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DISTRIBUTION OF LAND WATER AT SOUTH-EAST
ASIA AND TAIWAN (I)

——OQutline of Active Fluvial Process and
Geochemical Character of water——

By Seisuo OKUDA, Ryuma YOSHIOKA and Yasushi KITANO

Synopsis

South-East Asia and Taiwan are under tropical and subtropical climate and easily
erodible geological conditions. And in the region, active fluvial processes of denudation,
mass transport and accumulation bring about a rapid topographic change and cause various
damages to the inhabitants.

Outline of the field observations and the geochemical survey on the land waters are
reported.
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Table 1 Chemical analyses of natural
Station Date Water

River system Location temp. pH

, No.r_‘ collected C)
Java 1| R. Liwung Bogor 26/9 /68 (26.5) 6.2
2 | R. Tarum trib. Sokan | Tjirandjang ” 26.5 6.9
3 #  main Djatiluhur Dam discharge | 27/9 /68 27.2 7.0
4 ” ” Krawang ” 27.8 6.9
5 Djakarta City water 28/ 9 /68 29.0 6.6
6 | R. Brantas main Porong 2/10/68 (gé 8) 7.2
7 ” upper Malang ” ég g) 7.3
8 ” ” Karangkates Dam 3/10/68 (25.0) 7.2
9 ” middle Kediri ” 29.0 7.1
10 trib. Konto | Kertosono 5/10/68 31.0 7.3
11 | R. Solo trib. Madium | Ngawi 3/10/68 30.0 7.4
12 main Surakarta ” 30.0 6.8
18 trib. Gede | Bojolali anoses | 2 ‘5’) 7.0
14 head Wonogiri ” (gg 8) 7.1
15 | R. Ojo Jogjakarta 5/10/68 28.5 7.1
Bali 16 | R. Sarikuning 6/10/68 29.0 7.2
17 | R. Daja Negara ” 6.9
18 | Lake Bratan Surface 7/10/68 22.0 6.5
10m Depth ” 6.3
20m » (Bottom 24m) ” 22.0 5.9
19 | R. Tjengtjengan Giangjar 8 /10/68 26.0 6.7
Sumatra 20 | R. Belumai Medan 29/9 /68 26.3 6.8
21 | R. Perbaungan Lubukpakam ” 25.0 6.9
22 | R. Padang Tebingtinggi ” 26.2 6.6
23 | R. Suka Hapal Valley ” 24.0 6.7
24 | R, Asahan Entry ” 25.8 7.7
25 | R. Naborsahan Prapat 30/9 /68 25.0 6.8
26 | Lake Toba Surface ” 25.5 7.7
10m Depth 7.2
20m # 7.3
30m 7 7.3
40m 7 7.5
50m # 25.0 7.3
27 | R. Tamiang Rantau oil field 1/10/68 25.0 6.8
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waters in Java, Bali and Sumatra.

Heavy rain 250mm/H

Flow into Laka Toba

Eg’:giﬁ:‘; Nat C(a:; —l(_llg‘*g)H cr- HCOs~ SO S%‘l%): ¢ Comments

(p/cm) (mg/1) (mg/D) | (mg/D | (mg/D) | (mg/D)
(80) 3.9 10.9 4.0 34.6 5.0 18.6
120 " 5.8 21.1 1.9 72.7 8.3 25.0
138 6.0 19.2 4.0 59.9 9.0 23.0
140 5.8 19.6 6.4 61.9 8.6 22.5
120 5.8 13. 4 6.8 34.6 11.3 23.6
@1y | 12.8 46.2 6.8 | 158 10.9 55.2
410) | 22.3 59.7 18.1 | 202 12.1 62.4
(310) | 10.9 51.8 5.6 | 173 8.8 59.2
300 11.3 47.6 6.0 | 155 10.1 51.2
325 13.2 40.7 1.1 | 134 10.7 57.2
700 38.0 86.3 37.1 | 293 15.5 65.6
340 22.4 4.9 23.7 | 152 10.0 32.0
(235) 12.1 29.2 10.3 108 8.5 84.0
(150) 6.9 33.8 47 | 105 9.1 15.1
260 16.8 25.5 6.6 | 109 14.3 80.8
600 47.5 70.6 55.5 | 233 22.0 75.6
15.3 32.6 1.5 | 119 8.4 45.6
69 2.0 8.4 2.5 3.3 20.3 4.6
' 2.1 8.4 2.5 3.6 20.9 4.6
2.1 8.4 2.6 3.6 20.6 5.1

