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Summary

This study focuses on the water-sealed rock caverns that the author has been
involved in. A review was made of the design method applied to the Kikuma
demonstration plant, where Japan's first water-sealed rock cavern is located, by
studying the behavior of the rock cavern in terms of stability and the water sealing
capacity. An examination was also made of the technical problems encountered during
the construction of the Kushikino base, a large scale underground oil storage base
designed based on the above design method, and of the knowledge obtained during the
maintenance of the base. Then, the considerations in rational design of water-sealed
large scale rock caverns were identified, and the matters requiring future research and
development were described.

The contents of the paper are outlined below.

Chapter 1, "Introduction" described the background and the objective of this

study, surveyed existing studies, and clearly positioned this study.

Chapter 2, "Design of real size demonstration plant and field measurement” first
outlined the demonstration plant, and described the design method adopted. Then, the
mechanical stability and water-sealing capacity were examined and reviewed based on
the measurements obtained in performance tests during construction and after
completion. Thus, the design method applied was evaluated. As a result, the design
method used to stabilize the rock mass during the excavation of the cavern, and to
provide water-sealing capacity proved to be almost valid. An analysis of the factors
affecting the seepage in the oil storage cavern revealed that the piezometric head of
water sealing, and the storage conditions of the cavern (internal pressure and the level
of oil) were predominant factors. It was also found that two-dimensional Finite
Element analysis of vertical seepage could represent variations in measurements even
under complicated conditions, and was, therefore, highly adaptable. The analysis and
study of actual long-term seepage data clearly showed that the rate of seepage decrease
was great in the initial stage, and was about 60% of the initial rate after one year. After
the lapse of a longer time, the rate was 30 to 40% of the rate in the initial stage.
Accordingly, the need to modify the initial value of permeability coefficient was pointed
out if the coefficient was to be used for predicting long-term groundwater flow in
unsteady seepage analysis. |

Finally, based on the above analysis, the key problems that are important to the



construction of water-sealed large scale rock caverns were extracted. Then, the
importance of extensive investigations, securing of long-term stability of caverns, and

continuous monitoring and control of water-sealing capacity was emphasized.

In Chapter 3, "Construction control of water-sealed rock caverns in a group of
faults”, an outline of the Kushikino base was presented first. Then, planning for
measures responding to a group of faults newly discovered during the construction of
the Kushikino base was studied and considered based on the evaluation of mechanical
stability and water-sealing capacity of the caverns. As a result, wide area surveys in
pre-construction were found to provide no detailed geological data for the entire area of
construction. The need was, therefore, noted to supplement geological data by
geological monitoring and/or measurement during construction, or additional
investigations, and to make a review of or modifications to the initial design quickly
according to the latest geological data. It was pointed out that water-sealing capacity is
influenced by discontinuities (discontinuities of formations such as faults and intrusive
rocks), and that continuous monitoring and measurement of geological conditions,
seepage and water level during construction, and detailed studies of the cause and
effect among those factors are important to the grasp of groundwater flow. In the
Kushikino base as well as the Kikuma demonstration plant, seepage was found to have
a tendency to decrease in the long run. Placing a tunnel above the storage cavern
requires measures for artificially recharging water.

Based on the above analysis, the importance of total development of technologies
to water-sealed rock caverns was suggested. Such technologies include those for
groundwater monitoring, groundwater flow investigation and evaluation, and

instrumentation.

Chapter 4, "Hydraulic behavior in rock during earthquakes and its influence on
maintenance control for water-sealed rock caverns" first studied and discussed
hydraulic behavior of the cavern during earthquakes based on the record of
earthquakes swarm that occurred during maintenance activities. As a result, it was
explained that the pore water pressure during the earthquakes of a seismic intensity of
slightly higher than 5 to slightly lower than 6 detected at the Kushikino base was
almost in proportion to horizontal acceleration and horizontal particle velocity.
Fluctuations of pore pressure during earthquakes were found to vary depending on the
permeability of a crack serving as a seepage path, opening width of a crack, and the

existence of clay in the seepage path. It was also revealed that spacial fluctuation of



post-earthquake continuous pore pressure was influenced by the groundwater potential
in the surrounding rock mass, and remained almost the same in one and the same
borehole. Continuous pore pressure that once increased due to an earthquake was not
much affected by another earthquake of same or smaller intensity among a swarm of
earthquakes, but increased slightly during an earthquake of greater intensity.
Earthquake-induced variations in the permeability and groundwater potential in the
vicinity of the rock caverns caused groundwater flow. In the Kushikino base, seepage
increased about 15% immediately after an earthquake of a seismic intensity of 5 to 6,
and the permeability and groundwater potential in the vicinity of the rock caverns
gradually recovered.

For future studies, the importance of discussions on the fluctuations of pore
pressure during an earthquake based on the global monitoring of strains in rocks was
suggested. ,

Then, groundwater flow during construction was re-created by
three-dimensional groundwater analysis, and water-sealing capacity was evaluated
and considered by making predictions based on the assumption of four events
important to maintenance. As a result, it was revealed that water-sealing capacity
could be maintained as long as sealing water supply facilities were operating normally.
It was shown that when representing an earthquake-induced event based only on
seepage analysis, doubling the coefficients of permeability of faults could result in
agreement with measurements with respect to qualitative tendency of change of
seepage.

Recommendations were also made for future study in relation to technical

development for evaluating the soundness of storage caverns.

