Table 23 ° MONTHLY M&AN RUNOEF RECORD (1/2)

Station- Jam. Johor Tenggara
River . Sayong2 Uﬁit- i06 m3
Catchment Area : 624 km L
Year Jan. Feb. Mar. Apr. May _Jun, Jul. Auag. Sept. Oct. Nov. Dec. ' Total
1877 H.R. (25.2) (8.6) 8.3 19.6 24.4 21.7 38.8 39.4 94.3 74.6 35.1 -
1978 92.7 17.5 32.7 44.1 60.5 21.3 32.7 21.2 22.8 26.2 $55.5 11143 538.8
lo79  56.2 20.1 (60.3) 89.2 25.2 33.2 28.9 25.7 39.1 33.5 (94.3) (26.8) . -
1080  40.7 20.3 22.5 46.1 43.1 39.4 25.4 8l.4 72.8 67.5 81.4 94.8 635.4
1981 30.3 8.7 10.7 53.1 85.2 26.4 23.8 15.3 25.7 30.3 4403 43,7 397.5
1982 33.9 22.8 36.1 87.6 62.2 61.3 5.2 39.3 24.8 28,9 83.8 (3L.6) -
1983 (34.8) 17.9 11.2 9.8 18.2 20.5 27.6 50.9 68.9 37.2 61.9 114.6 -
1984 99.1 137.6 99.6 55.7 '73.4 59.4 65.6 38.0 21.0 34.0 (51.6) N.R. =
Average 58.9 35.0 35.5 49.2 48.4 35.7 31,4 38.8 39.3 44.0 66.9 80.0 523.9
Station Ran, Tanah Jengeli
River Linggiu _
Catchment Area : 209'km2 Unit%' lO'6 ﬁ3
Year Jan. Feb. Mar. Apr. May Jun. Jul. BAug. Sep. Oct. Nov. Dee. Total
lo78  24.4 13.8 15.5 13.5 20.6 11.4 16.1 8.0 6.5 13.1 25.7 25.7 - 194.3
1979 20.9 13.5 12.3 23.8 12.1 9.3 8.6 8.8 16.1 16.6 45.6 30.3 217.9
1980 22.2 9.3 10.7 16.6 20.1 11.4 12,3 N.R. (50.3) 47.9  28.3 23,7 -
1981 12.6 4.6 25.7.39.1 22.8 9.8 7.5 5.9 7.8 11.2 13.5 20.4 180.9
1982 14.7 4.8 10.7 17.1 {19.4) 11.1 7.5 7.5 6.7 7.2 ~ 7.0 (20.1) =~
1983 (31.6) (9.0) 4.8 4.1 14.2 6.5 8.3 8.6 '16.8 19.0 26.2 (37.2) -
1984 (41.5) 66.9 34.3 22.0 28.9 17.1 16.3 (12.1) N.R. (60.3) 2.2 (38.6) -
Average 19.0 18.8 16.3 19.5 19.8 10.9 10.9 7.8 10.8 19.2 26.9 25.5 197.7

Remarks: ( }: Parenthesized figure

shows incomplete data interporatéd.



Table 24 MONTHLY MEAN RUNOFF RECORD (2/2)

‘Station t Saleng

River .- : Skudai
Catchment Area : 91 km . . Unit: 10 m
Year . . Jan.  Feb. Mar. Apr. May  Jun. Jul. Aug. Sep. Oct. Nov. Dsc.

1971 M.R. N.R. HN.R. N.R. N.R. N.R. N.R. N.R. N.R. MN.R. (3.9) (4.8}

1972 (1.9) 2.8 3.2 (4.9) 5.9 2.6 0.8 1.3 3.1 N.R. N.R 9.1
1973 (9.9) (5.1) (7.8)(11.4) (7.8) 3.9 (2.1) {5.6) (2.9) 5.4 7.5 (7.%)
1974 2.4 (2.4) (é;?)'(a.l) 11,0 6.7 (4.0) 3.7 7.8 (3.2) 2.9 (1.9)
1975 3.7 .(219)(11.0)(17.1}(19.6]{13.2)(13,1) 7.8 7.5 8.6 (18.1) 12.3
1976, 2.7 1.8 (2.4) (7.0) 4.0 (3.4) (3.6) 3.5 3.1 (8.6) 7.8 9.6
1977 (5.6) 3.9 2.9 1.8 2.4 2.1 2.1 8.8 4.4 (8.0) 6.7 5.6
1978 19.8 7.7 ';3.9 12.4 12,6 7.8 12,1 7.0 (1.0)(13.7){13.5) {12.9)
1979 5.9 1.9 4.6 11.4 2.4 2.6) (3.1) (1.9) 3.9 (6.2)(12.4) (4.6)
1980 (5.1) (5.6) (2.4) (7.3) (4.8) 6.2 3.7 7.5 7.0 11.0 7.0 11.5
1981 (2.7) 1.9 1.9 6.7 8.0 2.6 (3.2} (1.1) N.R. 4.6 2.3 7.2
1982 (3.2)_(3.4) (0.8) N.R. N.R. N.R. MN.R. N.R. MN.R. N.R. N.R. N.R.

Average 6.9 3.3 5.3 8.1 6.6 4.6 4.7 5.7 5.3 7.4 5.7 9.2

Remarks: '(.) : Parenthesized figure shows incomplete data interporated.



Table 25 MEAN

Proposed dam

Benut
Pontian Besar
Upper Pengli
Sayong
Linggiu

Telor

Layau Xiri

Mean annual inflow

Catchment area

ANNUAL TNFLOW DISCHARGE AT PROPOSED DAMSITES

discharge (1963-1984)

(km2) {106 m3/y)
37 33
40 41
127 126
662 655
206 216
38 ' 37
31 . 38
224 290

Sedili

Table 26

POTENTIAL BASIN EVAPOTRANSPIRATION

Units. mm

Pontian

Skudai-
Tebrau

Johor

Sedili

126 120 134

123 119 137

123 119 137

121 121 112 118 120 121 126 117

125 124 1i6 123 125 124 131 120

125 124 116 123 125 124 131 120

114

113

113



Table 27 RAINFALL RECORDS APLLIED FOR TANK MODEL (1/2)

RIVER SYSTEM : RIVER SKUDAI
CATCHMENT AREA: 90.5 km?
HYDROLOGICAL STATION NAME: Saleng (1971 - 1982)

RAINFALL DATA

YEAR .

Station Neo.

63 64 65 66 67 68 69 70 71 72 73 74 15 76 77 78 79 80 81 82 83 84

1535106

.

2. 1536110

3.. 1636109

4. 1735125

Nos'.'of. - . '

. 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 3 3

_ Station ) _ -

RIVER SYSTEM : RIVER LINGGIU

CATCHMENT AREA: 209.0 km?

HYDROLOGICAL STATION NAME: Ran. Tanah Jengeli (1836401)
' (1978 ~ 1984)

RATINFALL  DATA

YEAR

Station No. g es 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81.82 83 84

1. 1737128
2. 1836001
3, 1838148

Nos. of o _ C
: 2 2 2 2 2 2 2 1 1 1 1 1 1
Station




Table 28 RAINFALL RECORDS APLLIED FOR TANK MODEL (2/2)..

RIVER SYSTEM : RIVER SAYONG

CATCHMENT AREA: 624.0 km®

HYDROLOGICAL STATION NAME: dJam. Johor Tenggara (1836402)
: (1977 - 1984}

RAINFALL DATA

YEAR |
G561 65 66 67 65 69 70 71 72 73 T4 75 16 11 T8 79 B0 81 82 3 B4

Station No.

1833123

1.

2. 1834122

3, 1834124 e
4, 1836001

Nos. of 5 333 33 3 3333 33 4 4 4 443344
Station . :
RIVER SYSTEM : RIVER JOHOR

CATCHMENT AREA: 1,130.0 km?

