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Abstract

The goal of this study is to establish a hydrogeologic model on flow and mass transport in
crystalline rock based on the results of field investigation and the non-sorbing tracer tests at
Kamaishi mine. The field investigation consists of several works, i.c. pressure response
monitoring during drilling, borehole TV logging, core observation. These results will contribute
to understand the distribution and connectivity of the conductive fractures. Hydraulic test and
non-absorbing tracer tests will be also carried out to obtain fluid and mass transport parameters.

In H6, as a first step of this project, a preliminary hydrogeological characterization was carried
out using a new 100 m borehole, KH-20. Pressure responses during KH-20 excavation were
monitored at an existing borehole, KH-19, using a multipacker system. Borehole TV logging,
core observation and flow logging were also conducted. From these measurements and logging,
the hydrogeological structure, such as the locations of conductive fractures and those
transmissivity values, between KH-19 and KH-20 were then obtained.

In H7, additional three boreholes were excavated to obtain the information on the geological as
well as hydraulic conditions in a larger area and also to obtain the detail geological structure
around the future main test area. Pressure response measurement were conducted during a each
borehole excavation. Borehole TV logging, core observation were also carried out at each
borehole to obtain the geological, hydraulic and geometric characteristics of the fractures. In KH-
25 borehole, a buildup permeability test was performed to obtain a transmissivity at various
Zones.

By integrating all these informatioﬁ , hydrogeological structure model which was constructed in

H6 was revised.
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Corporation
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#-5.3.1

KH-237Lo3iVRERR—BR

‘ . HIIE (m) -74875.41

" *KH-233L OB |8 (m) | - 72675.72

Fa (n) 578.61
NO.| Bt R(m) Hfusm B TEMIE(m)] TEEEm)). "'ﬁﬁ!:ﬁﬁi(m) t. (m) D(m)]__v.D(m} HiEE(m) BB(m) R85 (m) | #82E-28(m) | 2 E-2¢ (m) | I3 {m [|
1 2 NQ.53E -1.0| -74873.41 72673.72 578.58 2.00 0.02 -0.03| -74873.41 72675.74 578.58 0.00 0.02 0.00
2 4 NO.33E -1.00  -74871.41 7267572 578.54 4.00 0.03 -0.07|__-74871.41 72675.75 578.54 0.00 0.03 0.00
3 6] ND.6B7W -1.0) -74869.41 72675.72 578.51 6.00 0.01 -0.10] -74869.41 72675.73 5378.51 0.00 0.01 0.00
4] 8] NO.67W -1.0| -74867.41 72675.72 578.47 8.00 -0.02 -0.14| -74867.41 72675.70 578.47 0.00 -0.02 0.00
5 10] NO.67W -1.0] -74865.41 72675.72 578.44 10.00 -0.04 -0.17] -74B65.41 72675.68 578.44 0.00 -0.04 0.00
6 12] NO.67W -1.0] -74863.41 72675.72 578.40 12.00 -0.06 -0.21] -74863.41 72675.66 578.40 0.00 -0.06 0.00
7 14| NO.67W -1.0]  -74861.41 72675.72 578.37 14.00 -0.09 -0.24| -74861.41 72675.63 578.37 0.00 -0.09 0.00
8 16] NO.67W -1.0| -74859.41 72675.72 578.33 16.00 -0.11 -0.28| -74859.41 72675.61 578.33 0.00 -0.11 0.00
9 18] NO.B7W -1.0] -74857.41 72675.72 578.30 18.00 -0.13 -0.31] -74857.11 72675.59 578.30 0.00 -0.13 0.00
10 20| NO.67W -1.00 -74855.41 72675.72 578.26 20.00 -0.16 -0.35| -74855.41 72675.56 578.26 0.00 -0.16 0.00
n 22| NDO.B7W -1.0] -74853.41 72675.72 578.23 22.00 -0.18 -0.38] -74853.4]) 72675.54 578.23 0.00 -0.18 0.00
12 24| MNO.67W -1.0] -74851.41 72675.72 578.19 23.99 -0.20 -0.42] -74851.42 72675.52 578.19 -0.01 -0.20 0.00
13 26] NO.67W -1.0f _ -74849.41 72675.72 578.16 25.99 -0.23 -0.45] -74849.42] 72675.49 578.16 -0.01 -0.23 0.00
14 28 NO.G7W -1.00 -74847.41 72675.72 578.12 27.99 -0.25 -0.49]| -74847.42 72675.47 578.12 -0.01 -0.25 0.00
15 30{ ND.67TW -1.0f -74845.41 72675.72 578.09 29.99 -0.27 -0.52| -74845.42 72675.45 578.09 -0.01 -0.27 0.00
16 32] MNO.67TW -1.0F -74843.41 72675.72 578.05 31.99 -0.30 -0.56| -74843.42| 72675.42 578.05 -0.01 -0.30 0.00
17 34| NO.67W -1.01 -74841.41 72675.72 578.02 33.99 -0.32 -0.59| -74841.42 72675.40 578.02 0,00 -0.32 0.00
18 36} NO.67W -1.0} -74839.41 72675.72 577.98 35.99 -0.34 -0.63] -74839.42 72675.38 577.98 0.00 -0.34 0.00
19 38) NO.67W -1.0] -74837.41 72675.72 577.85 37.99 -0.37 -0.66| -74837.42| 72675.35 577.95 0.00 -0.37 0.00
20 40| NO.67W -1.0] -74835.41 72675.72 577.91 39.99 -0.39 -0.70] -74835.42 72675.33 577.91 0.00 -0.39 0.00
21 42] NO.G7W -1.2] -74833.41 72675.72 377.88 41.99 -0.41 -0.74] -74833.42 72675.31 577.87 0.00 -0.41 -0.01
22 44| NO.67W -1.0] -74831.41 72675.72 577.84 43.99 -0.44 -0.77] -74831.42 72675.28 577.84 0.00 -0.44 0.00
23 46] ND.G7W -1.0] -74829.41| 72675.72 577.81 45.99 -0.46 -0.81| -74829.42 72675.26 577.80 0.00 -0.46 -0.01
24 48! NO.G7W -1.1) -74827.41 72675.72 577.77 47.99 -0.48 -0.85| -74827.42 72675.24 577.76 0.00 -0.48 -0.01
25 50| NO.67W -1.1] -74825.41 72675.72 S77.74 49.99 -0.50 -0.89] -74825.42 72675.22 S577.72 0.00 -0.50 -0.02
26 521 NOA7W -1.2] -74823.41 72675.72] . S77.70 51.99 -0.51 -0.93] -74823.42 72675.21 577.68 0,00 -0.51 -0.02
27 54] ND.G7W -1.2] -74821.41 72675.72 577.67 53.99 -0.53 -0.97| -74821.42 72675.19 577.64 0.00 -0.53 -0.03
28 96 NO.I7W -1.2F -74819.41 72675.72 377.63 55.99 -0.54 -1.01] -74819.42 72675.18 577.60 0.00 -0.54 -0.03
29 58] ND.ATW -1.2¢ -74817.41 72675.72 577.60 57.99 -0.55 -1.05] -74817.42 72675.17 S577.36 0.00 -0.55 -0.04
30 60| ND.17W -1.3]  -74815.41 72675.72 577.56 59.99 -0.55 <1.10] -74815.42| 72675.17 577.51 0.00 -0.55 -0.05
31 62] NO.17W -1.4f -74813.41 72675.72| . 577.53 61.99 -0.56 -1.15] -74813.42} 72675.16 377.46 0.00 -0.56 -0.07
32 64| NO.17W -1.31 -74811.41 72675.72 577.50 63.99 -0.56 -1.19] -74811.42|. 72675.16 577.42 .00 -0.56 -0.07
33 66| NO.17wW -1.3] -74809.42| 72675.72 577.46 65.98 -0.57 -1.24] -7480%.43 72673.15 577.37 -0.01 -0.57 -0.08
34 68| NO.17W -1.3] -74807.42 72675.72 577.43 67.98 -0.57 -1.28] -74807.43 72675.15 577.33 -0.01 -0.57 -0.09
35 70| NOO7W -1.4] -748035.42 72675.72 577.39 69.98 -0.58 -1.33| -74805.43 72675.14 577.28 -0.01 -0.58 -0.11
36 72| NO.17W -1.3| _-74803.42 72675.72 577.36 71.98 -0.59 -1.38{ -74803.43 72675.13 577.23 -0.01 -0.59 -0.12
37 74] NO.I7W -1.4]  -74801.42 7267572 577.32 73.98 -0.59 -1.43] -74801.43 7267513 377.18 -0.01 -0.59 -0.14
38 761 NO.I7W -1.3] -74799.42F 72675.72 577.29 75.98 -0.60 -1.47] -74799.43 7267512 377.14 -0.01 -0.60 -0.14
39 78 NO.13E -1.4| -74797.42] 72675.72 577.25 77.98 -0.59 -1.52| -74797.43 72675.13 577.09 -0.01 -0.59 -0.16
40 BO] NO.17W -1.4] -74795.42 72675.72 577.22 79.98 -0.60 -1.57) -74795.43 726735.12 577.04 -0.01 -0.60 -0.17
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#-5.3.2 KH-217LOA# Y NEER-EXR

. HiE (m) -74876.18

KH-21 3. JLOGrE [$BEE (m) 72685.73

IR% (m) 578.93
NO.| Hi#ER(m) Fitir iy g | FEE(m)| FERIE(m) FEEEm) L (m) p(m)| Vv.D(m) HiE(m) #iE(m) FERS(m) | 836 -2(m) | BEPE-2 (m) | IR¥h-2(m)
1 4] N2.17W -0.4| -74872,181 72685.73 578.86 4.00 -0.15 -0.03| -74872.18 72685.58 578.90 0.00 -0.15 0.04
2 6| N1.17W -0.4f. -74870.18| 72685.73 578.83 6.00 -0.19 -0.04| -74870.18] 72685.54 578.89 0.00 -0.19 0.06
3 8] N1.17wW -0.4| -74868.18| 72685.73 578.79 8.00 -0.23 -0.06] -74868.18| 72685.50 578.87 0.00 -0.23 0.08
4 10} NO.67W -0.4| -74866.18] 72685.73 578.76 10.00 -0.26 -0.07, -74866.18 72685.47 578.86 0.00 -0.26 0.10
5 12] _NO.6YW -0.3| -74864.18| 72685.73 578.72 12.00 -0.28 -0.08| -74864.18| 72685.45 578.85 0.00 -0.28 013
6 14] NO7W -0.5| -74862.18| 72685.73 578.6% 14.00 -0.29 -0.10] -74862.18| 72685.44 578.83 0.00 -0.29 0.14
7 16| NO.17W -0.4] -74860.18| 72685.73 578.65 16.00 -0.29 -0.11| -74860.18| 72685.44 578.82 0.00 -0.29 017
8 18| NOUI7W -0.4| -74858.18| 72685.73 578.62 18.00 -0.30 -0.13] -74858.18| 7268543 578.80 0.00 -0.30 0.18
9 20} NO.I7W -0.4] -74856.18! 72685.73 578.58 20.00 -0.30 -0.14| -74856.18 72685.43 578.79 0.00 -0.30 0.21
10 22| NOJI7W -0.3| -74854.18] 72685.73 578.55 22.00 -0.31 -0.15| -74854.18| 72685.42 578.78 0.00 -0.31 0.23
1 24] NO.17W -0.5| -74852.18] 7268573 578.531 24.00 -0.31 -0.17] -74852.18| 72685.42 578.76 0.00 -0.31 0.25
12 26| NOITW -0.4| -74850.18} 72685.73 578.48 26.00 -0.32 -0.18| -74850.18] 72685.41 578.75 0.00 -0.32 0.27
13 28| NO.G7W -0.5| -74848.19| 72685.73 578.44 28.00 -0.34 -0.20| -74848.18| 72685.39 578.73 0.00 -0.34 0.29
14 300 NO.I7W -0.3] -74846.19| 72685.73 578.41 30.00 -0.35 -0.21] -74846.18| 72685.38 578.72 0.00 -0.35 0.31
15 32| NGI7W -0.4] -74844.19] 7268573 578.37 32.00 -0.35 -0,22} -74B44.18 72685.38 578.71 0.00 -0.35 0.34
16 34) NO.1i7W -0.3] -74842.19) 72685.73 578.34 34.00 -0.36 -0.23] -74842.18] 72685.37 578.70 0.01 -0.36 0.36
17 36| NO.33W -0.5] _-74840.1%| 72685.73 578.30 35.99 -0.37 -0.25| -74840.19 72685.36 578.68 0.00 -0.37 0.38
18 38| NO0.33W -0.4] -74838.19| 72685.73 578.27] 37.99 -0.38 -0.27| -74838.19 72685.35 578.66 0.00 -0.38 0.39
19 40| NOI7W -0.4] -74836.19] 72685.73 578.23 39.99 -0.39 -0.28| -74836.19 72685.34 578.65 0.00 -0.39 0.42
20 421 NO.17W -0.3] -74834.19] 72685.73 578.20 41.99 -0.40 -0.29| -74834.19 72685.33 578.64 0.00 -0.40 0.44
21 44| N1.33E -0.3| -74832.19| 72685.73 578.16 43.99 -0.35 -0.30| -74832.19 72685.38 578.63 0.00 -0.35 0.47
22 46 NO.33E -0.5] -74830.19| 72685.73 578.13 45.99 -0.34 -0.32| -74830.19 726B5.39 578.61 0.00 -0.34 0.48
23 48| NO.33E -0.4| -74828.19| 72685.73 578.09 47.99 -0.33 -0.33| -74828.19| 72685.40 578.60 0.00 -0.33 0.51
24 50 NO.17W -0.5] -74B26.19] 72685.73 578.06 49.99 -0.33 -0.35] -74826.19 72685.40 578.58 0.00 -0.33 0.52
25 52) NOA7W -0.5] -74824.19| 7268B5.73 578.02 51.9% -0.34 -0.37| -74824.19 72685.39 578.56 0.00 -0.34 0.54
26 54| NG.33E -0.7| -74822.19] 72685.73 577.99 53.99 -0.33 -0.39] -74822.19 72685.40 578.54 0.00 -0.33 Q.55
27 56| NO.33E -0.5] -74820.19] 72685.73 577.95 55.99 -0.31 -0.41] -74820.19 72685.42 578.52 0.00 -0.31 0.57
28 58| NOA7W -0.5| -74818.19| 72685.73 577.92 57.99 -0.32 -0.43| -74818.19 72685.41 578.50 0.00 -0.32 0.58
29 80| NO.I7W -0.5| -74816.19] 72683.73 577.88 59.99 -0.33 -0.44| -74816.19 72685.40 578.49 0.00 -0.33 0.61
30 62| NO.17W -0.3] -74814.19]  72685.73 577.85 61.99 -0.33 -0.45| -74814.19 72685.40 578.48 0.00 -0.33 0.63
31 64| NO.33E -0.4] -74812.19] 72685.73 577.81 63.99 -0.32 -0.47| -74812.19 72685.41 578.46 0.00 -0.32 0.65
32 66f NO.17W -0.6] -74810.19| 72685.73 577.78 65.99 -0.33 -0.49| -74810.18|  72685.40 578.44 0.00 -0.33 0.66
33 68| NO.17W -0.4| -7480B.19} 72685.73 577.74 67.99 -0.33 -0.50| -74808.19 72685.40 578.43 0.00 -0.33 0.69
34] - 70] _NO.33E -0.4| -74806.19| 72685.73 577.71 £9.99 -0.32 -0.52] -74806.19 72685.41 578.41 0.00 -0.32 0.70
35 72 NO.33E -0.5| -74804.19] 72685.73 577.67 71.99 -0.31 -0.53| -74804.19 72685.42 578.40 0.00 -0.31 073
36 74| NO.33E 0.7] -74802.19| 72685.73 577.64 73.99 -0.30 -0.56| -74802.19 72685.43 578.37 0.00 -0.30 0.73
37 78] NO.17W -0.5] -74800.19] 72685.73 577.60 75.99 -0.30 -0.58{ -74800.19 72685.43 578.35 0.00 -0.30 0.75
38 78] NO.33E -0.4] -7479B8.19; 72685.73 577.57 77.99 -0.29 -0.59| -74798.19 72685.44 578.34 0.00 -0.29 0.77
39 80 NO.33E -0.5] -74796.191_ 72685.73 577.53 79.99 -0.28 -0.61] -74796.19 72685.45 578.32 0.00 -0.28 .79
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#&-5.3.3 KH-257L0FLeh Y Al R—H=

IE (m) -74875.82

KH-257L Lo |&IE (m) 72683.27

- . =5 (m) 578.24

NO.| Bt R (m) prhive:] AEA| FEMIE(m)| FEEIE(mM)| PREM(mM) L{m) D{m)| V.D(m) #IE(m) E216(m) FER(m) [ #436-2(m) | BIE-2(m) | EB-#(m)|

