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Development of Groundwater Recharge Technology for Large-scale, Long-term
Groundwater Pumping
Akira Ishikawa, Hidehiko Hayashi
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This paper presents a groundwater recharge system while preventing the reduction of water injection performance
due to clogging and describes the results of its application in the field. The results of measurements of the
concentrations of iron and manganese, which are substances that cause clogging in the groundwater at the Tokyo
site, as well as changes in the dissolved and particulate states, and the size, shape, and morphology of oxides, were
presented. A recharge system was introduced to remove oxide and soil particles from the groundwater. After 18
months of on-site application, the system has demonstrated the ability to continuously recharge groundwater by
filtering out clogging iron oxides and soil particles to meet the large-scale, long-term groundwater recharge required

for the construction of super-tall buildings.
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T—113, B—2 1R L7 HAEEBNAETOH K
HBAR)OXKED S, HEEE VICEET 28k (Fe) 0
<~ H v Mn) DEE. FOMoKEFEE pH, &
RABHHR(EC) . W E & (SS) . e RIREE
(DO). M{LETEM (ED)IZHOWTRLEZEDT
HbH, TNHITAETEHHTEE LT —Z Th 5,
REOXG L LIz ITEIC ERERE I )
J& Eds TH D, HitE v &BEEOTHENEEL(LITF,
TFe) #%13<0.01-12 mg/L & E/A< . [ UHHET
LIBENRR LB AN -T2, Hl21E. @1 T
PKIER DR T KO AKTH > 7272 12 mg/L, T
HolzDizxt L, ©@-2~4 Ti%0.3-2.0 mg/LL T
Hotz, ®TIE, H4 W1 1%<0.01-1.43 mg/LL T
Hol=DITxt L, MEROHKENERHH T W2 T
1% 3.59-3.93 mg/L Tdh - 7-, @DiE 3.7-4.9 mg/L,
i 2.7-3.1 mg/L, &, NI E o T2,
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No. ilo2]@1]e2[e1]e2] @1 ] @2 ® ®
1B hRX X FREX AEX X HEX
kE 1991 | 1992 1993 1995 1995 1995 | 1996 1995 1996 2013
HKE Eds Eds Eds Tog Eds Eds
% - - - - TP-25m|TP-50m - - w1 w2 -
2% (TFe) mg/L| 178 | 099 | 18 1.6 13 [0037] 015 [ 004 | 015 | 143 | 007 [ <001] 359 | 367 | 393 [ 1.2
<> #>(Mn) | mg/L| 068 | 098 | 012 | 004 | 025 | 003 | 005 | 004 | 156 | 537 | 321 | 157 | 818 | 500 | 525 | 0.49
pH - 7.7 7.4 7.1 - 7.2 8.0 8.1 8.3 7.0 7.1 7.2 7.0 7.4 7.2 7.2 7.2
B 53 30 16 80 800 16 7 - - - - - - - 16
BE B 40 2 9 3 3 <1 1 <1 7 21 2 <1 6 4 4 2.9
AEMREREDO) | me/L B - - - - 3.1 54 | 108 - 2.9 0.1
No. 12| o3| e [@1|@2]@3]@4| @ [02]03 ]| @s]@5] @ [ @1] @2
12 HEKX BX HEX BX BX EES
HOKE 2016 2016 2009 [ 2020 2019 | 2020 | 2021 | 2021 2024
kB Eds Eds Eds Eds Eds
% FyEn Nﬁ:i:ﬂf)* NE sw st | ows | pws | pwr | pws | pwi2
23(TFe) meg/L | 492 | 382 | 37%2 | 051 | 12 16 | 030 | 030 | 006 | 024 | 021 | 076 | 1.1 | 026 | 3.1 2.7
77 3% (DFe) mg/L| - - - - 2.2 10 | 029 [ o028 E 011 | 010 | 0.09 024 | 26 2.6
#() 1 # > (Fe?) | mg/L 3.4¥ | 3.6% - - - - - - - - - -
DFe/TFe % 89*2 | 98+ - 18 63 97 93 E 46 48 12 - 92 84 96
&3> A (TMn) | mg/L| 044 027 | 018 | 0.08 | 027 | 051 [ <005 <005 005 | <0.05] 008 | 007 | 18 1.6
afF~ > > (DMn) | mg/L 0.18 | 008 | 026 | 050 <0.05 | 0.05 | <0.05 007 | 18 1.6
DMn/TMn % - - 100 | 100 9% 98 - - 100 - 100 | 100 [ 100
pH - 7.1 7.4 - - 7.3 7.4 6.7 7.8 8.0 7.4 - 8.0 7.0 7.1
BB B (en)| 0.21 032 | 028 - 040 | 040 | 031 | 022 | 027 | 014 | 0.08
AR °C 17.9 185 | 176 | 209 | 253 | 221 | 254 | 199 [ 173 | 194 | 220
eE B - - - - - - - - 75 - -
BAEEE(EC) |mS/m 493 - - - 488 | 416 | 362 | 420 | 461 | 468 | 502 | 155 | 1340 | 1420
FEMERSS) | mg/L - 8.8 34 5.2 1.2 2.4 <1 1.8 36 | 156 | 22 <1 | 100 [ 64
B FTU 20.6 193 [ 992 | 020 | 458 | 417 | 536 | 382 | 013 | 1515 | 1.45
AFEBERE(DO) | me/L 732 | 41 67 | 823 | 68 | 438 | 147 1.29
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DERDIRFEIZ DN THELET D,
K212, @2 DHKEZROREZ AT L