IYDROLOGICAL STATION NAME: Kg. Pantau Panjang (1737451)
(1963 - 1984)

RAINFALL DATA

YEAR ' -

Station No. : _ .
ation No.  G373765 66 67 68 69 70 71 72 73 74 75 76 11 18 79 80 81 82 83 84

1, 1636109

2 1735125

3 1833092

4. 1833123 S
5 .

6

7

1834122
1834124 ' : T e
1836001

Nog. of

Station 6 6 6 6 6 6 6 6 6 6 6 6 6 7T T 7T 17 7T 6 6 6 6

D~68



Table 29 ANNUAL WATER BALANCE BETWEEN RUNOFF
AND LOSS AT XEY STATION (1/2)

Basin: Johor
Station: Rantau Panjang Unit: mm

. Basin -~ Observed ' Simulated
Year Rainfall Runoff Loss Runoff Loss
1963 2182 778 1404 892 1290
1964 2802 1066 1736 1384 1418
1965 2060 872 1187 837 1222
1966 2376 982 1394 1014 1362
1967 2896 1596 1300 1371 1525
1968 2457 1126 1331 1365 1092
1969 2821 1184 1636 1479 1342
1970 2568 968 1599 1197 1371
1971 1780 721 1059 628 1152
1972 2268 647 1620 943 1325
1973 2273 9538 1315 988 1285
1974 1910 567 1343 694 1216
1975 2203 845 1358 840 1363
1976 2096 598 1498 703 1393
1977 2015 811 1204 831 1184
1978 2259 328 1332 335 1324
1979 2261 1055 1207 1042 1219
1980 2417 1128 1290 974 1443
1981 2053 790 1263 826 1227
1982 2247 1127 1120 886 1360
1983 2040 1143 897 796 1244
1984 2604 1702 902 1321 1283
Mean 2299 981 1318 §97 1302
Basin:  Linggin _
Station: Ran, Tanah Jengeli Unit: mm

_ Basin ' Observed Simulated
Year Rainfall _ Runof f Loss Runoff . Toss
1963 - - - - -
1964 - - - - -
1965 ~ ~ - - -
1966 - - - - -
1967 - - - - -
1968 - - - - _
1969 - - - - -
1970 - - - - B
1971 - - - - -
1972 2351 - - 978 1372
1973 2123 - - 703 1340
1974 2977 - - 1416 1561
1975 2649 - - 1134 1514
1976 2099 - - 710 1389
1977 2173 - - 972 1201
1978 2505 928 1576 1073 1431
1979 2474 1042 1432 1179 1295
1980 2263 1199 1065 778 1485
1981 2210 864 1346 935 1275
1982 2452 658 1795 958 1494
1983 2243 954 1288 858 1384
1984 2735 1806 . 918 1358 1366
Mean 2403 1034 1369 1010 1393



Table 30 ANNUAL WATER BALANCE BETWEEN RUNOFE
AND LOSS AT KEY STATION {2/2)

Basin: Sayong ' . Unit: mm
Station: Jam. Johor Tenggara: ’
Basin ' Observed simulated .
Yeaxr Rainfall Runoff 1.0sS Runoff ‘___Efi»jif
1963 2077 - - 719 1359
1964 2732 - - 1237 132;
1965 2093 - ~ 764 !
1966 2198 - - 824 1373
1967 2651 - - 1054 1597
1968 2451 - - 1259 1193
1969 2701 - - 1273 1429
1970 2317 - - 921 1396
1971 1680 - - 557 1123
1972 2286 - - 844 1442
1973 2241 - - 893 1348
1974 1923 - - 669 1254
1975 2093 - - 700 1392
1976 2040 - - 551 1488
1977 2112 755 1357 853 1259
1978 2162 863 1299 751 1411
1979 2233 963 1270 944 1289
1980 2378 1019 1359 840 1538
1981 2026 710 1317 771 1255
1982 2295 1028 1267 841 1454
1983 2073 794 1279 772 1301
1984 2645 1207 1438 1378 1267
Mean 2246 891 1323 883 1363
Basgins Skudai .
Station: Saleng . " Unit: mm
Basin Observed : Simulated
Year Rainfall Runoff Loss . Runoff Loss
1963 2297 - - 1032 1265
1964 2714 - - 1329 1385
1965 2312 - - 1083 1230
1966 2311 - - 989 1322
1967 2707 - - 1280 1426
1963 2151 - - 1100 1051
1969 2671 - - 1334 1337
1970 2768 - - 1447 1321
1971 1982 754 1228 790 1192
1972 2106 548 1559 845 1261
1973 2611 906 1705 1335 1277
1974 1869 584 1285 710 1159
19275 2314 1446 868 948 1367
1976 1930 622 1316 647 1291
1977 1950 609 1342 764 1186
1978 2413 1572 840 1124 1288
1979 2443 787 1656 1211 1232
1980 2633 930 1703 1226 1407
1982 2445 1075 1370 1106 1339
1983 2216 - - 967 1248
1984 2786 - - 1447 1338
Mean 2354 1022 1332 1075 1279



Table 31 DIFFERENCE IN ANNUAL LOSS AT KEY STATION (1/2)

Basin: Johor
Station: Rantau Panjang

Annual Loss (mm)

Year : Observed Simulated pifference (%)
1963 1404 1290 - 8
1964 1736 1418 -18
1965 1187 1222 3
1960 1394 1362 - 2
1967 1300 1525 17
1968 1331 1092 -18
1969 1636 1342 -18
1970 1599 1371 ~-14
1971 1059 1152 9
1972 1620 1325 -18
1973 1315 1285 - 2
1974 1343 1216 - 9
1975 1358 1363 0
1976 1498 1393 -7
1977 1204 1184 - 2
1978 1332 1324 -1
1979 1207 1219 1
1980 1290 1443 12
1981 1263 1227 -3
1982 1120 1360 21
1983 : 897 1244 39
1984 302 1283 42
Mean 1318 1302 -1
Basin: . Linggiu

Station: - Ran. Tanah Jengeli

annual Loss (mm)

Year Observed Simulated Difference (%)
1978 1576 1431 -9
Jo979 1432 1295 ~10
1980 1065 1485 39
1981 1346 1275 -5
1982 1795 1494 -17
1983 1288 1384 ?
1984 918 1366 49
Mean 1369 1393 2



rable 32 DIFFERENCE IN ANNUAL LOSS AT KEY STATION 272y

Basin: Sayong
Station: Jam. Johor Tenggara

Annual Loss (mm)

.Difference (%)

Year Observed Simulated 7
1977 1357 1259 =7
1978 1299 1411 9

1979 1270 1289 i
1980 1359 1538 13
1981 1317 1255 -5
1982 1267 1454 i5
1983 1279 1301 2
1984 1438 1267 -12
Mean 1323 1363 3
Basin: Skudai

Station: Saleng

Annual Loss {mm) _ _

Year Observed ~ gimulated Difference (%)
1971 1228 1192 -3
1972 1559 1261 ~-19
1973 1705 1277 ~25
1974 1285 1159 ~10
1975 868 1367 57
1976 1316 1291 -2
1977 1342 1186 ~12
1978 840 1288 53
1979 1656 1232 ~26
1980 1703 1407 ~17
1981 1508 1218 -19
1982 1370 1339 -2
Mean 1365 1268 -7