1 2] N3a7w -0.3] -74873.82 72683.27 578.20 2.00 -0.11 -0.01| -74873.82 72683.16 578.23 0.00 -0.11 0.02
2 4] N2.17W -0.3] -74871.82 72683.27 578.17 4.00 -0.19 -0.02] -74871.82 72683.08 578.22 0.00 -0.19 0.05
3 6] N2.17w -0.3] -74869.82 72683.27 378.13 5.99 -0.26 -0.03] -74869.83 72683.01 578.21 -0.01 -0.26 0.07
4 8] NZaA7W -4.5| -74867.82 72683.27 578.10 7.99 -0.34 -0.19] -74867.83 72682.93 578.05 -0.01 -0.34 -0.05
5 10 N1.I7W -4.4] -74865.82 72683.27 278.06 9.98 -0.38 -0.34] -74865.84 72682.89 577.90 -0.02 -0.38 -0.17
6 12] NO.67W -0.3] -74863.82 72683.27 578.03 11.98 -0.40 -0.35| -74863.84 72682.87 577.82 -0.02 -0.40 -0.14
7 14] NO.E7W -0.3] -74861.82 72683.27 577.99 13.98 -0.42 -0.36] -74861.84 72682.85 577.88 -0.02 -0.42 -0.12
8 168f NO.67W -0.31 -74859.82 72683.27 577.96 15.98 -0.45 -0.37] -74859.84 72682.82 577.87 -0.02 -0.45 -0.09
9 18] NO.67W -0.5| -74857.82 72683.27 577.92 17.98 -0.47 -0.39§ -74857.84 72682.80 577.85 -0.02 -0.47 -0.08
10 20] NGC.B7W -0.3| -74855.82 72683.27 577.89 19.98 -0.49 -0.40f -74855.84]  72682.78 577.84 -0.02 -0.49 -0.05
11 22{ NO.67W -0.5] -74853.82 72683.27 577.85 21.98 -0.52 -0.42; -74853.84 72682.75 577.82 -0.02 -0.52 -0.04
12 24] NO.67W -0.3{ -74851.82] 72683.27 577.82 23.98 -0.54 -0.43} -74851.84] 72682.73 577.81 -0.02 -0.54 -0.01
13 26) N1.I7W -0.5] -74849.82 72683.27 577.78 25.98 -0.58 -0.45} -74849.84 72682.69 577.79 -0.02 -0.58 0.00
14 28] NO.67W -0.5| -74B47.83 72683.27 577.75 27.98 -0.60 -0.46] -74847.84 72682.67 577.78 -0.02 -0.60 0.03
15 30| NO.67W -0.5] -74845.83 72683.27 577.71 29.98 -0.63 -0.48| -74845.84 72682.64 577.76 -0.02 -0.63 0.04
16 32! NO.67W -0.5] -74843.83 72683.27 577.68 31.98 -0.65 -0.50f -74843.84 72682.62 577.74 -0.02 -0.65 0.06
17 34] N1.I17W -0.5] -74841.83 72683.27 577.64 33.98 -0.69 -0.52| -74841.84 72682.58 577.72 -0.01 -0.69 0.07
i8 36] N1.17W -0.5] -74839.83 72683.27 577.61 35.98 -0.73 -0.53]  -74839.84 72682.54 577.71 -0.01 -0.73 0.10
19 38 N1.17W -0.5| -74837.83 72683.27 577.57 37.98 -0.77 -0.55] -74837.84 72682.50 577.69 -0.01 -0.77 0.11
20 40| NO.67W -0.5] -74835.83 72683.27 577.54 39.98 -0.80 -0.57] -74835.84 72682.47 577.67 -0.01 -0.80 0.13
21 42] NIITW -0.3| -74833.83 72683.27 577.50 41.98 -0.84 -0.58| -74833.84 72682.43 577.66 -0.01 -0.84 0.15
22 441 N1aA7W -0.3] -74831.83 72683.27 577.47 43.98 -0.88 -0.59] -74831.84 72682.39 577.65 -0.01 -0.88 0.18
23 46 N1.17W -0.4] -74829.83 72683.27 577.43 45.97 -0.92 -0.60] -74829.85 72682.35 577.64 -0.02 -0.92 0.20
24 48] Ni.i7w -0.5] -74827.83 72683.27] - 377.40 47.97 -0.96 -0.62| -74827.85 72682.31 577.62 -0.02 -0.96 0.22
25 SO0] N1.17W -0.4] -74825.83 72683.27 577.36 49.97 -1.00 -0.63| -74825.85 72682.27 577.61 -0.02 -1.00 0.24
26 52| NIaA7W -0.5] -74823.83 72683.27 577.33 51.97 -1.04 -0.65| -74B23.85 72682.23 577.59 -0.02 -1.04 0.26
27 54| N1.A7W -0.5] -74821.83 72683.27 577.29 53.97 -1.08 -0.67| -74821.85 72682.19 877.57 -0.02 -1.08 0.27
28 536{ NI.17W -0.5] -74819.83 72683.27 577.26 55.97 -1.12 -0.69( -74819.85 72682.15 577.55 -0.02 -1.12 0.29
29 58] N1.17W -0.4] -74817.83 72683.27 577.22 57.97 -1.16 -0.70f -74817.85 72682.11 577.54 -0.02 -1.16 0.31
30 B0 N1.17W -0.41 -74815.83 72683.27 577.12 59.97 -1.20 -0.72F -74815.85 72682.07 577.52 -0.02 -1.20 0.33
31 62] N1.17W -0.5] -74813.83 72683.27 577.15 61.97 -1.24 -0.73} -74813.85 72682.03 577.51 -0.02 -1.24 0.35
32 64] N1.17W -0.5| -74811.83 72683.27 577.12 63.97 -1.29 -0.75] -74811.85 72681.98 577.49 -0.02 -1.29 0.37
33 66] N1.17W -0.4{ -74809.83 72683.27 - 577.08 65.97 -1.33 -0.76| -74809.85 72681.94 577.48 -0.02 -1.33 0.39
34 68 N1.17W -0.4] -74807.83 72683.27 577.05 67.97 -1.37 -0.78] -74807.85| ' 72681.90 577.46 -0.02 -1.37 0.41
35 70f N1.17W -0.4] -74805.83 72683.27 577.01 69.97 -1.41 0.79] -74805.85 72681.86 577.45 -0.02 -1.41 0.43
36 - 721 N1A7W -0.4| -74803.83 72683.27 576.98 71.97 -1.45 -0.81| -74803.85 72681.82 577.43 -0.02 -1.45 0.45
37 74| N1.17W -0.4] -74801.83 72683.27 576.94 73.97 -1.49 -0.82| -74801.85 72681.78 §577.42 -0.02 -1.49 0.47
38 76] N1.17W -0.4| -74799.83 72683.27 576.91 75.97 -1.53 -0.83] -74799.85 72681.74 577.41 -0.02 -1.53 0.50
39 78f N1.17W -0.3[ -74797.83 72683.27 576.87 77.97 -1.57 -0.84] -74797.85 72681.70 577.40 -0.02 -1.57 0.52
40 80] N1.A7W -0.4] -74795.83 72683.27 576.84 75.97 -1.61 -0.86f -74795.85 72681.66 577.38 -0.02 -1.61 0.54
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#£-7.2.1 KH-23AHIFLEOBKEAEER—KE

Bl FLIE EE (m) 7K & (cc/min)
5.17 112
11.3 0
17.3 9
19.3 2.4
233 0
27.3 1344
31.3 480
34.85 433
38.84 353
42.9 411
46.9 360
48.9 351
50.9 533
52.7 439
54.74 3093
56.78 560
60.78 369
62.8 652
66.77 483
68.95 586
72.8 528
76.8 533
78.8 2980
80.5 2790
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#-722 KH21ALHILEBEOBEKEHEER B

Bl FLIR BE (m) /K & (cc/min)
17.01 50
21.09 150
23.09 1500
27.09 1500
31.09 1500
35.09 1800
39.09 3240
43.09 4120
47.09 6800
51.09 6900
55.09 12600
59.09 11700
64.09 10500
66.09 11200
70.09 11500
74.09 11840
78.09 12150
80.53 10500
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$#-72.3 KH25FLEIFLEROBAKEREFR—BEE

BIFLEREE (m) 1B 7K E(cc/min)
10.42 50
14.42 1200
18.42 680
22.42 2400
28.42 2190
32.42 3600
36.42 2850
4042 3272
44.42 3040
48.42 4620
56.42 10320
58.42 9228
62.42 9000
64.42 8400
68.42 7920
70.42 9024
74.42 10178
76.42 9228
80.42 9590
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#-7.3.1

#%-7.3.2 KH-21FLEIFLEO O ol AK T e R —B S

KH-23FLAIFLEF O O TRBKERERR —BER
il FLEZR BE (m) BIBR 7K E (kg/cm?2)
5.17 0.295
11.3 0.329
19.3 0.376
27.3 4.149
34.85 1.553
42.9 1.338
48.9 1.439
54.74 1.459
60.78 1.768
66.77 1.923
72.8 1.99
78.8 13.85

B AR EE (m) IR E (kg/em?2)
3.00 0
5.09 0.82
11.09 6.5
17.01 2.35
23.09 15.9
31.09 15.56
39.09 17.7
47,09 18.07
55.09 18.07
59.09 18.5
66.09 18.03
74.09 17.62
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#-7.3.3 KH-25ABIFLEEO D cERAEHEE R —&H

Bl FLIRLE (m) [EIBR 7K FE (kg/em2)
2.38 0
10.42 0.86
18.42 6.6
28.42 16
36.42 16.3
44.42 16.5
52.42 17.5
58.42 18.32
64.42 17.64
70.42 17.3
76.42 182
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8.3 MEBRER

FEEERLLHRERB T, 270l (KH-237L. KH-219L. KH-25fl) BV T
SmEBEB L TImEEO 2 EICSTTERLE, FFERE (WFhoilb#som) &b
7zo TSmBER THEM L 7ok, BAEEHNEOUERZ L VBERCFET 572012,
SmEifEORERE TEELRENR O I AR HLIL, ImEROFHMLRE:
ER L7z, DTICREREFRZ ST LTI TERS, '

8.3.1 'KH-23fL

4., WEXEEZSm (F#5.023m) IRELTR- ¥ FILekiZbi o THEE
BICAEL., HESERAN-ERIICBVWTHEXE % 1m (E#1.095m)ICEE L TF
LLHAE Lz, 2D, 5m (ES5.00mX IS THUHBIICHAEZTV, AEORE
HAMEmERE L7,

(1) BEXREESm (%#5.023m)

HEXEE 5m G.02mD&ER %, F£-83.18 L UE-83.1IIR T, KH-23fLofLO%H
H40mE TEASA SN, BALPBRHI N/ 0., 40~45023mX . 45~50.023 m
XK. 60~65.023mXE. 65~70.023mX . 74~79.023mRH D 6 KETH 5. FF
12, 74~79.023mX [ TIHMBO R BICHRTEZWEXRTHEI L 72,

2 HEXEEIm (EH#1.095m)

HIZEXEE 5.02mOBERE» S, BASEH SR 6 KEICoOWTHIEREERE:
1.095miICFRE L CHMEREE L. TOHEREER832B L UBP-8I2IIRT, LEY
£ WX [E1344.1~46.195mX B, 47.1~49.195mX [, 58.1~60.195mX &, 77.1~
79.045SmE B TH Bo L TH. 77.95~78.45mD X TiZ1350ml/minD it & = B#ll L
7o THIZKH-23FLEHED 5 0O E (BRERY B 0O =13491430ml/min) D9FLLE
R EDBETH L, . HEXE | mORERE TH LRI EIX, #2490ml/min
L%y, OTHE (W1430ml/min) 2 KE EEEEE 2oz ZOEBE LT, /¥
vy —THERENEZRE»SORERE~OAA (F7OA70—-) iZL5dDL
ZibNhb,

(3) BlEXERSm (5E#]5.005m)

(OOWEDBHEZERTAZ L2 HNE LT, BEANZEX BRSO ERE
PEMBLL. MEREEDS.023mE5.005mER R > TWEDF, Ny A —HOT Y F
PELNVEVLDWNEBLALAOTHE, MEOHREFE-833, 8331007, 3
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12, BHENSH DL Z Lbho2d, 10m~20m? X B CHlE X M EAS5.023mO 2
HOTH o 72D L TEFICHENB O ONIZ, H-83.425mXE (2HHE) B
ClmEEAORERBEREZHECIOy LA ORRT, /2, H-83.52, fE
BRBAES T4 5O REREICER L ARRETY . FEHICHKH-237LINEO
OTHENEHERZHETRLTH L, MERBERIZBHIREOEKE &L LTLE
iAo TEY, THIEIBHERIBVWTRIEERTRKEDHETH o720 D

2, BALEEHNLREICEL OV TRTWE DEEZ NS, T, BE2S~

I0mfERBWTHEIRICE S ZREO Y 2725, RERBEICIZIRONAE (ko
TBY., THILHEHFCGEREDEVEEICEFE SR RPEIKENb D LER L
na,
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%831 MERBESE (KH-237L. 5.023mEHE)

R mEST XEnE | BRRBRE |y L

(m) & 4 1 #AME| (ml/min) | (mlmin) | (kgffem )
500~ 10.02] L 0 0.00 0.00 10
10.00 ~ 15.02] L 0 0.00 0.00 10
15.00 ~ 20.02] L 0 0.00 0.00 10
20.00 ~ 25.02] L 0 0.00 0.00 10
25.00 ~ 30.02] L 0 0.00 0.00 10
30.00 ~ 35.02] L 0 0.00 0.00 10
35.00 ~ 40.02] L 0 0.00 0.00 10
40.00 ~ 45.02] L 35 8.48 .48 10
45,00 ~ 50.02] L 76 29.32 37.80 10
50.00 ~ 55.02] L 0 0.00 37.80 10
55.00 ~ 60.02] L 47 13.84 51.64 10
60.00 ~ 65.02] M 8 96.20] 147.84 10
65.00 ~ 70.02] L 10 1.35] 149.20 10
70.00 ~ 75.02] L 0 0.00]  149.20 10
74.00 ~ 79.02] M

66| 1355.90] 1505.10 10

%833 MERBESE KH23IL. 5.005mEH)

T ez KB E | Rmie /Sy A—E

(m) 7 4 7|5 AME| (ml/min) | (ml/min) | (keffom )
5.00 ~ 10.01] L 0 0.00 0.00 10
10.00 ~ 15.01] L 7.5 1.03 1.03] 10
15.00 ~ 20.01] L 21.5 3.82] 4.85 10
20.00 ~ 25.01] L 0 0.00 4.85 10
25.00 ~ 30.01] L 0 0.00 4.85 ~_ 10
30.00 ~ 35.01] L 0 0.00 4.85 10
35.00 ~ 40.01] L 0 0.00 4.85] 10
40.00 ~ 45.01] L 36 8.89] 13.74 10
45.00 ~ 50.01] L 82| 32.63] _ 46.38 10
45.00 ~ 50.01] L 771 29.87]  76.25 10
50.00 ~ 55.01] L 0 0.00] _76.25 10
55.00 ~ 60.01] L 44 1242] _ 88.67 10
60.00 ~ 65.01] M 5| 31.04] 119.71 10
65.00 ~ 70.01] L 0 0.00]  119.71 10
70.00 ~ 75.01] L 0 0.00]  119.71 10
74.08 ~ 79.09] M 65] 1334.18] 1453.89 10
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#-832 MEMREHEERE (KH-237L. 1.095mEiE)

CREE it XELE | At |/ v 4 — I

(m) ¥ 1 7[R AME| (mlfmin) | (ml/min) | (keffem )
40.00 ~ 41.10) L 7 0.98 0.98 10
41.00 ~ 42.i0] L 9 1.22 2.i9 i0
42.00 ~ 43.10f L 0 0.00 2.19 10
43.00 ~ 44.10] L 6 0.88 3.08 10
44.00 ~ 45.10) L 43 11.95 15.03 __10
45.10 ~ 46.20] L 41 11.04 26.07 10
46.10 ~ 47.20| L 10 1.35 27.42 10
47.10 ~ 48.20 L 46 13.36 40.78 10
48.10 ~ 49.20) L 62 21.59 62.38 10
49.10 ~ 50.20] L. 60 20.52 82.89 10
50.10 ~ 5120 L 6 0.88 83.77 10
51.10 ~ 5220 L G 0.00 83.77 10
52.10 ~ 53.20 L 0 0.00 83.77 10
53.10 ~ 54.20] L 21 3.68 87.46 10
54.10 ~ 55.20{ L 14 2.03 89.49 10
55.10 ~ 56.20| L 73 27.65) 117.14 1
56.10 ~ 57.20[ M 8 96.20] 213.34 10
57.10 ~ 58.20| L 34 8.08) 221.42 10
58.10 ~ 59.20f L 33 7.69] 229.11 10
59.10 ~ 60.201 L 21 3.68] 232.80 10
60.10 ~ 61.20f L 24 4.55] 237.35 10
61.10 ~ 62.20{ L 13 1.84] 239.19 10
62.10 ~ 63.20{ L 7 0.98] 240.17 10
63.10 ~ 64.20{ L 8 1.09] 241.26 10
64.10 ~ 65.20f L 9 _1.22]  242.48 10
65.10 ~ 66.20{f L 9 1.22] 243.69 10
66.10 ~ 67.20| L 7 0.98) 244.67 104 -
67.10 ~ 68.20| L 8 1.09] 245.76 10
68.10 ~ 69.20f L 3 1.09| 246.85 10
77.10 ~ 78.20) M 35]  682.61| 929.47 10
77.95 ~ 79.05| M 66] 1355.90| 2285.37 10
76.86 ~ 7795 M 13]  204.80] 2490.16 10
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832 KH-219L

