oottt dooddood

RN goooog.obgno
ISSN 13487620

goo go,0o

goo googobogooo
a/o 160

gooon p. 69-84

good 19830 101

00000 00000000000000000000000 9A°
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council oIMJrinnowiedge
Secretariat



FERFINEEESR 65 69—84H (1983)

EM%t%ﬁ@mkwaﬂTmAI
0y ABIHEBIZDOWTT

RO OE K

Artificial Recharge Well Experiments in

Nanao City, Ishikawa Prefecture
Tatsuo SHIBASAKI

, Abstract

Artificial recharge well experiments in Nanao City were undertaken in 1977 as one of
the research projects on preventing land subsidence. A test recharge well (diameter 200
mm, depth 96 m) and a observation well (diameter 100 mm, depth 100 m, distance 10. 5 m)
were drilled. The main aquifer consists of unconsolidated sand and gravel layer overlain
by a soft clayed bed. The injected water was the treated water of water supply from
pumping groundwater.

The recharge tests were all done under natural flowing conditions. Testing procedures
were combinations of step drawdown test (SDT), constant discharge test (CDT), step
recharge test (SRT) and constant recharge test (CRT). The total amount of injected
water was 11, 657. 5 m? during all series of rechérge tests.

Specific recharge capacity (Scr) decreased due to clogging of the test well and its
surrounding part of aquifer. By pumping operation, Scr was slightly recovered to the
previous conditions, however the restoration efficiency vanished in a short time after com-
mencement of recharging. The injected water through a well was confined to the limited
area near the test well.

Considering the data above mentioned, a tentative operation plan of a small scale
supply and recharge well system for cooling purposes was proposed, which illustrates by
Figs. 12 and 13.
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DEBHHRELT, WALWALEFENEL DR, FEHIRTETHWS. ThBIZARL
T, WIRNLNARERZ ) THEE] &, B, KB TABRFCEATS TEEE] 2ebld
bihzd. 46, CZr@ETHLION, BEAFCIZEEETHD. COFEE MEAZEE] &3
XighTwa.

WA N e C, HITKEENEDOD L 0L LT, ZoBAFEDSENIII TS, [9E
EMWLERCHE S5 TATY, ERERARARSHBINT VS, ok 2T, EARL L,
CEESEDD, BEVXEAR LS S TAEBEROKDOEE L, FORRYRMEINL, 1T -
LTtHordidvzion. LR, EAFEOEFECRENRRERY b OEARR ORI L TR
THIeDId, EAFCETAEANRBRIN, COLETHS.

EH1L, 1968FROBEPLULOBRRC I T, BAFEOEBMERYHTL, FOEEY
AERLTEL (EERBENT, 1969 50E2, 1974). SEOHE, AINE-LEHBOM T K
RENRALDO—RE LT, MABUEENOR2EERNT CEE LI TA»ABRRO T — 2%
BERLILDTHS.

LRI 317 2T A» A BB, BIRRSED, LEHS L OANBEHTAEET SRS
SR Lo TTTHOLRICEDT, ELIHHALEMEZRL LT, 20RROHETE, EHcEm
L. BBRERO—TIL, T CANEM T KEEEHHRLMESE (1977, 1978, 1979) L LT
NEIhTHS

SEIOFHEITL, ThbOEBREREL RO, WE T CORMTER L EAFERORRE I
2T, EREAFEOEMEEL FOCKRFETTHRIOTHSE. EREBTHiz - CHEAHE
HEEZWREWICRIIBRRER, LB, ANNESBTAHERREOBMRELRE, LnnTsk-
PIB—MEMEE, KOO TORREELYEY I tEREHRRLE DA E 1L
TERELHITS.

2. EAHRBRHOET

SEOKBRHER LIcEARBRHL, EARRL B0, CETARFE O-LREHREAMEOTRE
CREINICIDOTHS. FEOAKEL, BRE 200mm, FE 96m T, AL —H%EE 56~
78m & 83.5~89m D2 BCREBEL, RIERT 27.5m THB. AL —7 #Ex, NST
A7) —vERFEHRLL.

