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Study on the Hydrothermal System
in the Nigorikawa Basin, Hokkaido
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Abstract

Thermal waters discharged from the Nigorikawa Basin are characterized by various con-
tents of Cl-, high contents of CO, and HCO;- and by the constant water temperature. These
are considered to be due to the characteristic hydrothermal system in this area. According
to the results of chemical analyses, it is suggested that the origin of the thermal water is re-
lated to the deep hot water ascending through the fractured zone along the caldera wall. The
underground water which is heated by conductive heat is reserved in the two types of the
reservoirs after being mixed with the steam and/or deep hot water. Because of incomplete
mixing of such waters, Cl- concentrations of thermal waters are varied in a wide range. On
the other hand, as the movement of CO, gas is independent of water, thermal waters become
uniform both in the total dissolved carbonate concentration and enthalpy. These two kinds
of waters come up to the surface, without mixing with the cold underground water near the
surface.

1. %3 A » &

B Z UL AL E R T OV B2 B ICALE L, £ 0 FEHEBIZAE R 100~140m, (&R 5 km? ¢
135 Ao KERL, BHIZES400m EEOLNTHENTWE, HINERIZZHEHAIC
WL, 2043 Fig. LIcRd Lo ic@todbfilicii-> T, £2ENIEomEEIci: Fo
Bk, USSR, BEHEREI S L T, @INERICBEIL Tid, KFEM (1959) iR
bmrse, faEf (1963) B XU L, PEH (1977) DMERMBELEENGSIEH 5 OFHENFEHAT
bILTW5, TN 6DFEMERIC & 5 iR AERKIE Na—Cl #l#ok & HCOs BBk DA H & 7
D, ZORHEE L CilRAKD ClrBEL RELEEEZFEOIC L 20 b 53 HCOs-, CO, MR IZ
FRET—ELTWwd V) b IFosNTw5b,

—¥, 1972 G LIKE ) N T 50MW D HiZSTE & HAY & T 2 R T HE B ARE LT3 (k)
EREHE T R L X — (BR) 10X - Tl SN, 19814 F CIoiliacdt 9 A, M@Edh 174 (R 700~
2,400m) AEEIS AL, S OB S EEM VIR OBOK FIRIT 5 Z AT REE o 72,

RESCIZWIRKRB L UKD G FERICD D%, BRAKDBCKE & BEEEIK & DRER,
S HICHVEREE & OBLED L CENNERDFEHBEED ET I OWTER L 2L D TH D,



#33%(1982) AL B )1 ik SR 0 T T A 25

2. WY - #E

ERAH T AL X — (BR) (1980) DFRAFRERIC &2 )4 HIZ 12,000—20,000 /T k1L
WENC L - THELL 77 FTROANTZ7THY), FMNIIZIEEIRC R L 2 8EIKE, K
AEED DA T+ — Ny 78, ZORBKICHRIL -V ME, BEB LU EFoEmIC
o TizdNTwa, —7, EMEDIIRE, BE TUEBLVEIKRES» LR FHE=RL
J& (spfrit—&erit) & ZnE2 TEAICHE ) BREEIKE, BES L N F0BENCRE TR E 1
T3, SLICHHOEENC L > THBEZMKEO THICHIKS, Hillis, F+— 585 %
BEAEDHFAET B &b, ToORoMEfEELHERIN TS, &z &0 2 oMids—
WOMEREE R L T3 Eilor T I #Eonftic, Jbr—mE AN il 2 £ o s
EZHUCE b DAL —HEHFAOME#ED ST LN 5, B EHO M S W 2 Fig. 212
AN

Z

ORIKAWA BASIN

Fig. 1. Locality map of hot springs examined in this study.
Symbols ; @, low salinity high temperature (Cl- < 100mg/],
T > 40°C) hot springs; O, other hot springs.
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Fig. 2. A schematic cross-section of the Nigorikawa Basin.
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AWtz oz 8hd 22 &2 T&5%, 22 TlE Na—K ik, Na—K—Ca i, SO, # (TrusspeLr,
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Table. 1. Results of chemical analyses of thermal waters in the Nigorikawa Basin.