KH2IfLOHERB S . KH-23ILE AR FETER L, Thbb, FTFHEK
BlE%Z5m (5.070m) IXREL TR—) Y ILeRilho THRRIICTHEL .. MES
HRSNLEEBICBWIHERME mICEBE L THRLIAE L
(1) B=EXBEE 5m (EHI5.070m)

BZEXERESm (5.070m) DHERBER L FK-8348 L UH-8.3.6 IRT, BASSE
Do 72D 1E50~55mX [E D378 1mi/min. K\ T45~50mX #1682 ml/min. Bl T35~
40mX E D1312 ml/min, 20~25mKX # D726 m/minfE TH 5, A AT Y F—REIC K
% R E38394m/minTH V) . BEL HOILATHE= (8571 mYmin) &I1EIT—FL T
Wb,

(2) HEXEE Im (Ef1.055m3B & U70.950m)

HZEXESmOHEMRE T, HELZERKORONARKAZEHEE LT, ImXEDHR
EMBETEREL, IEXKEEL1.055mE L2RHERBERER83.58 L UK-83.7
WZRT e 78y A —HEIESmX B ERRE & B U 10kgflem® & L 72,

ZOFRTIE, 1.055mEX B ORI EST16641ml/min& %2 ), THIFEIESAOOT
RO 2EULETH S, ZOBRRE LTRO 2 00OTWEEIEL Shiz, 1DRHIE
KEPEHL TV SHHEE (AEREESImL YhTRIE) THh, 512
By A—EFARLTVALWEETH L, £ TLEOMRERET L, £HEE
Z7-2 W EOBER B ImOMERE % KB L7z,

2EBoRETIE, IEKEMOEE2 LR T340, 73y 1 —RKEREZH10cmHE
AL0SSOmIZE Y M LAz o F72/8y 1 —F b 10kgfem®D 5 20kgf/em?iZ5| BT A Z &
iUz, 2EHOImR B ERERRE YR 8368 L 0H-83810RT, 2 HEOHKK
#139673ml/min& % Y, OLWRKENLIME L 2oz, MEFHFICBVWTH IHELE
Y, REGHEOKXKES Yy —FICHRTEY, 1AEHOKRER LD SERORN—
HER 5, |

PED»S 2EAEORBHEENL VEBRECEVWIDOLELONSE, JOERIIOW
THR% &, 1000 ml/min Bl EOEKRAERE & /-0, 52~53mX HD2227ml/min, K
V2 T54~55m[X [ 0 1968mi/min, EATF37~38mE HD1191ml/min, 45~46mX E D
1182ml/minETH 3,

M-8391 5 mXEB XTI mXHE (2HE) ORERBHEREZHLELToy bR
Yo 72, H-83.1012, MEBRBERZOT»rLORBREIIERLLHERERT,
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BB i K- 21 L REIR O O TR ENEERE2 ¢ ORLTh S, KH-23fLLFH
e, HERBERIIHENBOEKRE L KTEENIIL LR RoTBYH, ZhidiEH
ERIEBOWTREFRECELHOEEEN LREMIEEI N DEEILNL,
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F*-8.34 MEMREBHEE (KH-214L. 5.070mfEMR)

BE REs XERE|BRBRE | /Sy #—F

(m) ¥ A 7 |5iAE| (mlmin) | (ml/min) | (kef/fcm )
5.00 ~ 10.07 L 0 0 0 10
10.00 ~ 15.07 L 0 0 0 10
15.00 ~ 20.07 M 10 140 140 10
20.00 ~— 25.07 M 37 726 866 10
25.00 ~— 30.07 L 4.5 0 866 10
30.00 ~ 35.07 L 0 0 866 10
35.00 ~ 40.07] M 64 1312 2179 10
40.00 ~ 45.07 M 17.5 303 2481 10
45.00 ~ 50.07 M 81 1682 4163 10
50.00 ~ 55.07 H 50 3781 7944 10
55.00 ~ 60.07] M 12 183 8127 10
60.00 ~ 65.07 L 0 0 8127 10
65.00 ~ 70.07] M 7 74 8202 10
70.00 ~ 75.07 M 10 140 8341 10
74.13 ~ 79.20 M 6 53 83941 . 10




#-83.5 WERBHER (KH-217L. 1.055miER)

R k-4 RERE |wmonm | /Sy H—E

{m). ¥ 47 | il | (ml/min) | (ml/min) (kgf/cm?®)
15.00 ~ 16.06 L 0 0 0 10
16.00 ~ 17.06 L 0 0 0 10
17.00 ~ 18.06 L 0 0 0 10
18.00 ~ 19.06 M 10 140 140 10
19.00 ~ 20.06 L 0 0 140 10
2000 ~ 21.06 M 38 748 887 10
21.00 ~ 22.06 M 38 748 1635 10
22.00 ~ 23.06 L 32 7 1642 10
23.00 ~ 24,06 L 16 2 1645 10
24.00 ~ 25.06 L 0 0 1645 10
25.00 ~ 26.06 L 12 2 1646 10
26.00 ~ 27.06 L 9 1 1648 10
27.00 ~ 28.06 L 6 1 16438 10
23.00 ~ 29.06 L 7 1 1649 10
29.00 ~ 30.06 L 6 1 1649 10
30.00 ~ 31.06 L 7 1 1650 10
35.00 ~ 36.06 L 50 15 1665 10
36.00 ~ 37.06 M 35 683 2347 10
37.00 ~ 38.06 M 63 1291 3638 10
38.00 ~ 39.06 M 37 726 4364 10
39.00 ~ 40.06 L 28 6 4370 10
40.00 ~ 41.06 L 40 10 43801 10
41.00 ~ 42.06 L 47 13 4394 10
- 42.00 ~ 43.06 L 56 18 4411 10
43.00 ~ 44.06 L. 24 5 4416 10
44,00 ~ 4506 M 20 357 4773 10
4500 ~ 46.06 M 64 1312 6085 10
46.00 ~ 47.06 M 57 1160 7245 10
47.00 ~ 48.06 M 10 140 7385 10
48.00 ~ 49.06 M 12 183 7568 10
49.00 ~  50.06 M 16 270 7838 10
50.00 ~ 51.06 M 10 140 7978 10
51.00 ~ 52.06 M 62 1269 9247 10
52.00 — 53.06 H 29 1968 11215 10
53.00 ~ 54.06 H 41 3004 14219 10
54.00 ~ 55.06 M 81 1682 15901 10
55.00 ~ 56.06 M 15 248 16149 10
56.00 ~ 57.06 L 86 35 16184 10
57.00 ~ 5806 L 24 5 16189 10
58.00 — 59.06 L 6 1 16189 .10
59.00 ~ 60.06 E 10 1 16191 10
65.00 ~ 66.06 L 7 1 16191 10
66.00 ~ 67.06 M 5 31 16222 10
67.00 — 68.06 L 76 29 16251 10
68.00 ~ 69.06 L 0 0 16251 10
69.00 ~ 70.06 L 5 0 16252 10
70.00 ~ 71.06 M 5 31 16283 10
71.00 ~ 72.06 M 10 140 16422 1¢
7200 ~ 73.06 M 10 140 16562 10
73.00 ~ 74.06 L 5 0 16562, 10
74.00 ~ 75.06 L 5 0 16563 10
75.00 ~ 76.06 L 11 1 16564 10
76.00 ~ 77.06 L 51 15 16579 10
77.00 ~ 78.06 L 0 0 16579 10
78.00 ~ 79.06 M 5 31 16610 10
78.i5 ~ 79.20 M 5 31 16641 10
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#-83.6 UWEMREHE (KH-217L. 0.950mM[H)

RE Lt XMz |REne | v H—E

(m) ¥4 7 | HAE | (ml/min) | (ml/min) (keffemn )
15.00 ~ 16.00] L 8 1 1 20
16.00 ~ 17.00] L 0 0 1 20
17.00 ~ 18.00] L 26 5 6 20
18.00 — 19.00 M 9 118 124 20
19.00 ~ 20.00] L 0 0 124 20
2000 ~ 21.00] M 3 96 220 20
21.00 ~ 2200 M 38 748 968 20
22.00 ~ 23.00] L 0 0 968 20
23.00 ~ 24.00] L 0 0 968 20
24.00 ~ 25.00] L 0 0 968 20
35.00 ~ 36.00] L 7 1 969 20
3600 ~ 37.00] M 6 53 1021 20
37.00 ~ 38.00] H 20 1191 2213 20
38.00 ~ 39.00 L 77 29 2242 20
39.00 ~ 40.00] L 0 0 2242 20
40.00 ~ 41.00 L 24 5 2246 20
41.00 42000 L 23 4 2251 20
42.00 43.00] L 57 18 2269 20
43.00 4400 L 12 2 2271 20
44.00 45.00 L 10 i 2272 20
45.00 46.00] M 58 1182 3454 20
46.00 47.00f M 45 900 4354 20
47.00 48.00] L 19 3 4357 20
48.00 49.00] L 0 0 4357 20
49.00. 5000 M 15 248 4605 20
50.00 51.00] L 0 0 4605 20
51.00 52.00] M 18 313 4919 20
52.00 53.00] H 32 2227 7146 20
53.00 54.00] M 4 9 7155 20
54.00 55.00] H 29 1968 9123 20
55.00 56.00] M 7 74 9198 20
56.00 57000 L 7 1 0198 20
57.00 58.00] L 22 4 9202 20
58.00 59.00] L 9 1 9203 20
59.00 60.00] L 12 2 9205 20
65.00 66.00] L 0 0 9205 20
66.00 67.00f M 7 74 9280 20
67.00 68.00] M 4 9 9289 20
68.00 69.00] L 9 1 9290 20
69.00 70.00 L 5 0 9290 20
70.00 71.00] L 6 1 9291 20
71.00 72.00] M 10 140 9431 20
72.00 73.00] M 10 140 9570 20
73.00 74000 L 10 1 9572 20
74.00 75.00] L 7 1 9572 20
75.00 76.00] L 11 1 9574 20
76.00 77.00] L 51 15 9589 20
77.00 78.00 L 0 0 0589 20
78.00 79.00] M 6 53 9642 20
78.28 79.28] M 5 31 9673 20
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8.3.3 KH-25fL

KH25LOWERE b . KH-237L. KH21fL L FfRO FETER L7, BB, T390
EXFELYSm (5.010m) KHRELTE-=J Y 7HEREICD - THEBBHIZHAEL, &
EVEA SN EBACB W THER 2 ImlIIEE L TELIFAEL .

(1) lEXE&E 5m (EH 5.010m)

BEXEE 5m (ERl 5.010m)OFERE, £-8378 L UK-83.11 IKRT, HFELRKE
PR S 0iF12~22mK H. 32~62mX . 67~72mEXBTH 5, 52~57.01mX [
THKH- 25L& b OREOFHE5 12572 53004ml/min e BE L7, BT AKH-
21FLIZ BT HEESOm~55mEFICBVW TRAREFZRFELTB Y, &ENLEE
FAICBWTOKH21FLE B BAERETR T, 28, XAV VY F—IlL3HBRE
(26742mlminTH ., KRB HOOTHE (7027ml/min) & ITIT—H LT3,

2 WEXEEIm (E 0.990m)

SmXEDWMERE T, HELZEAPBHI I A -KHAZHEL LTI mRERER
BEEELL. NEXMETEN T0.90me LIzRERBHEREZR388LUR-
83.121IR T, /Ny A —EISmEX FHRERE L | Liskgfem?*l L7z, HEOSVWXE
i353.0~54.0mX . 54.0~55.0mX . 19.0~20.0mX [, 45.0~46.0mX [, 51.0~
R2.mEBETHE, ARV F—I2k %%%Eiﬁ%msssml/mmﬂa h, RERLHD
O E (7057 mi/min) & D BETHESZVERE 2%, 2O L) % 1 mEHERE
DHRMEFOATHED 5 WIE b mEEHEERB LV KE 2L ERIL, BICERBL 7
KH-23, KH21fLIZBW T FFICREO LN, OB E LCEAHRLAZ DAY
O—DEEFEEZLNE,

H-83.BIX5mREB LTI mXE (2EE) DRERBERZELToy + 2
Rto £, 831410, RERBEREOTH L ORMKE LS L, KH257LIE
HIROOLKE E KB LI-BERE T T, HEREHRIESOEKE & EENIZIE
BL{—EHLTwA,
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#-83.7 MEMEBHEE (KH-257L. 5.010mXR)

RE MEsT XHheE |RERKE| BE [Svy—F

(m) 5 A 7| FAME| (mlmin) | (ml/min) | (kgflem )| (kgffom )
200~ 7.01] L 0 0 of o 15
7.00 ~ 1201 L 0 0 0f O 15
12.00 ~ 17.01] M 32 617 617] 0.05 15
17.00 ~ 2201 H 19 1105 1722 0.15 15
22.00 ~ 27.01] L 0 0 1722 0 15
27.00 ~ 32.01] L 0 0 1722 0 15
32.00 ~ 37.01] M 6 53 1775 0 15
37.00 ~ 42.01] L 48 14 1789} 0.05 15
42.00 ~ 47.01] M 39 769 2558] 0.05 15
47.00 ~ 52.01] M 36 704 3262] 0.05 15
52.00 ~ 57.01] H 4] 3004 6267] 0.75 20
57.00 ~ 62.01] M 8 96 6363 0 15
62.00 ~ 67.01] L 9 1 6364 O 15
67.00 ~ 72.01] M 21 379 6742 0 20
72.00 ~ 77.01] L 0 0 67421 0 15
74.15 ~ 79.15] L 0 0 6742] 0 15
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#*-8.3.8 MEWRBER (KH-257L, 0.990mX &)

wE iEE KHRE |BERE EFE 2y =k
(m) 47 | A | (mymin) | (mYmin) | (keffem ) (kgffcm )
12.00 ~ 13.00 L 56 18 18 (.00 15.00
13.00 ~ 14.00 M 18 313 331 0.05 15.00
14.00 ~ 15.00 M 20 357 688 0.15 15.00
15.00 ~ 16.00 M 9 118 806 0.10 15.00
16.00 ~ 17.00 L 9 i 807 0.10 15.00
17.00 ~ 18.00 1 20 3 810 0.05 15.00
18.00 ~ 19.00 M 5 31 841 0.05 15.00
19.00 ~ 20,00 M 60 1226 2067 0.20 25.00
20.00 ~ 21.00 L 0 0 2067 0.00 15.00
21.00 —~ 22,00 L 29 6 2073 .00 15.00
22.00 ~ 23,00 L 30 & 2080 0.00 15.00
32.00 ~ 33.00 L 12 2 2081 0.00 15.00
33.00 ~ 3400 L 20 3 2085 0.00 15.00
3400 ~ 35.00 L 9 ] 2086 0.00 15.00
35.00 ~ 36.00 L 49 14 2100 0.00 15.00
36.00 ~ 37.00 M 6 53 2153 0.00 15.00
37.00 ~ 38.00 L 19 3 2156 0.00 15.00
38.00 ~ 39.00 L 4{) 10 2166 0.00 15.00
39.00 ~ 40.00 L 12 2 2168 0.00 15.00
40,00 ~ 41.00 L 57 18 2186 0.00 15.00
41.00 ~ 4200 L 50 15 2200 0.00 15.00
42.00 ~ 43.00 L 11 = 1 2202 0.00 15.00
43.00 ~ 44.00 L 24 5 2206 0.00 15.00
44.00 ~ 45.00 L 15 2 2209 0.00 15.00
45.00 ~ 46.00 M 40 791 3000 0.05 15.00
46,00 ~ 47.00 L 0 0 3000 0.00 15.00
47.00 ~ 48.00 L 21 4 3004 0.00 15.00
48.00 ~ 49.00 L 0 0 3004 0.00 15.00
49.00 ~ 50.00 L 0 0 3004 .00 15.00
50.00 ~ 51.00 L 28 6 3010 0.00 15.00
51.00 ~ 52.00 M 35 683 3692 0.05 15.00
52.00 ~ 53.00 M 9 118 3810 .00 15.00
53.00 ~ 354.00 H 26 1709 5519 0.25 15.00
54.00 ~ 55.00 H 24 1536 7056 0.50 15.00
5500 ~ 56.00 M 9 118 7173 0.00 15.00
56.00 ~ 57.00 L 12 2 7175 (.00 15.00
57.00 ~ 58.00 L 0 0 7175 0.00 15.00
58.00 ~ 59.00 L 13 2 7177 0.00 15.00]
539.00 ~ 60.00 L G 0 7177 Q.00 15.00
60.00 ~ 61.00 L 20 3 7180 0.00 15.00
61.00 ~ 62.00 M 10 140 7320 0.00 15.00
67.00 ~ 68.00 L 13 2 7322 0.00 15.00
68.00 ~ 69.00 L 12 2 7323 0.00 15.00
69.00 ~ 70.00 M 20 357 7680 0.00 15.00
70.00 ~ 71.00 L 20 3 7684 0.00 13.00
71.00 ~ 72.00 L 13 2 7686 0.00 15.00
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84 MEREBHRERLZHVIEKERBOEE
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KERETm? ) E AU RO BENTE S,

