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CONVERSION FACTORS

Metric to Imperial

1em =0.394 inch
im =3.28fest
1 km =0.621 mile

1 sq.m = 10.76 sq.ft
1ha = 2471 acres
1 sgq.km = 0.386 sq.mile

1lit  =0.22gal {imp)
1cum =353cuft
1 mil cu.m = 811 acre-ft

1kg =2201Ib
1 ton = 0.884 long ton

1 cu.m/s = 35.3 cusec
1 ton/ha = 891 ib/acre
1 cu.m/s = 19.0 mgd

°C = (°F - 32) x 5/9
1 lit = 0.22 gantang

1 kg = 1.65kati
1 ton = 16.5 pikul

Imperial to Meiric

1inch =254 cm
1 fest = 30.48 cm
1 mile = 1.609 km

1 sq.ft =0.0929 sq.m
1 acre = 0.4047 ha
1 sq.mile = 2.59 sq.km

1 cu.ft =28.321it
1 gal (imp) = 4.55 it
1 acre-ft = 1,233.5 cu.m

11b=0.4536 kg
1 long ton = 1.016 ton

1 cusec = 0.0283 cu.m/s
1 blacre = 1.12 kg/ha
1 mgd = 0.0526 cu.m/s

°F=1.8x°C+ 32
1 gantang =4.55lit

1 kati = (.606 kg
1 pkul  =60.6 kg
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1. METEOROLOGICAL DATA
1.1 Precipitation

There are 21 meteorological stations in and around the Bernam river
basin, out of which 10 stations are located in the upstream basin of the
Bernam River Headworks (BRHM), one stafion in the downstream basin and
the remaining 10 stations are located in the project area. The locations of
these stations are shown in Fig. A-1. '

Based on the ischyetal map, three stations, No.3813158, No. 3814156
and No. 3615001, are selected for the estimate of basin rainfall taking
into ‘account their location and quality of available data. Monthly rainfall
data of these three stations are summarized for 23 years from 1961 to
1983, as shown in Tables A-1 to A-3. Reliability of these rainfall data
was analyzed by mean of double mass curve method. Linear relationship is
found among these data as shown in Fig. A-2. |t is judged that these
rainfall data are reliable enough.

In the project area, two stations, No.3411016 in Sungai Burong and
No. 3610001 in Sungai Nipah, are representative. The data of No.3411016
are used for the estimate of effective rainfall in three upstream
compartments, Sawah Sempadan, Sungai Burong and Sekinchan, and the
data of No, 3610001 are for the remaining. These are used for the water
balance study of the project. The effective rainfall are summarized on
5-day base for 10 years from 1975 to 1984 and shown in Tables A-4 and
A-5. '

1.2 Evaporation

There are two Stations where evaporation data are available. One is
No. 3710306 in Bagan Terap and the other is No. 3516322 at Kuala Kubu
Baru. The former is used for the estimate of water requirement by crops
in the project area and the latter is for ihe estimate of runoff from the
Bernam river basin.  Monthly pan evaporation at No.3710306 is
summarized as shown in Table A-6 for nine years from 1975 to 1883.
Based on the data for 10 years from 1975 to 1984, the daily mean pan
evaporation at No.3516322 is calculated as shown below.



| unit: mm/day

Jan. Feb Mar, Apr May June. July Aug Sept Oct  Nov Deg
5.6 2.9 57 50 49 47 47 4.8 4.7 46 44 51

1.3 Other Meteoroiégical Data

Other meteorological data such as temperature, humidity, sunshine
hour and wind velocity are available for six years from 1980 to 1985 at
No.3511201 in Tanjong Karang. These data are summarized in Tables A-7
to A-10 on monthly basis.



2. RUNOFF_ OF BERNAM RIVER
2.1 Available Data

There are three gauging stations in the Bernam river basin. These are
No. 3813411, No.3814416 and No.3615412 as shown in Fig. A-1. Among
these stations, No. 3813411 (so-called the SKC bridge station) is the
nearest to BRH. It locates about 17 km upstream from BRH. The caichment
area at the station is 1,090 sq.km. The river course at the station is
straight and the cross section is almost symmetrical. The site is
favourable for discharge measurement. The measurement is carried out by
DID every one or two weeks and the water level in the river is recorded by
a water level recorder. Based on these data, a rating curve has been
developed and the water level is converted to the discharge. The data are
seemed reliable and acceptablie for analyzing the runoff of the Bernam
river.

Discharge record are available since 1961, although there are some
interruptions in 1976 and in short periods in several years. Five-day mean
discharge at the SKC bridge station is shown in Table A-11, and monthly
mean discharge is summarized in Table A-12.

Main water source of the project is the runoff of the Bernam river.
The Bernam river water is taken at BRH and the Bagang Terap pumphouse.
BRH is located at 130 km upstream from the estuary of the Bernam river
and the pumphouse at 62 km upstream. The catchment area of the river is
1,260 sq.km at BRH and 1,960 sq.km at the pumphouse. There are no
discharge records at these sites, which should be estimated from the
discharge records at the SKC bridge station.

2.2 Supplement of Discharge Data
2.2.1 Method and procedure

In- order to supplement the interruptions of discharge records at the
SKC bridge station, the Tank Model method is adopted. The Tank Model
consisting of four storage tanks is adopted as shown in Fig. A-3. Each tank
has a several holes for runoff at different height and a hole for
infiltration at a bottom: 1t is interpreted that the upper two ianks



contribute to the surface runoff, the third tank furnishes to the
intermediate runoff, and the bottom. tank gives base flow. Rain water is
poured into and stored in the first tank. Some of the water evaporates
from the first tank and the remaining infiltrates into the second tank.
When the water level in the first tank reaches the holes, water starts
outflowing. These processes are the same in other tanks. The cosfficient
of discharge of each hole is determined by trial and error basis so that the
estimated runoff becomes similar to the actual one.

2.2.2 Data used for Tank Model method

- The data required for simulation by the Tank Model method are basin
rainfall and evaporation. The rainfall data of No.3813158, No.3814156
and No. 3615001 are available for the estimation of the basin rainfall in
the catchment area of SKC bridge station. The basin rainfall is calculated
on 5-day basis for a period from 1961 to 1983 by the following equation.

R=2aiRi/A

where, R : basin rainfall (mm)
Ri : point rainfall {mm)
ai : commanded area of raingauging station { sg.km)
A : catchment area (1,090 sq.km) '

On the above equation, the commanded areas of rain gauging stations
of No.3813158, No.3814156 and No.3615001 are estimated at 70 sq.km,
740 sqg.km and 280sqg.km, respectively. The 5-day basin rainfall is
calculated as shown in Table A-13 and monthly rainfall is summarized in
Table A-14. Evaporation data are available at No.3516322 at Kuala Kubu
Baru.

2.2.3 Results of simulation

The results of the runoff simulation are shown. in Fig. A-4 together
with the observed discharge at the SKC bridge station. - The simulated
runoff pattern is very similar to the actual one. The runoff coefficients of
both the simulated and actual discharges are also compared as shown in
Table A-15. Both coefficients show very similar figures. . It is judged



from these analysis that the results of simulation are applicable to
supplement the - interruptions of records. Five-day mean runoff
supplemented is shown in Table A-16 and monthly mean discharge is
summarized in Table A-17.

2.3 Runoff at BRH

In order to estimate the runoff at BRH from the runoff at the SKC
bridge station, discharge was measured at two sites, one is in the Bernam
river at just downstream reach of BRH and the other is in the Feeder Canal
at just downstrean reach of the intake. Discharge at BRH is the sum of
discharge at these two sites. Correlation between the discharge at the
SKGC bridge station and the discharge at BRH is examined as shown in Fig.
A-5. it is known from the figure that the discharge at BRH increases by
around 10% of that at the SKC bridge station. The runoff at BRH is thus
estimated by multiplying 1.1 by the runoff at the SKC bridge station. The
5-day mean runoff at BRH is shown in Table A-18 and monthly mean
discharge is summarized in Table A-19. The average monthly mean
discharge for recent 10 years from 1975 to 1984 is as follows:

Monthly Mean Discharge for Recent 10 Years
unit: cu.m/s

Jan Feb Mar Apr May June July Aug Sept QO¢t Nov Dec Mean
33.4 305 338 463 496 1376 327 263 421 608 727 614 439

2.4 Runoff at Bagan Terap

No discharge records are available for the runoff from the catchment
between BRH and the Bagan Terap pumphouse. Discharge measurement was
conducted at a site, as shown in Fig. A-1, in one of the tiributaries of the
Bernam river in the driest month in 1986. At the site of measurement, a
catchment area is 106 sgq.km. In order to estimate a base flow, the
measurement was carried out at the lowest tide. The results of
observation are shown below. |

Date " Observed Discharge Shecific Discharge
o (cu.m/s) (li/s/sq.km)

Sept. 12 0.29 2.7

Sept. 13 - 0.30 2.8



The catchment area between BRH and the Bagan Terap pumphouse is
about 700 sgq.km. The base flow from the catchment is therefore
estimated at about 2.0 cu.m/s. _—

2.5 Probable Flood Discharge at BRH

Discharge records at the SKC bridge station are used to estimate the
probable flood discharge at BRH. The annual peak flood at the SKC bridge
station is shown in Table A-20. The maximum annual peak fiood for 21
years is 606 cu.m/s, which occurred in 1971. The second biggest is 537
cu.m/s in 1980. The annual peak discharge at the SKC bridge station is
plotted on a log-normal paper as shown in Fig. A-6. The probable flood
discharge is estimated by applying Gumbel method as shown in below.

Probable Fiood Discharge and C-Value of CREAGER'S Curve

Return Period Discharge -Val
(years) {cu.m/s)

5 354 5

10 441 6

20 524 7

50 632 9

100 713 10

200 793 11

Then, probable flood discharge at the SKC bridge station is converted
into that at BRH, using Creager's equation, which is expressed as follows:

q = 46-C - A (0894 A1)

where, q : specific runoff ( cu.ft/s/sq.mile )
A : catchment area { sq.mile )
C : coefficient depending upon the
characteristics of the drainage basin

Creager's C-value is calculated by substituting the specific runoff of
the provable flood and the catchment area at the SKC bridge station to the
Creager's equation. Then the specific runoff at BRH coping with each
recurrence period is calculated and the probabie flood discharge at BRH is



estimated by multiplying the specific runoff with the catchment area at
BRH. The results are shown below.