Chapter 5, "Conclusions" listed knowledge obtained in each section of this paper.
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I BRE | XAERHE| ZREE | TTREEE| HEE
(mm) (mm) (mm) (mm) (mm/ H)
19806 1B 1H~1980%E12A31H | 1858.4 357.2 783.9 717.3 1.97
19814 1H 1H~19814E12H31H | 1258.5 187.6 835.5 235.4 0.65
19824 1H 1H~19824FE12H31H |1295.6 227.9 898.6 169.1 0.46
1982812 H 16 H ~19834E12H 158 | 1104.0 150.5 657.9 295.6 0.81
19834E12H 16 B ~19844E12B15H | 924.5 92.4 637.7 194.4 0.53
1984512 H 16 H~1985%E12H 158 |1388.0 203.8 625.6 558.6 1.53
1985512 H 16 H~19865%12H 158 | 1159.0 136.8 676.9 345.3 0.95
18664E12H 16 H ~19874E12H 1508 | 1365.0 175.2 541.6 648.2 1.78
19874E12H 16 B ~19884E12H 158 | 1214.0 142.9 596.6 474.5 1.30
1988£E12H 16 H ~1989¢E12H 158 | 1501.5 196.5 561.0 744.0 2.04
19894E12H 16 H ~19904 128 158 | 1537.5 188.4 561.8 786.8 2.16
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(EL m) (kPa) (m) (m®/day) (m) Bkt TREE I

BlVA70 (ST (1982.03.27, 1982.04.04) 3.50 189.27 14.50 | 23.66 29.43 0.540 0.506
ZEHNBE 447 (1982.04.19, 1982.04.25) 3.50 ~29.42 0.25] 43.44 58.14

|0 | BrRREFTE) (1982.04.29, 1982.05.03) 3.50 186.33 14.42 ] 23.02 29.76 0.530 0.507
Ze B 24 (1982.05.09, 1982.05.13) 3.50 -35.30 0.27] 43.38 58.73

FIHAo0 (FrREF ) (1982.05.16, 1982.05.23) 3.50 183.38 14.47 | 22.44 30.04 0.536 0.510
2o B 244 (1982.05.27, 1982.05.31) 3.50 -37.27 0.271 41.83 58.93

T A7 (BB TER) (1982.06.04, 1982.06.06) 3.50 184.37 1448 | 21.38 29.93 0.529 0.504
2548 15 (1982.06.10, 1982.06.15) 3.50 -41.19 0.27 [ 40.45 59.33

@S2 [RrmsiE ] (1982.06.20, 1982.06.22) 3.50 172.60 14.50 — 31.13 — 0.524
ZE W 5 715 (1982.06.28) 3.50 -42.17 0.26 | 39.76 59.43

Fev 1o (BT (1982.07.05) 3.50 178.48 14.53 — 30.51 - 0.559
HhHLiEH (1982.08.13) 3.50 -15.69 5.01 — 54.60
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(EL _m) (kPa) (m) (m’/day) (m) iHk it RFALE

TSR (B~ AN DEHN L RIEEFBRE) 3.50 179.46 14.50 [ 27.20 30.43 0.547 0.518
EHEE (B~ A INOFEHH L EHEZRE) 3.50 -35.30 0.25] 49.70 58.74
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(EL_m) (kPa) (m) (m’/day) (m) B AKBRL Bkt A FAH
1983.09.14 | Eifi{E 0.900 34.32 14.46 | 22.17 42.57 0.775 0.826 0.840 0.827
FrEEs | 1983.11.02 | ERIE 0.660 15.69 14.60 | 23.17 44.24 0.810 0.858 0.878 0.859
HEE 0.660 15.69 14.60 | 37.12 44.24 0.904 — — —
1983.11.18 | E#I{E 0.400 3.82 0.50 { 28.62 51.53 1.000 1.000 — —
Zifes HE®E 0.400 3.82 0.50] 41.06 51.53 1.000 — — —
1983.11.22 | EHIE 0.377 4.02 0.50 [ 26.39 51.49 — — 1.000 1.000
1983.12.15 | E#E 0.335 24.61 14.69 | 22.03 42.96 0.770 0.834 0.835 0.834
HEME 0.335 24.61 14.69 | 36.23 42.96 0.882 — — —
Friked | 1984.06.14 | EAIE 0.115 28.24 14.70 | 20.92 42.37 0.731 0.822 0.793 0.822
HEE 0.115 28.24 14.70 | 35.73 42.37 0.870 — - -
1984.08.21 | ER{#& 0.398 28.05 14.69 [ 22.94 42.68 0.802 0.828 0.869 0.829
HEM 0.398 28.05 14.69 [ 35.65 42.68 0.868 — — —
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ABH)
(6) wEFsr—2
 OBRREHE /T MO LANETAER LA ORBEITI D EAEME LT, 4 4
— AR ET27 Br—AOHNBIZUTOEY)TH S,
- CASE-1 -+ 1991 4E 10 RLARTOM TR 2 BHT 5, (MTRMIZEELUT)
- CASE-2 -+ CASE-1 ICEWEHRENLEFNI, A—F0 759+ (HBHE
' 1Lu) TS NRET, FIE0KBKMEZEZLZ LICLDE
LNBWTKA, ¥ 7BKEL LUK KEHRELRHT S,
CASE-3 -+ 1992 £ 6 FBESICBIIA S VBB SO DALY VEL VT
KL, &0 7 BKEB LVKHAERELHFRT 5,
- CASE-4 <+ CASE-3DEFNIIBWT, ¥ 7ERS T MHEETEE (4Lu)
BB ENIBOR TR, ¥ v 7BKEDB & UKE AR KE
YEET 5,
DERRE T — A BT BHKE KM 2 ERREMEELER 343 WRT, 28, RitiieT

EEBTTER L,

343 R —A-FERW®

Bt —A AE AN (EL m)
k No.37KE b A
No. Lk |NOZAE A Rk EHBr.
TR RN
CASE-1 (R IREE) — — —
- o (A 9
CASE-2 (kK b4 ) 3.0 9.0 (A% 75 MEL)
3 1
CASE-3(19924E6 8 ) 1.0 1.0 (B /5 b )
CASE~4 (SERF) 3.0 9.0 (A2 57 % B )

6) BITHERBLUZE

CASE-1I2BWTY I FERF O, BIRO T AL OBEBBIT 21T - -4 5. K 3.4-13

WRLZAL I ICERY V7 RBTICHTKESFET 2R EHH L., T RMEAPREH
TN (EL1.Om) #HERLTWARVEWI BTRKERREHZL, WHRLOLER LK
RENCL O FRH L 2o TORFTr — A% HIZL T, CASE-2 LD 2 ER L 72,