%
HEhoXERHWT, FHERBEDE

T= QIn(R/r,)
27Ah

2. Q (mds) REERE. RIZBEEE, ridF—Y ¥ 7Em). Ahm)iik
FETDHL, D55, FEEERORSEFRMTH S5, TREOMMTHFMEIN2Z
DT, HREANOBBII/IEV, H2AIT, 76mmDF—1 ¥ FFEITH LT, R=40m
ERETHE, FRDGFIIHEMBOEII2 IZE LV, SOBEITIE, BhER
i3, KPRERE (HEEKEETHELALLD) C—8T5, Lo T, HEEAE
i3, EKERBOELEL LTRETHLLEZLND,

61T, ERBEE, EAERETHEXHMETRT AL RDO5NE,
KH-23, KH-21, KH250ETLO ImEKMASBRBIEES b LIcBE L7, £ILI0H
o TZERERE 7 H-84.1~H-8431R T, 2B, ENEIERT B3y # —REH
ODRBEFEZEEIIHBHICRELAELTBNTV 5, _

KH-23fLDOEEK V' — V13, TTm~TImD K BICFET 5, —F. KH-218 X U'KH-
25fLOEEKRE Y — YOG EPE- TB Y, WTFRDILITB VT L IEES0~56mft

EICER 2 EKEEINE OFEFR L 2,
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9 KH-25fLDBEKRER

9.1 ME
FREREDTRBRITHHL L 7oR — Y ¥ FKH-25FLIC B T BILUB AR S 256 L
KH-2SILNIC 70§ % B — > OBARE. B4R & ORI HAE 2 545+
B biS, BARYY — YOS ICHT A EHREIET 2, SEHOBIAXBAREBT
H%ﬁ%EﬁEKEWF?Vfﬁﬁ&TWF7U—ﬁ%%ﬁotoEWFvaﬁ%
M‘Vfwﬂyﬁ—ﬁﬁwotﬁ%Zﬁ%??vP%VLt%QKEL%ﬁﬂ%M%
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ETHY, REFHCEE SN, KEshicane BREBLFEIL LD (OMEGAHS
ROTAMETER) ERWTWE, HEHOFHICASV 2R, REREOY + v |
4yucwﬂw7®%ﬁnihﬁﬁo%@*EM%%R%(ma%%:~7)mﬁ%
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AL DR T Bo Xy I —OBBHET LAk, KERY 740 E ) 1S9 — 2
B - R B /8y 1 —EIE35kef/om? % KR & L7zo 2Ny 7 —iiEH., RBEEOR
BEWELLE, SVT RO TRBREM %Y v v b4 v+ 3, Yx v M UBOR
BREFEAOKELRIZ, EHE H— %@L Tr— FUFT=IZENERET L, RBX
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IOMEBEEEL Lz, KELRIHEEE, BEREIGELAL AL SNBAT
EEROENVFT vy THERERTUL, ¥y A YV THBRT 5. Vv v FA YN
VTEBRT S L, AP S ORBRBEE L 6 0B Le A T—SRB IR ELE
{o 7Y} 7U—RBTE, IORERIBROBEHEE S A\ CREGH 3 B+
Bo WETHY v v M Y VT2 BR L 2B AD O REFEBE L ET. 10B~1
SOBBTRIEISTH, KEFOFA£TEL 72

REH R L LK% EHIEICK 92115 . ARSI, EV Ty T8HBOE
Bl LEHREEE e TRLTH S, H-92.11CKH-25ILEKSR Y D BEL
P BABRE L ERRE Y RY. RBREKEOBEICY 7o Tik, BAY— > 2208
HLl, PECE L TRBRREE Y22 THMICH. HEREICB VTSI E
Vv, b L RED THRVREIE oW TR S 55 L7,

#-9.2.1 KH-25ILZKRBXE & XEkEs

B REX B (m) X i £(m) R AAT) v F—
NO. ME] Y 47 IHEEY|  HlEEe
1 12.23 ~  16.00 3.77 -
2 18.00 ~ 21.77 3771 17.6| H 084 -
3 34.00 ~ 37.77 3.77 99 M 118 -
4 44,50 ~ 48,27 3.77 39| M 769 -
5 52.50 ~ 56.27 3.77 351 H 2486 -
6 40.66 ~ 43,77 3.77 66| L 23 -
7 50.00 ~ 58.13 8.13 -
8 65.00 ~ 73.13 8.13 19] M 335 -
9 [21.000 ~ 23.023 2.023 1] L 0.00 -
10 |32.000 ~ 34.023| = 2.023 L 0.20 : -
11 [45.000 ~ 47.023 2.0231 378] M 743 708
12 {43.000 ~ 45.023 2.023 6] L 0.60 -
13 141.000 ~ 43.023 2.023 46 L 13 12
14 |38.000 ~ 40.023 2.023 6 L 0.60 -
15 160.000 ~ 62.023 2.023 6] M 53 70
16 |57.500 ~ 59.523 2.023 7.5 L 0.83 -
17 169.000 ~ 71.023 2.023 19 M 335 320
18 | 67.000 ~ 69.023 2.023 4] L 0.32 -
19 |47.000 ~ 49023 2.023 51 L 0.46 ~
20 }160.000 ~ 62.023 2.023 6] M 53 65.8
21 {12.000 ~ 16.032 4,032 6.2l M 57 68.8
23 {40.000 ~ 44.032 4,032 59] L 19 21
24 151.000 ~ 51.930 0.83 34 M 661 610
25 |53.000 ~ 53,930 0.93 251 H 1623 1560
26 {52.000 ~ 52.930 0.93 10] M 140 130
27 |54.000 ~ 54.930 0.93] 708] M 1460 1440
28 |55.000 ~ 55.930 0.93 8.8 M 114 114

H M, L: K, H, DpiESTEET, * BT (ml/min)
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The data analysis uses two major interpretation tools: Interpret and FlowDim. Interpret was developed
by Scientific Software Inc. of Denver, Colorado. It is a sophisticated computer code which is a standard
for the petroleum industry. Interpret can include well history effects, as well as boundaries, wellbore
storage, skin, and composite effects. Interpret bases its analyses on 2-D cylindrical flow, with additional
effects for boundaries and composites. Generally, Interpret can match most well tests using
combinations of these variables. Fractional dimension effects, for example, often can be fitted using
composite models.

FlowDim is Golder Associates’ well test analysis package that includes wellbore storage, skin, fractional
dimensions, and composite fractional dimensions. Both FlowDim and Interpret can analyze responses at
observation wells. FlowDim was used to analyze transient rate data from flow tests.

This section provides a summary of the well test analysis results. The interpretation of the well test data
are shown in figures 9.4.1-9.4.9. The interference results (see, Appendix) indicate the resuits support the
division of the rock mass into six response zones. The results presented here provide preliminary
hydraulic property values for the each of the zones with the exception of the C-zone.

The preliminary analysis results with comments are presented in Table 9.4.1.
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Table 9.4.1. Transient Analysis Results

Buildup Test tp=319.16 T=2.7E-06 All boundaries are
12.23-16 m (Source zone q=0.87 s=-3.8 no-flow boundaries;
Figure 24. analysis) Buildup starts di, d2,d3 =9, | Interpret-2 analysis
22/1/96 16:39:57 132,94
KH25/ Buildup Test tp=319.16 T=1.9E-06 FlowDim analysis
12.23-16 m (Source zone q=0.87 S=3.2E-04
Figure 25 analysis) Buildup starts nl,n2=2,1.6
22/1/96 16:39:57 D1 =76
KH 21-4 Response to tp=319.16 T=2.6E-06 All boundaries are
(r=2) Buildup at q=0.87 s=-3.9 no-flow boundaries;
Figure 26 KH25/12.23-16 Buildup starts dil, d2,d3 =9, Interpret-2 analysis;
m 22/1/96 16:39:57 132,94 almost identical to
(Observation 7 source zone
zone analyzed as behavior
a SOUrce Zone)
KH 19-7 Response to tp=319.16 T=6.5E-07 All boundaries are
(r=12) Buildup at q=10.87 S =24E-06 no-flow boundaries;
KH25/12.23-16 Buildup starts Df=0.27 Interpret-2 analysis;
m 22/1/96 16:39:57 | di, d2, d3 = 46, similar late time
{Observation 34,28 behavior as source
zone analysis)
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Table 9.4.1. Continued

KH 19-7 Response to . tp=319.16 T=6.5E-07 - All boundaries are
r=12) Buildup at q=0.87 S =24E-06 no-flow boundaries;
Figure 27 KH25/12.23-16 Buildup starts Df=0.27 Interpret-2 analysis;
m 22/1/96 16:39:57 | dl, d2, d3 =46, similar late time
(Observation 34,28 behavior as source
zone analysis)
KH 19-8 Response to tp=319.16 T=2.8E-06 All boundaries are
(r=9) Buildup at q=0.87 S =3.3E-05 no-flow boundaries;
KH25/12.23-16 Buildup starts Df=0.08 Interpret-2 analysis;
m 22/1/96 16:39:57 | di, d2,d3 =19, similar late time
(Observation 17, 27 behavior as source
. zone analysis)
KH 20-7 Response to tp=1319.16 T=3.1E-07 All boundaries are
r=2) Buildup at q=10.87 S=14E-04 no-flow boundaries;
KH25/12.23-16 Buildup starts Df=0.002 Interpret-2 analysis;
m 22/1/96 16:39:57 | d1,d2,d3=4,5,9 | similar late time
(Observation behavior as source
zone analysis) :
KH 234 Response to tp=319.16 T=2.9E-06 No boundaries
(r=30) Buildup at KH25 q=0.87 § =2.2E-05 discernible;
/12.23-16 m Buildup starts Df=10.13 Interpret-2 analysis;
(Obs. zone 22/1/96 16:39:57 :
analysis)
KH25/ Buildup Test tp=339.32 T=1.8E-06 Interpret-2 analysis;
18-21.77 m (Source zone q=1.3 s=30 flow period assumed
Figure 28 analysis) Buildup starts to be a single
23/1/96 12:49:16 constant rate period
KH25/ Buildup Test tp=339.32 T=9E-07 Interpret-2 analysis;
18-21.77 m (Source zone q=0.6 s=36 multiple rates
analysis) Buildup starts (assumed during flow period
23/1/96 12:49:16 identical used to match
wellbore storage { pressure data during
throughout) flow period
KH25/ Buildup Test tp=364.84 T=1.5E-06 Interpret-2 analysis;
52.5-56.27 (Source zone q=4.37 Total s = 0.05 late time data shows
m analysis) Buildup starts leakage effect or
24/1/96 14:20:07 transition to larger
flow dimension
KH25/ Buildup Test tp = 698 T1 =13E-06 Interpret-2 analysis;
60-62m (Source zone q=10.07 T2 =1.9E-07 boundary is a
Figure 29 analysis) Buildup starts rl=12 constant pressure
7/2/96 11:32 s=20 boundary
dl =48
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Table 9.4.1. Continued

KH20-3 Response to tp =698 T=3.3E-07 Interpret-2 analysis
=7 Buildup at KH25/ q=0.07 S = 6E-07
Figure 30 60-62 m (Obs. Buildup starts Df=0.55
zone analysis) 7/2/96 11:32
KH25/ Buildup Test tp=508.33 T1=1E-06 Interpret-2 analysis;
65-73m (Source zone q=10.37 T2=9E-08 boundary is a
Figure 31 analysis) Buildup starts rl=14 constant pressure
30/1/96 13:49:36 s= 81 boundary
dl =64
KH 21-1 Response to tp=193.26 T=3.1E-07 d1 is no-flow and
(r=2) Buildup at KH25/ q=0.32 S =2.4E-05 d2 constant pressure
69-71.023 m Buildup starts Df=0.01 boundaries;
(Observation | | 8/2/96 10:49 dl,d2=3,14 | Interpret-2 analysis;
zone analysis)
KH 21-1 Response to tp=193.26 T=13E-07 FlowDim analysis
r=2) Buildup at KH25/ q=0.32 S =09.7E-06
Figure 32 69-71.023 m Buildup starts nl,n2=22,24
{Observation 8/2/96 10:49 D1 =127
zone analysis)
" KH 20-1 Response to tp=193.26 - T=2.1E-07
(r=5) Buildup at KH25/ q=0.32 S =6.4E-06 Interpret-2 analysis;
' 69-71.023 m Buildup starts Df=0.03
(Observation 8/2/96 10:49
Zzone analysis)
KH 20-2 Response to tp=193.26 T=1.6E-07
(r=2) Buildup at KH25/ gqg=0.32 S=9E-06 Interpret-2 analysis;
69-71.023 m Buildup starts Df=0.02
(Observation 8/2/96 10:49
zone analysis)
KH 23-1 Response to tp=193.26 T=2.6E-07
(r=10) Buiidup at KH25/ q=0.32 S = 8E-06 Interpret-2 analysis;
69-71.023 m Buildup starts Df=0.03
(Observation 8/2/96 10:49
zone analysis)

-163-




Table 9.4.2 Nomenclature

Name | Unit Description
Df m’/s |Diffusivity
di m  |Normal distance to the ith boundary
i m Flow dimensions for the inner and outer
nt, = . .
zones of a composite medium
.., . |Average flow rate at the pumping zone prior
q lit/min .
to buildup
m Assumed distance from source to observation
r
zone
1 m Radius to composite medium interface from
r
the well
Dimensionless radius (i.e. ratio of radius to
D1 - wellbore radius) to the composite medium
interface
S - Skin factor (for 2-D cylindrical flow)
S - |Storativity
T m’/s |Transmissivity
T1.T2 | m*s |2-D transmissivities for the inner and outer
Effective duration of abstraction (with a constant
tp hours rate) from the pumping zone prior to buildup
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The interference responses are qualitatively described in Table 9.5.1. These responses are valuable for
defining the connections between zones. As shown by the table, the interference responses are
consistent with the interpretations of zones presented in section 3, with a few additional insights.

Figures 9.5.1-9.5.6 show the responses of the piezometer intervals, excluding KH-21, during the
conductivity testing. Please note that the time values are in days since the start of the year and are thus
one day more than the corresponding calendar date.

The A and B zones responded strongly and only to the test at 12-16 meters. The B zone TESpPONSE Was
larger in magnitude, but both zones had the same general transient form.

The C zone had one clear response which was to the test from 34-38m. This interval lies among high
pressure, “D”” zone conductors, but would appear to be a lower pressure feature of the “C” zone. It will
be important to separately isolate this feature in the piezometer designs for KH-25.

The D zone is again the dominant, high pressure feature of the Task 3-2 area. The responses are similar
for all the build-tests, except that some zones respond more strongly to particular tests with which they
are more strongly conmected. A particularly clear example of this was the test at 40-43.8 meters which
did not strongly affect most of the “D” zone intervals, except for 20-5 which responded very strongly.

The E zone had one strong and clear response to the test at 60-62m, and also responded weakly to the
tests in the 69-71-m conductor zone in KH-25. Although these responses may reflect KH-21 problems,
they may also suggest a connection between the fractures of the E and F zones.