Beturn Period r lo Fi BRHE
(year) (cu.m/s)
10 . 480
20 560
50 . 720
100 800

Probable flood discharge was also estimated based on the DID's
regional flood curves which are presented in "Hydrological Procedure No.4,
Magnitude and Frequency of Flood in Peninsular of Malaysia". From these
curves, the probable flood discharges at BRH are estimated at about 600
cu.m/s once in 50 years and 700 cu.m/s once in 100 years, respectively. |t
is therefore judged that the probable flood discharges estimated above are
reasonable.



3. SUPPLEMENTAL DATA ON FUNCTION OF THE SWAMP
3.1 Continuous Observailon of Ramfall and Groundwater Level

Two lines were opened in the swamp forest, and a ramfail recorder,
six water level recorders and four water level gauges were installed. The
locations of these equipment are shown in Fig. A-7. Through these
equipment, continuous records of rainfall and groundwater level became
available as shown in Table A-21 and illustrated in Figs. A-8 and A-Q.

3.2 Estimate of Seepage Flow from the Swamp

~In order to know the coefficient of permeability of the peat soils,
permeability tests were carried out in the swamp along the above two
lines. Firstly, holes were dug by a hand auger with casing of a polyvinyl -
chloride pipe. Then, the groundwater was drained and the elevation of the
groundwater table and time required to rise the groundwater level were
measured. The coefficient of permeability of the peat soil was calculated
by the following equation.

k=(230r,/4t)log,,(So/8t)

Where, r,: radius of boring hole.

t : time required for rising groundwater table
from s to s,

s . water table measured from the initial

groundwater surface just after drain.
s, : water table measured from the initial

groundwater surface after t.

The results of tests are shown in Table A-22 and summarized in Table
A-23. The coefficient of permeability of peat soil ranges from 9.4 x
10-3cm/s to 9.7 x 104 cm/s and the average is 2.5 x 10 3cm/s.

Seepage flow from the swamp can be analyzed by using above two
kinds of data and applying the Hooghoudt's formula. The Hooghout‘s formula
is presented by the following equation.



Qo =(Ho2-ho2)k/L:-Qi -
Where, Qo: seepage to canal
Ho: depth of groundwater at the point L apart from

the canal
ho : depth of groundwater at the canal point
k : permeability coefficient

L . distance from the canal to the point of Ho
Qi : seepage passing through the point of Ho.

The analysis was made under the following assumptions and
conditions. The result of analysis is shown in Table A-24.

- The thickness of the peat layer is 5 m and impermeable layer
lies underneath the peat layer.

- Seepage is totally caught by the Main Canal, since the Main Canal
runs along the border of peat area and clayey soil area.

- In case of the Feeder Canal and the Tengi river, seepage comes
from their both sides, because of the peat swamp exiending in
both sides of them.

~ - The hydraulic gradient of the groundwater in perpendicular to
the main conveyance system is the same as that on the MSL line.

As seen in Table A-24, seepage flow to the main conveyance system
is estimated at 0.77 lit/stkm. The length of the Main Canal along the
swamp is 36 km and that of the Feeder Canal and Tengi river is 39 km.
Seepage flow to the existing drain is also calculated with the same
manner as the main conveyance system. It is estimated at 3.56 lit/s/km.
The length of the existing drain is about 12 km in total. From these
figures, the total seepage flow from the swamp to the main conveyance
system in the dry season of 1986 is estimated at 131 lit/s as shown

below.

~ Seepage flow along the Main Canal
' 0.77 lit/s/km x 36 km = 28 lit/s

Seepage flow along the Feeder Canal and the Tengi river
0.77 lit'stkm x 39 km x 2 = 60 lit/s

Seepage from the existing drain



3.56 lit/s/km x 12 km = 43 lit/s

Total seepage flow 131 lit/s

A-10
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Table A-4 (1/2) FIVE-DAY EFFECTIVE RAINFALL AT NO.3411016

VEAR: 1975 o URIT: MM
FERTOS ™™~ "TTTANT T TERER T mAR T UAPRT UHAY T UAURT UL T Awe T TUEER T aet HOV T bEg
Ty 33,00 1350 0. 3.0 0. 0. T 8. 4640 13.0 04 22,0 0.
610 0. 9040 0, 540 0. 0. 11,0 0. 84,0 6640 0 6.0
11-15 6240 D., O, 58,0 0. 11,0 Yot (11 [1FS . 0. Ts0 5.0
.1e-20 0 5.0 27,0 8,0 21.0 0y 31,0 0, . 380 0, $4.0 0y
2135 © 7 "TTr.0 10,4 "G 20.0 0. G 59,0 0. 29.0 0. 0. 21.0
Z&-EhD 0. 0: 30.0 0. 48,0 0. Oy 0, Jha0 250 340 54,0
TOTAL 102,0  118.0 57.0 5440 69,0 11,0 110.0 4600  186,0 9140 12640 86.0
YEAR: 1974 UNLT: MM
PERIOD HAR APR MAY JuN JuL AUG SEF ocT NoV DEC
1= 5 0. Os 260 4a0 484D 0. 445 26,0 128,0 0,
10 T T, T TTT0.T T 3550 [N 0. 0. 11.0 "0 L0 49,0 1645 Oa
11=15 Oe 0s . 25,0 5540 5.0 200 Ou 545 o, 34,0 0, 5.0
14-20 B. 0. 20,0 15.5 0. O 0. 5349 T4 %0 25.0 Q.
21-25 0. 5.0 12.5 0. O 32.0 55,5 0. i 17.0
24=END 0. 25,0 15,5 21,0 13,0

TOYAL™ " 7777 0,

YEAR: 1977 i UN1T: HH

YEAR: 1978 UNIT: HH
PERIOD J AN FEB HAR APR Hay Jul JUL AlLG SEP ocT HOY DEC
1- 5 0. 0. 45,0 0. a. 1440 0. 3,5 5.0 0.  110,5  107.0
3=10 4415 0. 0, ol 6620 20:5 820 207 T15.5 0 26.5 1.5 7640
11-15 33,5 20,0 13,0 4D 0. 0. 0. 35,0 20.0 0. 70.5 0.
16-20 7.0 0. 04 0. 0. 63,5 0. 0, 110.0  55.0 4.0 8.5
2t-25 4840 04 3040 Oa 0. 0. 0, 0. 76,5 4140 0. 6345
26-END 0. Tha0 29,5 0. 0. 9.0 28,0  22.0 . 2545 0, O
TOTAL™ 777743700 TUOAT0  147:5 0 450 6635 177.0 36300 T BOLS  227.0 14830 25815 255,0
YEAR: 1979 ’ . UYRIT: AR
PERIOD JAN FEY AAR APR MAY JUN JUL AUG SEP ocT NOVY DEC
1- 5 4040 0. 0. i o, 0. 0, 0. 13,0 0, 52,5 7645
8-10 17.5 4.0 0, e 0x 38,5 20,5 0. 04 425 . 0.
11-15 0. 1.0 O 0. 0. 32,0 2.5 0. 6. 153.5 335 3.5
16-20 Oy . 5.5 0, G 0, 10,5 16,0 22,0 13,0 16,0 52,5 6.5
2335 5057 T2k.d 9, 175.5 d. o, 50,5 i G 12,0 22.5 0,
26-Ehp 0. 6. ta 44,0 50,5 0. 0 5845 3645  43.0 8840 0.



Table A-4 (2/2) FIVE~DAY EFFECTIVE RAINFALL AT NO.3411016

YEAR: 1980 : UNIT: MM
PERIOD JAN FEB HAR APR BAY JUN JuL AUG SEP ocT NOV bEC
te 5 3.5 0, 59,5 6540 4240 5045 04 9.5 8.5 64,0 57,0 43,0
T6-10 5.5 0. 240 4145 132,0 a0 65 1445 28.5 5845 0. 25.0
$1-1% 0. [ 2.0 14,0 6240 a0 0. 1Y Q. 1445 5.5 [
16~-20 T 38.0 2345 0, G5 4545 Teb 2. 585 O e 119 5.0
21-25 0, o, 8.5 63,5 [t 945 6740 0, 37.0 2045 46,0  127.0
24=END 0. 4545 . 8.5 .5 3.5 De3 28.0 22«5 16.0 59.0 4.0 1.5
ToOTAL™" TTRT.0 69,0 5.5 7 185,07 285.0  74.8 123.5  105.0 84,0 218.,5 114,5  20%.5
YEAR: 1981 UNIT: MH
PER1CD SUTTIAN T FEB HAR KPR HAY JUN Juy AUG  TTsER T 0cCT HOV DEC
i- 5 32.0 30.5 7.5 0.5 £9.5 0, Ga Ga 31.0 O 8.0 10,5
6-10 67,0 5«0 Oe 23.0 39.5 2e5 3.5 LY 63.0 0. 31,5 0,
11-15 0, 4745 O 14.0 0. [ 20,5 0a 1.0  143.5 0. 66,0
1620 bas 0. Ta5 133,55 845 0. . 4e5 18.0 5645 41,0 0.
‘21225 Da 10.0 0. 0. e 0. 8.5 35.0 0, 0. 12.5 [N
26-EHD . 25.5 1645 Oa 81.5 O 0. 1845 2458 b5 56,0 98.0
TOTAL 103.5 11845 515 171.0  199.0 2.5 70.5 56,0  115.5 206.5  149.0  174.5
YEAR: 1982 UNIT: MM
PERIOD JAN FEB MAR aPR MAY JUN JuL AUG SEP ocT NOV DEC
1=5 0. 38,5 20,5 30,0 0, 155 13.5 5«0 18,0 3,0 440 1.5
TR 0.7 0. 57a0 2030 385 (1 8a0 [ o, 7.5 3.0 U8
11-15 Q. G Qe 100 0. 6245 0. 545 0. 1545 320 5.5
16=-20 Geb 0, 6640 el 19 Qe 6065 1.0 35 31,5 20a5 2065
21-25 0. 0. 19.% 2645 7.5 0. 1.5 22.0 D, Do 35.5 0.
26~EKD 10,5 o, 1.5 53,5 25.5 60 0. Oa 1.5 29.0  129,5 30.0
TOYA{ 2050 3825 16425 th2.0 71.5 84.0 83.5 38,0 33,0 BES  284.5 5745
YEAR: 1983 UNIT:z HM
PERIOD™ """ 7TIAN FEb HAR APR MAY JUN L AUG SEP ecT Nov DEC
1~ 5 51,0 0. 'R . 23.0 0. 2245 8.5 78.5 11.5 2045 0,
&=-10 9.5 G U4 C. 855 45 155 0. 10.0 18.0 0. 21.5
11-15 3.5 -0 g 0, 245 25.0 (1 33.0 30,0 13,5 0. 52.0
16-20 0. 3.6 10,5 D 2245 12,5 108.0 045 2040 5a5 0. 32,0
21=25 0. 6.5 0, 52.0 3.5 0. 0. 2845 0. 2245 1.5 4& .5
24=-EKD 0. a. 0, £5.0 64.0 0. e, 82,0 48,0 75.0 20,0 2.0
TOTAL 6440 945 10,5 97.0 12440 42,0 14640 132.5 25645  14b,0 42,0 152.0
YEAR: 1984 ' UNIT: RH
PER1OD SAM FEB MAR APR HAY JUN JuL AUG SEP ocT Nav DEC
-5 1B.5 137.5 595 22.5 75 3.0 375 [V Se5 0.0 5.5 87.0
&=10" " . 12355 0. 20,5 1845 O 0. 1.5 s 0. 21.0 3545
ti-15 2745 3645 2445 37.5 43,5 28.0 68,0 O 5.0 4.0 13.5 21,0
f6-20 10.5 59.0 116,35 560 O ko 9.0 O 12,5 3.0 Tas 57.0
21-25 2345 De 0u5 Co 72,5 0s 2.8 79.5 10,0 £9.0 81.5 3.5
24H=~END 80,5 93.5 4a5 19 3.5 1% [HY 0.5 G, 14,0 840 16.0
TOTALT " 77 180,857 44250 19925 130.,5 ~ 215.5 35,0 186.5 915 73.0 100.0 137.0 220,0