( Collected on July 20 - 23, 1980 )

Sample No. Temp. Flow rate PH  HCOs; CO. Ccl SO, Na K Ca Mg Si02

1 30.7 (°C) 136 (1/min)5.82 428 1086 30 21 64 8.8 87 45 127 (mg/1)
2 34.5 11.5 5.74 333 1017 9 10 47 9.2 63 17 129
3 67.5 2.3 6.64 637 245 2325 25 1478 34.2 120 50 181
4 712.7 4.3 6.51 460 238 2696 31 1668 34.2 96 61 178
5 56.6 1.4 6.51 460 238 2596 26 1634 34.9 85 42 184
6 64.0 34.1 6.86 574 133 1083 14 568 127 131 98 189
7 88.5 52.1 6.88+# 927821205 ‘1750 21 1113%¥21.1 10991487 207
8 57.3 49.1 6.38 583 408 19 19 89 47.1 73 42 153
9 54.3 19.0 6.81 290 75 13 10 61 35.1 13 6 161
10 53.7 62.5 7.52 224 11 11 7 41 26.5 8 4 147
11 42.1 27.2 6.14 696 845 521 70 448 10.5 109 52 162
12 28.6 2.1 6.06 632 944 96 10 134 11.0 82 45 114
13 47.0 7.5 7.45 856 51 667 ¥4  517#39.1  882UUS5 158
14 56.0 85.7 6.42 667 426 638 10 524 32.8 92 42 184
15 SRR 50.8 6.27 986 888 345 12 387 30.9 93 45 142
16 50,3 s 6.26 633 584 163 12 187 25.8 108 73 147
17 76.2 96.0 6.57+4% 801-Y1362 °+645 10 583-28.1 117+#0t19 188
18 62.9 107 6.31 636 522 421 15 314 4.4 129 36 130
19 56.4 61.2 6.899F 552tLL119 ©0Q45 11 624 26.1 91 50 172
20 57.4 6.1 6.53 1049 519 43 33 183 31.1 169 36 115
21 61.4 72.0 6.22 444 449 860 7 555 30.2 94 60 205
22 51.6 42.8 6.10 494 659 15 13 74 19.4 80 24 152
23 56.4 24.0 6.18Y¢ 477¢V3529 15 14 96 50.2 34 19 169
24 722 81.1 7.25 650 61 519 17 403 66.3 64 56 204
25 58.5 16.1 72909% 311 7 23 10 61¢31.,7 18 6 177
26 40.3 30.0 7.49 144 8 9 5 21 17.2 14 8 101
27 76.6 85143 7.11 847 110 2103 23 1175%62.7 - 229\V462 255
28 54.8 12.0 6.95 1008 189 635 15 494 22.3 150 83 176
29 63.2 42.9 6.40 785 524 77 7 115 .55.1 172 39 193
30 75,6 125 6.45 668 397 1870 26 1218 57.4 137 47 133
31 48.8 353 6.91 524 108 625 8 418 27.9 86 55 185
32 46.9 63.8 6.51 475 246 532 6 378 25.9 88 59 185
33 50.:2 115 6.:37> Hi504 1153611 512 6 v (1378/28371 w931 61 188
34 47.2 143 6.31 557 457 534 6 383 30.0 94 61 168
35 5167 i b 6.29 1176 237 540 11 470 31.7 170 91 201
36 57k 3 100 6.53") 6217¢ 307 - 693 9 489 40.6 103 65 190
37 63.1 66.6 6.45 761 453 62 10 195 45.1 141 35 182
38 65.8 30.0 6.48 883 490 240 13 1248 102C% “127/ /1160 207
39 35.8 14.3 5.88 373 824 250 8 148 13.6 115 37 116
40 512 81.1 6.28 351 309 12 8 53 33.5 34 36 149
41 60.7 111 6.31 452 371 78 8 87 18.9 110 28 175
42 47.0 83.3 6.44 524 319 538 7 384 29.0 88 69 173
43 48.6 90.9 6391511575/ £394x) 1552 8L 405034475799 72 168
bt 59.3 73.1 7.98 205 4 9 6 32.18.2 .26 9 120
45 73.5 22.0 6.61 760 313 909 73 801 8.7 74 44 128
46 46.9 115 6.40 460 307 574 85 43982758 &76: ~ 51 164
47 54.9 300 6.44 604 368 610 8 430 32.1 111 84 192
48 47.0 93.8 6v61 @ 625 <1257 -1 528 7:7% 1389-3050% "976.) 75, 166
49 67.0 34.5 6.48, 7713 .429 46 22. = 153.,72.3, 464, . 37 219
50 42.7 46.9 6,79 5754 P =156, %528 12 365 29.6 98 75 147
51 55.6 66.7 6,75~ 1122 335 ~-3691 76 2255 102 104 184 221
52 54.8 100 7.85 257 6 11 7 41 19.5 44 5 136
53 46.8 13.0 6.15 621 738 476 57 420 22.7 14 54 175