78 5.6 11.7 10.2 | 451 58 | 40,8 |Turbid after heavy
1100 5.1 12.5 1.9 49.4 4.1 54.0
100 6.5 9.8 3.1 51.3 4.4 72.8
73 4.7 5.2 0.8 37.8 1.4 67.6

75 5.5 5.2 0.5 40.1 2.2 72.4 |Exposed lava area

" 180 10.0 21.3 3.5 87.8 5.3 26.0
70 7.4 3.8 0.4 40.1 1.9 84.8
170 10.2 23.0 3.6 89.5 5.1 24.4
170 10.5 21.9 4.4 91.8 5.0 25.0
10.5 21.9 3.6 89.2 4.5 25.4
10.0 21.3 3.7 90.5 5.1 24.6
10.2 21.3 4.3 89.5 5.0 24.3
10.0 21.3 3.8 89.5 5.3 24.0
1.3 16.3 0.9 48.0 4.1 7.4
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Table 2 Chemical analyses of natural
Station Date Water
River system Location temp.
§07 - - collected co
1 Tan Shui Ho, main Shihmen Res. 12/10/68 (22.0)
2 ” , trib. Hsin Tien Chi Wulai 20/10/68 16.0
3 San Chan Chi Sanchan 13/10/68 (22.0)
4 Li Wu Chi, main Lochienshe v (22.0)
5 ” , trib. Ta Sha Chi Tienhsiang ” (22.0)
6 Hua-Lien Chi, trib. Mu Kua Chi Yungshu 14/10/68 20.0
7 ” , trib. Ching Shui Chi Tungmne ” (22.0)
8 ” , trib. Mu Kua Chi upper ” ” 22.0)
9 Li Yu Chih Li Yu ” 25.0
10 Hua-Lin Chi, trib Laochi Kungjung ” 22.0)
11 , main Fengping ” 22.0)
12 trib. Chih Ya Han Chi Lingjung ” (22.0)
13 Ta Tu Chi, trib. Wu Chi Hsinteng 17/10/68 25.0
14 Cho Shui Chi, main Chichi ” 24.0
15 ” , Zinryu Bridge » 22.0
16 ” , trib Chen Yu Chi ” ” 24.0
17 ” , small Spring ” ” 23.0
18 Lih Yueh Tan, Surface Off Kuanhuatao ” 23.7
” , 5m Depth v ” 23.5
” , 10m »# ” ” 22.6
4 , 20m  »# ” ” 21.9
” , 256m (Bottom) v ” 20.2
19 ” , trib. Ching Shui Chi Fanghaotzu 18/10/68 26.0
20 ~ | Shan Hu Tan, inflow ” 26.0
21 ” , outflow ” 22.0)
22 A pond in eroded mud stone region Lungchuan 19/10/68 25.0
23 Hsia Tan Shui Chi, trib. Chi Shan Chi Chi Shan ” 23.5
24 ” , trib. Lao Nung Chi | Cho Chia ” 25.0
25 ” , main, lower Near Railroad Bridge ” (22.0)
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waters in Taitwan,

pH (:S()I;xeglllfé(t: Na* C(aj; —EI;/ZI*g)H Cl= |HCOs™ | 804+ S%li%)zl ¢ Comments
(wo/m) | (mg/D) | (mg/) | (mg/D) | (mg/D | (mg/1) | (mg/D

7.1 (200) 4.2 34.7 1.1 73.7 37.7 7.4 ' Storage water
6.8 95 2.9 16.7 1.7 38.5 16.2 9.7

7.4 (205) 1.5 35.5 1.3 106 17.1 4.1 Turbid after heavy rain
7.7 (340) 2.9 71.7 0.9 133 74.2 6.6 Limestone area
7.7 (350) 2.8 88.2 0.3 136 114 7.6