Table A-5 {1/2) FIVE-DAY EFPFECTIVE RAINFALL AT RO.3610001

UHIT: HH
Ther o mar genam AUGT SR o€t nov D¢
61.0 2.0 19,5 04 s 22.0 145 Oa 3745 [N 1040 0.
3.0 99,0 0,5 0, 0. 0. 1745 4o 0 3645 Gs G. 043
0' 0! 0. 59|5 (1% 20.0 0a 0. 0- ﬂl 8l0 ?.5
_0. O Oe_ 44,0 4,0 .De 2040 0,5 625 04 8045 0.
b. 2.0 U 8,5 0. O 51.0 §.0 13,0 110 0. 57.0
o. 17.0 4945 0, 55.0 0. 15 0 13.0 11. 5745 9.5 5940
6:. 0 120.0 89,5  110,0 59.0 42,0 105 0 25.5 104, 5 BB.5 . 10B.0  124,0
YEAR: 1976 uNJI. HH
PERIOD JAR FEB HAR APR RAY JUN JUL AUG SEF ocy HOYV D‘Et
s T e e e 310 260 910 0a .. 1s0 . O 5845
&6~10 i2.0 0. 10.5 b, e 5.5 0. 0. . 55.0 0.
11~15 245 3.5 5345 22,0 O« 4.0 8.5 04 . Ba5 460
1620 0. 0. Oe 15.5 0, 0. O, 1545 0, 10.0 12.5
24-25 Qe [T 3.5 32,5 0. 7.5 745 7840 4a0 G 2445
26-END 0. 32.5 30,0 33,0 2540 175 9e5 4240 2.0 O, 42.0
Total™ 7 T iRLS 7T T3E,0 T 103,38 95,0 TN 70.5 7 118,53 13505 7.0 ?3.5  203.5
TEaR: 1977 UNL1T; MM

4=10 0. 2545 0. 0, 0. 39,0 0. 0, 3945 87.0 1945 23.0
“11-15 0. 3.0 5.5 0. 3540 0. 51.5 0. Os 12.5 G G
16-20 0. 0, Or 0, a, 0. 0. 245 3.5 52,0 20,5 5.0
2125 0. 1955 0. Ua 0. 2220 O, 1045 31.5 18.0 0.0 6145
264END 2945 i. Q 0. G, 0. 2945 1.0 27.0 162.5 0.5 0.5 0.
ToTaL 5340 53 a 5.5 Te5 35,0 14645 62.5 4G.0 23_7._.0 209,5 87.0 12405

YEAR: 1978 UKIT: HH )
PERIGD JAN FEQ MAR APR MAY JUH JUL AUG SEP OCT NOV DEC
1= s 0. 1 12,5 1.5 G, 04 0. Dy o, 36,5 29,0

&=10 2155 ) 35,0 39,0 9.5 0. 0. 3.5 40,0 74,0 6340
11-15 6840 D+ o, 0, 1245 &1,0 8e5 0. 93,0 35.0
6-20 T5a0° 0a5 0. 1.5 3.5 540 14.5 ‘04 0. 10.0
21-25 9.5 5e5 0. 0. 0. 0. 2245 2040 0, 530
26-END ‘n;‘ 63.5 9. 1045 0. 37.0 0. 38.0 Gs 0.
TOTAL "7 10830 117.0 605 24.3 1620 152,07 49,0 98,0 203,50 142.0

YEAR:D 19¥9 N

PERIOD JAR FEG MAR APR MAYT JUN JuL AUG

1- 5 5040 Gs ge G, G, 10.0 0. 1G.0

6=10 5.0 20,0 Gs 15,0 o, 15.0 0. 0.
11415 0. 3040 15.0 9540 30,0 45,0 0, 10.0
16-20 O, 149,0 1,0 0. 0. 15.0 0. 0,
2i-25 10,0 %a.0 23.0 85.0 5.0 0. 750 5.0
26=EHD Be Oy 45.0 75.0 35.0 0o 5.0 0.0
TOTAL 65,0  289.0 21,0 276.0 70,0 85.0 80.0 9540 §5.0  235.0 200 o 5.0



Table A-~5 (2/2) FIVE-DAY EFFECTIVE RAINFALL AT WO.3610001

URET: H¥
PER!OD JAR FED MAR APR HAY JUN JUL AUG SEP ocT Hov DEC
1 5 5.0 0. 35,0 0. Ds 5,0 0. 0. 15,0 0. 30,0 45,0
"§310°7 T3040 0. 25,0 35.0 80,0 10.0 0. 0. "0, 0, 10,0 5040
11-15 10,0 0. 20,0 120,0 5.0 0. 5.0 10.0  Oa 5,0 10,0 De
1420 ‘0. 5.0 5.0 c. 2040 10,0 45.0 3040 540 5.0 5.0 65.0
21-25 0. 5.0 0. 0. 20.0 0 65.0  15.0 400 0. 8040 0.
26-END 0. 0y 55,0 200 5.0 0. 20,0 0. 1546 20,0 25,0 70,0
TOTAL™ 4510 7 4050 0 140:0 17500 13050 25,9 35,0  55.0  ¥s.0 3020 1400 230.0
YEAR: 198 UN1T: MM
PERIOD TIANT FES NAR APR HAY JUR JUL AUG SEP acy NOV bBEC
1- 5 5.0 5.0 40,0 2000 25.0 0. 0. 0. 540 0. 85.0 0.
4=10 0. 0. 5.0 30,0 B. a, 04 0. 40,0 8.0 2040 2.0
11-15 0. 0. 25.0 80,0 10.0 0 0. 0. 3,0 95.0 6,0  43.0
16-20 0. 0. 0. 0. 1040 0. 0, 45,0 10.0 59,0 13,5 04
21225 5.0 20,0 30,0 150 10.0 5,0 1040 0. 40,0 0. 20,0 o,
10.0

YEAR: 1983 HH1T: AM
PERIOD J AN ftu MAR APR MAY JUN JuL AUG SEP oLT NOV PEC
1= 5 54,0 0. 0. 0. 55,0 0. 0. 0a 35.0 50,0 25.0 O
§~10 6,0 24,0 640 0e 4.0 3,0 10.0 10,0 10,0 10,0 0. 15.0
11-15 1,0 0. 2,0 . 0, 17.0 20.0 35.0 5.0 15.0 0, 15,0
Je-20 LG 0, 19.0 O, 0. 27.0 6540 0y 10,0 0. 0, 25,0
21-325 0. i 8. 318.0 2.5 0. 0. 5.0 i, 10,0 1520 30,0
26-END G, 0 0. 9640 640 n, 15,0 0. 45.0 55,0 35.0 0.
TOTAL 61,0 24.0 27,0 134.0 8745 7.0  110.0 0.0 165,0  140.0 75,0 85,0
YEARL 1984 UNIT: KM
PERICD JAN fER HMAR APR HAY JUuN Jup AUG SEF 0CcyY HOV DEL
' 1= 5 O, 150.0 5.0 25.0 a, 0. 13.0 0, o, 26401 68.0 19.5
610 5,0 80,0 Us 25,0 90.0 5.0 10.0 33.0 7.6 21.0 23.5% 0.
it-15 10,0 Os 540 10.0 20.0 25.0 10,0 0. Oa 38.5 44,0 12,9
16=20 11540 95.0 20,0 26.0 0. 6. 2.5 O, 33,5 40,0 46,0 33.0
21-25 0. 0. 15.0 0a 15,0 0. 48.0 o, 4.0 2345 O 22.0
28-END 70,0 55.0 15.0 0, S.0 5.0 0. 15,0 0. 8.0 G 26,0
Yhral” 00,0 340.0 20,0 860  130.0 35,0 83,5 48,0 46,5  157.0 18%1.5  113.4



Table A-6 MONTHLY PAN EVAPORATION AT NO.3710306
Unit: mm

Year Jan. Feb. Mar. Apr. May June July dug., Sept. Oct. Nov. Dec. Total
1975 167.8 152.3 173.9 166.1 160.7 143.3 152.7 165.8 157.0 164.5 135.0 131.5 1870.6
1976 167.0 164.2 176.3 169.4 161.9 140.9 165.3 170.5 150.5 153.8 126.9 148.1 1894.3
1977 153.6 137.5 183.7 168.9 160.7 141.4 167.8 l46.1 142.5 173.9 144.4 170.8 1891.3
1978 142.9 148.5 - 152.9 157.8 157.8 155.5 153.3 148.3 145.1 139.7 158.6 -
1979 180.0 159.6 179.1°165.2 189.6 164.0 156.7 170.3 135.0 163.2 134.2 154.9 1951.8
1980 146.7 161.6 178.0 143.8 162.7 156.3 158.4 155.0 131.8 132.9 151.7 118.5 1797,4
1981 132.0 145.8 176.0 148.9 132.6 171.5 170.0 - 119.5 150.0 140.2 132.0 : -
1982 151.5 142.0 154.5 162.2 140.1 151.5 140.1 150.5 154.0 167.6 139.1 127.3 1780.4
1983 180.8 147.5 179.0 154.8 155.0 160.0 171.1 166.9 153.6 139.5 151.3 127.5 1887.0
Mean 158.0 151.0 175.1 159.1 157.9 154.1 159.7 159.8 143.5 154.5 140.3 141.8-1854.8
Daily