The F zone intervals strongly responded to the tests at 65-73 and 69-71m in KH-25. These intervals did
not have any apparent responses to any other zones. The 67-69 m test may have set the lower packer
over the conductor in the 69-71 interval, thus causing a strong build-up in the F zone conductors. This is
the strong build-up response which occurs at the end of the testing.
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Table 9.5.1 InterferenceResponses(Preliminary)

Zone A B C D E F Notes
Intervals |19-8 [19-7 |20-6 |19- 20-3 | 20-1
' 23-7 (20-7 |23-6 |2,3,4,5,6 {21-2 | 20-2
21-4 (23-5 |20-4,5 23-2 | 21-1
21-3 23-1
23-3,4
12.2{ 16.0| x X Some leakage effects from
KH-21
18.0| 21.8 X
21.0] 23.0 No Appreciable Build-up
32.0] 34.0 No Appreciable Build-up
34.0| 37.8 X Low pressure zone in middle
of high pressure region
38.0] 40.0 No Appreciable Build-up
40.0| 43.8 X
41.0{ 43.0 X Only 20-5 but a very strong
response
43.0| 45.0 X
44.5| 48.3 X
45.0] 47.0 X
47.0] 49.0 No Appreciable Build-up
50.0| 58.1 X
52.5| 56.3 X
57.5| 59.5 No Appreciable Build-up
60.0| 62.0 X
65.0| 73.1 x? )
67.0| 69.0 x? X Packer Dblocked 69-71m
- false? |conductor causing build-up
69.0| 71.0 X? X

-175-



9L1-

Frassum

" Probable Effects of
: Leakage thraugh KH

21 ?ie;omqt( ;

‘Fime, Days

Figure 9.5.1

ZONE A RESPONSES TO KH-25 CONDUCTIVITY TESTS




Pressuny

“LLT-

f K187 |
Pem=n KH-20-7 |

 Eflects of Probgble
» Leakage through KH-217 - .
» Plggometer T e T

20 25 30 5 . A0
Time, Days

Figure 9.5.2 ZONE B RESPONSES TO .KH-25 CONDUCTIVITY TESTS




-8L1-

Time, Days

Figure 9.5.3

ZONE C RESPONSES TO KH-25 CONDUCTIVITY TESTS




“6L1-

Praesure

16 +

14 3

ol

124

(it KHA19-2
| KH-18-3
s,
e KH19.5

18

28

3a 35 410

‘Time, days

Figure 9.5.4 ZONE D RESPONSES TO KH-25 CONDUCTIVI'i’Y TESTS




-081-

K282

Time, Bays

Figure 9.5.5 ZONE E RESPONSES TO KH-25 CONDUCTIVITY TESTS




-181-

Prossurs

14 T

LR O

12 1 R

K201

e KH:20-2
e KH-23-1

18

Finmwy, Days

Figure 9.5.6 ZONE F RESPONSES TO KH-25 CONDUCTIVITY TESTS




10 /¥y h—FE

10.1 BE

KH-23fL, KH-21%L, KH-25fLOER—1) ¥ FHIFLET#, /Sy A —2EE2 &K —)
YZILICRE L, MERBICKEBRE 2 ERT 5, RETIR, N~ RV My I—0
Bl o TERBLATVRI) =Ny H—BRBIZOWTHERS,

gl‘:g

102 EEOHME

TYRI)=Ryh—EEE, NSvh—, 14VFEYF, A USAL TSI —
BLUYI6S ¥ FF ARy Fa—TPrbhb, 78y h—id, BASKIHS#/Sv h—%H
Wiz, By FCERAF—VEDO 1A Vv F 8L T2BVE, BIEXEORELTRS 7
V2, Im, 2m, MmO 3EEOESOIDEHAE L,

SED LT, B0y -2 F—IRICRE L., BEEEOKENEZTE S
720, TRENRDONy A —BIOUEREPLLOF 2 -7 20y FOFRITET L
Bldb, A VvIL YT Ty —iE, COLIRERNICHWLTY TS —T, gy ¥
DABIPSHEIICF 2 — T 2O BT ADDLDTHE, A VSAYTFTF—IC
B, 2200Fa—T (KNovh—94 7, FEAFA V) FPEROIHEE L5 oTw
Bo N A—HRBIVETT A ViZik, 31614 Y FOFABrFa—T2EN,

10.3 23— EWRIR

Ny A —REBEILEoTR, OFEL2EREARLBEHL, B4 o8BI EHLT
WHEKEZIEET S, QFFLVWRELOATALEDEND #{LiBT 2, Lw) HHE
EZRLTEAON Y H—OREBTEILEFHE, F2T, 7RIV —nvh—DFK
EMEIZ, HIFLEEOBEKESKELS. $/-BIVEEXHERECHLMIZ R o 72
HERERCEKEEEOEEL b L ITRFT L2, K831y 7 —REBEEEZTRT,
KH-23, KH-21, KH25FfLOER— ) Y FICRE L7z8y b — @i, £4, 7T,
48, 2FTH 5,

-182-



#1031 FTryRITY =ity h—REBEREE

N wh-No BREEE (m)

KH-23fL | KH-21fL | KH-254L

#1 74779  68.980 18.000

#2 54,842 57.807 4.992

#3 46.903]  20.799 —

#4 39.815 5.099 —

#5 30.876] — —

#6 17.938 — —

#7 5.000 — —

# R BIEEFILAAISY F — T AFOE
104 N9 —BREBEEERODEICENVET T
(1) KH-23f/%y h—BRBEBROEHENFT v T
X-104.1~3-10.4.212, KH-23¢L/8y 7 —BRBEROXEES L OBEFFL (KE-19
Fl. KH-207L) AOKELEILEZRT,
(2) KH21FL %y —REBEEBOEHEVFT v T

M-104.3~3-104.6t2. KH-21FL %y 7 —HREEROXBES L UBEFFL (KH-19
FL. KH-207LB & U'KH-237.) ADOKREE{LE R T,

_183_



Pressure (kgf/cm?)

Pressure (kgf/cm®)

20

=
wn

[
o

20

[
w

=
<o

........................................

KH-21-4
KH-21-3

KH-21-2

KH-21-1

1 1 i il 1 1

L1 1

14:18:20_
14:26:40

14:35:00

14:43:20

14:51:40 i

Time

15:00:00[

15 : 08 : 2 0 -_..........----'- -;n»-unoqqqn..
15:16:40F

[-104.3 KH21%y #—RBEZOLSXEE

15:25:00

KH-196-1
KH-19-2
KH-19-4[
KH-19-3
KH-19-5
KH-19-6
KH-19-7].
KH-19-8

12/1

Date

K-10.44 XH-197LKEIEE (KH-21FL/%y » —REER)

-184-



Pressure (kgf/cm’)

Pressure (kgf/cm’)

20

KH-20-1
KH-20-2["
—— KH-20-3
KH-20 -4
KH-20-5
KH-20 - 68
KH-20-7}

[ =]
U

10

11/29 11/30 12/1 12/2
Date

X-10.4.5 KH-20FLREBE (KH-213%y 7 —REER)

20

[ T

0 i i i
11/29 11/30 12/1 12/2

Date

-104.6 KH-23FLKEHRE (KH21FL/3 v 7 —REER)

-185-



(3) KH-25FL%y A —BBEBROENELVF7 v 7
[K-10.4.7~X-10.4.101=, KH-257L/%y ¥ —HBEZOXMESL L UBHFF. (KH-19
FL. KH-207L.. K233 & U'KH-217L) ROKREEILE T T,

o]
o

l_\
2]
IT LI

o]

Pressure (kgf/cm?)
I-...I
L]

o I ; i i i
2/22 2/23 2/24 2/25 2/26 2/27

Date

-104.7 KH-258 & UKH-19fLEME (KH-25FL %y # — R EER)

20
5 15
:;-"" ______,__,_.——-—‘M
2 | KH-20- 1}
; KH-20-2
g 10 KH-20-4}
5 ] KH-20-3
w 1 i KH-20-5
o I KH-20-6
Hoos i S S SRR KH-20-7.
- : KH-25-1
if : KH-25-2||
0 ; I 1 I 1 1

2/22 2/23 2/24 2/25 2/26 2/27
Date

£-10.4.8 KH-258 & 'KH-20fLIXME (KH-2570L/% v »— R EBER)
-186-



Pressure (kgf/cm?®)

Pressure (kgf/cm’)

20

=
wn

[N
o

LI I S S I S S R  P——

KH-23-1
KH-23-2|
KH-23-3
KH-23-4
KH-23-5
— KH-23-6
KH-23-7"
KH-25-1
———— KXH-25- 2
0 = é i
2/22 2/23 2/24 2/25 2/26 2/27

un

Date
}-10.49 KH-258 X OKH-23fLEXME (RH-25FL7%y 7 —REER)

20
15 & N AU S—
i JaVaa PN e VAS W W U
KH-21-1
10 Y| ——KH-21-2
KH-21-3
KH-21-4
5 KH-25-2|
KH-25-1
0 i i i

2/22 2/23 2/24 2/25 2/26 2/27

Date
X-10.4.10 KH-258 & U'KH-21FLEEE (KH-25FL/% v 7 —REBEER)

-187-



11 REBEREE T TNV ORE
1.1 #%E
mtbuﬁ&tiﬁm\KW%@Q%M\ﬁﬁﬁﬁlvfwmﬁﬂﬁﬁﬁ%%aﬁ
KFBZEREEHE LTV,
ZCT, AETIX, SNETRRONLAE - REF— 7 2B A00IC58ME LR
BRRETT VOB 27429,
KEHERBEE TV OBEIT, TROBETRIIEETDH 5,
(DL FIKIREYE 7 DFEEE
REL) THOBTAKEES P RRECEA3ETIVEESETL, Thbb, BBAD
BHESMBLTEREO DA ER L 2EF ML D BT ARREFTEERKL. B
HWOKER OKEMN) 2EHETED I LERET 5.
QKBRS Y b~ DR R BOERE |
WRER R3Sy A —NEBEDOBELT% ) LT, BBNRTY) 7HOKBHEEED
EESBETH 5, BB, HILMOKESHEES 2 VLD KRBT 2L
PFEL LV, Tbb, BBAKKR-) Y FIEIILENSE &, ThFERERE
Bh, BROKER2KELSEZDILPBEENS, FI T, KEMEHEE SN
BLAELT, B258KV—VEI LITRBETEDL L) /Sy i —BELTAHEX
Thbd,
GHLEEXRRBRB LML — S —HBOEHILE
LEZKABRB LT L~ — BRI, KEBEEET TNV ORI & BTSN
B (V—V) OXE - WEBTNIA-FORBOENEE TS, Lo T, &
BRETEOULFEICH7-o T, RENED) 7THOKBEHERSOREZHL 2L
TBLDENRD B,
H-11.1102, KREBEHERET T IVBEOOORT 71— 2RT,
Thbb,
ORBRL) TROBESTICHET 27— & OB
QKB 2 EiE M. KEHOIBE
QEEKREFNE OME B & U0 Sk DILiE
@EINE (V=) OKENT X — & OifiE
DENVEHEZR TR o2, BEZBRENIZOW - FiTAZ LIk VHEBTHR Y
THOKEBEBEET TNV EeEET S, FEER, I TORTOEPERICHE
-188-



-681-

TNFISy A —iT kB

FLAKERISE

T
SR

TR B T AR

REXT Y THDOKES M

B EA RN
VBRSO Bk M

KE5 2 —F (Fk
M. BRARED -

M-11.1.1 KRR E TV ORE 70—



D, BEINLZKEHEEETTVOIRRELLDOTIE LV, 22T, REEDOR
SOERIZ, BMYL-BR Y — oMt KBREOV—-= Y FIZEPND,
BRHEMICIE. REEFESNTOAFHRF—) ¥ 7OHIFLIC L D155 5k
mﬁf'9%§&hﬁﬁt ynx+~w@m b L—— ﬁ%#%blvﬁﬁ
%ﬁm&ﬁJLxéﬁﬁéﬁ&vo .__j. ST
uTL\Elnlmmh @ofﬁdéﬁbéog;f~f57“"

11.2 %ﬁﬁﬁkrﬁfﬂﬁﬁkomfw%g - o
B-112.1KBBRL Y THOEH =) ¥ I CRE S m»rm%f“@ﬁﬁ T
KH-23. KHm\KH%%T—U/fﬂmﬂﬂﬁLﬁ éntéﬂt EEREL
%%ﬁ}%ﬁt@kl:?&kib @mrﬁma (im;’cr‘jﬂﬂ%ﬁ%k &%imﬁ) D %

RKAhb, o | e
B-112.214, KE23TLTLEOE ﬁﬁxaﬁunaﬁ}zﬂﬁm%ﬁm&ﬁr‘%
M%Ewmﬂ KIRE L7226 DTH B, K-11.2313, %@#%%Aﬁbbtofi&
bf%@f$5r  o
FAEIC. KH219L, Kﬂzs?w)fr—“%% B-11.24~E-112765Fe 72 ShbHD
RREETHN T LOLERE, H-1128127F %,

20 b0

=20 t

K-112.1 &F—1) /ﬂLV\]@EﬁD%*"O)ﬁ}Xﬁ (FEIEHIESmmEL |)

-190-



20 r 20

10 10}

10 15 20 25 30 30 35 40 45 50
(a) 10~30m (b) 30~50m
20 20
10 10

-10 -10

-20
65 70 76 75 80 85 90
(c) 50~70m (d) 70~80m

H-1122 ShE»SHEESNIETGEER (KE-2381FLE, 20mXH%E)

-191-



-zol-

-20 | KEBEDKEE L \! % ! o
T gy i =5

Pressure Responce during KH-23 drilling

20 r

LR

- 1kg/em2 Ll B
— 0.2~ Tkg/om?2 7 i
— 02kg/em2BLF d

80

o 25 50

X

-1123 SnE»LEEINLENBERE (KH23TLEITLE:, £X)

75

KH-23
KH-20

KH-25
KH-21

KH-19



20 [ 20|

10 10 |

10 15 20 25 30 30 35 40 45 50

(a) 10~30m (b) 30~50m
20 | 20
10 w0}

Y b
-10
-20
TOI B 7I5 ‘8'0 ‘Bl5 - 90
(c) 50~70m (d) 70~80m

H-11.24 EhE»SEEINIENDEEE (KH-21KI7LE, 20mXH4E)

-193-



-#61-

20

-20 F
—p  lkg/em2BL b

Pressure Responce during KH-21 drilling

KH-23

KH-20
KH-25
KH-21

KEBENDKE S

e 0.2~1kg/cm2
—=  0.2kg/em22AT

25

KH-19

75

0
X

K-1125 ZhEH»bEESNLZEHREES (KH21FLETLE, £XH)



20 20

10 10 r

10 15 20 25 30 30 35 40 45 50

(a) 10~30m (b) 30~50m
20 20
i0 10

.10
-20
0 75 s 85 80
(c) 50~70m (d) 70~80m

H-112.6 S H2 LS ENLTENEEERE (KH25HFLEE, 20mXEE)

-195-



-961-

Pressure Responce during KH-25 drilling
I | //\\
20
0 1 W™ % a0 0 @ o ®
L 2
A A
X s
0 i‘ J;\%’:;gw‘
—‘_—T%% -
a0 b KEBEDRKE S _ i :
—p=  lkg/cm2bl | =i _ g R
I R Y
— - 02~1kg/cm2 i § 4.5
—=  02kg/cm2PL T mi|
0 25 50 75
X

[-1127 EhE»LEESNBENSEER (KH257LEIFLE:, £K/)

KH-23
KH-20

KH-25
KH-21

KH-19



-L61-

20

D DA%
WSz
LA
7’

o b KEDRE

- KH-23FLEIFLE:
—  KH-21FLEIFLE:
—#  KH-25FLEIFLER

0 25 50

75

X

F-1128 ZhEBE»SLEEINEEIREREE (2S8R

KH-23
KH-20

KH-25
KH-21

KH-19



KH-19FLIZ @2 ) ISR I oW Tid, FFLEKH21, 23, 25&FfLE oo E
BB D 2w/, HESEHETH AP, CORXEERL &, EHICEERS, B
ENBOGHIrLHILIEERETELEEEDNS,

113 KEDFHED S H 7= KBEDV — = 5
BR-NVIFHADEN LB L, HIERBBICRLsEREL TV, FIC
i, BETLHEX B TlobariR VW KEESRONE LA b H D, TDOZ Lid, REE
TYT7AI, BEWIIKEF2EBEESL 2 EBROENE Y -V AHFETHI L
ZRRL T3, #ITAROBNSIZITEFRBICH LB/ 1T, BEWICEEL-H

nE (V=) ik, BIZELWAKEER2ELTWAREEZORS,

DX BEZOEIC, BRI THOKESHICET V- v 72k ni. K-
113.112, ZDRREZRT FHICRTLH I, HBRZU T, KE{A~FD6D
DI —IZFTbhb,

B-11.3.21, KELZ LBV -V FERE, RIFHiTROA-ENEEER L -ENE
EEBOMNE2BERIDIDTH L, ZOKEFS, EHREERIL. 80BN 2 KRV
T l4DV—VATELTWE I EFGNPDE, O L, &V — VEOERFMEDS
BRVZERRLTBY, KEF—FI LB —o v 7, KBZHEEEDOH 5 E)
NE—YOGHERLTWAS I LFEMFITENRT,

LB, FY VO X DFEMRERIC OV T, BEICGOLDERHMIC X 2RE A TS
VAR B,

114 WERBHR»ORIENE Y — Y OmRE

HIFLERDET A, BB EKEOEWENEIZBWTRHET 5 TEEEIE W E
EAbND, £IT, MERBEREN,LELNEKEREOSHA L HIH T TICRKD
RENE YV — L DEBICOVWTEET 5,

RI-114102, &R =) ¥ FIIHE o LEKERBOGH L KEFOV — = v TR
TERTRT, ‘
MERBICLVRONLERIE, KH-23, 25, 210KFLA T, Mz LBk
NEPRFHLTWAILZRBRLTWS, —F., KB-19FLO25SmETIE, +—5—
VBRI o L BKERME AT DENEFFHALTNE I L ERL T %,