[ 3.4-14 2R L7 X2, CASE-2 TRH—F> 759 ML B®ABIEDRIZLD,
KE b ANDOEEOKIIKM (ELI.Om) % EH S H/254 . RAM TR IIHET 2
H. ¥ v 7 BEKENEREFHEAKE (440¢/min) 2 KE K LAY 2070 KV T OREHEKEE
5 GREHEARD 3 DAFRRL. $/2, FRICHIS L CTRAB TR (EL1.0m) %
T 500K KBEKENSSRICLEELRD, § U 7BAEEDO ST MILIHED
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LEHEHRA L,

CASE-3Ti2 1992 6 AN > 7 EKESB L UKE KB KEIEVEEZRL .
(K 3.4-15 &8)

CASE-4 TIERZ 77 M ZOYREE (4lu) BT TEIE, ¥V 7 BKE
RETEEEICES 2228 %R L, RBHEDEREELICT S L 2#E L TEKEOY
BAfTRBIERREL, ZOREELEE, V97 MIIAWBEEY 4dLu & LT
7o N BTITEI#EREINZ, (H3.4-16 )

BREr — AOBITHER Y b LIS HBERICHEESIN TV A RARB T KM (EL1.0m) &,
527 BKEDB L UKEKBEHRKEDERER K 3.4-4 IR L 72,

#3344 BRET—AOER—E®

BRRHE T ARG |7 7Bk R KB KB KR

BT —* (EL1.0m) DR 1/min 1/min
CASE-1 ouT 69.82 97.97
CASE-2 OK 3767.96 4124.09
CASE-3 OUT 1049.67 1186.1
CASE-4 OK 466.51 674.25

345 AANA L 1EDY 7 BKRERKREEOKE

BHEZET7 v POEUTF—5IIB0TAHAINA VHEOFKEIEZ, A4V VHIOBE
KEZHRTEBRTHI L% 243 TRLZ, BATEBIIHEERTHY, By v/
NEKEDVEROFRKEBOBNICERBRTHOT, VA Y HZOFEKEDKRE]
EEBRE L TBCIENEETH S, FFI2, TK 103 1= v M OEEHEKEZ 220¢/min
725 440¢/min IZHEIMEIE L, ZHUCHE) Ry 7ORES T b 00, R 7HEKEE
HPLRNITT 7 ML BB BEDOERIKTIC L - TIBEKED ST E T HHEC
ROFEQLZVEESSH o7z, Lo T, Bl ANLBEEKEILENLZITE
BTA2P5FMIRFLTBLIEDEETHY), HIZFNDT T ML AHBEE
KHRMENBEZ Ll b,

SO, BREFEBOFANAL VEjEF AN VIEOERSY 7 NEXKEDOLT BN
HEBFTICLoTTFREL, A1 NVA Y HOBRKEOBRBEEGEZHET LI L E LT,
2.6 TiZ [$AE ZK7C FEM R & T PERBMEICS T 2EAE M &2 RLA
A, ZORFIZBVWTOFEBHFELHVWAZIEEL, ULTOZHBICOWTHRI %17
ol BB, ENBRZRTHENHH L2 WHEEE, 2o [$fE Kt FEM B&i
AT 13759 ML BAHBIFERYTAI L RARELTITo2b DT, B LT
BB OEKRBE L IZIZREEICLDDDEHIT L0 TH B,

BT T OB S CHRET 21T o 72

DTK-101 & TK 102 2= v PO EKKEFRIC L 2B KEOEFE %KD, 1993

F1APLFEINTVS TK-101 DEHREIHE) T A VA Y ROEMNEKED
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RHEE LB T 5, (3.4.6 1)
‘ @TK-103 = v PO ALK HRIC & 2 BRKEDEFE S DK
1 ®F&H
FRAT T — R 7C FEM SafI RS BB L 200k L, EEBINEZT) .
GROFEKFEHILI. BRKEOLEHHEHOILESFTENLT A0, BUELE L
k=1.0m/day & L 7z,
(2) HEHREH
BREGFELTIE, BRFEBORRZERLUTOL O EE T 5,
O FANA VRIBED Y ¥ 7 NOR Bt
@ KHIKAM
® HAMTAKA
FANVA CHOEBRER, 585 2R BEOZHEIREE (KEE, KEZL) &
Lizo 720 FANA VEROERSY » 7 NOEBSEMS% 3 345 I3RS

£ 345 BAREEIOFAINA VDS 7 FEEME (RETEERE) 18 (nmsE

TK-1012 =y} TK-1022 =~ R TK-103 =<}

R H7 R HT7EM H7 M
FHirsg k) 330,000 665,000 665,000
FEMENAL (EL m) -23.5 -21.5 -23
JE M (g/cm®) 0.883 0.883 0.883
RIGERIE S (kPa) 19.6 19.6 19.6
KEEX  (m) 0.3 0.3 0.3

KEAKRMITAT DML Lz,
No.1 7k# b ¥ 2 7K$ KA EL3.4m
No.2,3 K# F > v 7K$ KA EL9.Om
QOEKRMTARIZIIERSY v 7 BIUK N ANVOEEIALTET L 1991 4 5 AL
DT — 5 I ETEHTARIBMILOENELY BV THRELTo 72, BRREDEEIL.,
243 THRRLLHIZHABTRKUOEBIZRATH20T, HRBTAMEZERT L L
TR X7,

DFERZFE 3.4-6 [ZKBHTLO 1991 £ ~1992 EDIAMGIRE AL & BEAKI & LT
—HERIZI LD, COREKMLERBAMIEREEOEHLEHOELELELLELD
THHDT, BEKLERBKZEZERFG LT HILIL VERREOEE*EE L,
B, THERIBHRHERIICELTREIIZVESIIAEKERZRE LD, THER
WRF Yy VIEAPIRIZERT A LTI NERHEREL .
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#3.46 HWTAMBMILOILAKMORREME L BIEME (67 EL m)