Table 33

Model T

TANK PARAMETERS

200.0

Model IT  Model TII  Model IV
.Ap?liéd : Kg. Rantau Jam. Johor Ran. Tanah Saleng
Gé_agi‘ng S.ta'ti:o'n | Pa_n:jang " Tenggara - Jengeli
Top Tank ‘Hl 5 mm 5 m 5 mm 5 mm
H2 35 mm 35 mm 35 m 35 mm
H3 40.mm 40 mm 40 mm 40
A0 0.15 0.15 0.15. 0.15 |
‘Al 0.20_ 0.10 0.10 0.15
A2 - 0.40 0.20 0.15 0.35
A3 0.0 0.0 0;0 0.0
s 80 mm 80 mm 80 mm - 80 mm
ss 350 mm 350 mn 350 m 350 mm
Second Tank 'BO 0.03 .03 0.03. 0.02
| B1 0.15 - 0.10 0.10 0.15
Third Tank co 10.006 0.006 0.006 0.006
| | c1 10,025 0.02 0.02 0.025
Fourth Tank DO 0.002 0.002 0.002 0.002
D1 0.002° 0. 002 0.002 0.002
River Chanpel HR "2 mm 2 mm 2 mm 2 min
Rl 0.10 0.10 0.05 . 0.10
R2 0,10 0.10 0.10 0.10
”Aréa ﬁatio a 3 3 3 3
.Cohsfant TB 3 3 3 3
TC 4 4 4 4
Table 34 INITIAL VALUES
TOP TANK SECOND TANK  THIRD TANK  FOURTH TANK
ZONE XS %P XB 4C XD
1 50.0 30.0 30.0 100.0 200.0
2 50.0 30.0 40.0 200.0 500.0
3 100.0 0.0 50.0 300.0 700.0
4 40.0 60.0 400.0  1,500.0




5.pAY NATURAL RONOFE AT RANTAU PANJANG

(1737451) (L/3}

Table 35
YEAR § 1943 ANGBAL HEAK © 27,9
} st sep ocy nO¥ bfC
PERIOD 3AN 113 RAR AR waY R e T
v m e m e i D o e T ST 21,80 10.2 30.3 42,5 5742
i- s 1.8 at2e’ shse 3k Ten B e Tere o 115 24.3 5841 24,7
6410 33,40 18,34 1%e3e 2Ealn 13414 . N to.8 14.9 1549 34iz - 53,1
1115 28.7% 15,3« Z0.04 23,34 131 20,5+ . 13084 10.1 32.3 52.9 3.6
16-20 20,70 H2.7v Th.91 3RS 3aae Tl i 12,80 97 25.9 36u6 s9.t
21-25 15,9+ 17,54 19475 25T 45.0e 15aks 2350 21048 35.2 4748 46,2 55.2
2b-EHD 18,54 Ba.le &0,7s 20,50 47,64 LA A TS A R e et
e s a T e 20.0 et 18,0 22,0 30.5 4541 49D
YEAP ; 1944 ANNUAL HEAW 37.9
o1 How B¢
PERICD a8 11 Aag APR My UK ‘,'E"__.._--.....\.’E.,---.——EES--—-----‘E- _____ ey
. (R i AULTORNRE B e s Y - 14,0 T.6
1 5 351 t5.6 239.7 2446 88,6 15.4 14.2 i;.os E‘JJ b ‘3:; 140 Tt
51D 18,1 264 851 zits 3.1 139 22,3 o 3209 7ot B.1 850
1115 1.8 7104 152.9 541 B3.7 1. 20.2 . . I &1 520
- 3 9.4 15,9 9.7 2B.9 5.0 . .
16-20 35,5 13.9 110,08 39,9 3.3 3 e 1400
2125 56.7 1648 9.9 5T.8 2.2 2.9 36.0 8.8 20.3 v P 177.0
2h-tnp 3.8 123,46 32,8 86,7 12.8 8.t 5.8 5. 1.8 ot : :
5 —-h_-—-—-‘-ouu-——na—-'-——nn—---I--nv‘-—--———m——--—o-——d’n——ﬁb-—
L e S e R R S TR O
YEAR ; 19065 ARKUAL MEAK 3%.9
PERIOD JAK ree iR APz aub see e Noy bEC
1o s .7 10,7 B .z 20,3 12.0 2646 25.8 7343
£-10 59,2 1.0 7.2 V5.6 22.% 14.5 .8 514 52.3%
1113 33,5 . 234 6.5 26,4 Z4.9 3.9 3046 Yy 5648
16-20 1.2 1s3 5.4 22,7 24.2 15.5 3748 £6.0 T4s®
24-23 1445 13.3 3.3 34,9 24.9 17.9 452 5502 5202
2H~ERD n:z n.; 8,0 25.8 18.0 is.Z © Bl gDk 60,5
AEAN 50,6 151 7 22.3 14,2 3.1 6645 1.6
YEAR : 19566 ARNUAL REAN T 35.%
PERIOG JAK - FEE MAR APR KAY - ELL JUL AUG SEF ol KOV SEC
-3 5.5 Th.t 3.5 11,9 501 28.0 13.9 2747 az.2 2243 25.0 45,5
6«10 32.9 15,1 37,8 1£,5 24.8 34,8 26.3 3.4 2542 25,0 36,9 51,4
11-15 45,8 ¥5.5 7.7 46,8 18.3 36.0 40,4 33,2 34,0 £9,4 75,0 §245
16-24 3.5 17,5 5.3 13,2 V6.7 a1 4.1 i8.6 19.0 57,6 7225 55,7
2t-25 50,3 15,1 2441 8.8 16.9 15.8 §4.7 061 27.0 £2,3 80,9 57.1
26-END £3.1 132 15.0 4.5 1644 14,8 2.7 az.2 19.2 32,4 850 546
REAX 43,2 1ELb 19.7 12,2 3.0 5.1 34,3 40,4 272 50,0 59.7 5620
YEA® @ 1957 ARKUAL REAR 51.%
PERIOD !AH FEB RAR APR HAY JUM JEL AUG ZEP T NOV DEC
-5 5605 .z LT 201 TR T Ty T A v
- &~10 52.7 21.5 0.6 3303 53,0 19.8 17:5 a:g ;2 : gg'g : gi.;: ;2-?:
115 195.7 scaz 3.5 2.t 59.2 18,6 2648, 12.4 2301 9.4 SEa2s 117,30
14-20 1;2.; 21.s 134 5.2 £2.5 42,8 26,3 1503 15.4 13,6 T18.0% 308,84
FIREN e ?fz ;g.z :u.i 64,5 TE.5 19.8 11.2 26,2 35.2 [F Y 141,00
_--_-»-_.._..-_-:_.._--_m-_:_,_--_,.,..:_..w._.‘.:f:f.__,___59:'}_ 23.0 11,7 12.5 35.3 32.3 T P70 17470
KERM ar.? 1. 33.2 7.3 5% .6 26,8 19,2 1.6 23,3 That et sz
Tehv 1 19EE AKKURL BERK 4G.1
;:Eq;m: L -‘Jn.- 3411 mAR LU ALY JUN JuL AUG SEFP IUCT HOY BEC
-5 191, 6¢ 24.04 7.0 1850 ;;:""”""'"“""""“‘“““-'""""—~~-~---~--—~-~_a-“'-----__.--_..,'.
6-10 17305e 1909+ e 9.8 10z 7oy Terae N e el 8.8 3.6
11-15 950+ 16,84 27.60 3409 1t.8 3007 15,00 ek Te3e 8.8 54.9 20.6:
1a~20 56.20 T4.3e Sha2v 2344 57.3 3ene T o ;%sn: 2507 03 P
21-25 3¢.54 S12.0¢ Thebe 26.0 38.9 1944 5. . . : ba bhat
g . . . Sakt 128w 5ha7e 214k )
26T 2E.2 . . - L¥.0 J2.8
o 2 Be2e o AGadr MM6.7s 2rae 25,8 47.h B3 dElTe 38R 4223 a7 6.9
o - SR PO NIl DAt
Ex V26,6 165 Stk 37,9 35.1 25.3 4.7 12,5 0.5 T 52.% 38.3
YEAR 1 1969 ARRUAL BELK 3 4.1
PERIOD FAN ftp SEP
B s octT NOY DEC
-5 6.1 13.4 7.0 —m———— - —
4~50 $6.E 12.7 5.3 12,4 6544 19.7 35.2 45,3
11-35 5.6 11.2 5,5 1341 42,4 2641 2747 73.5
TomEh 25.7 A 5.4 :i‘ 23.5 42,5 2.9 46426
2125 180 P 5.1 : .2 TTe4 649 39.2 14548
2&-END 2Ra% Eat 15.2 85-7 ZB.O Bl 36ak £7.3
-;;;__, ______ Eh;”""u”“w“"-"“ i 23,9 B1.0 28.4 L6435
W a0, 1.5 7.3 L. 37.0 5 T T T e e e e s e
be2 313 3.2 34,0 St 31,7 140.%
YERR 1 1970 AAHUAL BEAK 2 LT
PEREOQOD JAN FEE BAR ) APR AkY .
4 .
s WA s _SEP act Hov bec
- . 15, 726 361 Séat a1 B s bl atetetslel it
6-10 thod £5.1 4.5 i3 £3.9 25.2 ;z-b e 131 8.2 22,6 BT
11-15% 18.3 25.2 g1 Qbak 4.9 Era it 1%.8 144 45.6 L2a7 5843
56-20 32.7 12,8 PSS [ soos o 24,0 37.4 17.1 3707 27.2 ‘o
2125 e .t 3 s 3.8 0.3 thee 200 28,0 1907 3.7 4002
B R L T T T S+ S B £ 1
HEAY 304 6.2 Tt saay T e Ol S PR 452
. < 4.7 2b.4 £1.3 261 ';é J e L L L
. .7 33,5 47.1 48.5



