

9 150 3.42 (500} x 10—% | 1,03 x 10—2 (1.3) 0.15

10 081 1.84 not measured 214 x 103 (0.01,0.02) 0.08

1 0.40 442 not measured 4.93 x 10~¢ < 0.001 not modelled

in the caption of Table 3. 2. 3

%-3

hydrostatic pressure namrnl gndient discharge rates free outflow discharge nies T
(] wells dosed) (a1l wells closed) observation well open, rest closed

well | pesy bar) | Pros bar} [ Quxp. Mmin} | Quog Umin] | Qusp. [Vemin} Qunod [Umin}

4 133 134 “12)x 10—t 223 x 102 [0.1,0.3) 0.294

3 138 1.63 not measured | 829 z 10-¢ [0.01,0.02} 0.054

[1 1.46 1.12 9x 10— 771z 103 [0.1,0.3} 0320

7 032 1.16 not measured 3.48 x 10—¢ < 0.001 0.00}

3 0.80 0.74 [4.8) x 104 827 x 103 {0.1,0.3) 0.249

9 150 120 [s00] 2 104 | $.41x 10~ [13) 0.340

10 0.81 0.65 not measured | 134 x 10-3 [0.01,0.02) 0.028

1 0.40 3.24 not measured 667 x 103 < 0.001 not modelled

Changes in free outflow discharge rates duc to injection at a different

location. is defined as A Q= Q(0) | with injection

In the last column 4 Q

- Q(0) | mithout injection where o refers to the open well o.

injecdon ate Qik) | frec owSow discharge | (AQAQ;)- 100

atwell & nwe Qo) n opca well o (%)

well § open Qi(4) = 0.0 Umin |  Q(6) = 035 Linin 75%

injection in 4

well § open; Qi) = 0.01 Unin Q6) = 039 Vimin 0%

injectica I 9

Fot companison:

well & open; _ Q(6) = 032 Limin ~

no injectioa (se¢ Table 4)

well 9 open; () = 026 Ui -0 ; %

imjection tn 4 Q:{4) Unmin Q(9) = 033 Vimin

well § open: Qid) = 0.04 Vmin Q) = 037 Vmin 5%

injection in 4

ell 9 opens Qi6)= Ol Vmin |  Q(9) = 0.40 Unin 0%

injection in 6

well § opan: Qi(6) = 05 Vinin Q) = 0.65 Umin 2%

injection in 6

Fo¢ comparison

well 9 open: - Q@) = 034 Vmin _

no mjection (see Table 4)

-

#— 4

EkES (BMANSIBKLILBE) okldsr—2

arrangement | injection rate Q;(k) in well k | withdrawal rate Q,(j) in well j
{/min} {ymin]

(1:4—6 Qi(4) = 0.077 Qu(6) = 0219

@): 49 Qi(4) = 0259 Qu(9) = 0.618

(3% 9—6 Qi(9) = 0.500 Qu(6)=1.0

(4): 6 — 4 Qi(6) = 0.075 Qu(4) = 0.205
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E Hydrivlte
; . Bunotation  Cevlugical unit concuctivity /s
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ot Kl— 3 Calculated groundwater table and flow field

. . for case 3.
- 2 The modeled domain showing the finite element mesh and the

material property areas.

rodelled aces

B — 1 ‘Location of the modeled area at Oberbauen stock in central

Switzerland.

F—-1 Variation of the hydraulic conductivities for the different

layers and runs. For explanation of K1-K6 see [— 2 !
1

X m/s Care noO. Y e e e M e e ue N‘._-o-_ Joet 1hee dree tees  test  soee e Jeed  pees

1 2 B\ I\ 5 I 1 8 3 it it
X, 0t f serett [ 107 - Lo-3 Lo-3 Lo Lo= Lo-? ) : Bl—4 calculated groundwater table and flow field
xy | sma0t s-10t 1077 107? 107 107! 10-3 107t 10! 1079 , for case 10.
xy | 5107t s-107¢ 1073 107% 1073 1076 10-¢ 1076 1077 1077
x, | rarett Fogyemt | ogemt b yent L S T T = A B Y S I B Y ST BT

ot | ot | aont - - Jor 1omt 1o-3 1o-? e % -— 9 Calculated infiltration rates into the aquitards in the sedimentary series
. . X :
$ , and into the host rock.
N cjomt s 1078 1ot 10730 yo-10 10710 10710 10-10 10710 107
12 . .
X so1e7t $-10-¢ 1077 10-? 10°3 1073 107} 1073 1073 1073 Intiltration {ma/yr) to unit
veep