Mean 5.1 5.4 5.7 5.3 5.1 5.1 5.2 5.2 4.8 5.0 4.7 4.6 -
Remarks: Station Name: Rumah Pam JPT Bagan Terap, Station No. 3710306



Table A-7 , MONTHLY MEAN TEMPERATURE AT NG.3511201

Unit: °C

Year Jan. Feb., Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Mean

1980 - - - - - - - - 27.8 28.1 28.1 27.7 27.9
1981 27.0 28.0 28.1 28.4 28.2 28.2 27.7 28.0 27.7 28.1 28.3 27.8 28.0
1982 27.3 27.8 27.9 28.2 28.0 27.6 27.1 27.4 27.8 27.7 27.9 27.7 27.7
1983 27.8 28.1 28.7 29.4 28.7 28.0 27.4 27.9 27.5 27.7 28.2 27.5 28.1
1984 27.3 26.5 27.9 27.9 28.0 27.4 27.0 27.1 27.5 27.3 27.7 27.3 27.4
1985 27.3 27.8 27.5 - - - - - - - - ~ 7.5

_Mean 27.3 27.6 28.0 28.5 28.2 27.8 27.3 27.6 27.7 27.8 28.0 27.6 27.8

Remarks: Station Name: Tanjong Karang, Station No. 3511201

Table A-8 MONTHLY MEAN HUMIDITY AT N0.3511201

Unit: 7%

~Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. HNov. Dec. Mean

1980 - - - - - - - - 75.7 76.8 78.9 76.0 76.9
1981 75.3 73.8 73.9 77.4 79.1 75.2 73.4 72.1 77.6 78.6 80.9 76.9 76.2
1982 75.3 74,7 78.7 78.2 81.2 80.5 79.5 75.1 75.6 79.2 80.9 79.6 78.2
1983 75.2 75.2 74.0 77.8 80.7 75.1 77.5 75.2 75.2 76.4 72.8 75.9 75.9
1984 76.7 79.3 74.9 74.8 75.8 77.3 82.3 76.1 74.2 15.9 76.4 718.2 76.8
1985 75.3 77.9 77.1 - - - - - - - - - 76.8

_Mean 75.6 76.2 75.7 7.1 79.2 77.1 78.2 V4.6 75.6 77.4 78.0 77.3 76.8

Remarks: Station Name: Tanjong Karang, Station No. 3511201



Table A~9  MONTHLY MEAN SUNSHINE HOUR AT NO.3511201

Unit: hours/day
_Year Jan. ¥eb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Mean
1980 - - ~ - - - - - 5.4 5.3 4.8 4.2 4.9
1981 4.7 7.0 8,2 6.8 5.5 8.1 7.0 7.5 4.6 6.2 4.4 5.6 6.3
1982 6.6 8.0 6.7 6.8 6.8 6.6 6.8 5.5 6.0 6.3 5.9 5.3 6.4
1983 6.7 8.3 7.7 5.6 6.7 6.3 6.8 5.0 5.5 5.7 6.3 4.3 5.8
1984 4.5 3.5 6.6 6.1 6.6 6.4 6.4 6.7 6.2 4.9 6.2 5.4 5.8
1985 8.4 6.5 5.5 - - - - - - - - - 6.8
_Mean 6.2 6.7 6.9 6.3 6.4 6.9 6.8 6.2 5.5 5.7 5.5 5.0 6.2

Remarks: Station Name: Tanjong Karang, Station No. 3511201
Table A-10 MONTHLY MEAN WIND VELOGITY AT N0.3511201

Unit: m/fs

Year Jan. Feb, Mar. Apr. May June July Aug. Sept. Oct. HNov. Dec. Mean
1980 - - - - - - - -~ 0.69 0.85 0.45 0.31 0.56
1981 0.27 0.39 0.45 1.64 1.46 1.13 1.34 1.88 1.78 1.64 1.56 1.11 1.24
1982 1.27 1.74 1.86 1.71 1.36 1.06 1.40 1.58 1.70 1.59 1.20 0.78 1.44
1983 1.15 1.50 1.69 1.43 1.15 (.90 0.74 1.13 1.05 1.11 1,09 0.26 1.10
1984 0.19 0,30 0.86 0.64 0.87 0.71 0.47 0.24 0.55 0.80 0.64 0.53 0.57
1985 0.36 0.54 0.77 - - - - - - - - - 0.56

Mean 0.65 0.93 1.13 1.35 1.21 0.95 0.99 1.21 ‘1.15 1.21 0.99 0.60 1.03

Remarks: Station Name: Tanjong Karaog, Statiom No. 3511201



Table A-11 (1/4)

FIVE"DAY MEAN DISCHARGE AT SKC BRIDGE STATION

YEAR: 1941 UNLIT: (M5
“PERIOD & TR VA K ARd . EAY T Thun Juy auG Tsgp  oCT | Nov BEC
125 0. 3 €. 6, 0, 0. 3. 163047 63,80 88,61 72,14 69451
&= 10 M Ga (. Ga Cs (s 0. 13,99 88.00 62458 91.5¢9 51229
11-15 (O [ Js 0. 0. 0. [ Shai? 65,60 43,468 59,11 [ P% 1]
=210 [\ Qs T ¢ Y | PN | PO L Oal L30a77 . 103428 0 62.61 . T2.20 . 8342
21-25 T, 3, EN 2, 0, 0. 0. 40,58 74,28 70425 96,81 114.32
26=END Oy ¢ Do c, [ 0. 0. 35.84 65,74 98,05 122,08 108.77
AVERAGE Te I, Qe Co G 0, 0, 57465 T6.82 T1.84 85474 82+41

YOAR: 1¥6Q UNiT: CHS

_A0,96
52.75
45,90
37,17
60.2?

A3

L6514 21,30
33,15 19.7u
25,72 29,28
24,61 37.96
21.16 42,50

20,89 58,53

LED,R9
30,75
33.58
57.07
62.52
36.63

_40,42
67,95

tes.78

P40, 14
ta0. 11

83,53

104,92

131.11
142,31
157.20
157443

104, 51

22105
70,00
66,18
$3.03
47.51
53,47

R P S T840 32,40 4725 _U8,43. 082,85
=10~ T7a73  31.97 - 31.9¢  £0.55  99.5%
11:-15 4,20 3,01 #4637 92,8 132403
14=20 92.97 20,59 S5C.1% 100.0% 113,74
21723 (68,178 31,02 102441 22.29 4U.41

26-1KD 45,22  &1.85 52,53 56,25 43,07

AVERAGE 75,15 32.88  w1.64  73.F4 B9.02

R ITATIRL TS

43 5%

TFEL20

35 65

L. FY Th.7:

AVEFAGE (213 AUl 45

TThELES

45,23

43.99

1.96

KT

115,45

=75 69 sa R LT 16036 20,05 £3,9¢ 28,45 21.53  39.31 36,07 132,69 16804
£=10 - 54,14 | 21,83 es,;g 14,69 42,61  47.78  28.81 90,15  29.06 B3.94 176,57 130,62
11715 L1.80 7 260237 I0.99  15.84 29.14 42,12 34.76  S8.85 29,91 116.75 155,80  94.72
16220 38,06 4.2 £3.54 19,91 S3.B7 26,70 28,44 36,22 35,99 126,23 159,12 75,53
TITSES 56,05 0.3 T30 RT NGB 7hL66 T 25,07 18,41 43,81 B1.10 132449 65.18
26=E8D 32,16 th.27 ICL.ET 17.33 4E.04 48,04 31,66 52,03 49,80 89,73 i 56,18
RVERRGL 46,17 23,84 25,31 17.19 44,75 42,78 28.53  50.35 47,53 97.28 162,45 97,11
. . UHLT: CHS
BERIOL A AP naY Jun JuL AL SEP oCY NOY DEC
1-_< S4yfo 5.7 . 51a55 _ FTeh2 _ 39,77 73406 66,59 36,75 127,35 103.79
s-1u YR.0s . enede 62,58 25.h7 T U51.78 7 41.41 106.93 42,337 9470 80.30
1-15 25,15 4o.bh &4.ST  32.12  E2.61 43,42 117.21  S1,.78B 98,22 115.47
6-20 Al.6u 55,90 43,87 37,32 32.42  38.97 A%.67  75.94 76458
21-25 U7 iS.hh 34,62 57.27 32.42 56,47  9B.43 81,25  59.89
T 2y 47.86 88,68  31.64 40,04 111,76 119,51  54.82
CAVEREGE 39.57 28,73 TTus.8% U UI5VI9 T 63,74 T T4z.05 0 79.37 T 6R.37  99.36 80,94
YEAR: 1965 UNET: CHMS
PEglOD JAN FEr ik FFr AAY JUN JUL AUG SEP oLr _NOV DEC
TTISTETUUURRIIE T 28038 «7.52 o4.79  PT.AE 46.16  29.92  A1.G3 56,14 61.94 110,31 59.34
£=10 G35 22.2e L 21.1¢ th.73 £6,01 $1.23 32,03 45414 58428 hie35 94,87 66029
“31-15 35,68 39.65  Fh.7¢ . &7.85 115,77 317,78 34,15 47,26  0.37 S50.B5  65.56  96.86
14-20 31246 36,35 12,64 24232 119,988 43,89 36426  4%a37 62,49 . B2.01  101,70__128.52
21-25 29,90 22,37 33,34 FE.Cn  125.3 5.9 38,38 51.49  6k.60  78B.82 163,12 139.1%
REZEND. . 29.4% 25,34 eI, 76 ij be 59.2‘ 21,13 40,70 53,82 66,72 97,59 . B6428 111,07
AYERAGE . 22.12.. 30.C2  S2e01 . G035 91.51 42,01 35.4€  48.53 61,43 6%.66 74,31 10035
: _YEER: 196 UNIT: CHS
PERIOE 18N Ay Jun auy AUG SEP ocT noy bEC
i‘ X L9354 L4 ,60 14,92 7227 29:40_ 38,39 20,24 37,85 122,22 __ 96223 103448
&0 £3.77 3.5k 40.0% 56,7177 767, a8 T waube 60,9477 28,27 114,517 7100,32  98.65
11215 . 73,51 30,74 hey 7t 19447 57,685 82,53 474306 tha3b F0.28 102460 105445
16526 6h 10 55.60 E2.4e 39,46 37,17 52,56 35,25  53.38 79,42 120.74 106.82
21-25 $7.20 T1: 6L 12.47 36,61 31,29 16,06 44.3F 6E.14 67.461 135,30 91.58
26-Ehbd £9, 41 31,19 46.58 27,18 65.46  E3.74  73.71 134.01  135.76