Table 36

5--DAY NATURAL RUNOFEF AT RANTAU PANJANG {1737451)

(2/3)

D75

YEAR 3 197? ANNUAL HEAN 2546
PERLIDE kR FER MR
_______ A R MR o tEY AUG SEP bt1 nov BEL
1- s 195.9 16,2 30.44 19,20 Tt T R . He eSO
8=10 23,9 124 21t 19050 f';. s A wi 13.2 10.2 ney 124
118 38,5 D14 17004 17154 “ls ol HE 3 8.7 I e e
1628 3t 241 ALY e ey 3a8 B 17.5 29.2 B.% 12054 589
71-25 29.7 $u5e 19,44 12,24 het 138 s'; ;;'? 22'2 0l 1o e ddd
AmERD b3t 2054 a . . . . 13, 31,5 10.0s 9.0
e B wn e e ke e e v e | e
MEAN 97,1 13.5 V.9 . e T T Ty T T L T T s ey
' . 15.6 545 ge1 L) 22.2 22,8 a7 11,3 65.1
TEAR 3 1972 AKRUAL MEIAK @ 232
R1
ff_»__fl:“_-__--::f_______‘[.E5_‘"___J'_‘ff"_““:tﬁ_""“z:f JuN JuL AUG SEP oty Kov 134
1= 5 32,4 10.3 8,9 1.7 4.5 26,4 1 TS T Ty TN T
HoH I HH oy i I 1: : 1.2 7.2 13.3 2640 14,9 50.4
- . . 2.5 6.3 14,0 13,3 28.0 2.3
11-1% 13.0 1503 bt 30,5 2w2,.9 19.4 &
- . - o7 8.7 18,3 13.0 2.3 34,0
1420 15.2 7.9 Sed 35.2 18.8 30.6 5.8 12.1 25.6 111 85,2 44,8
z1-2% 14.4 12.4 6.4 40,9 48.5 30.1 6.2 N . . .
uz 1e-s 124 b 4G9 - . . 10.5 1.7 14.3 55.8 45,2
._,_--__-_-..........--....--_-_-.__-_..-_-__:..-__u____:___ *0 _20.0 L 19.7 52.9 2448 TZek 41.2
MEAR 17.6 1.8 [3%1) 3244 5.6 2348 7.4 0.7 26.0 17.% “_:;:;n““':;:;—
YERR 1973 ANNUAL MEAN 3had
ffﬁfgf ______ I ree nas ek JuL “AUG SEP ocT L{] DEC
t- 5 3245 16.6 30,0 60,2 51.;"" “Z;_:-““"“;"“"”n“" --------- TR
TS 33,3 .6 151 53.2 28,5 39, i HAH Pty ere
. 9.0 EST ) 13.% 62.% 36,0
I H 70,5 12.5 194E, 1.t 2
. 2.6 35,18 18.2 15,9 35,4 2z.2
15»20 48,9 75.2 20,0 19.7 16.7 17,5 19.9 36.2 35.7 50.46
5;:530 ?;Z zg.i 2:.7 18,6 The? 14,5 59,2 5.5 35,8 2749
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Table 42 5-DAY NATURAL RUNCFF AT JAM, JOHOR TENGGARA (1836402} (2/3)

YEAR ¢ 1971 AHNUAL MEAK 11,7
PERIOD Irk feuw MAR AFPR HAY JUK JuL ALG SEP oct ROV ‘bEC
155 246 10,20 1445c - 1145 ke tesTsaee IRV TR VTS e
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HE AN 1%+ 2.0 14,3 2% 1.4 I 1.8 8.5 1041 5.0 4.0 2148

YEAR : 1F%72

PERIOD JhN
1- 5 1T abe 5. hade 5.5 EER L VEale 59 3.4 |- 184 Felv 312,04
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Table 43 S5-DAY NATURAL RUNOFF AT JAM. JOHOR TENGGARA (1836_402)_ (3/3).
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fable 44 5-DAY NATURAL RUNOFF AT SALENG (1/3)

YEAR : 106Y ) ARNUAL WEAK ¢ 1.0
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pable 45 - 5-DAY NATURAL RUNOFE AT SATENG (2/3)
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Table 46 5~DAY NATURAL RUNOFF AT SALENG (3/3)
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Table 47 ANNUAL LOSS OF NATURAL FLOW

station: Kg. Rantau Panjang

_ Basin
Year Rainfall Runoff Loss

ey ot i A ok 2 St gt e o o L Al e e o b R ol oL L S

station: Ran. Tanah Jengeli
Basin
Year Rainfall

1963 2182 778 1404
1964 2802 1066 1736
1965 2060 872 1187
1966 2376 982 1394
1967 2896 1596 1300
1968 2457 1126 1331
1969 2821 1184 1636
1970 2568 968 1599
1971 1780 721 1059
1972 2268 647 1620
1973 2273 958 1315
1974 1910 567 1343
1975 2203 845 1358
1976 2096 598 1498
1977 2015 811 1204
1978 2259 928 1332
1979 2261 1055 1207
1980 2417 1128 1290
1981 2053 790 1263
1982 2247 1127 1120
1983 2040 1143 897
1984 2604 1702 902
Mean 2299 a81 1318

Station: Jam.Johor Tenggara

. Basin
Year Rainfall Runoff Loss

1963 2182 778 1404
1964 2802 1066 1736
1965 2060 872 1187
1966 2376 282 1394
1967 2896 1596 1300
1968 2457 1126 1331
1969 2821 1184 1636
1970 2568 968 1599
1971 1780 721 1059
1972 2351 979 1372
1973 2123 783 1340
1974 2977 1417 1560
1975 2649 . 1134 1514
1976 2099 710 1389
1977 2173 972 1202
1978 2505 928 1576
1979 2474 1042 1432
1980 2263 1199 1065
1981 2210 864 1346
1982 2452 658 1795
1983 2243 954 1288
1984 2725 1806 918
Mean 2418 1033 1385

Station: Saleng

Rasin

Year  Rainfall  Runoff Lbss'

o S g e ¥ (v 4 vt TR ) Py ANt b rom 4 i e o P8 e o o
P T T g ——

1963 2077 719 1359
1964 2732 1237 1495
1965 2093 764 1329
1966 2198 825 1373
1967 2651 1054 1597
1968 2451 1258 1193
1969 2701 1273 1429
1970 2317 921 1396
1971 1680 557 1123
1972 2286 844 1442
1973 2241 893 1348
1974 1923 669 1253
1975 2093 700 1392
1976 2040 551 1488
1977 2112 755 - 1357
1978 2162 863 1299
1979 2233 963 1270
1980 2378 1019 1.359
1981 2026 710 1317
1982 2295 . . 1028 1267
1983 2073 794 1279
1984 2645 1207 1438
Mean 2246 891 1323

1963 2297 1033 1264
1964 2714 1330 1385
1965 2312 1083 1229
1966 2311 990 1321
1967 2707 1281 1425
1968 2151 1100 1051
1969 2671 1335 1338
1970 2768 ‘1448 1320
1971 1982 154 1228
1972 2106 548 1559
1973 2611 2906 1705
1974 1869 584 1285
1975 2314 1446 868
1976 1938 622 1316
1977 1950 609 1342
1978 2413 1572 840
1979 2443 787 1656
1980 2633 930 1703
1981 2150 642 1508
1982 2445 1075 1370
1983 2216 " 967 1248
1984 2786 1447 1338
Mean 2354 1022 1332
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Table 48

o . . e ek Lim P

_Stétion

Name

Kg;.Rantau
Panjang

Kg. Rantah

* Panjang

Xg. Rantau
Panjang.