—F. KEGHIRET V= U I ORI, BXEREE., KH23, 25, 2107

~198-



-661-

[

o4 | I
o drshrltoar
S 207
: %é__ 0.5 7.2;: / j -
% . l—-:F':ﬂ_-J g =
o L o = 1 7 A F
> ""'_':# ™ y
F V=D
16~19
<20
i} 25 ' 1 30 I

73

X

B-11.3.1 TASK3-2T.1) 7 DOAKESH




-00¢C-

20

-20

KIEISE
— > KH-23FLBIFLEF
—  KH21FLEITLEE

—p  KH-25FLEIFLEF

0 25 50

B-11.3.2 TASK3-2x.YU 7 OKESH & SN EH % EE L 7= MILREOE D i ks

75

KH-23
KH-20

KH-25
KH-21

KH-19



-10T-

[

20

oy
i % 4107
P 2
E 3107 4 -
= S fon V=2 C —
= 2w*_‘f‘/A ‘ ( |
t .
@ 7 7 —
E 1107 -
& 0 ? —
£ ; o === S i =F™ KI+23
= . —
L A= T \ A e el P K20
= ] B 25
jusss T —
- KH-21
" .
1 3 Pl I |
1} 25 a0 73
X

M-114.1 HERBERD>LEE L I-MiEEKkERHK




LU EKEERE (V=) AN B~FORV—VilgEsaInsZ B RLTY
Ao T/, KH-ISILAOEEKEENBIL, FOIEELEAEN Y —-DIZETF N5,

115 Z£
11~114F TORFTOER, UTOZEFHLPITE 272,

- BR-Y VTHAOKESHL S, BRERTY 7id, 6 DOMM LAV — VIZHRE
Sha,

- HIFLREOENGEERBE DS L, AV -V ORPTRETEY, V—VED
IKBZBREID LW ERTRBRI N,

KEDEER L, BOSINESAORED» b KEREERET L D FHICREE TS
2, |

D EofERE,S, HESNABEY — v OSmEE-11.5.1R T, &%z En s
LT, SBRT ) 7 OREICH AKHATLA b, BHOKH23ICHS o TEILADE
KEEINEOEE, EXEMET T 2EAIICH S, FITV/—DEV— Y COERIT
DV, KH20EKH25E OB TAE 2AEZHE LTS Y. KH-25HIFLEHIKH-20
IAOEZELEAREDR NP o722 b, MEPOKBERIFET LR
bhs, LiL, BEATEZOETEE S S TR,

KEDDATP S IE. MBRICR T, ILREALEEICHED ) BTAREND P L FIF
Aoh, @F0IciE, NWITENDP ) BAPBEEI L,

T2, BB TRHORERLZKESHORERL L TEZ LN T, Wb bk
B TI2WTHE, ¥HEZTWe L)k, BEKEOCHB L o tBEZbOT
Wad, IVEELTHEBEENERICLA2VDTHEEbNE, FO—2DREIL,
SNEDIIRZY VI ThHbE, Thbb, BKESHNEOEFTLTWHEEL,
BHENE DL R WELREKREDOL L WENEFLY) TAKFETAZ LITLD,
KESHIRERO LB R E LS TR EFEL LN,

INDDEMEPRBECOWTHE, REEOFBEICL T, L VFMAICHL AL
IR B 7, |

FO/OIERBTNESPHEHEE & LTI,

- KH20LOWEWRE ., €OMOFLLEFARL T TNy i — I L ) BRRET

202-



Reduced
Permeability
Zone

Access Drift

KD-980 Drift

LEGEND
B8  High T Zone

[ Packer

0 20
o
METERS

-11.5.1 TASK3-2LY 7 HOBEKEINE V— ¥ DG

-203-



v, BEKENEOUNEL ERICFET 5, \

- KH-22, KH-240 2 fLOFHHEF—) V FILAFLEOEEE, BTV, MERE

DFEEFPEIL, hIT IR LAKBEREEFNVOBEMZITR ).

L INECOREDLBEENL VL OPOBAEENE 215 L LILEEARE

LY, FOEEME, KEEEEEL T B,

CE . AEEV—H—RERICL ), CALOBKBENE OWERTEEETELD
=¥ 5, e

-204-



12 REEOFEHRERIE
REFEE, FROERICFIHRSE, LMBEKBRBLIUFREE LV —F-RBRESE
7 O DWEFFERME L LT, KH-23, KH-21, KH-25% 3 KDI0mF — 1) » 7 ILOBE
Bl & S h i) BEFILAO EHREERE. BTV, HERBEOILAKEREAZE.
RNF Ny H - BB L BRESARRE, &5k, KH-25ILAO BAREET ) &
CEICE D, TASK32TY THOKBHEBRELZHE L 72 |
KREFEIE, CHICSIHRE 2ERDF -1 Y77l (80m) ZHMHIL . REE EERKEK
BHEFERTICLICL ), REBEDY 7OKEREAREL L DEFMICEET 2. £
7z, B LENE Y-y xR e LI EKREBRB LUENEE NV - —%H
W FHEE DY REE ER L. BABEINEOKENT A -5 BLIUTWEBTN
5 RA— 5 2 IEFT %,
REEOEBABTIILTOEBY TH S,
(1) EHEEOKE
TRk 8 EFICERMT 2 AERROFM L EHETE L RET 50
i, SEEITORREHIAC, FRIOFEEICERT S P LT -HEOK
BEELTRET 5,
(2) $0mA—1) ¥ 7, (24 KH-22FL. KH-247L) 3EHI & AR DK BISEFE
KH23 L0 OEREG2NBT L2 EE LTKH22 L2, T2 ML —
F—RERAR - Y 7ILE LTRH-24FL2 EHlT 5 (R-3.1.488) . ¥, Th
ICIREHI SN R =Y Y FILCRE SR HBKEE=F ) VSV AT AR AW
TR = Y 7HLORENHE ) ENIE BT 50
WHIROR—-Y V7BV Th, EHOEHEERTRICILON L DEKER
gL, JLOCE>RE LHABRKEZZEET 5,
(3) KH-227L. KH-24FLOF7 & — NVTVERE, BtEE. L) B
BEILZ3RDFR-Y VI OERIZHIZ) R7 R - VTVEE., RIS LA R
DREEIT, SNEONE. FH. EECHELWSOREAFHLEREIT ).
Tz, LMD RBEIT, BHILR—) Y VHLOERRE L FMZEET
%o
(4) KH-20fL. KH-22%.. KH-24FL TORERRE
KH-22FL. KH24F0OZE R~ » FHOWEIET &, F— U Y FHERICE- T

BRKERE TV, ERERBLUVEREEZFET 2,
-205-



$7-. KH20FLIZ BT H4-6D F L—H—REAINVF Ry A-—V AT ALE
BT 2BICRERBEZERT %0
(5) KH-22%L., KH-243L~/%y A —REDHRE

KH-22FL7% & (R KH-247L03EE 22 & IS ET/EOKT BE B [CHBRKER EH
DINFISy H =V AT hERET 5o |
6 FL—H—REBEHTNVFNyI—VATAOEH

PR 6. 7 EEOFERES S ICKH-227L, KH-24FLOEEIAERFRICEOE,
- —RESENE 2BEL. FOYREEZMNREL L LT —RRFE
HCEBINTF Ny H—YAFADVATY b, BECHEFORBAET=5Y ¥
FYATL2EHT 5o

LB, M —F—RBEEREhEOBECEL TR, YFEFLBROLTHRE
THHIDLT B,
(7 FLEEKEER - FHEN LT AR

42TEE L ML ——RBERRENEHOBKEELINET 5 L LRBMHER
SEIMOKBEN AP BET A ERHBE LT, KU Y 7ILHERRERL
%ﬁTéoit,bV—ﬁ“ﬁ%ﬁ%%hﬁ@ﬁ%%&%gﬁﬁﬁﬁ%ﬁﬁT%C
LhREMELT, FHEHN - —HRTERT Lo

ARROBRICES S TR 0 ERICET BRI b L —F —HRERORBREM
RRET Bo
(8) 7 — ¥ OB X UKERERET 7 NVORET

Q) ~(NTELNEF— ¥ LERT EET TORRLEbETRSHICHENTL,
KRBT 7ONKE - HEEEETVZRET %,

-206-



13 BbHiC

TASK3. 22y 7T, THETILSARDOR—) » FHIZoWTHIFLEROED
BEEE. BTV, MERE. <V F/5y» —REC L AKEHASORERREE
HiL7zo F7. KH-25TED Wil FLABARBREEN L. ShE OBEAL O
2 T o, REEIT, CThOLOERERD LI, RBL)) THOKBBEBEN PR
DES DT o7 |
KEE . 2ROFHAF—Y ¥ FONTLC L HABMEIE & . ILMEKRER,
L - REREEM L. BERT) T OKBREMAT T EBRET S LRI, B
BB OKEAT A — 5 | WEBFAT A — 5 ORE% BET,

-207-



T ER 1

BN S AR B
KEBE=ZSXTF L

Ver. 1.0

RIESHE

A-1



B®X
. 7n Y5 AHE
2. 7S ADREFE
3. 70 7T AERER

3. L.AA VEmE
NT A —ZREEE
BB R AR EE T
HEF— S R EEE
T —F TS 7 RAEE
LBBTFT—F T —vv b

w0 0w g
O W L0 DO

(-]

O 00 -~ O o



1. 7055 LBE

ZOTRTTAI, MS—WindowsDFFY Fr—2y »Y—A [LabVIEW] T
%¢T6%®T\r%%%ﬁﬁ&ﬁﬁﬁﬁmﬂ%:ﬁvz?Aj&LTHTﬁﬁ%%ﬁbifo
CRET—F (Bl OV TAZALRE,
CHEFOTF—FEMBIE LT, 77 A IR,
(%ﬁ774wﬁ\%@f~&ﬂ—zy7bﬁx?&gﬁﬂﬁﬁﬁéiﬁmTEXT%ﬂ
TR&EINLED)
CREFOT—F FFBHT 75 7 FR T,

2. 7095 LORBEAER

774w7$—9%?c2¥GEOHYDRO¥start.vi%ﬁfﬁﬁyyﬁTéﬁ\
itﬁLabVIEWé@ﬁLt%\F774»Jx::—@r¢~fy1vfc:¥GE0H
YDRO¥start. vil ¥WBIABETRYVERLTLEE N,



3. 705 LS
3.1, A4 VEE

- BERCBITT A OET T,

N T T
Geohydrological monitoring system
for '
Kamaishi Tracer Test

Ver. 1. 0 Aug. 1995

L Settings ] -
SR
[t |

| & | (nfornstion | ~_ |

A I_Currant Time: YY/mu/dd hh:n:ss_l

A4




3.2 NS A—SHEEHT

CFENATFA—FERETAEOOEE T,
cREEEILNDIETTOIFEERHY., FhFH

WE 1 —AKEE®LY (Pressure Transduser)

RE 2 —BE¥EL Y (Themocouple)

RE3 —CHEEYL LY (Resistivity sensor)

LROTWET, (TERERRELOEREA A— 5 TF)
*” Channel No.” DEBIEID YU THF ¥ FANENMEAITIT, — 1 #RELTLLFEE
1’\0 B . R

Setting-1 Pressure Transducer (Muitiplexer Bordil & #2)

Bor. W19 Bor. #20 Bor. #21 Bor.#21 | Bor.%23 | Bor.#24 Bor. #25

Zona #

Zone On/GQFF
sefisor sarial #
Sensor Qutput Min.
Sensor Qutput Max.
Sensor Qertput Unit
Physical Min.
Phyzical Max.
Physical Unit
Channal Ho.

[ Roset & dtuut || sove sotting-t | | 80 to settine2 | o to Sattine-3 | [0 to moasucaneet] | rotuen to Nain ot

f[ G T¥at Time: Y /am/ad hvem:ss |




3.3. MBS H-R BB

- HE - REROBRPERGE T 7 AL OBRL Y, BIECETS REZXITHOBEE T,

- TS DOEEIE, HLETEEOREEE ( Sampling Rate” T3 Eéf{bi‘f}“) THEH
NIELOEFERALEGOT, BELEZBITZ 6B " Sampling Sequences” DIWEMITTE S
7247” Sampling Rate” D{E#Kic23 X 5| L'C< &V,

—

10T
nﬂﬁ%#— é f" "9 0)

Measurement-setting \

" sam[l(ing) Saquanc:: ) File Nase: \ l Change Filenage ~
ntarval (6oc) Longth{min
o i L l
Interval (sac) Lengthéminy Sampling Rate: m (SAW/
Titarval (eec) Lengthiain) Records Max: {rac. /fila)
[} 0|

Interval {sac} longth (ain) . .

) \il Start Saving Data Iﬁop Saving Data

laterval (ssc) Len%(min)
sequance started at! currept racord count:lj]ﬂ

& [ D(see) I:’ total racord count: E
current seguence No. ‘\

\
ot %o Neasurament: (Faue) —L l Go to Setting-2 " Go to Satting-2 l Lt o Sstking-3 ] Return to Main
Bt to Nesturomont (Graph) ]\

&l/pr‘:lt Tima: YY/xm/dd hh:ima:ss —l

] - L I ]




A MBT—H RRERE

cHIESHBREEBRD” Sampling Rate” CREEN TV AREIRCAIE S L7 57— —F%UT
NEAL LT—BRERLET,
* Bl 3 o CiL, Bor. #2235 X UBor. #2400 BIE T b EH A,

Measurement-Value
Pragsura (bar)
! ffﬁllﬁﬁﬁtﬁ :
' Tempertura (Gl .o ﬁ_ﬁénij—
1 .
4
5. : L
Resistivity(pGs)




3.5.EBRT—4 V5 7RTHEHA

T TANCEEINDT— 2R Y TAEA LTI 5 7ERTAEE T,
-ﬁ%éhé?h&ﬁ\%ﬁ@ZOOﬁif?\%Eéhrw6V~&yx®EﬂDﬁm
7 ITERET,

/7

Heasurement-Graph //
77

Salect Plots

Salect Plots

[ St to bt ] [t lmur-%(wn | [ fetar to bain |

g | Current Time: YY/om/dd hh:imm:ss I :

!




4 BET—8TF+—Tv b
cREMERFT—FD77ANT+—<y MILTO LB T,

7T ANVRY =T ABIER &, FORTIEHENUODBEBRENTVWAE 77 A NEL 6
FI, VT URABR2NFERBMLELOTY, £, EEFOIXER T v FBE (O&
DT 7ANVZRE DL BRPSTEBGEORKES) b x4, (M : “TEST_A01. 002" — I —4r
REFL, TuysHE2) ‘

P REBL, A~y AR Lo — N E BICTEXTRER T, RERZEAXFETEDLN TV E
KR

FAYFEZEE, Sy FFA X La— P X, BRRSREESRHSATHET,

IR REE, La—FES —r R B | BERAINETEEA
Ei, RIZKE, BEH, CEEOECT R Y VET, F—Fi3+C, (ar<w)’' T
REIohEd, £, KE/AEH,/(REEIZFRLFR [Bor. #19-Zonettl,

Bor. #19-Zone#2, -+, Bor.#19-Zoneti8, Bor. #20-Zone#l---] DIEORBE L 20 £,

- F—FORIEN FOf {f ] KREESNTWAREOBHRTENART —#1X, ZANREASH
9,

« BN—T 3 T, Bor. #2238 L UBor. #24DBIEIIT LN ERANR, FXF—Z 2 EHT 5
TOOBMIBEREIATVWET, ThLDHASITEST—F L LTRERVZEAREAIATVE
#—a : .



TER 2

APPENDIX

Annual Report Contributions for the Kamaishi Task 3-2 Hydrologic
Experiment

Thomas W. Doe:
Golder Associates
March 15, 1996

Introduction

This report summarizes activities of Golder Associates for the Kamaishi Task 3-2 Experiment
program. The report is divided into five sections, each describing specific activities. These are (1)
Piezometer Installations, (2) Flow Logging, Pressure Distributions, and Transmissivities, 3)
Definition of Fracture Zones in Task 3-2 Area, (4) Equipment, and (5) Conductivity Testing and
Analysis. .

There have been several major achievements of the work during Heisei -7. The mostimportant of
‘these is the definition of six major compartments or fracture zones in the Task 3-2 area. The
definition of these zones is a direct result of the flow logging, analyses of crosshole responses to
drilling, and the interference results of the packer tests.

In addition to the definition of zones, the flow logging methods using straddle packers and
rotameters have proven to be a very effective and efficient means of rapidly gaining information on
the locations and properties of fractures at resolutions of l-meter spacing.