74w&~@¥%ﬁ§m 0.45, 0.2 um)B LWL, A
HE 5 Al CURFRRIES 1 pm) TAHIBERAE L 72 TFe &
TMn %79, JFUKD TFe #EEH 2.7 mg/L (2
xFLT, 10 um, 1 pm AiE#E/E% TlX 2.6
mg/L(96%) & 1F L A EED LT, 0.45 um | 0.2
um O AHIBEIERL b EERIT 89%, T0% ThHh -7z, —
F. KU KRE—B, By 71 Ankd
EDFEAKIZONTIE, AiBEAER DR RN
86%70> 5 41%~ (KT L7z, Hk—iEKiafks ci T
KPR D Z L2k 0 REPRIFR 10-0.2 um
DT AIVH—Fi@iw T 5 2 LN TERVERR O
K-S FKHISHT I L2 2 3,

F—312, 14 HMEFEKDOEZIZ RW NOKH
R TR ST, WK Lo ROk GEYEZK)
® TFe, TMn REZ7RT, B-31XZ2D 56, #
il 2 WIGEBR AR © O RGBT, A TFe R &
LTORLTELDTHD, WideAko TFe i T
BKBHEA 5 43#12 77 mg/L. 10 4% 93 mg/L T
HY . FKFOESD RW DR 7 Y — U FEIC SR
FEICEREESNTREEL B2 b D, WK EkET
% WX L, 55 iRl 5.2-4.9 mg/L
L —TBIZIVRE L e o Tz, WiK%E 10-0.2 um
DT 4 NVH—TAHil LT=REHZ > Wi, —FHOD
N 10 um TO 7 4 LA — f%@%mﬁﬁ5 %
76 1.1 mg/L % FEl>7-, RWIZHEKL7ZHITF K
FOA A1, RW & DWW E Y = VI fF O il
T10pum D7 4 VZ—THiE SN HBEORE S
Dbk L LT, iiiLicbneEZ HhD,

£—2 DW Kk, AT TFe, TMn &

2 BIR1E K EK
REPRIR BE BB X RE W\iB X
(um) (mg/L) (%) (mg/L) (%)
Bk 2.7 - 2.9 -
10 2.6 96 2.5 86
TFe 1 2.6 96 2.3 79
0.45 2.4 89 1.3 45
0.2 1.9 70 1.2 41
Bk 1.6 - 1.6 -
10 1.6 100 1.5 94
TMn 1 1.6 100 1.6 100
0.45 1.6 100 1.5 94
0.2 1.6 100 1.6 100
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EIC L DA E LUk TH D 2,

#z—3 RW ik dd TFe, TMn BE
2 @iRlE RWESEREA D & D #2@ R (min)
BEEE L ol 0| 20 | 55 | 60 | 70
(um)
Bk 77 93 21 | 52 | 49 ] 51
TFe 10 1.1 | 044 | 1.0 [ 053] 0.57 | 0.53
BE 1 0.27 | 0.26 | 0.23 | 0.50 | 0.44 | 0.47
(mg/L) 0.45 0.12 | 0.10 | 0.16 | 0.49 | 0.40 | 0.47
0.2 0.08 | 0.05 [ 0.13 | 0.43 | 0.39 | 0.43
Bk 18 19 16 16 ] 16 | 1.6
TMn 10 15 15| 16 [ 1.5 | 15| 15
BE 1 1.6 | 16 | 1.6 | 1.6 | 16 | 1.6
(mg/L) 0.45 15 [ 15 | 15 [ 1.5 | 15 | 1.6
0.2 15| 15| 15| 15 | 15| 15
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THRA (wt%) THRB (wt%)
Na 0.35 Ca 3.05
Mg 0.38 Ti 0.1
Al 4.15 Mn 3.59
Si 13.01 Fe 71.44
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K 0.28 Ir 0.01
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WCEEND TR FORELEEZOND,
BRITIE 1 B &H72 0 O A AEEIIEA B &
V. 201710 AbiT 18/ B L0 Dielkko