107,91



Table A-11 (2/4) FIVE-DAY MFAN DISCHARGE AT SKC BRIDGE STATION

“Yiak: 1967 U ' : ' UtiT: LHS ceememeoanas
PERTUG 1Ak fLu YN P hAY o oL~ i0e  SEP 0¢T  wow  BEC

--------a--n-v-—u_--—-—-----qu_--h-¢~---

TN T T Ee TR TR ER  Thel 37030 7 26037 16.67 19,75 hke59 112,06 113,95
2-10 }ff 35 Z; “£ sonal $1.07 2,01 1480 17,95 36443 113,46 T2.78
BRI AT My silag e 30,96 20,05 16.4k 2474 49.71 135033 56.30
16-20 E9.02 59,53 45,96 22,90 25.08 48,45 31.39 131.29 3828
27-25 51.16  57.81 T1.20 24.28 24,30 57,12 Sh.94 112,61 59.38
26-END 9z 065 5.7 Zt’nUl 16,98 19:33 40,58 117.50 143,21 39.82

o i e e A ek B T e

13,76 21.93 19443 31,77 57225 126,09 65,88

YLAR: 1988 o o _ ~ UNll;: (HS e .
PERIQR. . dAH Fra WAL PR NAY Jun JuL AUG StP ocT . NOV BEC
TITTITTTTTINY ---—: ———————— ;‘“‘n--_-__-"--“—_: ___________ el 9 &1

1= 5 33,10 1,57 1%.5Y%  te.bv 95,06 Té.5U_ 41,92 26,79 S0a23__ 56428 103,95 5 a

6=10 STh R R U TEr  1baFs 55,21 T1.25 34.49 32,13 51,51 64u56 17,37 Thd75
11-15 29:25 22,00 12.0%  iU,4% . 78,93 160,91 30,87 3435 43,79 76,92 32,03 B7.48
18220 T Rb3b T23ike  17.0e  17.16 123.06  75.05 44,41 27.49  67.85  61.90 68,39 91,49
21-2 28,33 17,15 1473 $5.03 99,21 43,08 75,08 29.05 42,22 54.90 52,18
S62ERD T U IT.05 0 13,56 19,34 Lr.77 90,15 41,53 3&,70  55.30 49,74 83.43 9604
AVERAGL 29.20  21.9¢  1L.I7  25.65  EY.d2 3005 T RITSH 34.B&  S5B.97  bB.ET 281 75,91

URIT: CMS

___________________________ Ton JuL""'77ihé'—‘"'EEB"—'"”EE?""_—‘QEE—"' Y

110,33 avaek 2 166,20 56230 33.45  23.67 . 67.79 66,49 75,46 106418
C6=10 . FTW6U. 35,7 St,9E 30.Bu 75.21  £3,7% 3471 17043 54,97 62,21 B6,55 1842
1115 S8.15 32455 30,55 29.3 E9.72 59,14 27,74 24,77 27,26 14591 90,76 B4, 54
16=24 60,25 310 Pf,be  42.0%  52a35 49,75 25.68  36.36...31,87. 165.81 87,19  60.84
21-25 41034 83,05 27.9%  35.36  311.99 4B.04 21,85 59.644 0 29.44 123,31 69,75 5.5t
2@ EAD 44,83 £9,23 66,531 72.2u . 90,20  33.73 15,19 69,60  34.60 115,43 88,54 73,43

A)ltBAbL.__,” Ga83 45,21 . IF0N1 4490 (S1.DE 0 48446 R6.52 39, 54 40,59 112.21 83.04. . 1Ba%5

1= % 5955 anagh 106,65 55,34 42427 _ 21a9B.__ ;5.53___5zJﬁzﬁ__ﬁs,;g;__1ﬁ1ﬁ1.
5-10 94,90 13,77  t2.00 3 15,00 22.68  21.6&  S0.47 178456 94,34  BB8.43
CL3I=15 0 F56,05  2b.4¢ 28,08 58 . 34,30 20,34 60,592 60,32 138.33 . 98.3¢6 80.50
T£-20 £1.97  2%.72  3%.31L 95 11,93 21.28  25.97 49,73 90.64 79,75 92.64
COR1SEE A% WAY 32,21 . 22447 15493 90,33 .. 32.87 28,45 21426 95,87 [ 57.8] 98,30 103,30
J&-EhD 1.7V Ivi6e T GS.36 GEl2e  GTW6E  39.47 38,57  3Ba.7& 46,94 41407 99,6k Bé.63
AVERAGE 73.26  31.59  29.95  E£1.65 7w.11  238.17  29.2&  31.95 56,14 97418 88,00  91.14
) TY¥eeg: 1er1 0T ’ ' ’ . ’ ’ URIT: (XS
PERIGD TN Tih nAR REE ARY T JuN T JoL T AR T g ol NGV DEE
TTRITET T 28052 TTesihe s, TwalZ7 T 2Zi7V 0 22083 25.30 28,97 50032 25,55 S2.3i o4
LETI0 350,88 | 3i.bk f1.Suo 34,0 20.41 15,21 1B, 18,79 75,57 22,10 182,92 . O
11-15 143067 T ap.74 3 BG83 27.%t 19.2h 0 18,86 43,78 B2,39 26,33 145,127 159.91%
16-20 105,33 26.63 Te . 2Ga73  2Ea28 21425 ATLPL.. 27,09 _ 42,53 36.34 75,55 125,38
31-25 65.56  £3.51 g 17.14  33.62 22452 17,02 12600 92,00 748,15 103,67 142.84
LEOTEND 5“-84 L h5.37 S8, 31eée LBL3T 0 E9.97 26.32 56,57 39.24 51.%Y - 0. 133.4%

34,81 114,91 149,06

CYEAR: 1972 UNIT: CHS

1o 5 1G2.89  4el.19  l2.60 & 56,42 30,27 15.44  4B.00 132,47  12B.76  151:48
5-1G £7.82  4%.95  2L.07 3 38,05 26449 18,18 40,29 71.28 131,63 14,37
_A1-15 63,84 38,95 44n1h & 5,68 53,21 23,06 20,05 73,39 202,23 122,83 63470
16-20 4,78 TZs.Be 3T.83 ¢ 94,90 28,90 21.22  44.68 114,34 257.93 75,09
21-25% 37,89 37,32 2E.7E % 9574 21,15 28,3 . 40,73 B4,93 223,03 110,90
28~ihD 34,43 37,45 27.1% 7 44,68 20,640 29,94 46.5T 141,71 123,95 57,39

e ———————— g g e - e ————— g e N . L

AVERAGE E1.10  3&.7%  29.7¥ iie & TTTEIUEDR T 724490 229377 T9T03 ATRLIT VERLTE 87485




Table A-11 (3/4) TFIVE-DAY MEAN DISCHARGE AT SKC BRIDGE STATION

yeany 157y 0 T T e UNIT: CMS

_ 45,57 16U Z7.1L 0 e3s2U 107,13 200,65 ¢2.04 92,21 74A.3% 0 70.51 171,13 187047
U5 S U £-FY- 7 S S FY - ST T S ) Bu,Bl 113,46 36,20 73,31 B5.35 0 A4,1% 0 143,24 273,37
11+15 29,69 - 1i.E5  4EL29 T L. 132,15 63,79 35,76 87.5¢  68.01 91,26 142,19 155,20
14220 35,37 2h,CP | 51,542 2,04 H3,08. £6,34 . 41,39 E0,52  T6,B3 124,43 119,76

21-25 T30.94 19 3T 26.9%
26-ENB. . . 83a81 0 3630 14.40

TEEE T EBLAS 79,70 38,77 69,93 222.66 158.89 91,78
179,22 $€.74  55.6C  49.06  52.67 266,18 202475 64,92

L R T . ST PN TN M E e —— A -————— -

CAVERAGE __38:0¢ . 23,9 33.02 156024 113,81 100,36 41,41 63¢81 71,80 133.04 157,10 146,14

UNIT: CHS

_PERIDD $Ul
o i-5 52,62 cPaS3 Tk 2Ea5% 90,53 7,87 37,76 0. ... 0, 52,48 _ 40,50 72,55
6-10 43,18 32,57 % L¥.52 102.23 33,24 26,10 . 0. 46,12 35412 86,90
CMiZ1s L 34.TB 0 23,24 4 49,91 106.90 27,60 32,56 23.6] 0. 3444 47,18 6B.64
14-20 30,46 41,11 3 P5.55 115,45 42,43 34,43 23,30 73,40 38,02 89.28  73.47
. 2123 28,42 | 84,73 22 FP:60 79,63 46,01 0, 23,90 72,79  35.07 70.34 66,00
26-ThD 32,85 9. 81 2 110,41 55,09  67.48 0. 25.83 63,29 316,35  ¥7.92  75.07
AVERAGE 36,92 hb,6c 531,60  TO.V4  9G.14  ne.hh 732,06 23.76  69.28 39,80 60,06  70.5%

“YeaR: 1975 ) UH1T: CMS

TIITET U E5L6E suL2: 5vw.uy

ft5e . 0. 28 .65 35.82 0. . 0. 0.

610 SEL2S  EU.0L au,l 5.5 S n. 29.09 34,57 0. 0. 0, 0.

T11L1% 68,37 S7T.7¢ 37,43 3. G, 0,03 25.7% o, 0. 0. 0. 0.

16-20 62,17 H7.26  3L.5u 4523 0. 3£,09Y 90,55 0, 0. 0, 0, 0o
21-25 ET+65  33.C¢  3L.Tc | 570 0. 24,19 146,13 0. 0. 0. 0, 0.

26-LHD 43,39 39,010 SL.s4 64,77 0. I7.60 83,50 0. 0. 0. 0. 0.