Case no. “Schrattenkalk® Marly Drus- Karly shale Valanginian

herglever Pl
1 420 382 236 242
Py 235 . 138 13
3 © 7 13 0.02
3 24 L] 0.000)}
s £S 7 0.00)
P 1 k] 0.002
M 1 3 . 0.00)
p 81 245 0.2
3 75 s 0.3
10 420 79 141 n
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Mea% Oberbauen (2)

X—1

\

rodelled sien

Location of the modeled area at Oberbauen stock in central

Switzerland.

Aeposltory 30-KODEL

Yeatilation
tunne])

Pilot tunnel

Umnarsee

X— 2

Plan view of thermodeled area at Oberbauen,.
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#— 1 Boundary condition versions and parameter

ftun } tun 2 tua ) gun & gtun $

tvn § run ]
1) 1) 112 )]

¥ydraullc conductivity
(n/3) .

marl and

Necess tuanel 10730 10=10 1gm10 310 3om10 30710 3o=10

decompresscd
ur...?_ 1077 30=? 3ot 307t 20t 07 —yo”?

‘Drusbergkadx 073 1073 3073 -1073 1077 1077 1077
Tectiary shale - - - - 10719 3o-10 .

SeellsBerg .
tunnel 10-2 10-2 - - - - -

Roundery condit{ons
"elevation of the vater
tables, {a.2.0.1.)

marl LR 1 700 2 J00. b3 z

surtoundling
limestone
layecs 3 1 700 1 teo ifo ise

. 2- the groundvater table colncldes vith the topography of the
warl/limestone surfacse.” -t
1) the inner surface of the Scellaberg tunnel 1 assigned atnos-
pherlc pressvre. N ..
2} -the nocthetn and vestern etlements a2t the boundary above {60
m.a.8.1, ace omltted
~the hydraulic head ssslgned to the vestern marl surface can
be somevhat lover fn this tun compared to runs 1-{, because
of di{fflecences In the mesh topography, rig. S.¢.
-the elements at the southetn bfxndnry above 330 m,a.3.1, are
assigned a conductivity of 107 »x

variations.

I

Isopotentials from run

X — 3

Isopotentials from run 7.
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[ —3 regional model® 7 R EFK

Figure 3. Regional model between Aar Massive (A) and Schwarzwald (S). H—4 TAKTEEIZLLWR €7
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a4, Veitsivaara

e f11-Class fracumye 20w

A W ) \ §§ _— 1 Data for the [racture zones /3/.

Ei}‘i" Sy . THE REGIONAL MODEL

i € :

0.0 Frac Direc- Dip T, Prac Direc- Dip T,
ture lion angle (m?/s) ture tion angle (m?/s)
zone (1°) (1°) zone (1°) (1°)
R1 13 36 1.0-1074 R21 195 90 9.0-1071
R2 180 90 1.0-10"* ARL 10 90 8.7-10"*
R4 5% 81 1.0-10°4 AR2 140 90 4.4-1073
R5 52 90 1.0-107* AR3 10 90 8.7-107*
R6 13 70 1.0.107% ARS 55 90 8.0-10"°
R7 12 70 1.0-107* ARG 20 90 8.7-10°4
R8 13 90 1.0-107% ART 215 90 8.0-107%
R9 195 90 1.0-107* AR9 240 90 8.0-107%
R11 195-235 90 1.0-10°°% AR11 5 90 8.0-10"°
R12 195 90 1.0-1074 ARI12 15 90 8.0-10°%
R13 260 50 1.0.107° AR14 4] 90 8.0 1073~
R14 13 45 1.0-10"¢ ARIS 60 90 8.0-107°
R15 195 70 1.0-107¢ AR17 25 90 8.0-107*
R16 55 65 1.0 10

. owater divide
l‘ :”_;' Ii—class (‘IJCL\\KL‘ 2Cnwe

D GHEISS

B—1

- 2

- 3 2-dimesional elements describing the fracture zones in the site model.