7.7 280 2.2 57.4 0.8 121 49.0 6.1

7.5 (200) 1.3 40.7 1.3 99.4 18.1 5.7

7.7 (320) 2.8 66. 8 0.6 125 64.5 6.6

6.6 78 3.7 9.4 5.7 30.3 2.6 1.4 Storage water
7.3 (200) 2.7 37.6 3.4 104 9.6 6.3

7.6 (345) 4.1 69. 4 2.8 153 52.1 7.3

7.7 (245) 2.4 54.3 0.6 118 45.3 5.3

6.9 300 7.0 55.6 3.2 118 55.1 9.4

7.7 480 6.2 86.7 1.0 150 109 9.6

7.7 470 5.5 97.6 1.6 156 135 10.2

7.7 410 8.1 79°8 0.9 143 98.8 | 10.0

7.4 440 3.3 83.6 1.2 162 86.4 | 19.0

8.1 370 4.8 65. 4 0.2 133 64.2 7.2

7.4 330 4.8 66. 4 0.4 136 64.4 7.4

7.6 330 4.8 66. 8 0.4 136 65.4 7.7

7.5 330 4.8 68.3 0.4 136 66. 6 7.3

7.5 340 6.5 74.8 0.4 157 70.0 9.4.
‘8.1 340 14.0 53.3 2.4 149 42.3 7.2

8.1 310 15.3 50.6 2.8 151 34.9 | 8.5 | Discharge rate 12m3/sec
8.1 | (280) | 15.8 48.0 | 40 | 132 | 43.5| 6.0 | Storage water
7.6 690 92.0 41.8 56.5 63.8 | 188 0.1 | Not connected to river
8.1 | 380 | 13.9 627 | 2.2 | 170 | 45.1| 7.6

7.8 430 8.1 72.9 1.7 155 68.7 | 12.8

7.6 @70) | 11.2 74. 4 3.1 178 61.2 | 10.5
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T DERIL 4 r DIERTAWUNS D, KIS, KILETIEEOMEIESH B LV BILIEA LT,
FEBAENMTIUTIE LY, OB TIIREMM & Bratan # (Fig. 4, #.4518) THRALITIe- 1,
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411 2 + K B

(1) pH: —icdi:7enL§g7 A5 ) T pH6.8 IIT DFEEsE DKL Liwung JIf (St1), Diakarta
HiZKEK (St 5), Solo JHANW (St 12) @ 3-DiIEE e\,

(2) HCO; : FEH v A CiL 34.6~72.7mg/l TAKXDOEEMIIAD 1~ 2{EREDEFHERTH L2
WY » A CikRkirh 100~200 mg/l & IFFICEEL R 72 Th Solo JI|ZH Madiun JI| (St 11)
1% 203 mg/l LRBEREVEEXRLTH 20088 TH %,

(3) CI-: Cl BLFEER S v -5 Tit 1.9~6.8mg/l & /X < Solo JIIZH# Madium JI| (St 11) 37.1
mg/l, Solo )& (St 12) 23.7 mg/l, Brantas J{j L (St 7) 18.1 mg/l LHRUF MELXRTH, B
¥~ Tarum ){jZ3 Sokan Ji| (St 2) 1.9mg/l LIEWEARL TV %, ZDE 1L EBDANIIKD
6 mg/l RATH S,

(4) SO0g2~:Solo JIIZ W Madium JI| (St 11) 15.5mg/l, Ojo JIj (St 15) 14.3 mg/l D% M3,
10 mg/1 J44C B AR D)X ORE THEL T & $ Dikicy,

(5) Ca®*+Mg?* : FEffis> v -5 10.9~19.6 mg/l THie DB\, HE v ~ALFEL S + 20D 2~3 {51
BUWMExR T, & <i2 Solo JI[FfE Madium JI| (St 11) i 86.3 mg/l & BRHITHE .