NoLDZ EIFBmNEHDOHIER { TRAKEEL EOMEN 2 FH o iR#KIIFEL LW &
#7579, Granr (1977) 127 v —F 7> FligBWwWw Tk CO, 7 2 % i uEokIT KD EgFE
HENBAENEBCLESHEERT LI 2RL TV 22, HINDERKD CO: &FH &
(#90.1%) BETIZFORMBITIIEALE Y, 51045 F TERRAD L REDESD I L 7258
FDTe W ED L E 2 TUREE, X ERFEIRECH 2 RRKEEE bR ER LB
W3 2 B 0% BRI KT ELERE T ( BVREBIETH D L AL END, - TRREKD SO, i
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Table. 2. Chemical composition of hot waters discharged
from geothermal wells in Nigorikawa.

(mg/1)
Well Date PH T=CO, c1 S0, Na K Ca Mg Si0,
301 770411 8.81 450 5477 388 3750 385 5.0 2.1 407
302 781119 8.67 137 5863 126 3600 548  21.5 3.1 574
306 781008 7.98 277 5587 258 3448 474 13.6 4.7 490
B-2 790331 8.28 246 5260 258 3420 456  12.9 1.2 491
c-1 790531 8.53 358 5640 407 4063 504 8.6 2.7 440
D-1 800229 8.45 281 6371 432 4238 642 5.9 0.2 681
D-3 800717 9.01 288 6780 317 4370 656 5.0 0.6 726
D-5 790429 8.29 187 6428 182 4151 5 722 o 16.1 1.5 589
D-6 800229 8.22 281 7168 333 4627 709 6.0 0.1 747
F-2 790920 8.00 132 6104 132 3845 659  25.5 2.8 564
F-2a 800305 8.80 180 4683 205 3088 544 9.8 0.8 555
F-7 790730 8.50 99 7490 90 4660 881  21.8 0.8 726
F-9 800717 9.28 331 5910 593 4150 373 3.4 0.2 643

( waters were collected at the atmospheric pressure )

JEEHT D W TR BRE G % v, Lo fb2EERT ol & e L 72,

Na—K #, Na—K-Cai, SiO, ko 3 HiN bR & - THEE L 2R RKDHTIRE % Cl-
MR £ 5T 3DIcX4 L, Table.3 (2/RL 725%, 500> Cl >0 (mg/kg) DifREAKIZOWTIZ
Na*, K+ R H¥(iv 7280 SIOs I E D ARed 72, N0 6, 11, 24, 450 Na—K i, Na—K-Ca

BRI EYED b 60~200C L TN TV B DT, ZHHDEIZPEME, EERECGTED S
[;m V730

Table. 3 # 2 % & Na—K g%, Na—K—Ca iz Cl- BENEWIEFKNDFTHIKIREN L D &
') 1&7‘5’1%?& L2 RNTY XD RECZ EDGD5H, ZHUSKL, SO iRET C g E K<

LA TEHEEEES LY, L2 2NT X/ n, N6 &h LR ENIC
i) 7‘29 Na, K, Ca #&{LaA & Bk e o b2 ROeE Clo BEART (24 Cl> SOOmg/kg 2
HFICR > T 2 IZIRADHEST, T bBERBOETEZERT 5) & & I PHFISE DS E 7L
SERTEHRIEICZEL T WwWI E2RELTWS, 5T, FAHEBEENONTYXRClBE
DORED LI RKDOH TIRE L2 RD B Fik e LTI SIO BEHNEIEHTE L EEZ 5N
7?7 Cl > 500mg/kg DL DIZDWTIE SIO DD ST I NLE—2RD72,

FiH#oOKIC DWW TR, BEEREOK D TR ) 9 HIC LIS 21T > THREMI9ICIHEI L 2 hY
LEHT 20T, 2SO0 BEIZMEGHNZHTHEE L2, &hiH0b¥EE T Table. 4
KRT & IICE— 9 5HN Na—KIBENLEFICIAELZ R L 72A%, SIO iREEIZ 3015 H % Bk <
LT OHFHEIKIT D W CHE RN E D i {ﬁtﬂu\~£k%?l,7> 301 FHDERMIEE I ZIRERTH
WHERENT0%E TLPIEL b > 22O EBDHNRKRIRE L RS L2 EZ N5,
ZZTHHBKDZ > N E—I3 SIO B (K#sHIR) 25k Z ticlz, =20y
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Table. 3. Underground temperatures estimated by chemical
thermometer methods.