The conductivity approach using build-up data from flowing wells also successfully has defined the
hydraulic properties of the major zones in the task area and providing information on their
geometries and connections. '

Golder Associates has continued to provide equipment support for the experiment, delivering three
new piezometers as well as pump testing and flow logging equipment,
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1. Piezometer Installations

The Task 3-2 experiment places a strong emphasis on measuring and controlling the pressures and
flow in the experiment area. Animportant part ofthis strategy is the installation of piezometers. By
the end of Heisei-7, five boreholes have been drilled and four piezometers have been installed. The
piezometers in KH-19 and KH-20 use the permanent parts of the Baski piezometer system
(described in our Heisei-6 report, while the KH-21 and KH-23 piezometers use temporary
installations, which will be replaced with the permanent parts when the arriveat the mine. Figure 1
is a map of the boreholes showing the locations of packers as of March 1996.

During the Heisei-7 contract, two piezometers were installed in the Task 3-2 area. The two
boreholes were KH-23 and KH-21.

As with all previous holes, the pressures and flow rates were measured after each drilling day. The
borehole encountered a significant conductive zone between 19.3 and 27.3 meters with flow of 1.3
liters per minute. This flow decreased during the following days of drilling to less than 0.5 /min,
indicating that the conductive zone had a finite extent. The major flow conductor in the borehole
was encountered at the end of the hole a depth of 78 meters. A more detajled description of the
drilling and flow logging are found elsewhere in the Taisei report.

KH-23 was flow logged in September, 1995. Based on the flow log we installed a seven packer
piezometer system. Figure 1 shows the depths of conductive fractures, locations of crosshole
responses, and setting positions of the packers in the hole. As with previous piezometers, the
locations of the packers are intended to isolate distinct flow features.

The KH-23 packer is temporary packer, similar to those installed in KH-19 and KH-20 during
Heisei-6 and later replaced. The temporary packer systems consists of Baski 2.7-inch medium duty
packers connected by I-inch aluminum pipe. Each zone has an in-line adapter or other means of
porting a pressure measurement line. Unlike previous packer installations, a common inflation line
was used for all packers. This approach saves time but has some risk if one packer fails. The
experience using a single inflation line has been successful due the reliability of the packers.

Table 1 contains the setting information and piping for the KH-23 piezoemter.
The KH-21 Piezometer was installed also as a temporary system in November, 1995. The four-
packer system was intended to isolate the major conductors of the hole. Packer depths are

approximately, 3, 17, 49, and 60 meters in the hole. Further information on the KH-21 piszometer
is contained elsewhere in this report,
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Table 1. Packer Setting Depths in KH-23

Zone |Packer Zone | Packer|Packer|Seal |Seal Zone Zone
Sum |[Top |Botto jTop Boftom |[Top Bottom
m
m m m m m m m
Top 1 1 0 | 3899
7 3 1 0 0 [10.998| 3.450| 5.390| 3.980| 5.000 5.000] 16.918
6 3 1 [¢] 1] 10.998]16.388|18.328|16.918| 17.938| 17.938] 29.856
5 2 0 1 Q 6.999|20.326|31.266|29.856| 30.876| 30.876] 38.7985
4 1 1 4] 1 5.149138.265[40.205|38.795| 39.815| 39.815| 45883
3 2 0 1] Q 5.099(45.353147.293|45.883| 46.903] 46.903| 53.822
2 8 0 Q 0 17.997|53.292|55.232|53.822| 54.842| 54.842| 73.759
1 0 0 1] Q 0.000)73.229|75.169|73.759| 74.779} 74.779) 80.000/
Total 17 3 1 1 22 Total Depth= . 75.169
Total Length= 75.718
Length Specifications _by Piece Stick Out= -0.549
3m [2-m {1-m |Nipple
pipe pipe |pipe .
2.8995(| 1.9995 0.9995| 0.150
3.0250| 2.0250| 1.0250| 0.175
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2. Flow Logging, Pressure Distributions, and Transmissivities

2.1 Equipment and Procedures

Flow logging was carried out on the three new boreholes in the Task 3-2 area during Heisei 7. The
boreholes in order of testing were KH-23, KH-21, and KH-25. The logging procedures were the
same as those used during Heisei-6 for the testing of KH-19. These are briefly described below.

The testing uses a two packer system which is raised and lowered in the hole on l-inch pipe. The
system has a solid pipe between the packers. A 3/8-inch tube is welded into the pipe and allows
flow from the test zone through a 1/2-inch line to the outside of the hole. The pipes through the
packers are open to below the lower packer to allow from the deeper portions of the hole. This
arrangement avoids pressure build-up during testing. Such pressure build-up would complicate the
interpretation of the results.

The packers are inflated using bottled nitrogen and a nylon inflation line. The flow line feeds into a
flow manifold containing three rotameters which cover flow ranges from 0.2 ml/min to 9 liters per
minute (20 with a stainless steel float). An additional rotameters was added to lower the range to
0.002 ml/min,

At high flow rates (greater than about 1-liter per minute) there can be measurable head losses in the
1/2-inch line. We use a separate 1/4-inch nylon tube, which is ported into the test zone, to directly
measure the pressure in the test zone. This pressure should be accounted for in the transmissivity
calculations.

A test consists of moving the packer to the desired test zone. The packer is inflated with the
rotameter system open. After the surge of water from the packer inflation, the flow rate rapidly
settles to a steady value. This value is recorded and the packers are moved to the next zone.

The boreholes are first logged using 5-minterval. The intervals which have measurable flow on the
low (.02 ml/min) flow meter are logged a second time using a 1-m interval. This two-step method
effectively provides 1-m resolution of the flows from the entire hole to the resolution of the low
range flow meter.

2.2 Background Pressures

The calculation of transmissivity requires knowledge of the far-field pressure in the fracture
network. This pressure may vary among the fractures and compartments of the block. We have
estimated the pressure values across the site using the pressure data from the piezometers. Figure3
shows a preliminary pressure map of the Task 3-2 area. The pressure values shown are the peak
pressures measured during the Heisei-7 year. For the most part, the values were taken in December
and January after installation of the KH-21 piezometer and before KH-25 drilling (or the effects of )
KH-25 drilling for deeper zones). The results are preliminary because in many cases, particularly
for low transmissivity zones, the pressure build-up takes an appreciable time and some zones in
=23 and KH-21 were still recovering when the drilling of KH-25 started.

The preliminary pressure map shows six flow zones. The basis for these zones is discussed further
below. Briefly, the piezometer zones shown have similar or nearly identical pressures and they all
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respond together to pressure disturbances during drilling and testing. Across some boreholes there
is also a clear flow anomaly which can be traced across the piezometer intervals.

In most cases the piezometer intervals within a zone are very well connected, and less well
connected to intervals of other zones. For KH-25 there are no piezometer data, and measurements
during drilling may be unreliable as they tend to reflect the pressure of the highest permeability
zone. For KH-25, therefore, we interpolate pressure values from KH-20 and KH-21 for similar
interval depths.

2.3 Calculation of Flow Log Transmissivities

The transmissivity values are calculated assuming steady flow. As the boreholes have typically
been open for at least two weeks before logging, this is a reasonable assumption.. The steady radial
flow equation is

_QInR/x,
Y

T

where Q is the flow rate, T is transmissivity, R is the distance to a constant pressure boundary, 7, is
well radius, and h is the pressure expressed as a hydraulic head difference between the borehole and
the pressure at R. The radius, R, is not well known, but appearing in the log term, it does not strongly
affect the equation. For reasonable values of R the 27 term and the logarithmic terms are
approximately equal ,and the transmissivity can be approximate by Q/k, the specific capacity. The
transmissivity value does not consider skin and othereffects which must be determined by transient
testing, thus the flow log values should be considered approximations for the purpose of identifying
the locations and relative flow magnitudes of the zones. :

For zones which do not have measurable flow we set the flow rate at the resolution of the flow meter
for calculating transmissivity values. Because the head values vary along the holes, this minimum
transmissivity, which is set by the flow rate resolution, can also vary. Higher pressure zones have
lower transmissivity resolutions than lower pressure zones,

The transmissivity values from the flow logging are shown by borehole in Figures 4 through 9.
Each figure gives the transmissivity in both log and arithmetic scales. Figure 9 isa summary of all
holes laid out in the relative positions of the holes to show how anomalies correlated across the
block. The overall trend to lower transmissivity from east (KH-19) to west (KH-23) is very clear.
Several major conductors also stand out, notably the fracture at about 50-m in KH-21 , 25, 20, and
23. Higher transmissivity zones can also be traced acrossthe holes between 70 and 80 meters depth,
60 meters (KH-21 and 23), and 20 meters (KH-21,25, and 20). '

The transmsissivity values are tabulated in Tables 2 to 6. Values from KH-19 are the same as those
report in Heisei-6, however, KH-20 values have been adjusted for pressures in the current site
conceptual model. Again, the values are preliminary as the pressure values will be re-evaluated
when the permanent piezometers are finally installed.

An important note on the transmissivity logs is that the values are based on flow logs taken after the.
holes have been open for at least one week orlonger. As such, the flow logs represent largerscale
values, that is, a conductive fracture must have access to a water source in order to produce flow for
those time periods. Conductive fractures which do not connect to other transmissive features may
become depleted soon after drilling and not appear in the flow logging. The flow records which were
taken during drilling show numerous such features, which flow strongly for a few days after drilling
but do not persist in flow during the flow logging. Itis important to note the possible presence of
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these discontinuous fractures because they may provide high transmissivity connections within
compartments or zones without appearing the transmissivity logs. Some of these finite conductors

include KH-23 from 27.3 to 46.64 and KH-20 between 12-m and 18-m, and between 38-m and
45-m (depths from current collar).
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Table 2, KH-19 Transmissivity
{Preliminary From Flow Logs)

Top Bottom Transmissivity
m m. mh2/s
2 7 8.8E-11
7 12 7.0E-09
12 19 2.7E-09
17 22 4.1E-08

22 27 3.0E-09
27 28 1.3E-07
28 29 8.6E-12
29 30 1.9E-08
30 31 1.6E-09
31 32 5.1E-12
32 33 5.3E-08
33 34 3.2E-08
34 35 9.2E-10
35 36 1.6E-07
36 37 8.6E-12
37 38 5.8E-11
38 39 5.5E-08
39 40 2.0E-08
40 41 9.4E-08
41 42 2.8E-09
42 43 4.9E-10
43 44 8.8E-12
44 45 3.6E-08
45 46 2.9E-08
46 47 2.8E-08
47 48 6.5E-08
48 49 1.7E-09
49 50 1.9E-09
50 51 4.7E-08
51 52 5.7E-08
52 53 3.4E-08
53 54 3.6E-08
54 55 3.3E-09
55 56 1.0E-10
56 57 6.3E-10
57 58 3.2E-08
58 59 2.5E-08
59 60 1.0E-09
60 81 1.6E-10
61 62 2.2E-08
62 63 2.5E-08
63 64 3.4E-09
64 65 2.3E-10
85 66 3.8E-09




KH-19 Transmissivity, cont'd

Top Bottom Transmissivity

m m mh2/s

66 67 1.4E-08

67 68 3.2E-08

68 69 3.9e-09
69 70 3.0E-08
70 71 8.6E-09

71 72 4.4E-10

72 78 2.4E-11
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Table 3. KH-21 Transmissivity
Preliminary from Flow Logs

Top Bottom Transmissivity
m m mh2/s
5 6 4.1E-11
6 7 4.1E-11
7 8 4.1E-11
8 9 4.1E-11
9 10 4.1E-11
10 11 4.1E-11
11 12 4.1E-11
12 13 4.1E-11
13 14 4.1E-11
14 15 4.1E-11

15 16 4.1E-11
16 17 4.1E-11
17 18 4.1E-11
18 19 3.7E-08
19 20 4.1E-11
20 21 6.3E-08
21 22 6.3E-08
22 23 6.9E-10
23 24 1.7E-10
24 25 1.7E-11
25 26 8.6E-11
26 27 5.9E-11
27 28 3.8E-11
28 29 1.7E-11
29 30 2.9E-11
30 31 3.8E-11
31 32 1.7E-11
32 33 1.7E-11
33 34 1.7E-11
34 35 1.7E-11
35 36 1.5E-09
36 37 5.7E-08
37 38 1.1E-07
38 39 6.1E-08
39 40 6.0E-10

40 41 1.0E-09
41 42 1.4E-09
42 43 1.8E-09
43 44 4.3E-10
44 45 3.1E-08
45 46 1.1E-07
46 47 9.9E-08
47 - 48 1.5E-08
48 49 1.8E-08
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KH-21 Transmissivity, cont'd

Top " Bottom Transmissivity
m m m*2/s
49 50 2.5E-08
50 51 1.5E-08
51 52 1.1E-07
52 53 2.0E-07
53 54 2 9E-07
54 55 1.4E-07
55 56 2.3E-08
56 57 3.3E-09
57 58 8.6E-10
58 59 3.4E-11
59 80 1.7E-10
80 61 3.4E-11
61 62 3.4E-11
62 63 3.4E-11
63 64 3.4E-11
64 65 3.4E-11
65 66 7.6E-11
66 67 1.6E-08
67 68 5.5E-09
68 69 2.2E-11
69 70 2.8E-11
70 71 1.1E-08
71 72 2.0E-08
72 73 2.0E-08
73 74 2.8E-11
74 75 2.8E-11
75 76 1.1E-10
76 77 2.0E-09
77 78 2.2E-11
78 79 1.1E-08
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Table 4. KH-25 Transmissivity

Preliminary from Flow Logs

Top Bottom Transmissivity
m m mh2/s
2 3 1.0E-10
3 4 1.0E-10
4 5 1.0E-10
5 6 1.0E-10
6 7 1.0E-10
7 8 1.0E-10
8 9 1.0E-10
9 10 1.0E-10
10 11 1.0E-10
11 12 1.0E-10
12 13 4.4E-09
13 14 6.8E-08
14 15 7.6E-08
15 16 3.4E-08
16 17 2.1E-10
17 18 3.6E-10
18 19 8.2E-09
19 20 1.0E-07
20 21 4.3E-11
21 22 6.0E-10
22 23 6.0E-10
23 24 4.3e-11
24 25 4.3E-11
25 26 4.3E-11
26 27 4.3E-11
27 28 4.3E-11
28 29 4.3E-11
29 30 4.3E-11
30 31 4.3E-11
3 32 4.3E-11
32 33 8.6E-11
33 34 3.5E-10
34 35 8.6E-11
35 36 1.5E-09
36 37 9.6E-09
37 38 2.6E-10
38 ag 1.0E-09
39 40 8.6E-11
40 41 1.7E-10
41 42 1.5E-09
42 43 8.6E-11
43 44 4.3E-10
44 45 1.7E-10
45 46 6.7E-08
46 47 4.3E-11
47 48 3.5E-10
48 49 4.3E-11
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KH-25, cont'd.

Top Bottom Transmissivity
m m m*2/s
49 50 4.3E-11
50 51 6.0E-10
51 52 5.7E-08
52 53 1.4E-08
53 54 1.8E-07
54 55 1.7E-07
55 56 1.4E-08
56 57 1.7E-10
57 58 8.6E-11
58 59 3.4E-10
59 60 8.6E-11
60 61 6.9E-10
61 62 3.1E-08
62 63 8.6E-11
63 64 8.6E-11
64 65 8.6E-11
65 66 8.6E-11
66 67 8.6E-11
67 68 3.4E-10
68 69 1.7E-10
69 70 4.0E-08
70 71 4 4E-10
71 72 5.6E-11
72 73 5.6E-11
73 74 5.6E-11
74 75 5.6E-11
75 76 5.6E-11
76 77 5.6E-11
77 78 5.6E-11
78 79 5.6E-11
79 5.6E-11

80
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Table 5. KH-20 Transmissivity
Preliminary from Flow Logs

Top Boftom Transmissivity

m m mt2/s

0 9.512 4.2E-10
9.512 13.512 8.4E-10
13.512 17.512 1.3E-09
17.512 19.512 1.4E-08
19.612 24512 9.8E-09
24512 29.512 6.3E-09
29.512 31.512 4.7E-09
31.512 39.512 8.7E-09
39.512 50.512 4 2E-09
50.512 53.512 6.1E-08
53.512 55.512 4 4E-09
55.512 67.512 8.9E-09
67.512 70.512 1.1E-08
70.512 74.512 8.0E-09
74.512 77.512 1.8E-08
77.512 79.512 1.6E-09
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Table 6. KH-23 Transmissivity
Preliminary from Flow Logs

Top Bottom Transmissivity
m m m*2/s
5 6 6.5E-10
6 7 6.5E-10
7 8 6.5E-10
8 9 6.5E-10
9 10 6.5E-10
10 11 6.5E-10
11 12 6.5E-10
12 13 6.5E-10
13 14 6.5E-10
14 15 6.5E-10
15 16 6.5E-10
16 17 8.5E-10
17 18 6.5E-10
18 19 4.5E-11
19 20 4.5E-11

20 21 4.5E-11
21 22 4.5E-11
22 23 4.5E-11
23 24 4.5E-11
24 25 4.5E-11
25 26 4.5E-11
26 27 4.5E-11
27 28 4.5E-11
28 29 4.5E-11
29 30 4.5E-11
30 31 4.5E-11
31 32 4.5E-11
32 33 4.5E-11
33 34 4.5E-11
34 35 4.5E-11
35 36 4.5E-11
36 37 4.5E-11
37 38 4.5E-11
38 39 4.5E-11
39 40 1.9E-11
40 41 4.1E-11
41 42 6.3E-11
42 43 1.9E-11
43 44 3.2E-11
44 45 1.3E-09
45 46 1.2E-09
46 47 8.4E-11
47 48 1.5E-09
48 49 - 2.4E-09
49 50 2.3E-09

B-14




KH-23, cont’d

Top Bottom Transmissivity
m m m*2/s
50 51 3.4E-11
51 52 2.0E-11
52 53 2.0E-11
53 54 2.0E-11
54 55 3.6E-11
55 56 3.6E-11
56 57 3.6E-11
57 58 6.7E-10
58 59 3.9E-09
59 60 3.9E-09
60 61 2.6E-08
61 62 1.6E-09
62 63 1.6E-09
63 64 6.7E-10
64 65 8.8E-10
65 66 2.4E-10
66 67 7.8E-11
67 68 9.8E-11
68 69 1.2E-10
69 70 1.2E-10
70 71 7.8E-11
71 72 3.6E-11
72 73 3.6E-11
73 74 3.6E-11
74 75 2.2E-11
75 76 6.2E-11
76 77 6.2E-11
77 79 1.5E-07
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3. Definition of Fracture Zones in Task 3-2 Area

3.1 Objectives

There are several objectives in making a preliminary identification of zones. The first objective
is the preparation of a preliminary groundwater flow model of the area. Thismodel is intended
to provide “hypotheses™ regarding the geometry and properties of fractures in the block. One
form of validating the groundwater flow model will be its ability to reproduce the steady or near
steady pressures within the block.