Jam, Johor
Tenggara

Ran, Tanah
Jengeli

Kg. Rantau
Panjang

Kg. Rantau
Panjang

Kg. Rantau
Panjang

Kg. Rantau

_ Panjang

Kg. Rantau

Panjang

Saleng
Saleng
Saleng.
Kg. Rantau
Panjang

Kg. Rantau
Panjang

:Kq;_Rantau

Panjang

Kg. Rantan

. Panjang

Kg. Rantau

Panjang

CONVERSTON RATIO FROM KEY STATION TO SUB—BASIN

Key Station

Ao Ra Lo
Catch~ Rain~ loss
ment fall

(km2) ()~ {mm)

573 2350 1333

289 2350 - 1333

624 2246 1323
209 2418 1385
1130 2299 1318
1130 2299 1318
1130 2299 1318
1130 2299 1318
1130 2299 1318
91 2354 1332

91 2354 1332

91 2354 1332
1130 2299 1318
.1130 2299 1318
1130 229% 1318
1130 2299 1318

1130 2299 1318

Convergion ratio = A{R-Lo)/Ac(Ro-Lo)

D-87

Applied Basin

573

289

662
391

77

408
541
714
292

422

296
248
312
347
519

375

2312

2435

2297

2294

2496

2321

2546

2500

2379

2383

2613

2805

2509

2721

2695

/1
Conver-
sion
Ratio
1.0000
1.,0000

0.9530

1.1377

1.9016

0,2792
0.4336
0,4871
0.7910
3.6860

4,7508

3,3450
0.2897
0.4186
0.3728
0.6569

0.4658



. PROBABLE BASIN RAINFALL OF PROPOSED DAM

Pable 49
Proposed Dam
Return -

Period Benut antian U. Pengli Sayong Linggiu Telor Qiiiu Sedili

2 95 95 84 69 82 é? | 105 106

s 121 121 12 93 108 120 140 143

10 1557 155 132 111 128 . 152 163 169

20 | 176 - 176 152 129 148 175 185 - 193

30 189 189 165 141 160 188 198 _ 298

40 197 197 174 149 : 169 - 198 207 218
50 205 '205 182 . 156 176 206 '214 | 226 |

100 - 226 226 205 177 199 230 235 - 251

200 249 249 231 201 224 255 257 276

500 281 281 267 235 és9 290 | 287 311
1,000 306 306 298 263 288 1318 310 338

10,000 399 393 4;6 3?4 403 422 389 | 435

PMP 430 430 422 391 429 430 458 451

Note: Peason Type III is applied for statistic distribution.
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Table 50 'PARAMETERS OF STORAGE FUNCTION

Note:

(2)

equation of Tone River as below.

k =118.84 1°0°°
p=0.175 170-235

fPafametersHof channel are. estimated based on
‘the map of 1:10,000 scale for
“three proposed dams. Upper and lower figures

are separately applied for low flow and high
flow. .

_ _ __Basin Channel & Mean Slope
pam Site k-value p-value k~value p-value I
Benut '32.3 [ 0.486 - - 0.0130
pontian Besar 26.2 ' 0.572. - _ - 0.0065
upper Pengli  28.3  0.539 - - 0.0083
Sayoug 17.0 0.802 89.8 ©0.623 0.0015

162.0 . 0.871
Linggiu 30.5  0.508 9.4 1.143 0.0108
15.0 0.909 o
Telor 21.4  0.671 - - 0.0033
Layau Kiri 27.0 0.559 - - 0.0071
Sedili 25.5 0.583 - 11.6 0.649 0.0060
9.4 0.885
(1) Parameters of basin are estimated by the



Table 51 PROBABLE FLOOD PEAK DISCHARGE OF ‘PROPOSED DAM

Unit: m3/sec

Dam Site

Return Pontian  Upper . Layau
ée;iod_. Benut  Besar Pengli Sayong Liﬁggiu Telor Kiri Sedili
21 27 67 380. 98- 29 24 180
5 38 45 109 530 150 49 48 360
10 72 80 159 640 240 67 66 - 510
20 89 96 221 860 340 88 90 680
50 130 130 360 1,260 500 120 110 - 930
100 150 . 150 430 1,450 680 140 130 - 1,080
200 190 190 510 1,840 810 170 . 160 . 1,220°
500 220 230 690 2,210 1,100 200 . 180 - 1,440
1,000 250 250 800 2,720 1,270 . 230 200 1,600
10,000 - 380 380 1,320 4,400 2,110 350 200 2,360
. PMF 420 420 1,340 4,630 2,280 350 360 2,470
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1, INTRODUCTION

1;1' General

Groundwater study was carried out to provide the estimate of
groundwater development potential in the Study Area.. This report
présents the results of groundwater resources étudy including the présent
condition of groundwater use, inventory of existing tube wells and bore
holes, description of potential aquifers, and cost analysis of ground

water,

Data collection was performed with the assistance of GSD, JKR, MOH
and private drilling companies. General information on geclogy and

hydrogeology in the Study Area were compiled based on G3SD (Ipcoh, Johor

Bahru) and field visit. Well data, drilling log and water guality
analysis of existing wells and bore heoles are accumulated from GSD ({Ipch)

RESP {(Johor Bahru) and private drilling companies (Kuala Lumpur},

1.2 Previous Study

The comprehensive study on groundwater rescurces in the Johor State
was initiated in 197F as a part of the Johor  Tengah and Tanjong

Penggerang Project by the Binnie & Partness for the Government of

Malaysia and the State of Johor (Ref. 1}.

The main objective of the study in the Johor Tengah area was to
confirm the potentiality of groundwater development for the rural water
sup@lies. The study identified the potential aquifer area and made
recommendation regarding rural water development. Tn 1980, the
groundwater potential in the Seri Gading area (Batsu Pahat district) was
investigated aiming at domestic use by the GSh for the EPU (Ref, 2).
Invéstigation was conducted by means of & test wglls and 35 exploration
holés. 1In 1983, the groundwater resources development étudy in the West
Johor region, was documented in the report titled as the Feasibility
Study of Water Supply for West Johor phase I & 1I, prepared by Ranhill

Bergsekutu for JKR (Ref. 3 & 4). Tn this report, Sri Banang and ¥Kg.

n-1



-Petani schemes were recommended to use groundwater in the west Johor

region, The study was executed by means of 4 test wells and 6 points

registivity surveys.

‘Furthermore grouhdwater sﬁrvey with the inﬁention to utiliﬁe
grdundwater ‘resources as a supplementary éource_ for ‘the Klﬁang water
supply system was conducted in 1983 as a part of the féaéibility study
for the Bekalan Air Baru Kluéng, Johb: by Kejuxuteraan'm&ju sekitér_for
JKR (Ref. 5). In conformity with the data obtained -at the 3 test wells,
thé Kiuang water supply system was planned to abstract the gfoundwater

through the Sungai Kahang Flood Plain Well Field.
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2. PRESENT GROUNDWATER USE

2.1 . Inventory of Tube Wells and Bore Holes

- About. 100. boreholes have drilled before 1984, The substantial
proportion thereof are located in the Johor Bahru district, The
inventory df tube wells and boreholes; drilled between 1956 and 1984, is
- shown in Tabile l. The purpose of this inventory is to present the’
hydrogeological conditions describing location, depth, diameter, use,
screen length, drawdown, pumping discharge rate and specific capacity.
. The summary of drilling and geologic logs of inventorf is illustrated in

the Fig. 1.

