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A Unique Example of Deep Drilling Well Pumping Test
at Reclaimed Land in Osaka Bay

Susumu NISHIMURAY

Abstract

It is well known that underground water can be pumped up from a well at the
condition of downward running water-level change from a static water-level.

A deep well (1,000m depth) has been drilled at the reclaimed land in the Osaka Bay.
The deep well has a casing tube with the screen (strainer) at 870~970m depth. Step
pumping test at the each pumping rates of 100, 200, 400, 600, 800 and 1,000 //min were
performed. Below the rate 400//min, it has been obtained that running water levels were
higher than the static water-level. Above the rate of 600//min, running water levels were
lower than the static water-level. During the continuous pumping test with a rate of 3507/
min, the pumping water levels are keep around —20.43m above —21.77m of the static water
level, associated with some tide changes.

From the geological logs the sedimentary faces are consists of sand and gravel at the
depth of 875.30~930.50m of shallow part of screen of the casing tube. These faces have
very high permeability comparing with that of sediments at the lower part of screen
between 930.5~970m. The shallow sediments are belonging to Holocene sediments but the
deeper sediments might be belonging to Pleistocene sediments of Osaka Group.

The sediments of the upper part have fresh water but the lower part have brine water.
The casing tube of well, brine water are permeated slowly from the lower sediments and
the water-level in the well reached the static level. When pumping tests are started, the
inside well-water change to fresh water. The results of the pumping tests indicated that
some working water levels increased from the static water level.

Key words : Deep well in reclaimed land, Step pumping test, Continuous pumping test, Confined
groundwater
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KB O CHIZHEH] S 72 1,000m DO HHF D 875.3~9725m iREDEKIEIZA b L —
FE AN, KB EBI ol A EFAKEZ 100, 200, 300, 400, 600, 800, 1,000!/
min & L 72 KRER T, 4007/min ¥ TIEHEKA L Y BREEO A5 <, 600 7/min DL LK
A LTI UDT, R L) BIKRMATFA - 72,

DB E D 350 [/min TR ICEREREG GEBEKRER) &, KOIZERAL -21.77m
M OEIKAL—2043m (2 EH L2, ZIZREE LY, BHELSHoOTM2E2LETAL LI
ol BAEERRPSRLE, A MLF— o 875.3~9305m O RITIEF IZEKED B
b - AR ICE e d it FEOHERE T, —J5, 9305~970 mi%, ICHERAYIE A 0 B B
DRBBEETD 5.

SEF O ARG L, Tt om AR IS RET 5. oA, $HHl
FHIZITE SN TV B, WADPREVIEIZ® - Y EREL, WAKIRE Lf’k%b‘HCEOD
iﬂTZkC:iﬁﬁf: SNTL B, WHIHD» S OWA LTFTVIEE S &, BRRD L VHUE D 535K

BENTETRECHHHOPIZRALZZLLEDO/NS WEHMIR K THi/ZzEN 5, [HELTW
&‘/‘0) BB AGABR O s F TEIKALASHRA & D B R S ] AR 57203207
bf%%&%x%n%

F—T— F BN ORTREERN, BeRERkasR, itk eER, B TR

1. FUC&IC

KBRB OIS 7 CHUZHEEE 1,000m OB % S, Z2O5r—3 Y 7DA ML —F (A
Yoy b)) IR 8735~9725m TH AH. T OimAiZix, [HRMTF 600m DIEICA ML —F %%
BELZWZ L] LW EHIFTEESMT Shz. 2hid, REOMTRZHRIL Z2\» 2 & 255K
ENLOTHL. WHIE THEOELAKREBEICEY, [ZoHdAx, HELTVWRVLOIZ, BERHEK
REEOBPE T, BIRMSFRM L) LAT L] BERA LN ZOB%OERSGKRE CLEE
$iK 350 I/min D GMETHRA LF TR 24T o 7458, REFHEMERTH-o 7. fHEOXR
%mLﬂ@mR@fﬂuiéazbv FREIIRBRERETH Y (Fig. 1), KBEHO Z ORET
FHSEECOPERTH L. S OTHIFHO AR TIEHAMIRR T, WP enT & I25ERH
Bh 7, RO —3 ¥ TNZRARDH 5D TIE W EOFEmHM»TTbN iz, EEITLIEIC D Ak
LRSS ), F7o, MRLRBEZHW-Z 2D 5. £ THMIE, WEERK, WEHEES
ONVHE & 7 35K AYE: & N7z 0 TR HGT L 7-.