L 19915 ~9 5 19UEEI0A ~12A8 1992¢E 1A ~3H 1992F4H~6H 1992fFTH ~8 ] 19915 ~ 1992481 | T Ty
. et | R | BEW | met | ke | BEW | kan | BER | RAR RAEHT i BT
w-1 104.36 93.23 103.41 101.74 109.41 96.36 103.40 92.47 104.35 86.25 109.41 86.25 |TK-101, 102
Ww-2 110.60 107.45 109.61 108.02 110.28 108.02 111,48 109.61 112.03 110.23 112.03 107.46 [TK-101, 102
w-3 94,27 89.46 92.16 91.28 93.76 91.50 93.27 93.46 96.16 9487 95.27 89.46 | TK-101, 102
W-d 62.51 61.43 62.18 6174 62.36 62,03 62.77 62.00 62.46 61.91 62.77 61.43 [TK-10t, 102
W-3 115.07 107.63 114,15 103.85 11410 107.19 113.25 110.73 113.26 111,73 113.07 103.85 |TK-101, 102
Ww-6 140.45 137.46 138.97 136.12 136.65 133.26 139.03 136.65 140.17 139.11 140.15 133.26 JTK-101, 102, 103458,
W=7 141.33 139.02 142.31 139.10 140.73 137.24 144.32 140.62 145.58 143.94 145.38 137.24 ITK-101, 102, 10383
Ww-8 79.19 64.99 79.14 7721 19.14 76.47 83.29 79.22 85.63 83.36 83.63 64.99 [TK-101, 102, 1031%:%
w-9 136.85 134.09 137.33 135.40 137.54 137.41 138.37 137,17 137.41 137.19 138.37 134.09 jTK- 1033k &8
W-1¢ 173.45 170.03 173.13 170.42 173.67 170.42 173.70 172.23 174.20 173.15 174.20 170.03 [TK- 1034k 5
w-1l 165.81 139.37 162.17 137.33 158.69 154.94 161.63 156.73 163.20 160.78 165.81 154.94 [TK-103f8 &
Ww-12 97.71 87.96 92.88 89.07 94.37 89.30 96.67 94.29 97.77 95.67 97.77 87.96 | TK-103/E 2
W-13 AANA L EDERY TN K ROIEMITIZEA Z BB L BN DI AL\,
W-l4 i
W-15 "

() BRITEF N T — R

AT E 7 TK-101 RUSTK-102 2= v MREA O HRARHRRIEF L & TK-103
L=y MREHOATREHRRHEFNVIIKI L TR Lo $7- TK-103 229 b -
BOTIE, MHEBTKREOEUDPRLLDOT, EFLE 2 DI TELLE E17 L
720 (IX13.4-17 £8) |

BAAKEHRETE 7V Tt KT I2 3 3.46 £ 9 TK-101 & TK-102 1= v MNED DR
TR BIILO BB ARAL & BHEARL % V7, 7278 L, BEKLIE W7 T EL 145.58m &
ZOTVHY, BEMOEZ IV 5T EL 150.0m &8s L 370, BEAMIZ W4 L
TEL 61.43m &% o TV B A5 REAN & ARICRLMOE 2127 > T EL60.0m & L7,

HEBTEFRIZ OV Tid, TK-102B & TK-102C 12 FABBIHTL (W-5. W-6. W-7,
W8, W-15) #MLE LT ARMABEME 2> TVBDT, 22 RBEKERE LTl
FIRET 5 2 &1L ) TK-102A 13 TK-102D D& R % | 3 7= TK-102B i TK-102C DFER
bERLEDL LY ITER T,

BB SRR OV, ERERMIGHE L LT, TK-1014A 75 Ffl 325m QA AN
BKESERTA 0D E L7,

THBEFCOVTI, ERBERAIGE & LT EL-400m IS RBKE R 4 258 L7,

ATKHEFNTIZTK 103 2= v MMEERIZOWTid T AR IEE 3.46 L ) TK-103
L= MUERLOB TR EBILOBREKGL L B & V7, 727 L. BEkfrit
W-10 TEL174.20m £ % > TV 5%, REMOE 212375 T EL 180.0m & 5 L7:e
7oy BAEAKNLIE W-6 FLC EL 133.26m, W-9 T EL 134.09m & % o T2 2 5, e KA &
Ak RLBOEZIZT > T EL130.0m & L7=,

ﬁMMﬁ%ﬁtowfﬁ\V?WFbyiwwﬁﬁ%Kﬁm%ﬁﬁﬂﬁtto

BHESFERICOW Tk, TK-101, TK-102 2= b & TK-103 2= v N TR A
DHTRAEASENSDLRE L, TK-102 2= v b & TK-103 2= v b OFEE. T4 b5
No.2 7KE b Y ANERBEKERE Lz, 72750, No2 At F AL B L ORIk R —
Uy TSR EKMEEZ RS STV 5,

THERICOWTIE BRKEE 7L & FRICERERICHIST 5608 £ LT EL-400 m
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EAEKBEREZRE L7,

8. ALK#EHEFILVTIE, TK-103 2= v bEEFIZDOWTIE, No.2 &# kv ALzt
KFPER-Y D THELS, CORMPUBETNVERRDLETH D, BTKELUND 2D
SR EB U EER 7 TAKEIZER 346 £ ) TK-103 2= v P EEEDOR T AT
BRILORE K & JREARGZE AV, 7270, BEKAIZ W-11 TEL 165.81m & % -
Twah, REMNEZIZL>T EL 170.0m L FE LS. 7. BEKTIZ W-8 T EL
64.99m & %0 TV 575, BEKIL L FHEICRLBDE 2127 > T EL60.0m & L7y