"0 5 4
° s
®
v
le
o
@
' 200 A em@ 0
3 ° |
The ap of the Veitsivaara region (upper part) including the investigation H | o
area (lower part). The fracture zones are indicated by thick lines. The dashed s, . i :
thick lines are marking the boundaries of the regional and the site model. R ° i
The contour lines of the ground water table are given by the thiu lines. The 400 om g R
dashed thin lines are the water divides. The triaugles within the site model .
mark the location of the deep boreholes {(500-1000m) on the surface /1,2/. o
DEPTHIM °
o |
Co
800 o }
N\
2000
800 ey =
1000 ¢
g] - 4 The measured water conductivity

values for Veitsivaara /3/.

2. dimesional elements deseribing the fracture zones in the regional model.

lz] —_— 6 The flow patls from three given starting points in the site model.
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lz]_ 5 Impact of grouting the fratcure zone vault intersection on the predicted
velocity distribution.

No CGroutimg Crouting
Path Segment
Path R Path R4
Layers 3 § 2
travel cime (a) 6.2 x 10% 3.1 x 108
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travel time (a) 9.6 x 102 1.7 x 103
X of tocal 24 12
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travel time (a) 6.3 x 104 3.4 x 108
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average velocity (a/a) 2.2 x 1072
5.2 x 107
Path C Pach C*
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Path L Path L*
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X of cotal 100X 1002
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[2]— 6 Impact of grouting the fracture zome/ vault intersection on predicted
paths for convective transport of particles released from the vault:
Paths R and L - no grouting: Paths R* and L* - wiht grouting.
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Model sub region

Permeability kx (* 1079 m2)

FRACTBA FRACTBB FRACTSEC
Far field 1.0000 1.0000 1.0000
Near field 2.1000 3.8300 3.8300
R1/R2 infl area 0.9400 0.9400 0.9400
N1/N2 inf) area 0.3500 0.3500 0.3500
F1/F2 infl area 0.0340 0.0340 0.0284
$1/82 infl area 0.0510 0.0510 0.0421
Granodiorite 0.0200 0.0200 0.0200

FH— 2 -y TEERNT, EFNI~UEL> THELEERKMOKBE

ST 5 E M E
Borehole Hydraulic head (masl)*)

In-situ Calculated

measured FRACTSBA FRACTSB FRACTSC
[e]o3 % 156.2 157.9 155.1 155.1
N1 150.5 157.2 154.8 154.8
N2 153.0 157.2 154.8 154.8
FL 147.1 156.9 154.6 154.6
F2 152.1 157.0 154.6 154.6
Rl 155.1 155.0 133.5 151.5
R2 153.7 155.0 153.3 153.5
s1 152.7 154.5 153.2 153.2
82 149.3 154.3 153.1 153.1

*)

corrected to zero

pressure at the land surface.

FH— 3 EAFOBKRREICMTSEMEE AR (APPENDIX2)

Borehole Normalized flow rate Q/aH (*» 1079 n2/s)
In-situ FRACTSA FRACTSB FRACTSC
0C1A 2400.0 890.0 1880.0 1880.0
N1 168.0 137.0 145.0 145.0
N2 168.0 125.0 132.0 132.0
Fl 8.7 5.0 6.1 5.0
F2 2.2 6.2 6.4 5.1
Rl 760.0 500.0 560.0 562.0
R2 675.0 405.0 576.0 576.0
sl S.1 11.9 11.9 9.1
52 13.0 1.7 11.7 8.9

F— 4 2008 TRBERARNRYES L LEZKMETROHT@EEN@

Bore~ Steady state head drop aH (metres)
hole
In-situ") FRACTSE FRACT8F:1 FRACTS8F:2 FRACT8F:)
;

[elea} 0.8 9.7 3.7 3.5 1.2
N1 4.0 8.4 26.0 25.7 7.7
N2 1.9 55.4 37.7 31.6 10.6
Fl 104.0 86.4 99.0 99.5 97.8
F2 899.4 82.8 97.2 97.1 94.0
Rl 2.5 64.1 3.2 2.0 0.7
R2 2.2 5.4 3.1 2.0 0.7
S1 10.7 57.6 25.6 12.2 11.4
s2 4.6 41.8 14.7 7.8 7.0

. Values deduced from revised pressure drops compiled by

B. Nakka (May 25 1988) based on data in Lang et al (19a8c).

v 1988¢c).
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i -5 205 BRHEICH > TRERLCHEAT I T AROENBLH UMD

Inflow to the pilot tunnel (litres/min)

Portion of In-situ FRACTSE  FRACT8F:1  FRACTSF:2  FRACTSF:3
trace

Roof 0.1 3.72 0.07 0.002 0.002
Flooxr 0.1*) 0.09 0.69 0.701 0.302

s wall 0.00 0.02 0.03 0.001 0.001

N wall 0.1*%) 0.70 0.03 0.001 0.002
Sunm total 0.3 4.5 0.8 0.7 0.3

*) The total contribution along the northernmost part of the

floor and the north wall is estimated a

Lang et al 1988c).