(6) Nat:PHE Y v & Solo JIJEH (St 14) TiX 3.9~6.9 mg/]l THEA 5 T\ 25, Solo JIIZH
Madium JIf (St 11) 38 mg/l, Solo JI|&¥ (St 12) 22.4 mg/l, Brantas JI| k3 (St 7) 22.3mg/] i
Vo ZDEMNE 13mg/l AATEBOMIIL VP LECRETH S,

(7) Soluble SiO;: FEH L v -3k X Solo JI[fgH (St 14) iXkkirda 20 mg/l PISCTHEL HEBD
LHBAR LT 52, Solo JI|ZH Gede )l (St 13) 84.0mg/l, Ojo JI| (St 15) 80.8 mg/l L EFHWE
Vo TDEMPTHLEEERY » S OKEE 1 5~3 5 LHISECEXY R L TV 200 BEHTH S,

41.2 Y B

(1) pH: Bratan 3 (St 18) OFEEM: (pH 6.5 LITF) DEniidths,

(2) HCO;™ : Bratan ¥ (St 18) 3.3 mg/l OF/NE & Sarikuning JI| (St 16) 233 mg/l DHEKED
ENRECONERITH S,

(3) CI~: Sarikuning JI| (St 16) 55.5mg/] L REICEWMEERZRLTH5DO0VEHRPTH S,

(4) SO : Sarikuning J|| (St 16), Bratan #§ (St 18) 2% 21 mg/l HATHE DV EWEEXRLT
Wh,

(5) Ca? +Mg?* : Sarikuning JI| (St 16) 70.6 mg/l LEFHWEEXRL TV 202 T, BhiC
FRCTRE L DTV,

(6) Nat*:=i%b Sarikuning JI| (St 16) 47.5mg/l LD B DT { B XTREC BV DAIVERINT
H%,

(7) Soluble SiO; : Bratan # (St 18) 5mg/l WAT/hE V25, Db Dk 40.8~75.6 mg/l LIE
B

(8) Bratan #lix, WA, WHARWHSILEAKRTH Y, 2KE 24m CThico THETH 5,

413 dEzx< F 3

(1) pH: —fgicrpbeic\ s LESEM:TH B Asahan JI[ (St 24), Toba i &K (St 26) 7503155
7AHaYE HT.7) &R,

(2) HCO;™ : Asahan JI| (St 24), Toba ¥ (St 26), Tamiang JI| (St 27) (¥ 90 mg/! PH#CIHF
CRVEEERL, FOMOMIIKTE 45 mg/l HACHEMNE VSRR LTV 20BN TH 5,

(8) CI-:Padang JI| (St 22), Suka )If (St 23), Naborsahan JJ| (St 25), Tamiang JI| (St 27)
&2 1.0mg/l T CHRFEP IV OO0 - TH 5,

(4) 80y : wkirh 2~5mg/l T, AAROEHAIIKELETSD L B~% NS L OMEEITH
%o
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(5) Ca**+Mg?> : Asahan Ji| (St 24), Toba ¥ (St 26) % 21 mg/l PIFFTRLE A, FODEMN
HEEADNABEDOSETHETREL DXV,

(6) Nat*: Asahan JI| (St 24), Toba ¥ (St 26) it 10 mg/l CFDMD L DIt 6 mg/l PHTHEL
HHSNIBETHS,

(7) Solube Si0; : SiO; LISt D ITLHEL HLEHKI%L\ » Asahan JI] (St 24), Toba #] (St 26) Ti1. 25 mg/1
AT ORJIAKIC R T~ p e/ E Vs, Naborsahan JI| (St 25) 84.8 mg/l & 1 ¥ F & v DK
FTRAERRL T 50BN TH 5,

(8) (KK PFAMTRERALDARE 50m ¥ TKENIZEF—L 5 TKEDE—TH Y, SHETHENL L
fibhTwb, Lo LA (Naborsahan Ji| LAFE~XTUL W) SIXBRETH Y BEWEONFILSH
OBHEYET 5,

4.2. BBEBOXKER

(1) pH:—BcrbcWLE 740 VT pH6.8 LIT OFSEEE D KX BKEHEE (St 2), TE#
Bt (St 9) D2 2BE I\,

(2) HCOs™ : ¥sisitria 100~180 mg/l TRECEMELR L T 2005 HIITH 5, BB TILILE
B 5T WBRAIAPIKE (St 1) 73.7 mg/l, FMLEEEO D (St 22) 63.8 mg/l TH BADEHFID
2 fEOBREER R T,

(3) CI: #EEEO RS (St 22) 56.5mg/l DRFEICEEX RL T %, JI O FH ki
2mg/l PTG, “hIbETLE4 5mg/l PISC, —BIC\ - TIHFECHFERELTRL TH 5008
BHNTH 5,

(4) S04 :100mg/l LLED BE AL BEADE (St 5) 114 mg/l, BKERTE « (St 14
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Fig. 8 Relation between contents of HCO3~ and Ca?*-+Mg?* in natural waters.