FEHEARL, BE 56~78m MR~ 83.5~89m ik~ v ME D OMKIE T, WP
ROYBPBERCELTHI0Ths. EAHDRERSOMBEERIT, HE,LD 256m ¥ CHMERBC
MEEh, ThUENOHEE CRERBCxtEhs. R, BEHE - TEBIREEK
HAROBRTI, BREHRE (T) 1 250~300m?/day Th b, LRHETRRFOFH—BEOHT
KB EHE LT, ZAERECHECEL LTS,

EAHOBE L Fig. 1 @RLIcER DT, OF 200mm OHFBFAK, N 50mm OEALL
BARBAD 50mm KebH v P20 0R 50mm OFEHEENBEIN TS, FEARR
DRAHERE LT, BE S0mm OREFEL b THELL. Sk, FEMIc i, n&
2mm DHPERMNRL, FENLOLXTCABFIFOKAEYRETES L5, %@@#Pﬁ%
%ﬁﬁ?%&&%k,&AK¢@%%@%®&E%HK?I5LLt

EAFHHDOREEE 10.5m O, N 100mm, EE 100 m OXAERHY 1 ADBE L.
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fo o T\ 5.

(1) 24BSRIERPEEAGRER « BAAE A B %, 47, 106, 143, 210, 263m3/day » 5 B & b,
% BB 24R AR TE AR 38 & Te W K AL R ISE L

(2) 2BSRIERPLEARE : BIEA RS 52, 94, 154, 186, 212m3/day @ 5 EBfic & b, #E
PV 2 BEREEREEA T 38 & IR WK AL JIE L.

(8) —EEFARER : BFEARARFEHLT 15md/day ¢ L, 7HEEKELTCEAR6E L D
i Uic. BEARBRMICIE 1 H ORI E Xt Be iR 2 s\ e

U EOFEARBRT, EEECEAINCKREL 7,4560m® TH 5.

3.2 FIHRBROIE

HNHPORBEERT B TUL, T, 2¥0XANTABREMELHREL, Thbrls
BBHZLET, WHALWARARRIELTRBREBS 25 XL,

(1) ERPEIEARER (SDT) : HFEBEORE XX T L LI, BRT L e d KuERHE H 7
&S .

(2 —=EBAkREBR CDD) : #HFREoOBRE P T L LI, —EBHKT L b5 KEE
B LK BREEYRDS.

(3) ERBEEARER (SRT) : ZARTEREMCHNL, TOBECOKIEBZMD L LB,
EARDHFREEZRDS.

@) —wEBIFIARR (CRT) : —EEBEAC L LI KMNEBZHEL, FEAROHKEREKE

Fig. 1. Construction features of test well for

artificial recharge.
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4. HEABOEE
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m‘y/h t/m

10¢ 77.12.9~12.15

CRT-4 Scr=Scroe—/5q’\’/0-"3r

L Poc o0
Ser **‘“w*JLoomw_o_..._._. .

Qrav  6.86 mS/hr

0 50 ' 100

——

150hr

10 179,12,20~12,26
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CRT=S Scr=ScIoe-/.25 xi0-3t

i AR AAAT T 123 A s g s St T X SOV T Y S
| Qrav 6.74m> e
I 1 1 L 2 n 4, L 2 i

0 50 - 700 T50m

r
Time variations of specific recharge capacity (S¢r) during
‘constant recharge tests CRT-4 (upper) and CRT-5 (lower).

QRav : the average of recharge rate.

Fig. 2.

5.

HEABCR LT, BKT2E
ARk, HBHE (Scd) XL
FRERS.

Scd=Qd/sd @
2T, Qd:HKE, d:Qd%
BkT5 L EDHFFRLETET
BB, 2FD, HBEELIEA
BURASHERMCIR BT T,
KU ThS.

COHBEARR ICHEHER,
—fz, ZOFHFFOEA (HBK)
RKEETRD LN D BKRERE (D)
EELLIHEN L DRB T LD
5 (Locan, 1964 ; KINZHF 52 2
=7, 1973), HFEDOEA D %
WIRBKOEEERTOL DD
EE LTHELRS Z &A%,

—ie, EBARBEIEATIC
Uted't - T, RBERRCRA L
Tl Z ErmbhTns (Gl
135, 1974). WEBEARE O

BLLUTHEARRZMEAL, Ekﬁﬁaﬁ@ﬁn@k ELEBH LT ETFE, &M 7 LO—EEA

KEBOBRNLRELI-b Do—%% Fig. 2 @R L.

CHhBLORNE, AR5 7 CERELTRENRD L5, HEMBRCTHEAESRHELE LD
CBSLTWBZ Eabhs. DEY, WEAR (Ser) LEARLARE (O OBRIL, SEOX

TREIND.
Ser=_S8croe™?