2. EHIFLOMEEES D%

KPR 2 ol & L7kl - ANH IR O =Kot B AT TR L OV U B S AL o5 v HA L A
T rwbhi FZFIZTOWEREDOTEAZED, FISHME L2E)REM > o EBEOREL T
E LMY IEMECHEE L ORFBREEEE i > ¥ —, 2000). Fig. 1 ZERERD 6K /- ek E
RRBEFE WM S N B AER 7 7% EOIMIREREE 2R Y. ZHUC X 2 LHEIAT (Fig. 1) OXEHE
H (FIIERE) O SIZ1300m F2E L HEETE 5. S 512, HHIHOREEIRIN (Fig. 2) DLk
ERBEREDOWIZER R (B 20X, W, 1993) 25T, HRKOERIZA T 4 A DBIEICL S D
DTANLEZABH DN, ZOBRFIIEHMEOIRGOHREWATE L S7T0m MEDIE L H 5 L/
bbb, ZORETEILOTHIE» LW - WAPRLEV L2 LT, R i M,
512,963 m T, it B CREERED WL - #aB 24 0 L) HAWICFNEL 72 L HEETE 5.
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Fig. 1 The altitude of basement in the Awaji-Rokko District (mainly Osaka Bay)

(Radioactive Waste Management Research Center, 2000).
The pumping test well (k)and the nearest hot-spring well (@).
1 GREE - NEMIEOESR (XL LTRSS KEORERR. (BFHAREERFES 24—,
SEOBKRBROBRHFHDEME k), ELDERH% (@) TEY.

2000),

PRI OFEENE OP+930m C, #BAEMHKMA» S, M7 THEE1E210m THH, 21.08m »*
5 82.3m I T TIRRES O RIEEHEREY T, 823 m A5 87T0m T T, 13 ALRE CHil)
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BAS10'~10cm/sec & K&, i (FEfYE) ORE (Fig 1 2R) »5, 2o - igEx
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WERE & BAME O R D Fig 2 1RT. IR D 5 3 1 RERF O K 1% 46.1C
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Fig. 2 The composit geological columnar sec-
tion of the hot spring.
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Table 1 Outline of analytical table of the studied hot springs
with the extraordinary results from pumping test.

x 1 BAHARTEELRREFRL RKOBRRISTROBE.

SMTESEATH TR 184512 A 8 H

xiEa rp i SR BF S

B 55T

SR 461C (& 9T)

B 3501/% (Bh)7)

pH 81 (#'o AEM)

TR 0.294 g/kg (110C)

RO A ML —FEToYE W RE

FE NI

TRt

Na* 936 mg/kg

EhBEA L

Cl” 239.2mg/kg

oo i ‘

7 (IHEYE - 857 v 4 Y PEiRR)
3. BAKHER

WHI AT L, SLATES, EISHCE D PR 184E 11 H 29 A5 12 H 4 HICh 72, #HiK
REATDbNZ. ZOL ZITHV SN EkER 2 &% Table 2 1R

Be R AR BR LK & 200, 250, 300, 350, 400, 4501/min @ 6 BERETIFWZE DFEH % Table 3,
Fig. 31T F. KMOBRENEL, EOBRBOEKMD TXTHARMD -2152m L ) i TH D
250/min D& & H o & b EWALE TLRE L.

¥ 52 D57k 350 /min T 70 B O @i Kbz Lz & 25, #RIE-2145m T, &
AKALIZIEIZ-2015m TH o7 (Fig. 4, Table 4).

MR AHE 12 A 4 HICHBREBRE ZOBOENRB TR SN, ZoBETROMY, Hit
WRTH o7z (Table 1 BIH).

CORERE D LICEIIPEEE L72ds, BBROME, [ERMIHHRML D EL, FEFITRAKRT
BB, F=FPRELTVEVDT, F—Y Y ZOLEHRTRALTOWAEDTIE WD, | LOER
PR S, BIIHEENE LR SN 22 CHAKARBOMEL S22 ¢, EEREICHE, #HK
AEATRA ST

82 0 HOBKRERIZER 1941 H19H25 1 H 26 HiZhzo Tiibh 7z, ZORH VAR
Ept%es 7z &% Table 5 12787

BeRsb AR BRI, TR X D BIKEAST A 2 & & ER UL EEK L 20RO E HiY &
L. #7K&% 100, 200, 400, 600, 800, 1,000I/min %22 Tirb Nz, ZD#i%% Table 6, Fig.
512RT. Z OB KRETIE, 100~500//min O & X \ZIZBIKMATRM L YL, SO
B BRCUE 200 //min @ & & NI EEIKAL T, 600 //min LR B AR & DKL 2o TWn/z
Zhug, HiROEKREOBE) TH 5.