226 BOKBT BT HHERS128 B (. 4. 3)

109 mg/l, F&#RIE (St 15) 135 mg/l, D= o (St 22) 188 mg/l T, K¥it 40~100mg/l ¢
b5,

(5) Ca+Mg? : $s¥kiria 40~90 mg/l T, 40 mg/l LITF OFAKEERAFAFIKE (St 1) 34.7 mg/],
PKTIHIER (St 2) 16.7 mg/l, =i (St 3) 35.5 mg/l, ffa#h (St 9) 9.4 mg/l, {EHERER (St 10)
37.6 mg/l £TH 5,

(6) Na*:#fiD7-dM (St22) 92.0mg/l LRFETHECEIIE LT, BKEXMBEKE (St 19),
I (St 20, 21), FHOKIERELE (St 23), FAW (St 25) &% 11.2~15.8 mg/l Ehinh B\ E%Y
ATH, KEL Bt 2.5~8mg/l THB,

(7) Solube SiO, : #R D7 (St22) 0.1mg/l L BEI/IIv, BAREK (St17) 19.0 mg/l
DML, BEDFEEMANL D B~KENIPIV ORI TH S,

(8) BEMOCHMOKEIME L L £ OiLRa BRIz H 5/ T, FJIIK & DRHH eI
BDTHHH, ¥i-BAROKKTHER AN L {FFbh T 5,

KRKCEREL T BLROMERBEILLRKEC X » TELT 525, FAEPMIEE h Y
L, MENHERRECEEL OGRS OEMEEREIChLOEL DARE KB LTRSS, R
A A+ v HEOBRIC W TR,

4.2. BEATEOBFE

4.2.1. HCO;~ & Ca* +Mg** OBMR

Fig. 8 1© HCOs~ & Ca**+Mg? L OSERHEGREYRLI, EHFYELSE L OKRKEE T, Ca?*+

Mgt (Ca** 0EI L L) & HCOy LDEERHII1:3 CEhFhOSGRBIKRELEHL D2 L%
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Fig. 9 Relation between contents of HCO;~ and soluble SiO, in natural waters.
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Rl &5 AV FRYYRLRNTHL, BHY «0OKL HCOy™ & Cat*+Mg® LOFMYED
WEBER L B2 —iciy, HCOy &8 110mg/l PISt X hAE T n LIERALES SER, A
TALEGBEIL T3, 20 kit Catt+ Mgt 3 HCOy~ LU RIIFRTH T, Zhithd
5130 Nat K BEE»BBIL T B LERRL T 5,

—%, BT~ Cat* + Mg >HCOs~ OBIfRA S B%, SO SR HLBAYPAJIIAL HCO:™
& Ca®+Mg® LOFSLESUER ECiET 2. 2, 3 OffHIH 22, SO FELSWIT HICoh
¢, Ca**+Mg?* r HCOy~ DA/PBAFRLE T %3 Ca + Mg 0Jfst HCOs™ XY REL-T, Y&
B D EEANLEC TR O Eand 5.

4.2.2. HCO;~ & Soluble SiO, OB

Fig. 9 iz HCOy~ & Soluble SiO; O&BBEMRER LI, 1V FF ¥ 7 OFMIRT LI HY L WIED

HABABIRA A BB, BB LW HHBEA LISV,
4.2.3. HCO,~ & SO DBk

Fig. 10 iz HCOs~ & SO2 OEBEFRERLI, 1 ¥ Fx Y7 Tilido &) LIcHBIBEGRIIA DD
it —HEBTLRSEOHBBEGENS 5. — A TIE HCO; >SO2 OB D 31055,
SRR AIE (St 5), WARANHE (St 15), MDD (St 22) Tik HCOs<SO2~ Thh, %
DIMOKE L RBHTH D, HEZOX 5 EEBELRTIIBRED L ZAFRRINL» X Db bt

4.2.4. HCO;—Cl—S80,* OBk

HCOy, Cl5, SO~ 1moWnWT, FREhMEREXEHL, SEHOYUBESRLZARECER LD

2% Fig. 11 ¢$ 5,
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Fig. 10 Relation between contents of HCO;~ and SO2~ in natural waters.
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Fig. 11 Trilinear diagram of natural waters (ClI-—HCO;~—S0,2").