7= T2

» DW DiES

D6 HE

2 L. 20184E 7 H XV A4 28Kk H 2
AKIZ72 0 1 [8]/ B RREC AR B

ZS

1 7K HE G A 78

W

5102 7 2024 4 12 A

PR THRAK 0.1Tmg/L TH Y, ‘—11TR L72HA
#N D TFe F2IHE H<0.01-12 mg/L o |1 Tl

TH Y,

MEWEHE CTH o 72, FAKD TFe 1% 0.05 mg/L &
EREICABIN TS Z ERbnd,

(NZ7/R L7z Nat, Cl, SO« 72 E DA A 3K & iE

ERE 2Tz, (@~MIC, Bk e AR A% O AKTIHE-HLTND, KVAT AL DHTKA
KOKEZEFRT, @OEWEIEATLNTU 2 Fl  #IEZ NSO A AT 8E 52 R0 D L 2R LT
BAKIZE SIERWEE Ch -72, (WD TFe 1% W5, RSIIINHEZEZDEIK, HAKDKE
£—5 Pk & EAKONERNE R
BoAKE 2017 2018
B | 3.16 | 420 | 4.26 | 5.11 | 5.18 | 5.25 | 65.31 | 6.14 | 6.29 | 88 [ 830 | 9.12 | 104 |10.11|11.15(12.21 | 1.11 | 2.8 | 3.15 | 426 | 6.29 | 7.19 | 87
WEEE i i537) 13:50 | 14:15|10:50| 10:50 | 11:00 | 11:00 | 11:00 | 11:00| 11:00 | 11:00 | 11:00 | 11:00 | 11:00 | 11:00
ES 3 me/L k| 0.07 0.07 0.10 0.05| 0.1 0.11 0.11 <0.05{<0.05 0.17|<0.05|<0.05|<0.05|<0.05
(TFe) 3k |<0.05 <0.05 <0.05 <0.05[<0.05|<0.05 <0.05 <0.05(<0.05 <0.05[{<0.05|<0.05|<0.05|<0.05
evrhAY #k |<0.05 <0.05 <0.05 <0.05{<0.05|<0.05 <0.05 <0.05(<0.05 <0.05{<0.05|<0.05|<0.05/<0.05
(TMn) me/L 3K |<0.05 <0.05 <0.05 <0.05[{<0.05|<0.05 <0.05 <0.05[<0.05 <0.05[{<0.05|<0.05|<0.05|<0.05
oH B #Bk 7.36] - 7.53| 7.69| 7.51| 7.24| 7.36| 7.31| 7.56| 7.64 7.67
K 739 - 7.60( 7.70| 7.39| 7.29| 7.47| 7.23| 7.68| 7.78 7.76
BT B my ok 218 | 213| 200 | 209 | 218 | 176 | 217 | 218 | 198 | 180 224
(E measured) Ak 178 | 193 | 176| 188 | 181 | 125| 212 | 204 | 191 186 215
BaEEEEC) [ mS/m ?%* 66.1| 59.7| 61.2| 60.4| 69.2| 55.5| 57.4| 55.5| 538 52.6 51.3
EK 586 59.3] 59.8| 54.1| 59.3| 58.6| 58.8| 56.2| 50.1f 50.0 50.1
BERRRE #k 2.22 3.23
mg/L
(DO) K 4.46 4.12
A NTU #k 0.85| 0.50| 0.43| 0.50| 0.66| 0.65| 1.37| 0.94| 0.95 1.47 0.41
K 0.39| 0.19] 0.11| 0.05[ 0.04| 0.01| 0.48| 0.37| 0.29| 1.16 0.32
. - #k <1.0[ <1.0 0.08 0.2[ <1.0 <1.0| <1.0f <1.0| <1.0] <1.0
FBHARSS) | me/L K <1.0| <1.0 0 <1.0] <1.0 <1.0| <1.0| <1.0f <1.0| <1.0
SRR Bk <1.0 <1.0| <1.0 <1.0| <1.0| <10| <Lo0| <1.0
(Lol) me/L SEK <1.0 <1.0| <1.0 <1.0] <1.0| <1.0f <1l.0| <1.0
2V A Bk 0.035| 0.031f 0.031 0.031 0.032| 0.044 0.031| 0.031| 0.027( 0.028| 0.034
(TP) me/L K 0.035| 0.032[ 0.035 0.028 0.031] 0.029 0.034
2EHR #k 38| 39 42 39 43 43 47| 33| 4.0 34| 47
(TN) me/L EK 40| 39 42 3.8 43| 42 4.4
PN % Hk 0.01| 0.01| o0.01) 0.01| 0.01f 0.01| o0.01f 0.01| 0.01} 0.01 0.01} o0.01}) 0.01| 0.01f 0.01] 0.01f 0.01} 0.01] 0.01] 0.01f 0.01f 0.01] 0.01
7k | 0.01) 0.01f 0.01) 0.01) 0.01] 0.01f 0.01| 0.01| 0.01] 0.01| 0.01| 0.01| 0.01| 0.01| 0.01f 0.01| 0.01| 0.01| 0.01| 0.01f 0.01| 0.01| 0.01
TDC | mg/L 31.9] 35.8| 37.7| 41.2| 41.7] 41.3| 39.9] 39.6] 39.3 31.1| 43.0] 427
DIC | mg/L| #7 | 31.2| 34.6| 37.7| 40.1| 40.6[ 40.7| 40.1] 39.5| 39.0 31.3| 43.6]| 43.8
A% | DOC | mg/L 07| 12[ 00 1.1} 11] 06| -02[ 01 03 -0.14| -0.6| -1.0
k% |TDC| mg/L 31.3| 35.6/ 37.1| 39.7| 39.6| 39.8| 39.2| 38.0| 383 31.1| 39.5| 404