Cl concentration T~Na-K T-Na-K-Ca T810, (°c)
o) k) av. | © n av.| © n av. | o n
cl > 1,000 *89 |31 | 7 | *143 |19 | 7 177 |13 | 8
1,000 > C1 > 500 **149 19 18 %161 17 18 171 7 21
500 > C1 > 0 - = - a | = 161 | 13 | 24
% except No. 6 av.. average temperature
«% except No. 11, 24 and 45 0 : standard deviation
n : number of samples

Table. 4. Underground temperatures estimated by chemical
thermometer methods.

Well Measured T~510, T~Na-K (°c)
301 192 213 191
302 236 239 239
306 208 225 225
B-2 241 225 221
C-1 229 218 212
D-1 263 250 237
D-3 242 255 236
D-5 236 239 256
D-6 264 257 239
F-2 237 235 254
F-2a --- 234 258
-7 272 255 268
F=9 239 245 176

— & Cl i & BRI BRI~ B

5. BIHHKDILFEIEFE

K & R EOK & ORISR B BETT 21258 B, BiHEUKOLEIR E BT RICIEND . K
LBET TR 25t #uk o HEl: Table. 2 (2R L 722, b5 5301, 306, B—2, C
— 1 D4 YR HE L Tz =R EMERFE L RIFTh v, -5 TI NS DL
HEBRER) oY 2 BKEERICBEOT (T L RDED ) TH D,
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IS 2EHOBHBOKOMICIZ A L2 IR DED D S, T hbb T 7 BT O 2
Kix Cazt % <, SOz »7: { Cl/SOs Ea i 30 LI L& RS, —F, K=k AKED
KizZ L Wnfiimz o, FoH8KOCl-BE LY SNV E—DRRICOWTH L2 2 HiE
dh D,

FHHOBSRBIE 17720 %<, ¥y AR E BT 2 HERRE O THElATH 1,
ZDOBABOKDACEMRIZFICHE L Tld v, 2T ENOBKDFELIZI3E— Tk <, Bt
FEIK & v 2 &L AEB G R EUK & FEARDBAMTH Y, BRI L - TR - 72iRAH
BOBKPEHT D720 EHEZ 5N, L LBOKMEAEL S 13V LODEFEEHIFE L T
HIFCl-gE s> 2 E— OMICIIFEHELBERIH 5. FYHETHED R LITHh I EA
WM ORERERAT 5 &, 20T TEEDBHREATIC ) BoKicDWCid h = 0.0212Cl1 + 151, %
BB NNIE 2K DWW TIE h=0.0129Cl + 202 (h=x> # Lt — cal/g, Cl=FE#HEK
Pﬁﬁt@ﬂ@)ﬂ%%#%ﬂ %a@ﬁﬁﬁﬁiwm%%&%ﬁTtM@,r:os%b;
R85, r=0.553 %3, HBERHEHEKD ClBEICOWTIIMETRKAET TRLNZBK
NEER 1g/cmd & L, J(ftﬁ“ K7z,

o= cmx(1—£¥l5)
I's

ZZTCs 3 RAET T Cl- B, hr, hs (FR2EEBBK & REAETREFMBAKNDT > FILE
—, Is I KRAETOBKDIETEBIMTH S, hr 13 SIO iBED LRDHIMETH 5,

Fig. 3130 BELIThbNERABRY SB/BONTERSKD Cl-kELz I E—DBRE
Y. FREHBOKERTICEBIT AIRRKDClBE L o IV E—DfRz#A L TRT & Fig. 4
NDEHICHEDL, ZORICBWTRRKD T > s —I13 Cl- BEICEEfR7% ¢ 170cal /g fhitic 5%
525, OMITED LRk TFSE (Cl-=585mg/kg, h=169.5cal/g) #5747 Tk
DRI 9 BoRDERERICIT C, e DEL ERONTICHHT 5 2 L0 b, ZDEKD
EWITERDIFEBKTH D Z EWTREENS.