UE%F LBty —A—%% % 3.4TI2R T,

*3.47 BTr—A—%xE1®

r—2%| BikkEo AEPRABLIEE=Y 7 Hh T A 88 81
A=y (No.2KFAKEF—Y Y [No 1EAEFE =Y No 2BEK ER—U 7 [No. 3@ AR E R —Y 7 LOH T AL
(1=95m) (1=48m) (1=43m) (I=6lm)| (EL m)
No. IJKFARHH—-Y
(1=155m)

7 1-1 [ZEHREE ) 150
”" 1-2_ [TK-101 HY . 150
x 1-3__|TK-101,102 E:D) 150
# 2-1 | TR D 60
bl 2-2 [TK-101 A9 60
b 2-3 |TK-101,102 Y 60
3-1  |EWMRE No.2,3HY Y Y 180

3-2 |TK-103 No.2,381 Y #Y 180

ATk 4-1 | EiRE No.2,38H Y Y 130
Hpst |42 [TK-103 No.2,3FY Y N 130
utm) 5-1 %Fﬂk‘lﬁ N0.2,3ﬁy) ﬁ—o 750 ﬁl./
5-2  |TK-103 No.2,3Fb Y Y L

6-1 JZEHIKEE = Y Y 180

6-2 |TK-103 B [l Y 180

ATA Lk ZHRE No.3NHHY Y E) 170
wpst |2 [TK-103 No.3D LAY A9 #h 170
(m&ﬂ) 8-1 %F!i’k‘@ N0.3@}}ﬁ7) %‘D ﬁ') 60
8-2 |TK-103 No.3DHFH Y £Y 60

(6) BTERRUER
Er—ADKERY VI NBKRBOBITERE Y % 3.48~10 1257,

348 TK1011=v bEEEKEMITER Y (B m¥day)
=2 TK-101A | TK-101B Total
CASE-1-1 | 194.312 159.333 353.645
CASE-1-2 | 174.068 121.659 295.727
1-3 | 178.149 127.389 305.538

2-1 138.496 142.643 281.139
CASE-2-2 1 116.312 104.329 220.641
2-3 ] 119.918 109.795 229.713

#£349 TK102 1=y EEFKREBTEE 1S (B m¥day)

T—2 TK-102A | TK-102B | TK-102C | TK-102D Total
CASE-1-1 152.750 84.296 84.296 152,750 | 474.092
CASE-1-2 158.144 87.743 87.743 158.144 | 491.774

1-3 113.124 72.572 72.572 113.124 | 371.392
2-1 143.292 73.278 73.278 143.292 | 433.140
CASE-2-2 148.417 76.414 76.414 148.417 [ 449.662
2-3 102.878 60.280 60.280 | 102.878 | 326.316
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#3410 TK-103 2= v FEEBKEBITELE 1S (B m¥Yday)

g—2 TK-103A | TK-103B | TK-103C | TK-103D Total iz
CASE-3-1 146.112 77.149 81.342 ] 165.001 | 469.604 | dc &
CASE-3-2 110.687 60.282 63.023 | 122.669 | 356.661 "
CASE-4-1 146.111 77.149 81.341 | 165.001 | 469.602 U

CASE-4-2 110.687 60.281 63.022 { 122.669 | 356.659 "
CASE-5-1 146.100 77.089 81.276 | 164.976 | 469.441 "
CASE-5-2 110.676 60.222 62.957 | 122.644 | 356.499 n
CASE-6-1 143.067 69.615 74.895] 164.085| 451.662 "
CASE-6-2 111.151 59,286 63.047 | 125.173 | 358.657 "
CASE-7-1 143.079 71.818 80.720 | 164.985| 460.602] A I
CASE-7-2 110.584 58.843 62.845 [ 122.665| 354.937 "
CASE-8-1 142.098 70.599 80.577 ] 164.979 | 458.253 n
CASE-8-2

109.302 57.287 62.666 | 122.658 | 351.913 "

CORREFEIZ, B2y POEEIREL 10 L L-BEOF A VS 10, BREES
(B #7576 L7-b DHH 3.4-18 TH 5,

100 r—————— 110
0.95 :
2 090 \\\\ ——oTaE| 2% “'A\f —+— CASE-IGRHT.
= 08 N Alzisom) | 5 090 X {3 160m)
= 0.80 —&— CASE-2 (8H ~ 0.80 A\ +CA§E‘2(E?H’”L
0.75 FAfZ 60m) 075 & &fiz 60m)
0.70 ; ‘ X . s
= § R E % E
g2 &8 =
& bl i pins pi=s plo
s 8 &g s g &
EOE E £ E E
(a)TK-101=2=»h OTK-1022= b
1.00 ‘ "
0.95 \ —— CASE-3(GRRITL (I) 82 AN |
0'90 AN AfT180m) 0.90 N\ a‘
_’é 085 AN —a— CASE-4(BLAITL _32:‘ 085 N ' [—e— CASE-TGRAITL
B 080 N\ K2 130m) £ 030 N AK{7170m)
g —8— CASE-5(¥8 ®IFL N ~a— CASE-8GE L
0.75 _ Afir L) 0.75 ‘ AfIL 60m)
0.70 : | —e— CASE-6(#LIM7L 0.70 "
Z ¥ A& f£180m) E §!§
£ & & &
- -
= = 3 =
(c)TK-1032 = MEER (dTK-1032=w i E

3.4-18 K= v PO & FEEOBKLEER ®

TK-101 2= M, 1993 F 1 BIZA A4 U aThbh, TK-102 KU TK-103 2= v
ME 19946 AH 6 12 BIZHITTAH AN A UdTblz. FRIEIEBOLEI= v b
DFEREER 3419 L RXREFIIHIET BRI E K 3.4-20 IZ7RT, 72750, TK-101 1=
v PRUTTK-102 2= v b OEMEOIKEFTKEIL, 19934€ 181 H~1A7H (11
1 VER) OFKEOFHEL L H Fh 21 104m¥day, 288 m3/day & LTV 5, F7-,
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1/28~2/17)

mERKENL T HLY

TK-{101 5% 2 3 tH i w

—24R
—TK-101
——TK-102
—TK-103

(81cm/sf)

Tosfionk | [

(dlacm/s?)