DIC | mg/L| 2k | 31.0| 34.3| 36.1) 383| 387 39.1| 387 37.5| 37.8 30.7| 39.9| 413
DOC| mg/L 02| 13| 10/ 1.4 09| 07| 05/ 06/ 05 0.46| -0.6] -0.9
Li* | mg/L t t t t t t t nd t t nd nd nd nd nd nd nd nd nd nd nd nd nd
Na* | mg/L 42.8| 43.1| 44.6| 420 413 41.3| 40.5| 40.0| 39.3| 37.7| 36.9| 36.5| 36.7| 36.8| 36.0|] 385| 38.1| 37.9| 42.1| 36.3] 36.7| 36.9| 36.5
A A NH, ™| mg/L nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
K" | mg/L 40| 43| 44 47 48 46| 50 52 55 59 63 65 61 62| 56| 68 67 66 49 75 73| 40 39
Mg?"| mg/L 145 14.6| 149 155 15.0f 15.1| 15.4| 15.2| 15.6| 15.1f 149 14.8| 14.7| 14.6] 139| 16.6| 15.8| 15.8| 18.1f 15.6] 15.8| 18.6| 18.2
ca’* | mg/L 359| 37.7) 39.9| 39.2| 37.8| 388| 39.7| 39.6| 39.9| 37.9| 37.8| 37.8] 36.9| 36.8| 35.5| 40.4| 38.7| 38.4| 43.3| 37.7| 37.4| 39.3| 386
F | mg/L| %k nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
CI" | mg/L 18.0| 18.3| 19.1f 189| 18.8| 183| 182 182| 19.6| 181 180 182 189| 189| 19.0| 19.9| 19.2| 189| 20.3| 189 20.0f 21.2| 21.2
NO, | mg/L 0.1 t t 0.1 0.1 nd 0.1 0.1/ nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
A4 A | Br | mg/L nd nd nd 0.1 0.1 0.1 0.1 0.1} 0.1 0.1f nd nd nd nd nd nd nd nd nd nd nd nd nd
NO; ™| mg/L 18.6| 185 17.7| 17.4| 18.0| 18.2| 185 17.0f 18.2| 17.3| 183| 180 17.6| 17.7| 16.9| 17.0{ 17.0f 17.8| 13.1| 16.0[ 145/ 19.2| 189
PO43' mg/L nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
S0,7 | mg/L 74.7| 62.3] 63.0] 57.5| 56.3| 54.2| 53.9| 57.5| 63.4| 583| 57.5| 57.8] 59.0/ 57.7| 58.1| 56.7| 57.2| 57.0| 71.8| 54.3| 54.7| 49.9| 488
Li* | mg/L t t t nd t t t nd t t nd nd nd nd nd nd nd nd nd nd nd nd nd
Na* | mg/L 43.6| 432 42.4| 43.0| 42.8| 425 42.6| 44.0/ 39.8| 37.3| 36.6| 36.6| 36.7| 36.8] 37.0[ 38.1| 37.9| 37.9| 42.4| 365 36.8| 36.6| 37.8
.y NH," | mg/L nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
K* | mg/L 39| 43| 44| 46| 48| 46| 49 52| 56/ 57 62| 65 61 62| 58 68 67 66 49 76 75/ 40 4.0
Mg?* | mg/L 14.4| 146 143| 15.0/ 15.0/ 14.8| 15.6| 15.1| 15.7| 14.8| 14.7| 148 14.7| 14.6| 14.3| 16.4| 158| 15.8| 18.2| 156 158 185 18.8
Ca”" | mg/L 359 37.9| 38.6| 37.4| 37.9| 38.1| 40.2| 39.4| 403| 37.3| 37.6| 37.6| 36.6] 36.8| 36.3] 39.8| 385 385 43.6| 37.7| 38.9| 39.0[ 39.8]
F | mg/L| &k nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
CI" | mg/L 19.7) 183[ 18.4| 193] 19.8| 189| 189 19.4| 20.1f 18.1| 18.0| 18.2| 19.0{ 19.2| 19.6] 19.9( 19.2| 18.9| 20.5| 19.0( 20.1| 21.1] 22.1
NO, | mg/L nd t nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
A+ | Br | mg/L nd nd nd 0.1 0.1 0.1 0.1 0.1] 0.1 0.1 nd nd nd nd nd nd nd nd nd nd nd nd nd
NO;™| mg/L 19.3| 185| 17.7| 17.8| 18.1| 18.4| 19.2[ 17.0f 18.3| 17.4| 184| 183| 17.4| 17.9| 17.3| 16.9| 17.5| 17.5| 13.3| 16.1 14.6| 19.2| 195
PO43' mg/L nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
S0,” | mg/L 72.4| 62.5| 59.9| 57.4| 56.9| 53.9| 54.8| 64.7| 645 584| 57.2| 57.6| 59.3| 583| 60.3] 56.2| 57.1| 57.0| 71.8| 54.5| 54.8| 49.7| 50.5