6 . B)IERDE HBEE

KZEM (1959) (3 Cl R#hK & HCOs UL T K & A3 FE 2 DA TlRA&L THE L, #@INER
WIS N7 L 2 2. EoEM (1963) 3Rk Cl- g & sk (Fig. 5) » &)
EROPEHAELTCLE (AR), CI-HCOs W (FR) »22%#F 2, FREUKD HKERADME
WEZTERLZERSUKE, LA, FREKDPGGHTA (CR) LBEETLIZEICEST
WU AKDTEZR S 4L, R K E L TR SN BEN3ED FCRIERICEIZINDEL TV D
F BT OFERD S E R TOERRIKD 5 DR HEE I3 10T H#E T 4.6 X107 cal/ 47
THLEHMEL TS

A@ﬁofmm$7ﬁm«%ﬁﬁ & 3 iR RS 3,120kg/ 4> (IRRAKDEE Z 1g/cm?
EAR L), HHEEIZ10T T 14.3X107cal/ 47, W Cl- &13 1,826/ 5 Th b, ZiLb
DEA SIERARKDIFTHI > F L E—, BEOFHEL RS &, Fx55.8cal/g, 585mg/kg »
b, WRKIC L AMMBERIITEEM (1963) DfE4.6X107cal/ 4 D 3 fFITET 555, # LM



#,33% (1982) B0 )1 15k 5. U 7 31

ZBOW h=0.0129Cl+ 202 (n=85, r=0.553)
+ h=0.0212Cl+151 (n=44, r=0.836)
300 Deep hot water

S

4 2
+ ki
° o 200
3 j <
w| - :
8 I
T
E ; Avera( al
= S ge value
=
& 100
220 -
Surface water
J/
200 . ; 0 2000 4000 6000
3000 &i AOOO(mg/kg) 5000 cl (mg/kg)

Fig. 3. Relation of enthalpy and Cl- Fig. 4. Relation of enthalpy and CI- concent-
concentration of deep hot ration of thermal waters and deep hot
waters at Nigorikawa. waters at Nigorikawa.

Symbols ; @, deep hot waters derived Symbols ; @, value of individual hot spring ;
from fractured zones in the O, average value of the whole hot springs;
pre-Tertiary formations ; A, model value of the deep hot water
O, deep hot waters derived derived from the caldera wall (h =257
from fractured zones along cal/g, Cl-=5,000mg/kg). Upper and
the caldera wall. Each point lower lines show those of obtained from
and bar show the average the data of deep hot waters derived
value and standard deviation from fractured zones in the pre-Tertiary
within several production test formations and along the caldera wall.
period. All values of deep hot waters appear

within a hatched area.

(1977) POfE13.6X107cal/ 5 IciTIFHE L, THIZBERICHHINZIRREKDOEN E L2
HTHD,

B K OTESBIKIC DV TSR~ & 912, ANAT TEEREEBoK & % 2 b b D Th=0.0212Cl
+151 @ Cl — x> # L B — R ER E T OEERKE TobiH Bk &N (Fig. 4 FH#R)
D1ODfEE L - CESKDEE L TETFT VL BEEL ., HEL IEEUKIE h=257cal/g, Cl- =
5,000mg/kg D% L (Fig. 4 AF), ZHUIHNT 7EEMREOKOP T & ) AEH) % 2ok
CIEWEE LN L F—7 5 H0MEICITIZEL v, 2 0iFE#0ko Cl- B & it Cl- B4 517
Bk D EA 365kg/ EKE D, ELICTY FNE— RS LEMEIREAT9.0X107cal/ 5 (10
CHEE) rEHEEINDL, —F, BRAOEEBHNFL T I LE—TRRT L > TRDLHN S,

_ 3 (b Gu

h Z Gwi

hy, Gui 3R DEBRICOVWTRHIETH ), RAMTTHOZ I E—BLUHERFHHE
ThHb.
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Fig. 5. Relation of CI- content and the orifice temperature of hot springs
in the Nigorikawa Basin (after FUKUTOMI et al., 1963).