LRI

T 0.2 l/nmin (Kozak in

— 0 BAMEEltserkIREORERR

K= 0 2+ 0REN BRSNS LIRDOBOBKE (D3 2288 8)

Area FRACT8F: 1

Permeability X (* 1078 n2)

FRACTBF:2 FRACT8F:)
Slash 0.002 0.0002 0.0002
Floor A 0.50 0.50 0.50
Floor B 0.20 0.20 0.20
Floor ¢ - - 0.002

ﬁ_ 7 %i?i:‘i/)\’i&?j'léhf:iﬁ%@I%JKETH&!:I’;JT%%ﬂi‘l{ﬁéifﬁtﬁ%

Normalized flowrate (Q/tH)

(* 1079 n2/s)

Borehole In-situ*) FRACTBE FRACT8F:3
ocCy 2340.0 1950.0 18%0.0
N1 173.0 160.0 147.0
N2 171.0 182.0 132.0
Fl - 5.7 8.2
F2 -~ 5.6 7.2
R1 528.0 §92.0 540.0
R2 583.0 848.0 563.0
S1 - 9.0 8.6
s2 6.9 9.5 8.7

=) Average ¢f nine tests foll
ture by the piict tunnel ¢

Nov 19 1988), cf. Table 2.1.

irg the intercspt of the frag-
3 the period Oct 27~

- 532 -
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117°00
T T

Constant Head
Boundary

200 km

100 km

Conastant Head
Nodae et Alkall Flats

{12271 Subraglonal Model

?ﬁ%m 38’00
G L
o L£&e/No Flow Boundary | N o/,/\"
0 100 km 200km B
”%\
B—-1 Regional and subregional models for

PORFLOW depicting location of recharge and
constant head discharge areas (modified from Rice)*

t17°00 118°00"
T T Firite Diffsrence Qnid
y (Not actual grid)
Corstant Head o
Boundary %0
— No Flow
200 ky Bouncary
a7°00
100 km
Las Vegas .
W Low Pecmeabiity %%0
” Reglon
-J_] Boundary of
L Modal
0 Regional N ;‘5’3})
] 100 ko 200 km ,,)40\

-2 Regional model for PORFLOW depicting
boundary conditions and various hydraulic
conductivity zones (modified form Rice)*

#—1 Hydraulic Conductivities for the Model

Zone Hydraulic Conductivity (mv/sec)
Number ‘
1 5.80E-08
2 6.34E-07
3 3.49E-06
4 8.69E-06
5 ' 3.47E-05
6 1.00E-04
7 6.00E-04
8 3.50E-03

130000

Yucer
Maoyntain
Area

"
120000
Maters

X—3  Simulated hydraulic head distribution in the
vicinity of Yucca Mountain under assumed present-
day conditions
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a— N4

SUMO

AREST (The Analytical Repository Source Term, TH/NY 7 ¥ 257 ADHRENM=2— K) ,

HF KRBT
Casel EFHREOHHAIMER - 21TRT, FKFEN 1A —F B b RX-F) V7 IEfaRERE (Tp
t-TN) BRTHIDMEZEL b, WHDOE 13107 m/yrTH 545, x =1, 000~1, 500m DEEH