BRSO L & OBIKIEE % Fig. 6 ISR 3. Z OB KOKBOENE L L, 2001/
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Table 2 Outline of the 1% pumping test of the studied hot spring well
and the testing equipments.
%k 2 F1EBKARTOEREOBE & AR
T Y LS 1000 m
D¢ 300 mm 0~30m
@ ¢ 200 mn 0~200 m
i o
3¢ 150 mm 200~700 m
@ ¢ 100 mm 700~1000 m
A ML —F i 87350~972.50 m
i A VA X —181.00 m
EN S TIWVYRTHARYT SP—27—11 15kW
WKk 28 4 7 | HQT Wi¥e¢ 77.8m
BB Ak 200~450 //min ® 6 Bk
K AL W E 2 | FY ¥V FDD—N BUKNZER, v — 7R E & 6FH
iom W oE # =M v F, 401N
OB W M PR 184E 11 H 29 H~12 A4 H
Table 3 Results of the 1* step pumping test of the studied hot spring well.
% 3 %1 EERREEKAREBEER.
IHH R ERAY/SDA BhKRAr IRALFET T
Q N.WL DWL S Q/s
Bl (I/min) (-m) (-m) (m) (I/min/m)
1 200 2152 20.55 +0.97 206.19
2 250 — 20.10 +142 176.06
3 300 — 20.22 +1.30 230.77
4 350 — 20.26 +1.26 27778
5 400 — 20.32 +1.20 333.33
6 450 — 2041 +1.11 405.41
1~3 BB DK KRN 1.0 BER, 4~6 BRSO KR IX 2.0 KRR & L 72,

Table 4 Results of the 1° continuous pumping test of the studied hot spring well.
x4 F1EEFBKHABRER.

pCiNiAE ER/<DA BhKRAL RALBET g
Q N.W.L D.WL S Q/s
(I/min) (-m) (-m) (m) (I/min/ m)
350 2145 20.15 +1.30 269.23

e 72 R AR 2 IR (I ZROKAE % TOMERR) THENE.
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Fig. 3 The result of the 1% step pumping test of the hot spring.
3 %1 OERREHKHERER.
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Fig. 4 The result of the 1° continuous pumping test of the hot spring.
4 21 EEHGEKEERER.
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Table 5 The outline of the 2™ pumping test of the hot spring.
x5 F20BAKABRTOEROBIE & AR

o IR OE 1000 m
D¢ 300 mm 0~30m
. @ ¢ 200 mn 0~200 m
o O
@ ¢ 150 mm 200~700 m
@ ¢ 100 mm 700~1000 m
N R VAT-A 87350~972.50 m
K v 7L E —11150 m

I

BrdbEKRry7 F E660/7—100 185kW

B oK AT

SGP—80A % ¢ 80.7 mm

Bl i Ak 100, 200, 400, 600, 800, 1000//min @ 6 B¢k
ML KGR 350 //min
pi &

K AL E &

OHBAMHERE (LTM—I) LS—60
@u — 7 XK A % B
MMER L, @0 u—7RAKMET O EHEZ

WO oE S| =M/ v T, @200 K54
OB MO | CPRI9EIHIOH~1A26H

Table 6 The results of the 2™ step pumping test of the hot spring.

® 6 52 BERERKHARER.

IHH W BB/ A 1]/ VA IRBLRET AT itk
Q N.WL DWL S Q/s
Bl (I/min) (-m) (-=m) (m) (I/min/m)

1 100 21.77 19.52 +2.25 —

2 200 — 19.08 +2.69 —

3 400 — 2123 +0.54 —

4 600 — 24.77 —3.00 200.00

5 800 — 2701 -5.24 152.67

6 1000 — 31.70 -993 100.70

1~6 BB O IGKIE L S BB TR E L7z 1.0 BER & L7z,

min TOE RS KO KIRAFR KM O A OREEIZE <, 1,000//min T47CHEL R Y, EiTHK
KiSdr o7 LI3EZOLNLGEVHIRTH o7z,
WEA5 KR 350 1/min T 55 B O kein KR T, EER 7 — 2 205 L7452 (Table 7),

Fig. 712”3 & 9 ICEKAZIE - 2040~ - 20.15m TH#IWZEALEZ LS.

IKOKALAZFIA L T 5.

2 W H 72 B KRR E S HBORERD G SN2,

(Fig. 1 @) DOFIKFERTIE, B & BIARMIIZEDPOE L L eh o7z HHIRIA S,
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Fig. 5 The result of the 2™ step pumping test of the hot spring.
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Fig. 6 The temperature of the pumping up water at the 2™ step pumping test of the hot spring.
6 2 2 OERRESKABREOBKEE.
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Table 7 The results of the 2™ continuous pumping test of the hot-spring.
xF17 %2 EEGHKHARER.

i ER// DA BhKRAr RO R e
Q N.W.L D.WL S Q/s
(I/min) (-m) (-m) (m) (//min/ m)
350 21.77 20.14 +1.60 21875

AL 48 WEI I 24 BF R TG,

(AHME—)
154 = T
15.9 —— = . I VU SNSRI F— o P - L I SRR —
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174 S _T E

1?.9 r——— AR 1 Pom— ¥ —— - i —
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Fig. 7 The result of the 2™ continuous pumping test of the hot spring.
7 %2 EERBKARER.