These wells and boreholes aré categorized into 5 types, based upon
the mode of use, as illustrated in Table 2. ¥ig. 2 shows the areal
distribution of the main = tube wells, horeholes, test wells and
explofation' holes. While the drilling point of RESP small scale tube

wells are shown in Fig. 3.

2.2 Deomestic Groundwater Use

In the Region, groundwater is not the sﬁbstantial resources for
the domestic water use in an urban area, but it plays an important role
| in the rural area. According to the PWD, the piped water supplied to
the Region in 1982 amounted to 42.85 x 106 n3, around 86,6% is
atﬁributable to domestic use and the rest of 13.4% to manufacturing use
{Ref. é). The ratio of piped water.subplied to urban area reached
91.6%, ﬁhereas_?Q;T% of the piped water use in rural area, All the

resocurces of PWD piped water are surface water abstraction.

i_;WelIs forjdbméstic.watex use are mostly hand dug wells. Water are
withdrawn using ropes and buckets, but there are some which are equipped
witﬁ'hénd.pumps, Several tube wells were drilled in fractured openings
in the cdnsélidated rocks.in the Kulai-Senai area. However, wells yield
are small:and mpst tube Qells have no productivity (See Table 1). Small

tubewells are provided as domestic water resources by RESP'for small
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village in rural area which is isolated from the PwWD's water supply

system,

According to the reports of MOH, who is financially assisting

RESP, 246 small (shallow) tube wells were improved and sealed against

sailne water contamination {See Refs. 7 & ‘8, Fig. 3, Table 3) 1n.the
Region from 1976 to 1984, The MOH estlmated the water supply populatlon

by RESP well in rural area at 5,000 people or 1.3% Of the total

population. Rural water supply tubewells established: by RESP are

operated and ﬁaintained by the beneficiaries and O & M cost is assumed

. negligible (Refs. 6 & 7).

2.3 Industrial Groundwater Use

hccording to PWD the piped manufacturing water amounts 5.7_x.106
'm3/y {15.6 Mld) (in 1982), whereas total manufacturing water demand is 20
% 10° m3/y (54.8 M1d) in Study Area (Ref. 9). Therefore deficit is 14,3
x 106 m3/y (39,2 Mld). |These deficit is supplemented by direct pumping
from rivers, ponds and tube wells. Groundwater.shares only 0.22 x 106
n3/y (0.60 MIA) agdinst the total water supply of 20 x 106 m3/y (54.8
Mld). Typical tyne of 1ndustr1a1 water use well is a deep tube well
drilled by truck mounted ‘drililing rig. The discharge rate of these wells
ranges from 100_m3/d to 300 m3/d, with a large drawdown (around: 30 m).
It is presumed that permeability of the aquifer is small, Many wells are
located in the area along the River Kedai because many rubber factories
and pineapple factories (Ref. 10) are established therein. Main usage of
groundwater is wasﬁing, treatment and drinking water for workers. Puﬁp

and well capacity are medium scale.

2.4 Agricultural Groundwater Use

No irrigation systém is utilizing groundwater in the Regioné(RefQ
-10}. A few dug wells exploit groundwater to supply for agriculture
purposes, and also a tube well was drilled by-private.drilling'company
for orchard garden as shown in Table 1. In total, the groundwatér Sugply

for the agriculture use is about 5 x 104 m3/y tube well.



3. DEVELOPMENT POSSIBILITIES
3;1 Geblogy

The Region is divided into several zones -according to geologic and

topographic characters (See Table 4 & Fig. 3, Refs, 11, 12, 13 and 14).

The area, which has an area of approximately 7,350 km2, congists of
coastal plains and hills with some mountainous areas. The central pért
of the Region is underlain by intrusive granite masses, raﬁging from EL.
70 td_EL. IOO:meters. The hilly granite masses extends in the south-east

direction, forming a watershed.

The east part of the Region is patched by granitic rocks among the
area of Permian meta-sedimentary rocks which include wide-spread volcanic
facies cohsisting of andesitic to rhyolitic lava flows, tuffs and

conglomerates.

The "western side of. the central granite zone is bordered by
:TrlaSSlC meta-sedimentary rocks of marine origin, which are overlain by
alluV1al seédiments developlng wlth a wide strip of 10 to 20 km alonq the

.southwestern coastg

' The southern part of the Region is characterized by Pleistocene
sedimentary facies of terrestrial origin, which are underlain by granite

formation (Refs. 13, 15 and 16).

Tertiary sedimentary facies of terrestrian deposits is located in
small patches in the upper reaches of the Johor river., The eastside of

Tertlary sadlments 1s bounded by Mesozoic sedimentary rvock which are

malnly consist of sandstone.

3.2 Hydrdgeoldgy

Groundwater potentlal is deﬁendent chiefly on local geologic

conditions of water pearing formations which are encountered in fissures
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or cracks in indurated sandstone and shale, weathered sandy. formation of

granite, and sand and gravel of unconsolidated layexs. The ground watex

regions clarified by hydrogeologic condition are summarized as follows

(Refer to Fig. 4).

(1) Western coastal region

The region lies along the Straits of Melaka and is bordered on the

northeast bf.the lower hills formed of Mesozoic . sedlments {(western lower

hilly region). Topographically the region is lncluéed in the widespread

recent alluvial plains.

The recent alluvial deposit is composed of clay,'sandy clay, peaty
layer and very thin sand. ' However, groundwater development is not
promissive because overlying clay is dominated. Further, the sand
interbedded with clay; _ﬁostly produces high saline or brackish

groundwater.

According to the drilling investigations .of -G8D, ﬁhe dlluvidm
ranges .in thickness from a few meters to 15 meters . {(Ref, .2 & 4).
Mesoyoic'impervioué sedimentary rock (the Genmas Formation) uhconformably
underlying the alluv1al sediments, crops out along the Ayer Hltam—Kulal
road and dips southwest below the alluvial plain. The peaty layers are
distributed near hilly area, (Ref. 17 Quaternary map), the water have
low range of PH value, This region is claésified to class 5 of

unconsolidated aguifer,
{2) Western lower hilly region

The region lies to southwest of western coastal plaln and is
bounded by the central mountain range to the northeast. It seems that
geological unit in this region comprise argillaceous rocks belonglng to

the Gemas Formation.

Based on the results of the exiéting wElls, it can be considere&
that an impermeable formation (mudstone) ooﬁtinues more than 100 meters
in thickness, near Simpang Renggam, Otherwise drilling.information at

Tanjong Kupang, which bears small gtoundwater in the tufféceouo layer.
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Generally the region consists of class 3 aﬁd class 4 of
undonsol_idated'aquiferu In the northern part of the région, the water
bearing fd:mation_ appears to Dbe scarce, .but' in the southern part it
becomes mo;e pefmeable and eventually it produces'groundwater from the

fractured tuff layer.
(3) - Johor Bahru-Kota Tinggi coastal region

_ The region is located in the south of the Johor Rivexr where
gropndwater'is contained in the aquifers of the Simpang Formation and the
Gula,Formatién. In this area, about 40 tube wells have been drilled for

groundwater, including 30 émall scale tube wells of RESP Project (MOH).