AVERAGE L6 ED 4% . Ne SUL5L TLede C. 12475 66 .34 34,76 0. 0. 0. 0.

i-_5 Gy U, T T [ T PO | P ¢ 1Y __0, 0, 0 0,
410 a. [ 5 B . G. a. 0. 0. 0. 0. 0.
TIm¥5 0 L Q. Ue G G Yy G. a. Oy 0, 0. D, 0.
16728 G, U . £, 0. . o. 0, 9. 0. O, 8.
2125 0. g. e e o o, [+ D, Q, o, 0. 0,
26-Fhb 0. G. &, N G 0. 0. 0. 0. 0. 0. 0.
AVERAGL  — 0. i t. 0. T 72 T Y O+ P | P PR
YORK 197? URIT: CMS
_ TR ““sep  ‘oct  ®ov  DEC
TRy To. T Uy iuhy bG35 2CuET 0 23,65 19,55 16419 23,12 79.08 104,83 52,46
B -3-5 100 Da U el 1L 8w TEeFY 44,01 24,33 16.24 18.0E 130,52 78: 6% 70.83
1115 0, 39,3s 12,94 16415 45.4% 21,07 28.29 15,79 16,65 208,92 97440 92,53
= A RBaRs  2R 2T 524 TULNA. 33,28 0 0. .. 17,00 16,61 _ 104,86 . 21,17  58.38
21-25 U, 20,05 22.2% . 25.2: 2049 22.24 0. 0. 16.85 140,55  94.29 65,83
2E=END 0, 61,63 1E.3z 24,37 a, L4. 43 £6.02 174.16  82.42 32404
AVERAGE 0. .2?-50 £2.61 21,73 24,29 19,13 22489 150,47 92,10 5782
. YL&k; 1878 UNIT: CMS
PERIOD. JAU [ B3] Hnhk FPa ThRY Jut L AYG LEP acT NOV DEL
PN T TR £ 1 AN £ P4 SUNRIE-. 5 DU I 7.3 VDN L' DO & Y ¥ SIS Y 4 ¢ TaS1 . . L9e3h 33505 5Ta06___ 29237
6210 Teu80  Vaahe 1036 17465 52,21 A7.87 14,56 T4B1  10.63 £.90 49,05  43.48
1515 17.06  12.55  12.57 19,72 €2.55 15,40  12.07 §2.84 10,38  11.86 481,74 30,41
16-20 22,85 15,05 12,37 k.06 41.34 12,09 11.14  9.76 767 14,34 78,54 21,10
21-25 16,41 2,97 1LLRT A3.EE 0 T1,9T 11,55 14.81 E.35 21,09  26.34  55.35 19,80
Z&~thD 12093 1016 Thatié  37.75  2GJ13 0 1C.TA 10.95  T.93 12,04 53,36 39,31 15.79




Table A-11 (4/4) PIVE-DAY MEAN DISCHARGE AT SKC BRIDGE STATION

UNLT: CHMS
R TTEER T oeT Nov” DEC
YT TTUUUTETEITTIOTEG UTiEI59 shobe S1.95 0 (26,80 16013 21085 39,99 23010 66469 73,18
5-90___ de,13 0 11,1 Ty 15481, 34431 60,67 . 1he47 19,69 50,32 25,21 - ¥1.93  §4.19
“1i-is 13,50 T igaie 27T E5.BLT 46,00 B1.14 20441 15.86 49,70 3445 -73.22 36,85
16-20 i0.86 13,55 o, 25,74 21,32 27.73 21.84 18,95 72.82 . 36485 153,53 31,58
2125 10,90  32.52 C, 32.21 17.31  21.02  T67.2%  24.50  3B.,71 42,07 - 101.36- 28.81
26-kNp 10,23 31,74 0, G1.17 25,04 15440 43,05 25,64 33,80 72,04 103,99 24419

ATS3% 0 MAL51. 39,58 F3.04 35,99 31,30 23,20 50,89 G003 93,12 40,34

UNIT: CH35

CSEP . 0CT . NQY. . DEC

e . e M G P oy e

57,86 24,31 42,25 29,79 15.64 34,84 _ 27a34 42492 _ 32,19 80,35
2D.72  t0.5h  53.89  23.54 65,32  33.28  13.286 23,75 356,69 67.16 30433 14414

16460 9,26 19,80 23.0u  £2.27  £2.9) 12,22 23,05 24,22 70,06 32,92 A3

16,19 7 Tel30 0 26UEC  17.52  52.19  3h.61  26.B6  19.1% 37,81 231.58  44.8Y 6
_21=25 43,24 11,70 . 0., . 16:1i 10,02 22,30 20,86 76,37 68,71 58.92 64,43 48,30
25=END 1. P T e, S0iE7 lds 21473 33,65 39,63 46.32 36,61  73.61 41,10
AVERAGE .50 Vi.je iT.eT iiiEe aiar . i3 50.30 16,35 40.36  B2.9% 46.38  86.84

YEAR: 1951 - o UNIT: eMs oo
(1] ROV bEC

1=« 5 T 49,26 34.0% 21.383 .19 Tenl29’ 21.?} 15,10 22405 20448 28, 15 47.30
B2 AT.S6__ 29.3p . 21.31 T.02 . 37.26 17,67 11,92 £1,07 25,12 29,76 15,92
11-15 3452 29.07 21.%¢ 54,81 EEéalh T1.,10 2t.99 10.62 &2.78 hea2s 58.20 50.46
16-20 31,58 G7.05 12,35 71.0%  $1,3& 26,58 _ 18,07 . 976 . 49,85 _ 30,131 39,37 33,75
21-25% 29455 27.74 17.591 1] ¢0.56 22.68 17.9¢ 14.18 36,38 55.1¢9 98.23 26296
26END__ 2he73 . bb.5h 17,7 3£.07  F6.76  33.57 20,43 23.727 25407 3731 65.70  R4.36
AVERAGE _ 35,83 33,21 21,33 55,23 FE,26  34.96 19,62 14,53 46,20 38,54 56.37 42,52

UNLT: CHS

13,5¢  _¢h, A8 1L,42 £5,25. 23,19 _ 13,71 _ 22,30 42,91 78,69 114,29
20,92 22.73  37.49 F3i72 17036 1867 V5.2 h6aTH 1A 3E 6. 14
Shade 21260 £8.84 43,69 32,16 14,35 20,71 2732  34.39  B6.33 51,17
18.76 0 14252 %7.43 43,91 33.39 14,36 25.35  43.21 69,41 104.28 0.

Y17 e5.23 %1.,20 ERB,IE 20,61 22.89 38,77 40,72 49,59 17.92 2B.13
13.9% 25.E5 0.7 9G.49 16,64 43,78 22+75 L0.41 53. 36 99,64 2%9.89
21,00 22.24 55.3¢ £7.72 33,47 0 7. 53 73, 31 1.70 53. ?2 86.88 58,59

i7 IG,23 210827 11.29 T2 59 32:25' 36,74
14 2z.64 13,05 15.84 463,26 55,55  2%.70  20.93
T 27,67 24,64 §7.38 T zE.9b 15,10 0 27.63  44.48
" 24030 3096 15.38 22.52  115.01_ 30,83 0.
1t ZE.56 ATe95  4BE.59 19475 66494 34485 O,
14 13,70 26 22 - 24455  £1.03 38,32 D,

24,96 20,25 22,99 33.33 66,37 32045  45s05 26457



Table A-12 MONTHLY MEAN DISCHARGE AT SKC BRIDGE STATION

Unit: cu.m/s

Year Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

1961 - - - - - - - 57.65 76.82 71.84 85.74 82.41
1962 75.15 32.38 61.64 73.76 89.02 43.59 28.20 35.65 46.91 97.36 132.91 63.38
1963 46.17 23.34 25.31 17.19 44.75 42.73 28.53 50.35 47.53 97.28 162.45 97.11
1964  58.20 33.35 39.57 39.73 45.69 35.19 63.74 42.05 79.37 64.37 99.36 80.94
1965 37.19 - - - 97.51 42.01 35.42 48.53 61.43 69.66 94.31 100.55
1966 62.49 - - 77.47 44.3% 48.85 46.23 43.99 51.96 90.79 117.45 107.91
1967 - - - - 79.34 33.76 21.93 19.43 31.77 57.25 126.09 65.88
1968 29.20 -  14.37 25.65 - - 43.50 34.86 50.97 66.87 69.91 75.91
1969 -~  45.21 33.01 44.92 91.08 48.46 26.52 39.54 40.99 113.21 83.04 78.95
1970 73.26 31.59 29,96 61.63 79.11 38.17 29.24 31.95 56.14 97.18 88.00 91.14
1971 152.58 36.36 43.99 29.42 30.91 22.39 20.76 50.08 63.67 34.81 -  140.06
1972 61.10 - - - - —  24.90 22.93 49.03 125.37 164.36 87.85
1973 " 34.06 23.96 32.02 - 113.61 101.36 41.41 63.81 71.80 133.04 157.10 146.14
1976 36.92°96.62 33.60 70.14 90.14 42.44 - - - 39.80 60.06 70.59
1975 66.80 45.06 50.66 72.58 - -~ 66.84 - - - - -

1976 - - - - - - - - - - - -

1977 - - 22.67 21.93 29.87 29.18 - - 22.89 150.47 92.10 57.82
1978 16.85 11.93 12.42 30.84 41.23 14.51 12.18 9.17 11.86 22.02 53.47 26.31
1979 12.99 17.35 - - 33.04 35.99 31.30 21.20 50.89 40.03 95.12 40.94
1980 17.52 12.76 -  23.94 47.27 27.43 20.90 36.25 40.18 82.99 36.38 86.89
1981 35,23 35.21 21.33 55.83 78.26 34,9 19.67 14.53 46.20 38.54 56.57 42.52
1982 16.69 21.06 22.24 55.32 67.72 33.47 17.53 23.31 31.70 53.72 86.88 -