i PORFLO-3 G F/KNEE, WEBTEIT2—F), DITTY (iGHEHEa— R) 28a— m&, x=1,500~2 000mODTpt-TIND LI 1 4 — ¥ —KE X HENFET 5o FHOBEMIZTpt-IN L
o | FETBEMERET— R, 1~ 3RTOEFHRETYIEDORY, Dirichlet & NeunanDBEHEM, ANOHIFAKDEN K7 v Fick b, MUOFHEIZEFVOERPEFICHEIN, W30l T
r [ R0 « FEFIEBRTED BODT, KL RIF—HICMIFPNL (Pacific Northwest Loboratory) B EREBIRICE T ILT B Z SRR S 500D LIS,
po | PBBELIbDTH S, MR 2 — 31CRT, Tpt-INEOHIF/KD EN K7 v FERLTEY, Wsrigmm (G
o A -C/KEES25m, JbPhuE (D) TOmTH B, 772U, TODOKIEHEICDWTidvan GenuchtenE
5 FITONSBHMEOLEL TR EIIKEEL 25X B I ERARTH 5,
e Case2 WA ERK— 41TRT, Case 1 ICHARTREWEG VD, HE—5R72 5 DI HRBERAEIC K
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ZONE T +12.0M_ C Pg=-0.36'9tm? (EMPTY) /
g £0.0M y_QBO_LL\JDlVAI.EB.SUBFACE— R S G S o f_: 7t ® PG= 1.83&m2(FULL] y
R S e T : - N (31 Rl
Y -
WATER SUPPLY_TUNNEL 53 _PIEZOMETER___ w R
y .o o o} Vi
027~ o020 318 4 : HYDROSTATIC ﬁ 5 ?5; 2
HYDROSTATIC | o2y 0 C ol 051 PRESSURE u e Sy 4
0250 I5,12 x4 oA
PRESSURE . (P e & 8y z B LNEOFEQUALITY
. 029 o028 o17 13 052 & 3 "z‘ .8 ) ,@20/ .
- 722 | O ACCESS TUNNEL 2 " '5‘.7‘923 s
’  GAVERN. g2 L
] i = - e
— l 2 7 A3
—]__59.5M  l1gM ,1551‘;Bm~“4-ﬁ~4!*<. S (2L g '3
I @
N v
2-1200M N , ‘ L
0 10 20M 0 1 2 3 4 5 6 7 8
== - MEASURED PORE PRESSURE (X%/cm2) -
Pg (*/emG)
MIN(EMPTY) | -0.36 § . i
MAX ( FULL) 1.83 X—3 - Comparison of predicted and measured pore pressure around the

_ _ ) _ cavern.
X — 1 Calculation model (vertical two-dimensional F.E.M.).

0.0
10
2.0
3.0
4.0
50
6.0
1.0
8.0
9.0
10.0
11.0

a) Po=-0.36%3/m? (EMPTY) b) Pc=183 *9/ecm? (FULL)

©  PREDICTED
~ =9 MEASURED

*  PORE PRESSURE ( %g.cm?)

Xl—2  predicted pore pressure distribution.

F—1 Comparison between Predicted and Measured Inflow Volume

1) p=-0.36kg/cm? 2) p=+1.83kg/cm?
Location Predicted|Measured Predicted|Measured
Cavern 49,7 41.8 27.2 22.4
Water Supply Tunnel 30.2 23.0 16.0 11.2
and Access Tunnel

(Unit: t/day)
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K- 4 Calculation model (method of images)

2200
t1.0)
CAVERN_
(2.0)
JACCESS TUNNEL
3.0)
4.0)
5.0y
10" PREDICTED
— 112 MEASURED
*) PORE PRESSURE (kg /&m?2)
o | SCME  sou
X 5 Predicted pore pressure distribution.
x—2 Comparison between Predicted and Measured Inflow Volume
Location Predicted Measured
Cavern 31.7 14.9
Water Supply Tunnel 11.2 11.3
Dry Pump Room 30.2 22.1 (Unit: t/day)
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——~ > - GROUNDWATER SURFACE

CAVERN AND DRY PUMP ROOM

\\ o)
400M A\

OBSERVATION WELL

X—6

1983.12.15 (365days) 1984.12.15 (730days )

{a) CASE -1

1986.12.15 (1095days )

1983.12.15 (365days) 1984 .12.15 (730days) 1986.12.15 (1095days )

(b) CASE-2

i} PREDICTED
— — —"1% PMEASURED

M) AVERAGE
GROUDWATER LEVEL (m)

X—7

Predicted contour of groundwater surface.

%3

X—8

Predicted and Measured Groundwater Level above the Cavern
Time Predicted Measured
Case-1 Case=~2
1982, 12. 16 (initial) 3.0 3.0 3.0
1983. 12. 15 (365days) 3.8 3.7 2.5
1984, 12. 15 (730days) 3.8 2.0 2.0
1985. 12. 15 (1095days) 3.8 2.5 2.5 (Unit:m)

— MEASRED :
— -~ PREDICTED {CASE~-1} |_
{ CASE -2}

AVERAGE GROUNDWATER LEVEL (EL m)
-y

0 100 200 300 400 500 600
TIME {DAYS)

Predicted average groundwater level

700 800 900 1000 1100

fluctuation as function of time.
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