/B

E*%AEEW

Té?

K1
N ]

VEHHER

E*ﬁklg

3419 #Z2=v F OENHEKEEELE(L 20

ko |

Tk-Topa sy

TK-103340 4}

k1ol 4PN

—TK-101i8 Ktk

—TK-10278 Kkt
——TK-103 BAKL

t/H

_TK—IIOM"HH‘J

3,000
2,500
2,000

500
1.4
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1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4

10/10/6661
10/T1/8661
10/60/8661
10/20/8661
10/60/8661
10/€0/8661
10/10/8661
10/11/2661
10/60/L661
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10/50/9661
10/£0/9661
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TK-103 2= v FTi. I F A4 VHEHD 199445 A 22 H~5 A 31 HOFEKED
FHELE E D 1,061 m¥day & L7z, K 3.4-19 RUK 3.4-2012%k > T 2.4.3 TNz L
) RBAEBDOEBERAFEDOND, CORKBMEEII NI T TICLoTIRIDI R
243 THRRD, ZORETE LW EPBEER LI 2BFOKERABRTHRR IN TV,

Z 2T, TK-101 2= v FOBEALOEEHMEEICAE VEEIE, 41 V2T ANEICE
HENOMEETERY Y TR ANL2ORKRICKEMR) 20TH D, 72, TK 102,
TK-103 2=y hDF AV A YEICIE—8 TK-101 2= v MIA AV EFIF AN, £0O%
TK-1022= v b 7213 TK-103 2= v MIilZEY 7 b T2 L9 I1ChoTWAB I EHHAL
BZoTwWh, M34-20 % RTHHB X2, FRALAFEAKLIZIZIZ-RLTVWEEWVRE
A5, BEAEICIERI12 0, 2.4.3 TR LZEKREORBIEMIC L5 - - ETHER LTV 5,
F7-, 198743 A 26 HEF4HES5 A 13 HOHMEIC L D, FAKILIH 16% T O8N L Tw
BH, ZHIZOWTIE 4.2 THER5,

3.4.6 TK-101 DR HE

1992 EEICA>TH,3.4.1 TRRZF T FEABDOBEM/27:3 . ERARTH 5 1992
EIPHITRLERPER LI ANA Y EITH 2 LR EIRETH - 72,

COEFHMREETT I Lk, BT AMBEOEMBR N T 3 hBHSOEEE L
FIIATHNE R EP S, BERMEME LT, TK103 2=y b F I FTHEEMIL
TTK-101 2=y MEFFANA Y EIT) TEDPBEFI L VRES Y,

WHFEITIE, ERBICBBOMIBET 202PIET 272010 &2 =y FEICHKH
MREZEE L TV, — 5 CHlEEOR FTIER2 T 2IRIIEBEL TWih o272,
ZOFBRBICBIIIRERORT LT ILEVE L, £/, BoBEELIIVR, —
DDEF LY v 7 b AR EINDLZOHEBELOREDZITE2LES D o7,

[ 3.4-21(a){Z\ No.1 7K# b ¥ RV OfekE R —1) ¥ ZILEIFLEZ DO ILAKL DL EE
PHEREZERDOERLAH, BEAREREICYSAS &) ICHIFL S ROk R -1
Y THE, LK AETLTWAZ L b b, /2, HHETEORKE K- ¥ 71
OEIREIE. Muskat OEH 20 KX Aberg L DBER2 XhTRICLDRD, B#E
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bbb, £423 OBWEIRLI-HBEOBE (HFH. 18, BE4 L) LT, £4.24
CORLBE S GBI E CTHEORGS S ARRL AL E2HEEZRLTVELOTH

b, Thit, BllarMBOR S U LA, BRSO TFHBII SBEICH T 484 L
RO E %322 LASEEENCHETA2RENHE L TOHMESNTE Y, BAFEMIC
BUIARTHBIZOMELFHNNE R >TWD, 72, BABFEMOTEL REGETHOSE
BEMEHLL TRl MHEL DRNTFREOHMRIEE L TESEOER (N60° E)
(2 30° BEOITIAIBDOND, BRAISEETOEEERIC BT 2 KEANOEBOEET
X, FERAEKEOEMICH LFT T8 BOLNT, #HEIC S Y REREFEOL
FERE)BErHob0EELLNS,

BJ 4.2-156MR LB IREEIEFEEHE CId. S8 LK FEFAOR FHEE O RFAMEIL
B84 14.6 BT 7.42cm/s TH H A, T DEEZIfHE T WP-1-2 O IBBUKIERH & B & Moo B gk
EEHIEKME (74 F2Al) 2RLTWAE, 72720, WP-1-2 ORBAESRORAE (77
A 12 HETH LD, 146 BRIETIEYA FAMOBADME (-111.8kPa) #57RL
Twd, Thid, EELZAERALHRD L, TOBATIINFEIROMCBVTCwE T
NTENDOBAIHATETSH S,

—7. K 4.2-16@IR L% 2 BIEBRIEAELHETIZ, A8 LAKESB O TFHE
DEKMBEITREZ 11.06 FT 12.40cm/s TH D H', T OFHILIZHIBKEDRAME 2 RS HBR
KEEHI WP-2-:3 DA TH H | O MBKEFT I EESODY D 8.5 725 9.0 Faith T
ETHY, EEBRIAETMBL IRLRIBHERL T0d, 2R L, BB LA L) ICRTF
BPIEIRB RIS E L R EELNEREROEMIIH LTI 2853 3850
WO HEBICIATEFRAORNOLBAE XIS AL YVRBKENEESEHL DL
Zzbhb,