1983  25.27 16.44 18.15 12.74 24.96 20.25 22.99 33.33 66.37 32.45 - -

1984 - - - - - - - - - - - -




Table A-13 (1/4) FIVE-DAY BASIN RATNFALL

MYISIRITY _ uRIT: MR
SER10D 100 Fts Ak PR NAY Jun Jut aUG stk otY nov oLce
i- 5 13,30 0. Shaal 47900 ELLP0 28,30 1.00 31,30 145,30 41,70 50,80 5.00
&-10 76,90 2.20 32.60  £9.50  29.90 66,30 100.20  68.80  42.80 44,90 t6.70 11,10
14-15 0,20 22020 2.00 46,26 55,00 9910 17.50 18,30  27.20  AB.50 14,80 45,30
16-20 7,30 74,70 15.7L 14,60 7426 8.60 5.50  25.80  79.40  S0.20 7.6 BO.7D
21-25 2.80 13,30 105,20 01,3 0.60 19.60 EE.10  3.10 37,10 40,50 137.10 110,60
Z6=1hD 4,70 e, ZtalU 97,50 .80 0. 95.40 25,50 5E.60 37,80 37,00 48.70
TOTAL 105,20 112,90 235,00 357,30 163.46 221,90 307.70 170,80 390.40 263.60 334.00 301,40
1562 en1T: MM T

FAK fee AR LPR FRY Sk oL AU SEP oCt MOV . - DEC

1- 3 52,50 3.10  59.00 52.50 1,30 44.68 T.5C 1.00  47.20 59,80  59.30 20,40
6-10 o, 1,60 29.90 64.50  ECLtU 62.G0 11,70 28,30 24.20 48,20 43,20 8,00
11-1% 34,60 13,40 21.4G 5G.60  42.5C 9.40 4.5 68.30 0.10 41,90 150,60  30.50
16-20 44,20 3.8G  24.10  19.70 I7.30 34,09 4.70  22.90  65.10 129.70  93.90 8.80
21-2 6.50 73,70 62.2L 13,30 2.9 39.20 1,60 93,60 39,80  11.60  33.20 4,80
26-LkD 0.5 37,00 18,40 43,70 4,60 36.20  17.10  34.70 3.00 52,70 33.10  T6.30

TOTAL 118,60 132,60 212,00 276,60 230,76 205,40  47.20 24E.80 179.40 363.90 413,30 146,80

YEAR: 1963 URIT: b '

PLRICE Jad FE WA K bt FAY Jun 1L AU SEP ecl HOV DEE
1- 5 52,20 ce6h 1.20 1430 19.30 44,30 2,66 46.80  10.00  12.70 131,40 125,80
£-10 16.56 o, 47.30 2,10 £3.30  23.80 28.30  $2.00 5,30 205.90 75.40  C18.%0

1115 1,70 3U.60 26.3G  42.00  3£.40 34,40 3R.1G 3.30  21.00 104,10 103.80 20,40
16-20 29,50 1,70 1,64 6.80  £5,.70 7.40 0. 46,40 92.10 129.50  B7.30 14,80
z1-2% 7.50 7.70  t4.Su 12.00  79.30C 62,90 30,7C  20.80 47,50 25.70  91.60  36.20

2E-EKD 0.20 L.A3 28.60 11.10  E££.60 54.76 45,40 47,50  17.70  T6.%0  60.60 1.30

1- 5 1660 5.50 11,90 3t.7L 24,20 139.3C 18,80 7210 34,80
&-10 .70 12,56 14,00 $7.50 060 67.68 41.90  58.30 71,80
11-15 &7 60 12,50 24.70 71.60  28.80  £%-30 ° 13,20 26.00 73.50
16-20 56,90 28.40 55.60 31.2 .70 2£.36 119,10  20.70 16.00
21-25 .30 7.10 7T.00 118,48 17.20 1,00 61.90 73,00  19.4D
28100 16.00 5.¢0 12,00 56.00 68,10 26,10 126,40  62.80  -4.10
TOTAL 166,60 T1.60 195,20 384,00 139.40 331.80 381,30 227.90 215.60
YEAR: 1965 UniT:  EM
PERICH J Ak 23] RSN APR HAY Jun JuL ARG sef (U] HOY DEC
-5 43,80 2,40 0.0 SILEG 47.70 0 22.00  12.8C 3,90 43,00 19.30 41,20 264.40
&-10 0. 1.80 1,506 2L.E0  47.30 6,50 21,90 47.20  25.30  1B.40 .00 93.60
11-15 c. 115,60 £.20  6F.40G 1z.1C 28.50 14,20 56,00 4.2C  37.80 §7.00 65,70
1e-20 4,16 24,40 45,60 FS5.EG H1e.20 6h.ED 1EL60 33.30 35,10 96.40 &1.20 118.40
21-25 F 66 22,48 ST.CD 91,106 2.3C 5,70 G. 128,10 36.58  72.90 57.60 38,20
2o-EnL 11.00 C.2C 13£.9C 42.50 3. 3,400 22,10 .50 B1.60 93,00 28.50  18.30
T0T21 EE.50 166.90 274.60 261.90 263,30 131.90 E9.6G 275.00 225.70 337.80 294.30 38i.30
TLAF: 164w UnlFE: NM
ffl_\i{-)? ------- ff'-“-_——ii-_;._ ‘‘‘‘‘ l_i*_‘ _____ fi’f ----- P_ff Jun JUL AUG S5EP alr ‘JO; ----- ;E.E
1- 5 .90 47.TD 12.20 0 79.60 41,60 118.40 6,90 25.20 "‘6' "'ES"EE”"EEf; ---------
‘ [ v 3. . . . . o 30

&=10 £0.30 i, 29.9U  Lg.50 5.00 64,40 77,50 E5.90 4.60 3240 67.00 5?'23
1i-1% 22,20 fa,3n 1980 20,60 €3.86G 13,70 35.20  28.20  51.90 22,80 75,20 49,60
te-20 20,40 112.5¢ 1GL.SU 2G.50 5.50 44,30 3,10 18,60 1%D.70  3E.90  95.70 45,40
2215:5 30.30 24,70 404G 127.60 15,70 57.90 3,30 76.90 48,20 25.90 71.30  60.50
-__EJE ______ i::g---,?:ﬁ___lffl??-__fi'?G 9.1g_ 49.80  13.60 31,80 312.20 48.80  36.30 123,20

TO0TsL 106,26 199,00 332.70 X16.90 343.00 345,50 139.40 262,20 367.60 252.60 400.80 367.10



Table A-13 (2/4) FIVE~-DAY BASIN RAINFALL

YLAR: 19¢L7 UKNLIT: MM
PERIGD JAN Flie Ak LPE RAY Juh Ju, AUG SEP oct HOV DEC
1«4 Lein by LaTh Del ko &L,0C 7.50 13,10 b.b0 .80 45,90  85.10 9,40
&~10 1.2 L0 Y30 41,100 P0.EG S0 15,30 640 23,20 40.10 0 97.00 2.60
11-15 33.B00 24,70 2e.S T1.EG 34,56 54050 1,400 25,80 43,70 3B.70 61,30 3.10
16-20 14,70 19,00 21,50 1e.20 25,D0L 39,20 4U,50 23.EU 86,20 43,10 76,80 34,70
21-25 55,00  23.40 14,40 125,50 ¥2.70 G, 0,20 26,30 17.30 86.50  79.30 33,40
26~IND 67,80 T 4E.t0 21.5C 27,40 .76 1.20 3110 45.60  43.10 125,30 64.70 1,50
TOT2L 264,80 14e 80 96,90 314040 236,70 113,50 9G.8C 134,50 216.30 379.60 458.20 54.70

YLART 1968 UNIT: 13
PERTGD JAN fLe HAK PR MAY Juh Jui AUG SEP (111 NOV DEC
1~ 5 u.20 11,1 [ 44,16 42,00 108,00 22,20 15.50  44.H0 55.40 43.00 19,80
&-10 12,20 1€.¢4C G0 17,60 39.7C 135,00  25.10 37,70 14,90  32.30 6,30 123,30
11-15 48.56°  43.40 0 11.70 75.90 101,16 43,60 17.40 62.00 39.36 35,70 21,00 7i.00
16-20 23,20 25.20 20.80 I1.20 59,00 27.50 190.60 0.70 20,70  28.80  B85.10 4,90
21-25 23.70 G. 47,406 51,68 TG.60  12.80 12,00 25.70 21.90 47,30 30.40  §3,40
2a~(KD 25.50 BaT0 27.10 0 60.98 43,30 12.40  28.40 66.10 31.00 95,60 31,40 141,40
TOTAL 123,30 10718 107,90 283,30 360.70 339.70 295.70 267.70 172.60 295.60 217.20 373.60

YEAR: 1969 UNILIT: KB
PERIOD JAk FEl sl APE Ay Jun JuL AUG SEP ocT Nav ---Egc
i~ 5 23,30 25.00 bobl 29.20 1GO.4LE 13,16 49,50 3.7 34.70 70.00 14,70 18.50
418 16,00 2,30 15.50 110 STOIG R4.ED 13,46 . 0.40 58.40  63.90 85.70
11-15 22.30 9.40 - 4C.70  ALLAD EG.SC 101.40 31,90 &2.10 0.10 195,20 32.70  46.10
16-20 4 80 14,20 £.76 4010 106,30 17.5G 3.20 63.50 3,80 72.30  31.00 23,20
21-25 0. 71,40 30.90  71.60 103,30 F.10 0. 41.4C 5.80 161,20 34,40  t2,40
26-i KD 1,60 4,58 TH.P0C 99.30 24.9C 20.20 13.0C 13,16 41.20  34.00 313,10
1074L $7T.EG 123,00 176,14 249,70 472.50 175.50 111.00 306.80  66.00 531,10 241.70 219.00

TYLAF: 1970 UnlT: A d
PLRIOE JAN fEY rihk APH WAY JUit JUL AUG SEFR ocy N_QV D§§
1- 5 7L.20 Le20  GLLAL 11,60 £9,90 1.10 31,80 22,36 24,70 Tz.50 104,70 55.30
&-10 7640 0.t0 G720 26,90 22.4U &.50 2.80 32,70 40,50 117,20 46,40 4.90
11-15 53,30 0,16 34,10 490 G5 §.26 4,20 23,40 37.90C 13,60 35.00 97.20
14-20 0. U, 3E.S0 42.10 99,10 37.40 643G 13.30  2E.4G 64.60  59.20 70,40
21-2% 35,40 FE2.70 12,56 19010 2R.20 3B.E6 0 54.90 g.40  37.70 6,40 54,00  41.10
268D 34,60 1,30 141.00 106.90  &1.40 27,10 3E.00 65.50 $.10 19,30 5.80 40.%0
TOTAL 273,96 120,10 2%4.2G 228.7C 349,30 111,50 154,00 145.60  187.30 293.60 327.10 309,8G