ﬂﬁﬂ%yF*V7®EmuﬁﬁWKu}mOfﬁkab,WﬂkLTBmMnﬁ(&H?DSOf
ﬁk?voéﬁfﬁﬁ%@tb@(&ZEHﬂkLTCPﬁ#ﬁK¢$<,&V'u¥ﬁoxb%~m4

LD TWAHDONEETH 5,

SEOBHAEDHERYBIETHLRDZ LML %, ) N .
1) BB v AOEFIACH L THBANCET DA Btizis 2 Dic v EHESh D, FOTCHE

Sl AVE, bR~ b T OERRKCHT AERDMSIERCIEC, o THLL, ﬁlﬁf’ﬁiﬁﬁﬁiﬁfufﬁbb
LE% bhb, &Yl Brartas JI| (St 7), Solo I Madium JI| (St 11), Sarikuning JI| (St 16)

BEDENIHLDTH %, o -
2) BB TR, HERSKIBETHHI LIMWEShD, HCSHE (St 4,5), TEER St

11), WKZ (St 14,15,16,17,18), FHkAE (St 23,24,25) FOHKTRAIFASBE LY.
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ZbTh, BRLEAPCEThATROEL (1) BASIVETEALL BTHK, (2) AKIEH
(T¥, FE, BHED) clk+5xEK, (3) XAIRBRCH¥ETATE, (4) EretlsEchiykd
5 (BERIOEERY) TEORKBEC I o THRESBLDOTH L. BRKDOKEN L, FORRKIELT
FIAROBALRBEHRL L 5 L3501, Lo (4) RI-THBIhATRESY, BAOKE,S
MAHSLNW3ZLTHB. KECOWT, SETCRG>TELI L TEPHERCHB L EDTBLOE
DRYTHD. BETFABEEENZLZ LT, TOKNEGH, TRHBTECECATr I1BIEEREE
LTI L E2BHRTHLOTH D, Ca?* + Mg 13BLH S HANKCEL, Lo~ CO; FAMHAX
H, BEGLENLHIAICLONKEBITHA S, T T—HIiE, =0 Ca?*+Mg? $H 5\ ik HCOs~
DEFEIEROBLIRBY L, RLTLhBbiTThs, Ca**+Mgt £ HCO;™ DE&HFRIKE
y POBHErABOSEELARZIVKTIE, 0 Ca¥*+Mg 135 A BEEREIOORBE XbLEL
bh5a, Ca?*+Mg ®HCOy™ §FRITAEVA, BESrABAEENNIVKTE, BRABEDS
Ehb Ca*+Mgh s LHShichd Ll &, —IBELTHBLENRH S, Cl- % SO 0&H
BAREVKE, BSKUPBRCBEET S LELIS L5 KERLKAOKI M TALHTET, ¥8o
1DTHH5, DX s it Cl- » SO2 DEFRI LD/ V- 7T, HCOs & Cat
+Mg*t SEEHOBBYERETS L, £ OEAMSEERNLEINRT, BEARCHEHL IR Ca*
+Mg? DRFHEETHC LA, THETIER.

BED X 3 ARED 23WT, AREREOHEXHRTHTUL, ThEhORKMIEOME b
Bhugisbinvs, Lvl, HERMEFHSBC - L RRKOKB L AROBRERAOBESRLDbEEL
5, WEOMRBEEDOD B Z LiXlc L TH B, FHMllic oW TIE, HBTHRELLV.

E B

FRESCRAEIMIEE RS RERNS WAERRL OBk » TiTbhicb D THY, Mk
FC AT 5,

¥R TORE, BKCRIOHTEY ARV RLERSSHE, A~ SAmBERE KRS
#, BEEKHRLS CCBRERSOBEIER T 5,

g £ X &
1) HHE® « FEoOREK (1943) p.177
2) BEERERE - VKM - BB & A B ORGSO S, B 7 o 7R, $£35 (1963,
3) p.55

3) JvEPEEMD : RRKOILAEARIC & 28R DRt FEOWTR, TR KPIEH, F105A, HE42,
p. 557—587.