The Simpang Formation, disconformably.overlying the Gulet Granite,
is expoéed in the Johor Bahru area, The term of the Simpang Formation
was introduced by.'Suntharalingant and.'Toeh (1977}, (Ref. 16). Thia
formatlon is equivalent to the old Alluv1um of Burton {1964), (Ref. 15),
The formation, which is composed of bouldexr, gravel, samﬂ,_sxlt and
~clay, is basically permeable layer of late Pliocene to PleiStocene age.,
The Gula Formation conformably overlying the Simpang Formation, contains
a‘series of clay and subordinate sand. In géneral, this region consists

of class 3 and 4 of unconsolidated agquifer.
(4) . The Central Mountain range region

This region is distributed noithéast part of the.Region and forms a
.hilly watershed. - The geology of this region consists of Mesozoic rocks
and Paleozoic rocks. The Mesozoic rocks are divided into two formations
which are the Blumet Granite Formation and the Gemas Formation, The
Pale0201c rocks are divided into two formations and one group which are
the Sedili Volcanic Foritation; the Linggiu Sandstone Formation and the

‘Mersing Group.

In general these rocks have poor aqu1fers, because these roaks are

gompact without cracks and fractures and also are overlaln. by thick

impermeable residual soil. However, bagsed on the eX1stlng wells in Kulai

- Senai area, small potential groundwater is found in cracks and
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fractures of granite formation. 1In general, the region consists of class

3 and claés 4 of consolidated aguifer.

(5) Sandstone region

The sandstone region is scattered near the Linggiu river and the

Pengeli river.. " The geology of this region consists of the Layang

Formation and the Panti Sandstone Formation, which may have a moderate.to

fair permeability. There is no existing well  in this ;egion, however

several tube wells were drilled in the sandstone layer at the east of

Kluang town. These wells revealed moderate to fair permeabilities,

therefore groundwater potential of gsandstone region'is expected to be

class 2 of consolidated aguifer.
{(6) Eastern coastal region

This region is distributed along the South China Sea, where
groundwater is contained in the coastal_sénd duhe, terrestrial clay and
silt, and paludal deposits. The coastal sand dunes are considered to be
the Gula Formation of Holocene. The sand dunes consist of well sorted

sand with some clay. The thickness of the formation varies from Z meters

to 10 meters.

In general these sand dunes are aguifers of good quality water
" however guantity .of groundwater is rather small, because of limited
thickness, The terrestrial and paludal deposits are not expectéd
groundwater'in quality and guantity, because of dominant clayzand saline
_water. 'The water bearing formations of this region consist of class 3, 4

and 5 of unconsolidated aquifer,

3.3  Water Quality

Data on groundwater quality are available from severél' sources
{Refs, 2 - 5), MOH RESP project conducted water Quality.analysis.fbr
drinking purpose {Table 5). Chemical analysis of groundwater about 20
samples were carried out by the projects in and around fhé'Régién in

1983, Table 6 summarizes the data obtained, The existing boréholé
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recofﬂs_often contain a few chemical properties of water, although these

are usually incomplete and often restricted to pH value and chloride ion.

The quality of groundwater is good to fair in the Region except for
the Coastal alluvial aquifers mainly along the west coast whlch are

lnfluenced by sea water intrusion, Quallty criteria for drinking water
depend on the influence of the water on the human bodies and health, For
drinking water supplies the most authorized quality‘standard is thoge
established by the World Health Organization (Table 7 and Ref; 18).. The
quality of groundwater in the coastal alluvial aquifers is noted with
réthe; low pH and high_chloride_ion. The maximum valué of chloride ion
content at EX 25 in Suri Gadin Project is 8,640 ppm, which exceed the WHO
Standa;d of 200 ppm, According to the results of classification
analysis, most of test well water in alluvial aquifer are categorized
intq hon—sodium bicarbonate type as high salinity and high sodium hazard
watef; and hence it can not be used for domestic use., Water gquality of
Wl .in fractured zone of Granite belongs to sodium bicarbonate type,

which is generally within the allowable quality for water supply.

3.4 Classification of Groundwater Potential

‘fhe water bearing formations can be classified into the following
équifer' types on the basis of its lithology and théir individual
hydroiogic conditions (Fig; 6). The imperméable unconsoiidated
formations are considered as an aguiclude since there are layers of clay,.
peaty clay and siit which.are mainly located in coastal plains along the
west.boast, And alsc saline grouﬁdwater is observed in purched aquifer
penétrated by the:exploratory holes with maximam chloride contents of

8,640 ppm by GSD Suri Gaden Project. (Ref. 2 and Table 6)

The alluvium of unconsolidated aquifer in the Region is coqsidered
to be moderate to poor aquifer due to probably low storativity and
fraﬂsmiésivity° The Pleistocene. deposits of unconsolidated aquifers
'contaln sand, grével, and boulders, however these deposits have rather
lower deep percoration ratio than alluvial deposlts, because of low

permeable ground surface,



The fraclured opening in consolidated sandstone -in the upper reach

of the Linggiu River and Sayong River are considered to he moderate Lo

fair aquifers. Fhere is no existing well in the sandstone, however tube

wells were drilled in the same formation along the Xeluang = Mersing

These wells have a transmissibility of about 40 m2/day._.Fair to

" road.

poor aguifers occur in fractured openings in granlte or sandstone of

Mesozoic age along' the Skudai River; and also in shale and tuff of

Mesozoic age in the Tanjung Kupang area. Existing wells of 27 Lo 91 m in

depth produce a yield of 59 to 382 m3/d, with an average of 200 m3/d

Paleozoie and Mesozoic sedimentary rocks, and qranlte rocks are

composed mostly of impermeable consolidated aquifer. A few wells were
drilled into these rocks resulting in a dry hole. - Very poor potentiél

aguifers in these rocks, are widely distributed in watershed hilly area.

Based on the aquifer parameters of thickness, specific yield,
pumping discharge, transmissivity coefficient and drawdown in the
previous study, potential areas are claSqlLled into two types and nine

¢lassas. The range of specific yield was assumed though there is no

data available.

Unconsolidated aqﬁifers

{1) Class UC-1: E=xcellent

These are defined excellent aguifers of great thickness with very
high permeability, located in the down stream area of large river basins.
This type of aguifer is not found in the Region. Aquifer parametérs'are

assumed as follows:

Thickness of Aquifer : 10 - 40 m

Specific Yield (Effective Porosity) : 15 ~ 25 %
Pumping Discharge Rate .: 1500 m3/d
Transmissivity : 100 - iOOO m?/d
Drawdown - : 1~ 10m

Probability of Occurrence of Aguifer : 90 %
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(2) Class UC~2: Excellent to Moderate

‘These are categorized in excellent to moderate aquifers of moderate
thickness with rather high pérmeability, located in the coastal alluvial
: plains. . This type of aguifer is not found in the Region.' Aguifer

parameters are assumed as follows:

Thickhess of Aquifer = : 8 -~-15m
Speéific vield (Effective Porosity) : 10 - 20 %
Pumping Discharge Rate | . 200 - 1500 m3/d -
Transmissivity : 50 - 150 m2/d
Drawdown . 1 210w

Probability of Qcecurrence of Aquifer : 70 %
(3) Class UC-3: Moderate to Fair

These are moderate to fair aguifers of moderate thickness of less
than Class UC-2 with moderate permeability, located in Pleistocene series
of  Johor Bahru district and in sand dune of east coast. Aquifer

parameters are assumed as follows:

.Thickness of Aquifer _ : 2 - 10 m
Specific Yield (Effective Porosity) : 10 - 15 %
Pumping Discharge Rate ' ¢ 20 - 200 m3/d

_ Traﬁsmiésivity ~ ;10 - 80 m2/d
Drawdown : 2 -10m
Probability of Occurrence of Aguifer : 30 %

(4) Class UC-4: Fair to Poor

These are fair to poor aquifers of very thin thickness of less than

3 m with small permeability, located in the limited part of coastal

Plaih. Aguifer pérameters are assumed as follows:

Thiékness of Aguifer . i1 0 -3 m

:Sﬁecific Yiela'(Effective Porosity) : 5 - 15 %

Pumping'Diécharge Rate : 0 - 20 m3/4
- ;0 - 10 m?/d

Transmissivity

-11
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" - 10
Drawdown : 4 10 m

Probability of Occurrence of agquifer : 20 %

(5) Class UC-~5; Very Poor

These are very poor aquifers of sandy clay with saline water,
plain, having a very low

mainly located in the western coastal :
. This Class UC-5

pnrmeablllty or a probability of peaty clay aquiclude.

is excluded from the potential analyszs to estimate the safe yield.