**3.33 mol/L KCI-Ag-AgCl% LLBEBIR & L 7= E (8
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£—6 N2 ABOFHE EOHE T
wa | g | e | A

NFD B BEHE m? 3.53
2EkE L/min 255 340 385
(=EKE) m/d 367 490 554

BKRO%EE mg/L 0.1%
BBEDBAFE | mg/min [ 255 34.0 38.5
LR BERRRERES)| min 200 2000 4800
BHEE g 5.1 68 180

* FRREH S OREIE

4 [Bl~7 [A], BE L7 HiebAsEE 710 0.2 MPa % C
ELTWD, @r/siTH 11071 m2/min K TH
D, B—T7() & Hiltd 5 & 20~25 (FDfE AR~ LT
W5, Fio, HIFE B, #IF C I3 KkOKENELL
728, AMBEIZEBEIZ TR TWBENR, QrisD
BB, IR A L RE < Ebos TR0,
IO EIE, Ak E L COMREIXAEAKDKEIC
bbb —ETHHI LERLTND,

£—612. "FxRABOEIHEROHEEM 2R
T, AElL AWZ SR IE415 mm, =300 mm T,
KRNI BN CRRE L 7oA 250 R, 2D Al
AL 3.5683 m2 &7 n, B—8IZ/rL7 3 Wil A
WKE, HFKFOSE (0.1 mg/L NERERES
NIz ERGE) . AMBREEFREN G, &R 14
AT NBHTZY DRI ~DEANEIL5.1g, 68g.
180 g LEME ESNT-, ZDZ LIk, BREBNEN LF
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FNL LR FOBICER L TWAZ EE2RTHDOT
bbH, —H, B LR EERBEICRELZICLE
b, B—16) IR LELIIC—FEEKFT
Gr/s DRAIIRT L, AIZ 1 FIREE O RW ik
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TR bR E LCTHTH L= FEEME D H A2, Zhic>
WA HOREE L2,
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TNEN 96%, T0% ThH-oT-, —J5, fRikr 7
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WHZ ENbhoTm(R-3. B-3),
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A RTHRETHD Qr/siE 2017 F 6 AH%
& 2x103 m2/min A E OV KMEREZ{REF LoD
K 0.39 m3/min OFE/KEEMWHe LTz, £ DD
RIFRED KB HOW TR L -2 Ia o 72,
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REDIREN S C b B A 2 ) 7= L HE ST,
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