A second objective is to assist in designing the final piezometer systems for the boreholes.

Ideally the packers should be placed to preserve the hydraulic isolation of compartments which
may have existed before the boreholes were drilled. If'a piezometer zone contains more than one
compartment there may be a continued crossflow within the borehole which could have harmful
effects on the experiment. In short, the boreholes should not be pathways in the flow system.

The third objective is to assist in designing crosshole hydraulic and tracer tests in the block. A
review of pressure and connection data identifies conducting zones and zones which are
relatively isolated. The design of tests should provide validation of hypotheses about
connections and help define hydraulic properties within and between zones.

3.2 Criteria for Defining Zones or Compartments

There are several methods for defining zones or compartments. One method is evaluation of
pressure responses during drilling. These are not reviewed here, but should be compared with
conclusions obtained by the other means described in this section.

Another method is to ook at the transient pressure responses during drilling. A review of the
pressure responses to the KH-21 and the KH-25 drilling has shown that several zones have not
only similar responses during drilling -- they have identicalresponses during drilling. Were this
observation made on zones within the same borehole, one might suspect packer leakage.
However, the observation of identical, transient pressure responses appears in ones across two
or more boreholes. Such identical responses suggest a very high degree of connectivity and
conductivity within a block or zone.

A third means defining zones is by having a common pressure. A flow system which consists of
compartments and barriers should appear to have regions with a stable, uniform pressure. By
contrast, the barrier zones between the compartment should appear to have high pressure
gradients across the regions of relatively lower conductivity,

A last method of investigating zones, is to look for correlations of conductive zones between
boreholes. This method compares the flow logs of boreholes to identify anomalous zones of
high transmissivity which may represent a common fracture or fracture zone.

3.3 Results

First, we compiled and plotted the flow logs for all the boreholes, This compilation converted
the flows into transmissivity values using the specific capacity as an approximation (see section
2.).

Computing the transmissivity values required estimating the original hydraulic heads in the test
sections. The head values come from a combination of the pressure measurements obtained
during drilling and the pressure monitoring data from the piezometers. Of these, the latter are
more reliable, as the drilling data tend to average the contributions of muitiple zones with a
weighting towards the heads of the most permeable fractures. The piezometer values, on the
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other hand, are more reliable for highly transmissive zones. For lower transmissivity zones, or
zones which may be somewhat isolated, the equilibration of the pressure in the zones may
require several weeks or months, thus the heads given here should be considered preliminary and
subject to modification after the permanent piezometers have time to equilibrate to drillingand
piezometer installation.

Figure 2 is a head map of the Task 3-2 area. The most reliable heads are those in the high
pressure zones of KH-19, KH-21, and KH-20. These are well interconnected and equilibrate
quickly. Similarly, the high transmissivity zones at the ends of KH-20 and KH-20 also
equilibrate relatively quickly. Other sections, such as the sections of KH-23 and KH-20 at about
9.2 and 7.3 bars have been building more slowly, and may ultimately reach somewhat higher
pressures.

An important note on the transmissivity logs is that the values are based on flow logs taken after
the holes have been open for at least one week or longer. Assuch, the flow logs represent larger
scale values, that is, a conductive fracture must have access to a water source in order to produce
flow for those time periods. Conductive fractures which do not connect to other transmissive
features may become depleted soon after drilling and not appear in the flow logging. The flow
records which were taken during drilling show numerous such features, which flow strongly for
a few days after drilling but do not persistin flow duringthe flow logging. Itis important tonote
the possible presence of these discontinuous fractures because they may provide high
transmissivity connections within compartments or zones without appearing the transmissivity
logs.

The pressure map and a review of the transient pressure responses during KH-21 and KH-25
drilling allow identification of at least six pressure zones or compartments. These zones meet
the criteria above for zone identification, namely, a common pressure value and a common
response to drilling in KH-21 and KH-25. These zones are labeled “A” through “F”, in order of
approximate distance from the drift. Zone A is a “catch-all” for shallow piezometer sections
which are depressurized near the drift. The other zones are remarkable for the extent to which
they behave in similar manners.

Figures 10 through 15 show the responses of the piezometer sections of each zone to KH-21
drilling. The data for given zones have nearly identical pressure responses (with the exception
of portions KH-23 which I have assigned to the high pressure zone, “D* -- these are discussed
below. Similar comparisons can be made for the KH-25 drilling responses, and these are shown
in Figure 16 through 21. The proposed preliminary zones are also shownin Figure22, which is
one conceptual model of some of the possible connections within these zones. These
conmections have been verified against the cross hole test results as reported in section 5.

3.4 Description of Zones

Zone 4
There are two piezometer zones that are nearly de-pressurized. KH-23-7 and KH-19-8 are the )
shatlowest intervals in their holes, and have pressures of 0.5 and 1.7 bars respectively.

Zone B

Zone B has an average pressure of about 7.7 bars. Zone B includes KH-20-7, KH-21-4, and
KH-19-7, and likely includes the conductor at 12-16 meters in KH-25. The responses of the
Zone B intervals track one another exactly in response to the drillings of KH-21 and KH-25.
Zone B may be part of a leakage pathway from the higher pressure regions of Zone D and the
openings of the 550 level.

Zone C
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Zone C is very similar to Zone B but has distinctive pressure responses to the drilling of KH-
21 and KH-25. Zone C does not have any majortransmissive zones as seen in the flow logging.
This does not rule out the presence of high conductivity features, however, as there were
significant flows encountered during drilling in both KH-20 and KH-23 from these holes. The
lack of flow during logging suggests strongly that this zone is hydraulically isolated. The
responses to KH-21 drilling are diffuse rather than sharp responses, and the pressure variations
are highly damped. On the other hand, the responses to KH-25 drilling are very sharp with little
damping. This observation suggests that the Zone C conductor ends or becomes less permeable
in the two meter distance between KH-25 and KH-21.

Zone C includes KH-23-5, KH-23-6, and KH-20-6. The remarkable similarity of pressure
behavior suggests a strong connection between these intervals. If one only considered the two
intervals in KH-23, one might suspect packer leakage, however, the responses in KH-20-6 are
no less identical. ”

Zone D

Zone D is the high pressure zone which was originally encountered in KH-19. This zone is
highly connected along KH-19 from about 27-m to 70-m. The zone is also highly connected
across KH-21 (from about 19-m to 56-m) and KH-25 (from 18-m to at least 60-m) . The width
of the zone reduces significantly in the two meters between KH-25 and KH-20 and the
transmissivity in KH-20 is reduced. Across KH-20 to KH-19 the pressure is between 18.8 and
20 bars.

This zone appears to extend to KH-23, though with greatly reduced permeability. The
extension of Zone D is shown by the high pressures in KH-23-3 and KH-23-4, which were
slowly climbing from the installation of the KH-23 piezometer to the drilling of KH-25. The
pressure responses to KH-21 and KH-25 drilling are the same in these KH-23 intervals as in
other Zone D intervals. There is however a slight dampening of the pressure responses in
KH-23 due to the lower conductivity. The connection of KH-23 to Zone D will become clearer
after the final piezometers are installed in Heisei-8 and pressures reach equilibrium. Crosshole
tests may also help to define whether or not KH-23-4 and KH-23-5 are partofthe high pressure
zone, D.

There are several possible fracture zones within Zone D. These are shown in Figure 22, which
is a highly speculative map of possible fracture zones. One of these zones is the first high
pressure encountered in KH-19, KH-21, and KH-25, The locations of these anomalies follows
a trend consistent with the major fracture strike in the KD-90 area. Another major feature lies
near 50-m in KH-20, KH-21, and KH-25. This feature may extend to KH-23 where there is a
smaller anomaly. The transmissivity of this fracture zone decreases from east to west.

Other fracture zones can be identified between KH-21 and KH-25, however these do not extend
to KH-20. This abrupt reduction in pressure and transmissivity in the 2-m distance between
KH-25 and KH-20 appears to be a pressure compartment boundary. The nature of this
boundary is not yet clear.

Zone E

Zone E includes piezometer intervals KH-23-2, KH-20-3, and KH-21-2 (based on the KH-25
responses). Like other zones, the pressure responses of these intervals are nearly identical,
suggesting that they are connected by high-transmissivity links.

Zone E has pressures of about 9.2 bars, i.e. between the pressures of Zones D and F. Unlike
other zones, such as Zone D, this zone has low transmissivities from flow logging. The
combination of high connectivity and low inflow suggest that Zone E is a small, isolated
compartment (like zones B and C), with lower conductivity connections to the surrounding
zones. This is also suggested by the slow pressure build-up in these zones after piezometer
installation. The pressures in Zone E were still rising when KH-25 was drilled, and the final
pressure values ultimately may approach those of Zones D or F.
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Zone F

Zone F, the deepest conductor in the task 3-2 area, has an average pressure of about 14.6 bars.
This zone connects intervals KH-23-1, KH-20-1, KH-20-2, and KH-21-1. It also may appear
near the end of KH-25. Zone F includes the prominent conductor at the bottom of KH-23 and the
two conductors at 70-m and 75-m in KH-20 as well as the conductors at 69-71 meters in KH-
25.

Discussion
The pressure data and zone definitions can address several very important questions.

One question the data addresses is the nature of the flow system in the Task 3-2 area. Broadly
speaking, there is a reduction in both the intensity of conductive fractures and the groundwater
pressures from northeast to southwest across the block. The sudden termination of most high
pressure features between KH-25 and KH-20 is particularly remarkable.

We may view the Zones at pressures of 7-9 bars as intermediate compartments between the high
pressure areas and the lower pressure areas. The flow should be expected to run from the high
pressure zones (such as Zone D) towards the underground openings. The apparent flow
direction from northeast to southwest may reflect several factors including the anisotropy of the
fracture orientations and the presence of the NW drift as a discharge point.

Another question is the nature of the barriers and compartments. The pressure distributions do
not suggest a simple or single barrier, such as a fault zone. Rather the geometry of compartments
and barriers is more complex. One possible hypothesis is that compartments reflect fracture
clustering. We are currently analyzing the conductive fracture data from the KD-90 area and the
BMT drift, and these data suggest a Levy flight model, which has strong clustering, may be
appropriate.

The zone definitions suggest several areas of possible addition for the characterization work.
First, it would be valuable to re-log KH-20 to better define conductor locations. Second, we
have some compartments (B, C ,and E) which appear to be relatively small and isolated.
Injection tests may be able to provide information on compartment sizes. The crosshole testing
planned for early next fiscal year should have as one goal to test the connection hypotheses
outlined in this memorandum. Later testing should concentrate on tracer tests to characterize
transport within compartments and pressure interference tests to define leakage between
compartments.
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4. Equipment Design and Development

This section of the report describes work performed during Heisei-7 for purchasing and
development of equipment. The major equipment purchases under the H-7 contract were
* equipment for three permanent piezometers of seven packers each
® purchase of equipment for tracer testing and crosshole hydraulic testing (tracer
mixing tank and pump)
* proportioning solenoid valves
and equipment for flow logging and conductivity testing

4.1 Piezometers

During Heisei 7, Baski Inc. of Denver Colorado prepared equipment for three, $0-m,
piezometers. Each piezometer has seven packers for isolating seven zones per hole. The
extension tube lengths include 0.5-m, 1-m, 2-m, and 3-m lengths to allow flexibility in
piezometer design. The piezometers use only stainless steel for the metal parts. Tubing has
been included for temporary use of the equipment.

Due to an unexpected high permeability of the nylon tubing in H-6, Baski performed numerous
comparative tests on several nylon types (66 and 11), Teflon, and stainless steel. Teflon had
performance nearly equal to stainless steel, and Nylon 11 had considerably better performance
than Nylon 66, which had been used in the Heisei-6 packer installations. Accordingly, Nylon 11
has been supplied with the piezometers for Heisei-7.

The flow panels for packer inflation and flow control have been modified from the Heisei-6
design. Where previously each hole required three panels (packer, pressure monitoring and
flow), the lines have been consolidated into one panel to save space underground.

4.2 Crosshole and Tracer Testing Equipment

Golder Associates has supplied tanks for tracer mixing and a pump for injections. The
originally specified pump, Milton-Roy Centrac-S, was not available as it had been pulled from
distribution for design modifications. A search of pump suppliers in the US identified several
pumps meeting the required specifications. These specifications were the following:

Pressure rating: 30 bars
Flow at maximum pressure: 1 I/min with 100:1 turndown
Pulsation Dampening

- Motor Controller for 4-20 mA input.

The selected pump is manufactured by Clark-Cooper Inc. of Cinnaminson, New Jersey and isEV
Pilotrol, chemical metering pump. The pumpisa diaphragm type which is designed to maintain
flows to within 1%. The pump also can be controlled using a feedback loop on a 4-20 mA '
instrument. The pulsation dampener removes pressure surges and provides and even pressure
flow.

In addition to the pump we purchased two plastic tanks, 85 US gallons and 55 US gallons (320
l and 208 1) for mixing tracer. We recommend purchasing in addition during Heisei-8 a mixing
pump.

4.3 Proportioning Solenoid Valves

B-20



Two proportioning solenoid valves were obtained for controlling outflows from the test zones.
The proportioning solenoid is an electro-magnetically actuated valve which, unlike normal
solenoids, can be set to intermediate positions to a simple “on” or “off”. The valves are
manufactured by Burkert Control Systems of Germany, and are model number 2034. The
valves include controllers which work with 4-20 mA. devices to maintain a desired flow
condition. The valves will not shut against a pressure difference of more than 8 bars, so the flow
lines will require additional shut-off valves when the lines are not in use.

4.4 Flow Meters

Two flow meters were obtained in Heisei-7. The flow meters are turbine-type and are.
manufactured by EGG Flow Technology of Phoenix, Arizona. The flow rate specifications are:

FTO--2 "~ 1 m¥/min - 40 ml/min
FTO-5 20 ml-min - 7.5 Vmin

The output of the meters is 4-20 mA. Care should be taken not to over-speed the meters (such
as by blowing air through them). Also, the meters should be maintained in a wet condition or
dried completely when not in use to avoid deposits that can affect their performance.

4.5 Rotameter Manifolds

A rotameter manifold for flow logging was charged in Heisei 7. Rotameters are simple but
accurate flow measuring devises that consist of a glass tube with tapered inner bore. A float
which rises proportionally to the flow provides a direct reading of flow. There are seven
rotameters at the mine as follows:

Omega FL-110 .002-1.1 mV/min "~ leach
Omega FL-112 .02-36 ml/min 2 each
Omega FL-114 10-850 m¥/min 2 each
Omega FL-400A 0.5-9 /min 2 each.

4.6 Packer Design Modifications

The modifications to packer systems for flow logging and conductivity testing were prepared in
Heisei 7. These modifications are described in sections 2 and 5.
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5. Conclusions

There have been several major achievements of the work during Heisei-7. The most important
of these is the definition of six major compartments or fracture zones in the Task 3-2 area. The
definition of these zones is a direct result of the flow logging, analyses of crosshole responses to
drilling, and the interference results of the packer tests.

In addition to the definition of zones, the flow logging methods using straddle packers and
rotameters has proven to be a very effective and efficient means of rapidly gaining information
on the locations and properties of fractures at resolutions of 1-meter spacing.

The conductivity approach using build-up data from flowing welis also successfully has defined

the hydraulic properties of the major zones in the task area and providing information on their
geometries and connections (Chapter 9).
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