ZORTIZIKIE  TREEEEOMREICA > Tz, REIREFRTH - 1.

5T, ZOBKRMAFARME D EABBLEHERT B2, FHRI19F3 A 16 H, ZEHD,
B THIAKR L, BRSO L D BB AHRICHZ 2 ZOBEPRI 2D %MD S5
KRGS 272010, EORICIRERRE & BAME L2 £ L 720 % Fig2 \IR L7z, #HRFO R T 4
L DG &G DFER 7 & KB OERD S, TOHLIIRD L H ITHPIID L.

A ML F—DOBE (8735~9725m) TIE, AT 4 AOMEA 5 963 m LU 5 Hi 1 o> Kb g B
OWRET, ZOKRBHOWEZ RNIEETREHIEOHRBRD AW > T b, it OHER O HEE
EHTR OFERERE D R\l C, kKO TFRAREE L, 2N LLRO KRG L& KoK %
WERE LT b, BTG KRR 2 % 2 I ERBL TR ENBDOT, TOBATI2m s
JEE CTREEORWEHKOEENR SN2 2L, #Th Y 2055, WilKDH AWK L ) K
ERRBWZ EEZRLTWAS, O EEFRALTFSLZ L RMBKET S L, REITHNKDIE
L B EKMVII TV LET S, BKIIRE 2 L2t oW O )7 25EKED L VDT,
YOGS N, EARENEIA L. F2, KRB0 L &, §KVARL 2 OEIESRENR S
% LTz L.
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Table 8 The outline of analysis table of a hot-spring nearest
the hot spring

x 8 LFZERO—FLIDERRDBRITRD S DifkE

SNTEIATH SERCCAE 10 H 7 H
ViEy PN GUERAY SR E

PRI 1,500 m

S 539C (4 29C)

W 2451/%55

pH 7.2 (kfn)

IR 1870 g/kg (130C)
FHDO A N L —F & oK N RS

FERbA 4 v

Na“® 6364 mg/kg

Mg"* 136.6 mg/kg

Ca"" 1711 mg/kg

EEbd S g Vg

Cl- 9707 mg/kg

HCO* 1608 mg/kg

BAEH A 170.3mg/kg

= g VAN r{t#@gﬂfﬁ(m%

7 (I—J?Iﬁli ‘:F‘li r-:(mw?c)

4. ¥ & O

O B2 KEEOHD . CHCHE S NZIR I, KEEDA L —F 25 OPFEH T AROBK
MBaEENTBY, HAORRLBERBOA N L —FEORENS, r—Y v 7 EETOR
KB DB LIFEZ LNV,

@ WWHIEDO R T A4 2AOBGET > S OMWERIRK, 75 CICEEEORBH RS, 963m §E Tx
Bt OHERE W ATE I i FIRO KRR A TEGTHE - T D 2 L5, et < X
FEXRED L Wib - WS BEF T, o TR OB EDIE O RN LA T, SUTHRME
FHIZ DT, WmEKRERA LTS & TBEKDBFGIIREM D 5L NI R EN 5.

@ R bL—F0LHERE, EHHOHERY TEAYED BCEEERE T FEICER o4 Lis RN E
WIBETH B, ORI IR OB NIRRT 545, NI K O T O 5
WHL T ARDIEIE S 5. E07-0, ERRES 2 L IEILNOEMIREITEL 25, L,
WA LT 2GS 5 L REBIZHRKICANED D, ZOILNOEMREDZIZL Y, HEKAL D E)
KD TAE L, BkERZ EIFHE, BIKMATELIENBRTEL. TOI EIZHKRBED
W, K% 1LD 2 EFKMIZTA o TV A, BEOIEMIZE D, HRVIEE L2V EHH
RTX5.

@  JEHIH T BB KRB O R 5 T, BRAESKEIX800,/min & LTLw. 7271, 500

I/min D ETHMBASEALTL 20T, —HEHIRIAEZ2ZONE,. TOZ L2 EELT, f#

F= o 350 /min 1%, @IEHKEOHHIZH S EEZ HNA.
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BB

2HOEFHEOBNICE, DT R OERZIEFICTEICAR L THE, M2 W%
D, FFIEHLET. SHICHMERERICE, FFHIHELERTH 7205, FFITTHITHREIL
TIHZ, EHLIT.

51 RA3CHEk

JEF- B EA £ ~ 4 — (2000) © AR L OVIBUREBE SR AL T AR AL AR Tk 3~11
B OATG) . 180 p.

W - % (1993) @ KEERE. 340 p. Bloctt, KB

IAHES: (1972) © #HKkaBR & PP 8L 180 p, WASEE, WL
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