(4) HERHBAENEERIINTIER
(D~@) TR/ HBLHFOBAMEILE 4.24 [IRTHY TH D,

£ 424 HEDFORANE FNREE

. BREBER | #2ERER

B A T | i s
K FEANEEEX (em/sH  37.7 58.6
K ENHEY (cm/s” 39.6 60.4
SNEANEAEZ (m/sD] 227 40.7
B FE Vx {cm/s) 2.98 7.47
HLFEEVy (cm/s) 7.09 10.69
SRRAKFEFERLFEEVh  (cm/s) 7.42 12.04
B THEEVzZ {cm/s) 1.02 3.19
H R R R ReUKIE (kPa) 126.5 210.8
JARBR LG HRFFEBAE  (kPa) 117.8 208.6

D LORE@L)D@H 5, HEEHBATE (KT & BTN & 2R LA,
CCTHEOHTEDLERDE )2 A,
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BREBRILESBRICOVT
TKFEIERE X 1 126.5kPa,/37.7cm/s2=3.36kPa,/ cm/s?
KEMEE Y : 126.5kPa,”39.6 cm/s2=3.19kPacm/s?
F2HEBRILARBEICOVT
KEMEE X : 210.8kPa,58.6 cm/s2=3.60kPacm/s?
KFEMAERE Y : 210.8kPa,/60.4 cm/s2=3.49kPa,cm/s?

IR, KTIEE lemis? b7z ) OHBRMBAL IR, EIZ—20MEIH5 2 Lt
bhb,

T2, B)TIE, WFHE L HEREBKE L OBFRE R4, EE & FHER IR %
TolBREUTIIRT, 72720, 2Tt MBKER 1 AREZDOEEEVTW A,
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KERLTF-RE Vx . 117.8kPa,”2.98cm/s =39.53kPa,cm/s
KPR FEEE Vy . 117.8kPa/7.09cm/s=16.61kPa,cm/s
B BOKFERFHE Vh . 117.8kPa.”7.42cm/s=15.88kPa,cm/s
SR T Vz . 117.8kPa/1.02¢m/s=115.5kPa,”cm/s
% 2BERBEAEBHMEIZONT
KFERFRE Vx : 208.6kPa,7.47cm/s=27.93kPa,/ cm/s
KFEHLFHE Vy . 208.6kPa,”10.69cm/s=19.51kPa,cm/s
B BIKFERFEE Vh | 208.6kPa,/12.04cm/s =17.33kPa,” cm/s
SHER T HE Vz . 208.6kPa,”3.19cm/s=65.39kPa, cm/s
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V7RIS KENRLTHLDELBRTE 5,

36U, HEFFRIBIKES L UMEEORFEEL L BEEEt Lot r Rs L #E
BERIBRKEOREHN S (BEREEHEMHETIIEY 1 HLE, £ 2 EREEIERM
RTIEHEM 2 ) o0 TE, KFEBHI Lo TEELALDDOELHWTE S,

—7 MEECRSWAEEEO 0.2 HORS 7 B HBUKEICR S e WL,
M EFFHBKEEROBEIRE (AROBM) TRET S LRETE, 2 OFRS
LRI EOEREII L TEEROBMICHL T 20 CRAM0.2HOESHFEN L
WZEABBTE D, Lo L, ERBBKECR S 2B 0.4 B EORSG 12OV T,
MEEOBRMRS ERIELTES T, ZORFEBERIZTHFHITE v,
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HERMBAEOREY ., E&4 KT () 2817 |
ORETIMERC BB BRAEOT LIz owT, 1 BlACET A BT - RUER
E FIEELCEHE L7 BBKE D25 & B3 % oo 72t BIBUKE O AL % B R T 5 72
DIt BIIES AEOTESI B GEEIIRE) £RE L., MRED LML 2 KkD
BEOIRBLOTESFOEBODTHE O — VIZEHIT 5 2 &1 L O HEHEE 3

%—5_ Z)‘r./;‘iﬁii) 5 o

424 WEROESKEED

4= >

ZZ Tk, HBRKEEZKE (ANy F) TERLTHBELIT) S

(1) MBKEFT R B E OSBRI & EREFKEDOZEE)
X 4.2-6 IZZMBFKEETORBMEOERBKR O R LA, £OEBRRLHRR R U2
TEE? D EICFHEMICERE L ERNE 4.25 Thd, TORICIIEHBKEE 3 A 26
HRU5 B 13 HICHEL-HERIIBITAFHAMENERRIRD EbETRLL,

#4.2:5 HBKEREMVEOHEIRER FHBAKEZ KR

PR AUE 3 WP-1-1 WP-1-2 WP-1-3 WP-2-1 WP-2-2 WwP-2-3
LEEHEL B {Tm) [ -8.700~-9.700 | -19.700~-20.700 | -30.000~-31.000| -5.765~-6.749 |- 11.673~-12.658] -23.491~-24.476
g TR EIR EIE=E TILEEE TIEEE | ARERE LS | BEHRELE