Consolidated rock aguifers

(1) Class C-1: Excellent to Moderate

These are excellent to moderate aquifers of large _tc moderate
thickness with high permeability. located in  the crystalline Iimestone
and Karst area. This type of aquifer is. not found in the Region.

aquifer parameters are assumed as follows:

Thickness of Aquifer 10 - 25 m
5-10%

300 - 1500 m3/d
50 - 500 m2/d

. 1-10m

-

Specific Yield (Effective Porosity)

Pumping  Discharge Rate

Transmissivity
Drawdown

Probability of Occurrence of Aquifer : 50 %
(2} Class C-2: Moderate to Fair

These are moderate to fair aquifers of moderate thickness with high
to medium permeability, scattered in the Linggiu river and the Pengeli
river basin, consisting of the sandstone. hguifer parameters are agsumed

as follows:

Thickness of Aquifer : 5 ~-.20m
Specific Yield (Effective Porosity) : 2 - 8 % _
Pumping Discharge : 100 - 300 m3/d
Transmissivity + 10— SC m? /4
Drawdown : 10 - 20 ﬁ



Probability of Occurrence of Aquifer : 20 %
(3) - Class C~3: Fair to Poor

These are fair to poor agquifers of fractured openings in granlte ‘of
Me50201c age, located along the Skudai River, and also in shale and tuff

of Mesoquc age in’ the.Tanjung Kupang area, having low-permeability.

Aquifer parameters are assumed as follows:

Thickness of Aquifer

: 0 -15m
_ Specifié Yield (BEffective Porosity) : 2 - 5 ¢
:Pumpjng Dlscharge Rate 1 0 - 200 m3/a
Transm1s51v1ty : 0 - 15 m2/4
Drawdown : : 15 ~40m
' ffobébility of Occurrence of Aquifer : 10 %

(4) Class C-4: Very Poor

These are very poor aquifers cbnsistinq of sedimentary rocks and
granitic rocks of the late Paleozoic to Mesozoic age which widely cover
the Régidn,.héving a very low permeability or no groundwater, .This class
C-4 is exéluded from the potential énalysis to estimate the safe vield.

In accordanée with 4 rivef basins, which are used for water balance
Stﬁdy on surface water resources, classification map of grounﬁwater
pbfentiai ié pfepared as shown in Fig. 5. Basin wide description is

shown as following (See Table 8).

(a) ' Benut-Pontian Basin: This basin consists mainly of the
_wéétérn Coastal piaiﬁ, the argillaceous hilly region and the small
granlte_ rock reglon. Therefore this basin shows no potential of

groundwater.' Spec1ally water guality 1s unsultable for drinking us

-(b)= 'Skudai—Tebrau Basin: This basin belongs to the Johor Bahru -
" Kota Tingéi coastal plain, granite region, the argillaceous hill and the
southern'part 6f west coéstal region. This basin is most progressively

develbpeé in terms of groundwater use by deep tube well, however pumping



discharge rate is small and also percentage of a SUCCQSSful W811 is very

jow. Water quality of this area is generally guitable for any use.

(c) Johor Basin: = This basin comprises the Johox

Tinggi. coastal plain, the granxte rock and Pale0201c rock reglon, the

and the southern coastal plain. The geology is
but the potentlal

sandstone region,

dominated by granite rock and Paleozolc basement rock,

of groundwater can not be expected. Sandstone formatlon is dlstrlbuted

in the limited area with rather high ground-water potential. The Johor

bahru -~ Kota Tinggi coast is developed by small scale tube wells by RESP

and some dug wells.

(d) " Sedili Basin: This basin lies mainly 3in the granite and

Paleoz01c rock region, and with subordinate Oguaternary Coastal plain with

sand dune along the South China Sea. In general, groundwater potentlal:

is poor to very poor.

3.5 Storage Potential

Storage pbtential is the groundwater volume which is stored in the

pores, cracks and figsures of the aquifer. Tt is estimated as follows:

SP = A X B x Sy

where, SP Storage potential
A :  Area
B : Thickness of aquifer

Sy

Specific vield (Effective porosity) of dquifer

Assuning the average thickness and average specific yield (See Ref.
18) by hydrogeological land class as showyn in Table 9, the storage
potential classified according to the basins is calculated as shown in

Table 10,

3.6 Groundwater Recharge

Bahru -‘:KOta'

It is recognized that veryﬁ few studies on peréolaticn rate  to

subsurface or groundwater recharge areé conducted in hydrogeological

study. According to a recent study on deep percolation in Japan,
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linear‘relation-between deep percolation and precipitation was determined
by 'a field ihvestigation and water balance ‘analysis. The deep
perqolatidn in’'alluvial plain and hilly land is estimated to be 15 to 25%
of the annual pfecipitation (Refs. 20 & 21), fThe deep percolation in the
mquntain areas'of granitic rock is preliminarily'estihated to be 3% of
the aﬁnﬁal'precipitatioh (Ref, 22)}. Some rates of deep percolation have
been used in the- previous studies to estimate the sustain yleld of well

flelds {Ref. 23 to 25),

Based on the prev1ous studies, annual deep . percolation rates are
assumed to be 22% of annual pre01p1ta ion inm the alluvial plain, 15% of
annual prec1p1tat10n in Pleistocene sediments, 10% of annual
pre01pltatlon in the hilly to mountainous areas of sandstdne'formafion_
and 3% of annual prec1p1tatlon in the hilly to mountainous areas of the
granite and other hand rocks. The deep percolation rates in the 4 basins
are calculated based on the average basin rainfall which is shown in

Table il,

The average yearly groundwater recharge is calculated according to
the ratios of hydrogeological land class in the basin to allotting the

“above pércélation rates as shown in Table 12.

3.7 Preliminary Estimate of Safe Yield

In thié study, the safe yield_is:defined to be an annual diécharge
rate by which water can be withdrawn from a groundwater basin within the
llmlt of annual groundwater recharge and groundwater storage. Assuming
the prqbablllty of ocourrence of aguifer is applied, the safe yield is
Caléhlatéd.acéording to the hydrogeological land class by basin as shown

in Table 13.

3.8 Cost Analysis

The unit cost of the water sources is estimated in order to compare
the cost between groundwater .and surface water. Corresponding to

hydrogeological land classification, 4 cases were assumed, itemizing



agnifer type, average well depth, average pumping discharge, average

drawdown, well type and pumping capacity' as - shown in Table 14. - To

estimate the unit cost of water source, following 6 conditions were

assumed:

1) Regarding the power source and electriq.supply frdm power
system, a diesel engine power génerator is proposed because it is
considered that the groundwater development is donducted mostly in

rural areas;

2) Economic depréciation spell of the facilities ig assumed to

be 25 years for a well whlch 1s cased by’ steel wire wounded

continuous slotted type screen with diameter of 200 mm (Ref 26), 8'
 years for pump and generator which include a standby unlt and 50

years for other facilities;

3) All the costs are set at price level of 1984, including 5% of
assumed annual escalation rates of both for91gn and domestic

.portions from 1980 to 1984;

4} Physical contingency is assumed to be 10% of a total cost in

item 1 to 7 of the investment.cost;

5} Unit cost.of the chlorination is assuméd to be M$0.02/m3; and

6) The cost.is capitalized ét the beginning of co§struction.

The estimated cost stream for 50 years of use of the aasumed
ground-water source facilities is shown in Table 15. The unlt cost of

the water source is estimated assumlng dlscount raLes of & to - 20% is

applied as shown in Table 16.
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