(DR &> THELNEFRAKTEENDFE T > 20 E—I3 169.5cal/g TH Y, ZD#KD
FRUBMGEIC L - THHEINBIRICIERKE L THEHET 2. @I B W TEEE
I2 & BHERA~DHEE & L T13.6X107cal/ 4 (TEAh, 1963), 7.8X107cal/ 4 (LA, 1977)
DHEEN TV B, SEIGEOFYE, 10.7X107cal/ 5 #HA L 72,

INLENEE D LISHNNERICBIT 5894 ik, BB 2518 L, ZokiHE#% Fig. 6 (2
RL72, ZORTHSLD % L ) ICENNERDKOBAEIRIZ R #OK & HFKTH Y, BT RERE
K EBREIC L - THAGE N5,

Rg6fiﬂ%#bﬁ#§néﬁ%mk% BEYREIC L 23 0TH ), FEETIIESAMIC &
LBOMARII T EERB L2, FOHEAZHL2ICT B 212K T=CO; DY DTl
TH5,

N I TSR E KB ) T—CO, 12 10~20g/kg TH Y (Yosua, 1981), Fig. 6 2R L 72 %H
#mokd T-CO, &HE % 10g/kg k< Riti-> T Y 365kg n#kh L4835 T-CO, &3 3.7
kg THD, T TICREKE L THEENA2E3.0kg 282 TWd, Z0EICHET2ED T—
CO2 (Z AL HIRIC FL & 1 BIn S A & Bl CO. 72, & 5 WIRGKICEM L TR S it
LEEZLND., EBICZNRE® RIS 2 LIZWETH 5%, GESKIGEI NSV 54T
KRECIT LW EEZ LNE, §hbbEilEK 365kg ICEfEL T2 T-CO, &720F T4t
WHHENS T-CO, mE2 AT 0 TELEEZ LIS, —F, ik, BONEH»LiHE
TRD G 5 DEMREHE T 25.0X107cal TH BHY, I T 5 IEEREIKIC iof%fbﬁﬂ
% 9.0X107cal #ZE L 5\ 725k ) 0 16.0X107cal Z2BRZEIC L 2 L D LT, RIZERUIC L - T
I N EMET D L, RADIT > F N E—% 660cal/g & L TEARITH ZSOkg <‘: 2B h 7R
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HOT SPRING

55.8] 3120
585 14.3x107 (107x10" ) SURFACE WATER

(T-CO,=3.0Kg/min) 10 | 2755
0 0
RESERVOIR
169.5| 3120
585 | 49.8x10’
DEEP HOT WATER
257 365
5000 9.0x 107
( T-COz= 3.7 Kg/min.)
LU CONDUCTIVE
ENTSQ‘/‘SV flow rate kg/min.
5 heat flow cal/min
lmg/kg heat flow cal/min.

Fig. 6. Heat and water supply system in the Nigorikawa Basin.

SH 0 CO, mEHAEALFMEE (10ER%) &35 & T-CO, &Iz 25kg &%), #Boftiiic
%Lfﬁﬁ@ﬁOtﬁmm%ﬁmL%%é,@wﬂLamgﬁﬁgG cR L 72 3.7kg/ 5 Libkic
25kg/ G b Z &2ick ), MR ED? 552 TIRARE T 5, SREBE DRV E(REIC
FBEEZLNIHALZIZICH S,

Eg6iﬁummﬁmﬁé<m~f%étﬁﬁtf”A@%biﬁﬁ%?wmﬁﬁﬁﬁﬁm
C1—9~%Mmg%tw7i7 CEBIEAR E GILRIKDE T B KR BRI S 510K
% T5NT, IHHFEIGEWET LR RICHEL 2.

& R R TR 72 2 & i3 gt de oo oo b FE R I AR SR i R (Cl < 100mg /8, T >
40%:, KEWN0. 8, 9, 10, 20, 22, 23, 25, 26, 29, 37, 40, 41, 44, 49, 52) »EEH L THH
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Fig. 7. Distribution map of the low salinity Fig. 8. Hydrothermal system consisting of
thermal waters related to the under- two types of the reservoirs in the
ground contour lines of the Nigori- Nigorikawa Basin.
kawa caldera.
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Fig. 9. Heat and water supply system based
on the existence of two types of the
reservoirs in the Nigorikawa Basin.
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