= (MAnR}) (MAn) (LA) (LB) (LB)
& |27 RiR g, AR B s, AR ik TRk gk, #ER
® AR MA R
R|EA27E (cm) 5 50 30 30 30 35
RQD (%) 0 100 50 90 90 45
| B C B C.B B B B
FKEEL (cm/s) 0.01 X 10°LLF 2.81x107° 0.01X10°°LLF | 0.01X10°LLF 3.55%10°° 5.85x107
R SR ITEL, -BAFEBAIC [-WP-L-IRIERAL- [ REFERNIC [-BE, F8E |- HFREO#IR
A5 BREE | HAVERXIC /YRR R HIN, Fix DEAREAED % 7 R
&K BLUCBER | FREOEAR hale a0V N HRaOR | BoLioEmE 2 FAFASS ¢
:: ] gy aoh, | 25Ol Ko, B A% k5 EhiEE LI, PR BoLA#n
H HHRFORIE | EEARE AREEFELT DRFLT | EHERSREL BiiHLhA.
£ LigoTi5. LT3, WBETDIEL . 5. TW5.
Y kB CERHEANICH HOFREBIE  |-ERENCH B BEEE [FHAOFNEI |-MoFREIC
£ Y, el L0EAR L Y, ¥+l LT3 A, L0EAEIL LoBALERL
-4 TBIEH K&, TBHIEN FHREOHR | LRoxE, KEUV.
Eib6h, & Zz2bh, B TEHLEK
KPR, KPR, PR,
1 | HARBSRIBIAE 120 70 30 130 1,290 50
W K 5 i(cm)
’y‘z HEERBRAE(cm) 1,242.6 2,605.3 3,676.2 1.414.5 1,966.1 3,221.0
T (34268 16:00)
W SRR E(Ccm) 1,250.7 2,613.8 3,680.4 1,475.1 2,032.0 3,.275.7
i (34278 18:00)
g R ER & (cm) 8.1 8.5 4.2 60.6 65.9 54.7
W | R RIRRAE 180 70 30 160 2,150 40
2 BK -8 Riem)
’fd, HERRIBAE (Cm) 1,244.8 2,520.9 3,591.7 1,465.6 2,018.2 3,267.0
&,j (58138 14:00)
yy | EEERABUKE(Cm) 1,247.3 2,521.2 3.604.6 1,479.9 2,035.8 3,284.1
ik (54148 16:00)
W[ R (cm) 2.5 0.3 12.9 14.3 17.6 17.1
8 [ R AR E (cm) 1,248.6 2,518.0 3,588.8 1.508.6 2,063.0 3,314.6
Wl (6198 400
R AR (cm) 3.8 -2.9 -2.9 43.0 44.8 47.6
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F4.2-5 DO HBRMBKEDEEICOVWTUTOZ EARE N5,
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X 4.3-25
X 4.3-26
X 4.3-27
X 4.3-28

WK BRIFLEREL (5 — 2 4)
HHEY Vo BKEEREL (F—X5)
TKE KGR EEREL (5 — 2 5)
# TR ERBIFLEERF AL (7 — X 5)

241

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

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

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

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



Appendix

Appendix 1 #5612 & 2 IER st AT V- 2
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COBFFENELFIE. EROSHMEHRRIC L 2 LTSN, SROTHEEIE
BTHBHELT FEM 2L W HERBF 41T b0OTH D, UTFIIZOERHLELF %
BB,

(1) EHORELE

—fE, EROREIREIEEIRELI TERL L, HUEHRE L LTVWD EELS
NTVW2, ZORBAERIIN LTE—VEAHAEEET B I20NT, EBRONEEEHK
HEDSHEA ., ZRAAM D METLR7 VAT A EL, ThEH ALL ICRTIEH
REZHWTR (A1) oL HICKHAL,

ﬂ BB TR
J
d, D,
TR
yr
o, 0, g, @
Bl3k Efs
d,
v D,
KAl-1l BEaHEREE—LVoRHHOBE
I (<R I (<R) AL
- I , - i 1-1
b D’:R” (0<R<) V7Y g (O<R<)
Do=D; 0 (R<0) Vo~ Vs 0 (R<0)

miEaERIE (A1-2), RIIBEELE2RDTR (A1-3) * HWTH (Al-4) TEH

b,
[—r—] =1-= (A1-2)
TR 01
R/___ min dminl , dminZ (A1.3)
lo,-0,|/27|o,—0)|/2
R=kR' (Al1-4)

I al BORTUMMRIER (GA TR, a=2 L LE-NWVANZHE) YD EER B,)

A-l



D, : LR Dr : BMABEFLEE (=Dy100)

vo [ FIMIRTV I vi | BAREERT VU (=0.45)
R BEEAE k  ZBAEK

R ®&ARE

tr . HARTERE ot IR

.om L IEREAHERE (GBE m=a) n ! FERTAR RS (GBF n=2a)
TIT, HEEBkmn 3EROZ@HRBRERICEI o THRES N, R, o RRVERER
DERXBEIILTREENS,
—7%. BAEEEFSIRATERENS,

FS =min D, , D, (A1-5)
lo,-0|/2'|o,-0|/2

(2 HEK ‘

Wl Z4EH T2 Lk, lCEHRBE*BET A2 EThL, BHERHIZE, FIH
WECHRTEA0E, BELELD ETH2EHACERTAZ L EEMTHY, 204t
pak:2 Ik ET ) RN I

Lo T, EEIRERETA2HILICERT 2HE (2 RHBIE) 3, #WERTICERLT
W HE (IHIHE) CEHIMSANICL D RETAENEERTHAIEICLINKRDD
ZENTE D,

EHIHLA NI A2 25RO EHIZLT
KOHBZENTE D,

LA OFHIHE 6 00, r a0 2 E X 5 & IHH]
2T % 72D I E IS R/ANE- 0 00,- 7 neo
DISTIEVER S €D LENH Y, TOTIRA
TREN5b,

M A1-2 $EHIHELS Y
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HEEFEIZIZ, X (A1-6) TERDOLNIWHMHLENA NI RNRLETH S,
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BRI FERT Y, No.377012, 1978.
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Appendix 2 S ETINV

NO.27kE b LA T AR EAITL
S-160FLAK{L W- 17
. W=18m
TK-103A TK-103B TK-103C TK-103D
Q,\ QB Qc QD
4 4 4 4 EL-42m
k,\ kB kC kD
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Hsied Ha Hg He Hp I Hw7
BEAS— (k=5.0%10"cm/s) TI
—Q, -Q, Q3 —Qy —Q5
1,=25m _ 1,=50m | 13=50m 1,=50m ) ls=55m
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S,+S,=1 , ¢,=P,-p,gZ , ¢,=P,~p, gZ (A3-3)
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krp=krp[Sw] 4 szBpleJ ’ pp=ppl.ij (A3.4)
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(Preconditioned Residual Method) 2L > T D THbH, S50, KEELE
BB L Tid, BXREGICAEE (Successive Explicitization Process) % W RAIH % F XK
BLETEOMRILEE > Tnb,
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Iab—VvaryFEORE, BTKESEE, Vol38, No.4, pp.253-267, 1996.
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