T ZT, Sero WHEATIOHMEAERRLTW5.
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-Fig. 3. Decreases in depletion coefficients (#) during thelfirst
and second operating seasons.
A : specific recharge capacity (Scr) versus time (£).
B : Scr versus cumulative volume of recharge (2Q).
N : the number of recharge tests.
5. HBKICELBHEEDHR

FHA 7 LVOTRORMT, BRIBEYEWT, B VREXBNE LRGP REMAEL T

@

W5, ZOEESHRE, LEAROCRERTHEMTES. L2 T, OBBURERTRTE,
R=Scrf(n)/SCrb(n_1)
m3/hrim
or Iowjl 15 .20 125
F R .82 132 143 [
1/ 5 Scrb 5_
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I Serf
I ! -
2 3 4 5 CRT-1 -2 -3 -4 -
Ist SEASON 2nd SEASON

5
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Fig. 4. Changes in restoration ratios (R) of Ser by pﬁmping‘operations.



74 o OE K

TERIND. 22T Serfa Env 4 7 VEOFEIO AR, Serbu_ny 1 (n—1) HIo #& 1
DHEAEXERL T 5.

CORREMEALT, WEETORBRTCHEO MBS ELEH L T D Fig. 4 Th 5.
FHLTCL R EOEEHENRD RS, L, SOEEHRITXETSLOTIRA, K
T UCHABIAR20~308 ], HARGE L U CHEABBYE 100~200m? CHESERLT L
5. ThiL, PEHTEIR>HEARBBRL DEBL TS (GEBEh, 1974).

6. FEAHOFHOHE

EANOREFERRET D AENLBERL, EANROBERMCHS. WETHRN LHEARD
BAOERERADRD MR TCEEEFEALT, FOREYRATHI Y.

ETHEOEMEL e D4MHL LT, MLOHHEDIEY, OEDX 5 i A% Nt Thi.

(1) WHEAES 10m¥/hr/m L35.

(@) BRCIZEEHELD T VEERLEL.

(8) EATIRER, 18M%EZ1¥1 2748 0T, 50BMEEACDT, ISERIA KRR E 3 5.
BLEDGEMHT, EAMEOTLERAE L THicdD Fig. 5 THB. OROEAT, HEAK
fLGr) ELicboiz, BAEY 10m3/hr LRELELDTH D, BEARS XOEARSER, &
AKE Sm icd s eBELBEELTCRE LD TH 5.

CHDLORERREARD &, HEARR, IGBELUBCRS LIBERELTLES. FREED
VAR E—EICT 50 F D, AR b 168 A LB ABEO NS BECRET 5. FrmA
BE—E L LBARIE, 2110168 E U IIIEDO12. 50K TRET S - LIt b.

Scr Sr
rl3m
- co—0—a0—o
3 I ‘/. ar P4
mhtlm ./“/\asr i
10710 (l; — 5000 {2109 m?

-— ]
— 4000 -
\2 or +i5007

- & | 5000]
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575~ —/ 10

Fig. 5. Estimated time variations of recharge efficiency on test well.
Scr : specific recharge capacity.
sr: build up of water table under 10 m?/hr constant recharge rate.
Qr : recharge rate under 5m build up of water table.

ZQr : cumulative volume of recharge under 5m build up of water table.
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IHEGHSARB L, IGEBELUBROREEAE (FRXEEEAKL) REFTIUE, BiE¥k
ABCEARNER IND Z LT BH, ZOHAREABR TR G) 0E H FLEWT, FRok
EREED. FRULCEEAR T LI, HEEBEL S OHENND 5 WL EABRDORENGIISGET
FXoTh, BAFDOBEGFIREINDZ L THS. TORRCDOWTIERTS.

7. BKEAICEDBIHFAKBERBOEL

TCR, WEFTOEARBOBEND, BRKEIEATIFMEMNCBEBEY LD Z ErmbhT
W5 (KIRZEHR I A —F, 1973). SEO—EORBEREN L LT, HWBEHELHEAER D
W, KEREENAADIRD. £2C, LORERYRPTH DI, AR TOHFKBERE LR
BT HTz.

SEOEAFRFEH L~ EEHKRBROBRGEEL AR THD &L, HKEEAE 40~50 min DR
T, KUNREELTLHO8RDBIE. Sk, MEBEZEBL THTARIEHIN TS 5
Zz bh, RKEEERKBROBE TS S.

RAREGEESEKBROKBEERE LTUL, 2F¥0303MbAT\5.

(1) FBAERE (T): cofREl, FHKBOBKEHR (B) LEHEXKBORBE (Sm) OETH
%, CORERAENEE, WKBRE S KFEHAOHM T RBHEENKE L. ¥ D, HKELKE
DERMERRTIHEL LCERESRS. ZORKOKITIE, m?/day, m?/hr, m?/min TRIN 5.

(@) BREH (S): oL, BARERE > THHENCHTARKEE, oK X - T
U T ABEOETHREORLTH 5. BHEFKBOBAIY, HRBOMUALT(LLIZIE—HKL
TWb., COFENNICRY, KEZLCHT2EBEI DI,

() BAKIEE K'/B) : cOFEOFHE, MEBOEKER (*) ZmEBOEE (b)) TH-
bDTHD., - OEBRECREKXME BEKEDE (H—b) #RTFHE, BAENRRES. KX
BRI # (day™, hr!,min™") CREN 5.

@ EAEK (B): cofREOABR oI REh S (Hantush, 1956).

B=yT/(&' /5"
XD, ZOBEEENNIWEE, HFFRER S OKEPCRADO DB EENAE . KT
BEX (m) DE/RITELINS.

7.1 RkEEKEBREOKRD S

ThbOHEREELEKRK (EA) BBENLDRDZFERIAVAHBR T3, & 2 TERREBRTE
RIOREBEENLELZT, D¥OHFEXRALL.

A. BEKEHBICEIBINE EHFD

COHEER, WAREEERKER»OBKT S84, boHEMREL TC—EDBKRE>31F5 L,
REKMPRESD & LWEAL, EROREKRMEFEN DHKEREEZRDD LD TH 5 (Han-
tusH, 1956). = O, EROBRHOKMEFENLEL IR D425 5 b 00, HBHIAERD
HKBEEAREMEE LTREBFENDT OIS, XL, TOHEILIIIFERELYRDB T
ELTE .

BHRNRRREORDH L, ETERAES T 7 KOMECKE (), BEHFFRO D O
() ZED, BEKLE T my v T5. TOMlEEY K(/B) EtEfE L Ehae, K(/B)=],
r/B=1 O~y F s BEAVINELT, ZD s r i XX HBELRHEYERAL AL b
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Fig. 6. Calculated curves of cone of depression during constant discharge tests
based on Hantusu theory.
sd : drawdown of water head..
r : radial distance from the center of test well.
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Fig. 7. Calculated curves of water mound by artificial recharge during constant recharge

tests based on HantusH theory.

sr : build up of water head.

7 : radial distance from the center of test well.
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L, DEOR» L REMELIETS CEMTED.

T=0.159Q/s
B=r 1 6
k' /b =T/B? J

22T, QUIEEK EA) BT, BAMLFIRIX Figs. 6, 7 2RV &,

B. FEEEAOImRC I BEITE (BHH)

TR, X&bhTwh Tues (1935) OFke B LLoe, —ERHK (EA) Ok
EDR——REMEXFER L TR T T 5 5ETH 5. BERNRBTAEE, Fig 8 28R
WicE &R, :

BRI X o TRD bR EEE, &K GEA) HEGOKLEHEZERL TETT %
BE, BEIMFTIARERERRESL ZEAHD. CORRL, FRHESCHINILESET
B0, REEYERTICHI-T, TOEOEENRNELLS.

m
5.0

[CDT-/ | I
R Hu=ix10°  t=42min 0d=0216m3/ min
sd wlu,r/B)=1l s=0.83m

? g— 00§ SOITTE ) ‘ 1/B=0.001
0.5 ) 1 lll|||l ] 1 1 | 1 I3 1 L1 1.1
li 5 10 50 100 s 500 1900 min
. . :
m
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L CRT-1 | |
s F 1u=1X10% t =qmin or=0.21m*[ min
L wu,rf B)=11 s=0.77m
CLOGGING _EFFECT
il
0 “**““qu“‘ﬂ&ﬁWﬁmlh
g ) 50000-0-0 osetes - T
800min
0.5 1 11 A i [ Ll 1 { ] 10y
50 100 500 1000 5000min
—
Fig. 8. Time variations of water tables during CDT-1 (upper) and CRT-1 (lower)
stages. Data are analyzed by leaky theory. '
sd : drawdown of water table.
sr : build up of water table.
7.2 Yozt

BF DK ECED B IER LIc B KRR L E ARRBOK—FRHmE (Fig. 8) #HELTHR 5
L, MEORWEIRILAEZSERRD E3HS. Thik, BEABEOHBRK VL, KoL
ANGE L bEARD 5. ThUMOKMEEL, HKEEB—IbAHAKMDO LR ETHET,
BERHLhs—rLBER—DEREZRLTWS.
 COEAEBC BT BKAEO LREME, BO% DGR (clogeing effect) L LHdDEELD
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ho. 2L TxD EREASEABALMZ S 1500 min 344, HEARFBL LTH 300~400 m?
RH#ENORETIO/EAShS. ChERALEKR, FEORARBRTLALRTED, 0B
FEIXEABB L D 400 min 13 EEB Uk s, EARHBR LT 300m® i3 X0 bRE LTS

(55122, 1974).

COEABBTADR SR ERBST, BTS2 vBEN, AEERUETCRETS 0T
< BBEAE (ZOBETIT 300~400m®) #FART, L UDTRETS LERLTW5.
CORBEOWTIE, ILIEBHFTBMELSD 5.

7.3 1BK EATBRETOHKBERDEE

FIPO—FEORBEEBCOWT, LEDOHETRDIEKBHEEOLELY Fig. 9 nd.

Fig. 9-A 1%, 205 bOBEIER L5 B0F W ERBENOSKBERIMED B, K417
ADBE LI o TERLICDDTHS. thic kb &, BRERK (T) 12, RBv A 7 LERK
DBERT B LI T, BIOEANEDbRS. EABROBKERIL, BABEDFh &
HELT, BIDEENKE-. WKERE G/0) 12, FTh & 3Ke, B+ 7 LEHoR&
LB, HMMOEHAARDORDE. LK, HABBRORKGERKO BINERL, B8R0 +h
CHARTZE L.

HoO% D BRBEROKMELD, EHER X o TROLEKBEREOLELE, FiKE AL s
BCRRLAS DO Fig. 9-B Ths. TOREBIREZEBRLTHRS &, BEABRBRTOFEKEEK
DRWVEER, BOEDRELMEEBELTAREL, WAEROBMER, B-SF hRAERE HBL
TAEL L >TW 5.

Fig. 9-C 13, BIHER X o TRDOMHRBREEOBLE, HEHEL S UHETRE L
b DTHS. BRERBEOEIMERAE, BHHEEARENT. L L, BELTIYTT O
BRI (S T, HAERTIEYERS R CEMERE S 00K, EARECEMCHEMOE
Blxi-E5.

COHKBRBED S0, B 5T EROERIC OV CIRAETELET 5.

8. EAHBOOHTKOENE

BIETIREBK « EADL W72 LR X B HKBOLILRE Y, SKBEREDOELE D &35
L. ZORAEBEL THLB L, DFRRINS.

(i) FBRERE (T) 1%, BARTTLRORTEAI LTV L. 1L, 20RFTEKLE
%if, BARROFKERBOWPOEST, BABRDOEFR LY < k.

(i) WWAKGEE &'/6) 13, EABTTOREONT, BEHALTH L. FORBTEALLE
FORKBEEFEARDO TN LR B L TLD L, BEABRORAFRROIE S hik ..

(i) RFEGRE (S 3, EASNTTORORT, HEAROKERIIIHAT S, BFCEk
L& OBAREDO L UL, SRS OEAYRT.

ZETTE, ZhLDHEROFRIEDOWT, EELTARLS.

Fig. 10 1%, CRT-1, CRT-3, CRT-5 0&—EBEARRE X\ LTCOHERIOKMY EER
WERLICADTHB. ok ¥ CRT-1 T, HABAK 960, 1,920, 5,200, 9,120 min D%
BROKM ER%, BAERY S LClERL Tk

ChDLORIE LD E, BAMMPOBRK (CRT-1) T, HADOETIC L b\, Ko - REHE
BHEVIARINT, COBBARNTKEETNERTS. SbEANT L, CRT-3, CRT-5
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Fig. 12. A tentative operation plan of supply and recharge well system for cooling purposes.
Ser : specific recharge capacity.
Sed : specific capacity.
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2Qr : cumulative volume of recharge since operation began.
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