YLAR: %11 UNIT: MH
PLRIOD J AL FLL Ak APK LAY JUNH JuUL AUD SEP (;E; ----- P—H;; ----- l;t:E
-5 217.80 5.60 40,10 93.50 5.50 23,4G 15.36  4E£.90 R8.20 4.20 ) ;8.;6-“;6;:60
&-10 1.40 G0 §.50 5.30 22.60 C.40 0.20  11.60  70.30 33,10 131,60 84,20
11-1% 24,40 1.10 47,46 P06 51,80 34,00 12,50 66,30 36,80 21.060 21.3¢  100.40
16-20 0. 40 .30 BI.TO 3.30 22,30 25.00 7.9¢ 42,00 31.60  61.50 27.50 40,20
21-25 2,00 47.00 49,20 6,00 51,54 11¢,20 4,10 £3.10 6640 .30 93,30 B1.70
26-ELD £8.70 7,80 22,00 31,80 1£.10 12,20 4£.38 z.20 2,00 93,20 17,80 79,20
TOTAL 274,30 117,10 242.50 190,90 169,80 214,40 106.30 234.10 259.30 248,30 30?.g6”“a73:;0

YLAR: 1572 UkIT:  EF
PLRTOE JAk FLi: AR APk BhRY Juii JUL -;\L_J(-; ————— ;;; ﬁﬁﬁﬁﬁ 1;;; _____ ;5;"“-;;
1- 5 6. Li.10 G. S3.70 E2.40 1f.00 2,60 5,20 53.36 49.40 43.00 61.80
&=1G 39,2 £3.60 $5.0L Lolu 22,90 .06 G.B0 22.70 65,20 104.90  45.40 9.40
11-15% 5.20 10500 1840 £3.6U 0 F&.1C 98,80 E.60 19,10 59,00 67.50 121,30 15.90
16-20 G Pa.20 29,20 23,20 103,00 95,60 Z6.30 16.70 14,10 12.90 157.50 4LB.3D
21-25 %06 2730 3.6U 0 S3.18 52.94 0 33,10 0, teez. it 62.10 46G.60 5,00 35,50
26=1ND G50 to.60 49.06 6.56 14,10 22,60 15.40 40,60 SB.ED 94,50 77.20 5,70
TOThL 63,50 520 165020 25C.20 0 31140 271050 93,70 224,40 315.50 3E9.B0 459,40 176,40



YLab: 1973 UKR1T:

PERIGD Jan SEP *ov pEC
-5 13.20 37,60 111,60 14400  §9.20
616 7.80 107,40 £7.30 62410 137,90
11-15 4,20 27.6L 62.00 315,06 21.20
16-20 72.40 54,60 36,30 27.00  21.80
21-¢5 17.10 o206 81.50 65.80 4,90

26=itp £1,50 S50 2,60 77.80 340

TOTAL 176,20 §32.00 361,30 281.50 27B.40

YEAR: 1974 UMY :

PERIGD JAN SRY sEP noy DEC
1- s 1.50 93,41 95,30 22.60 _ 19.30
£-10 ' 41,50 35.90 7.60  14.10
11-15 G. B5.3C 47.50 C 59,70 21.00
142D 0. 15.7¢ £9.40 111.30  $56.40
21-25 13.16 77.6C 37.70 51,00 0.80

24-FiD 25.00 G.20 42.90 11.90 57,00

T0TAL 42,50 295,30 322.1C 311.70 264,10 168.80

YLAR:T 1675 UKET

PERIGL J At MARY SEP HOV DEVC
1- % £e.30 15.2¢C 161,90 33,50 6.40
£-10 15,40 52,46 317,460 51,70 110.60
11-15 76,60 TI,50 5.10 77,60 64,20
16-20 13,60 61,60 46,20 100,50 17.10
21-25 G.1D 17.7C §2.10 46,80 E9.TO

Ze~THD 4,56 £7.60 12,80 41,70 55.60

ToTEL 149,90 213,20 28%.5 141.460 343,60

YEAR: 197¢ UNET :

PERTIUD aan Eay SEP Hoy DEC
i- s 53.90 20,30 1.30 64,80 2,40
&6-10 15,10 15,00 20,76 57.00 147.80
11-15 13,10 2,10 §.30 20.60 2.30
16-20 0.70 0.0 26.40 29.40 9.50
z1-25 0. 020 25.00 B.00 32.30

2&-EhD 3, 460 43,40 30.00 19,50

TeTAL £5.00 £1.0C 120.90 209.80 213.8¢0

YLiE: 1977 UHIT: ]

PERIOD JAK FRY SLP HOV DEL
1- s 2b.cC 5,40 G.30 38,80 2.20
£-10 26,40 2C. 20 5 .90 27.80 39,20
t1-15 31,50 60,76 0.50 18.20 29.90
16-30 . 5,70 5.60 54,20 26.70
21-¢5 g.10 11,70 1£.16 35,30 23.70

Z6-ThD 26,20 61,30 74 .30 56,40 1,40

TOTAL te0, 00 14E.00 124,70 236,70 123.10

YLAF: 1978 UK1Y:

PERIOE Jan LLP noy
1- 5 0.20 51,90 45,20 27.80
&-1C 21.00 55041 19,70 1,60 47,10
1115 10,60 57.90 23.90 64400 8,00
14-20 48,70 1.60 29.40 46,10  25.80
21-2% 1,40 13,30 105,10 44,40 6.79

26=THhD 1.460 3,30 11.20 306.60 9.40

TOTAL 75,30 251.70 274.50 105.00

Table A-13 (3/4)

FIVE-DAY BASIN RAINFALL




Table A-13 (4/4) TIVE-DAY BASIN RAINFALL

Yial: 19729 UNET fad )

;[RIGB Jah el bk LTk I JUL Alu SLF oLt NOV BEC
1- 5 1460 4,50 (. 5,10 435,40 33,70 fi. 2.60  €7.70 .60 65,00 5460
6=10 23,30 3,50 17,70 24,40 36.4G 160,40 3.70  17.10 §5.20 .10 119,50 1.70

11-1% 23,20 15,40 2,70 10.50  57.5C 63,70 56,60 1.00  B5.50 35.10  51.60 1.90

16-20 U. 125,40 107.70 . 0. E.200  79.40 10,50 61.00 25.30 109.90 26,50

21-25 0. 55,00 7t.40 95,40 0. .00 102.90 46,60 14,70 46.20  13.80 13,70

26~FuD B0 - 10,90 &4.30 46440 7. 00 0.40 2,40 15,70 15,40 42,20 447D .30

TOTAL S 6940 267,70 229,530 222,20 174,30 277.60 245.00 93,50 30%.50 162.50 404,50 56,70
YiAR: 1980 UNIT: M

PERIOD J AR FLIs JIA ¢ L£PR AY Jut JUL AUG Sep aCT HOV DEC
1- S 12,70 15.50  55.50 10.70 59.10 46,50 2.8C 36,00 72.20 29.20 28.80  90.10
&-10 15.90 44,10 52,26 25.30 59,90  23.00 0,50 4,40 31,00 99.%0  18.70  78.70

11-15 36.50 0. .66 21.90 104,006 22.20 6.6G 36,40 6.8C  43.00 33,10 65,40
1¢-20 1£.50 23.10 53,10 C.20 35,30 34,70 Fe.4f 42,40 70,10 49.00 87.40 7.30
21-2% 6,50 25.70 €.7L 20.00 23,40 34,30 &3.2C 137,40 6B.5C  14.50  67.80 3.20
26-10D 12,50 12,10 34,30 51.60  $5.R0 2.60 15,40 5,20 6.90 2.00 27.20 2.60
TOTAL 162.60 123.50 207,90 12%.70 343,56 162.70 214.96 261,80 255,50 237,60 255,00 24¢&.70
YEeR: 1951 UNIT: HM

PERIGD JAN FEY AAR APR MAY JuH JuL AUG SiP ocT NOV bELC
it- 5 16.40 ELTRE vaul 174050 64.30 23480 H U. £9.20 3.00 4,60 26.80
6=18 28.90 1.20 .76 66.40  40.50 0.70 L.60 a. 136,00 143.10  27.90 32,60

11-15 CD.30 62.90 41,40 41,50 &1.10 LL.BD 18,10 0. 34,10  74.50 103.30 2,50

16-20 0. C 26440 .40 SE.90 16,10 0. 16,00 0.90 32.70 20,40 73,30 0.

21-25 10,60 47,96 17.00 41,30 72,00 18,80 24,10 30.80 23,60 9.90 5.60 0.

26=END 12,70 14,70 29.30  1Y.70 43,30 33,50 27.8G  77.00 B.60 .50 13,60  15.10

TOYAL &6,70 189,30 1C£.06G 402.30 297.30 E6.60 90,40 108.70 254,20 219.40 228,30  77.00

YEAR: 192 UKLT: Ly

PEREDD JAR fFLI wA kR PR FAY JUs JuL AUG SEP ocT HOV DEC
-5 2,60 17,10 TL.4u L5.C0 0 EL30 50,60 1£,1C 45,00 36.4C 59,40  52.00 43.00
6-10 4,30 24.10  &6.40 0 Su, 20 £1.8G . 33,40, 39,20 2.40 2610  4D.70  77.20

11-15 eb 60 Z4.ED0 .16 £2,60 17,40 32.30 5.36 &7.C0  25.6C  88.10  S7.BO  37.40

16-20 13.30 0. 33,80 210,40 2e.20 1,50 38.40 77,30 65,30 32,30  18.50  42.60

21-25 .10 - 29.70 £4.60 55,508 75.36 o. 19.48  £1.30 34,7C 21.50 15.60  21.00

26-ELD 38,40 0,60  36.40 45,00 21,30 6.20 0. 12.70 110,70  87.50 48,70 54,90

TOTAL 153,30 96,10 259,70 5C1.10 ¢45.30  90.40 114.60 282.50 275.10 315,10 232.70 276.10

YOAR: 19838 UNIT: KR

PERIGYD J AN FLe AR . APR MAY Ju JUL AUG SEP QCT HOV PEC
i- 5 5.10 babh 1930 31.20 43.20 132.1% 28,20 5,06 51.80  15.00
6-10 .20 . 26,50 .00  37.60  17.90  66.40 470 22,70 8.20

11-1% 0.0 Y50 34.50 E4.10 29.60 43,90  B7.10 43,18 36,80  76.50

14-2G 2,80 17,60 36,10 54.20 94,70 .80 36,40 33,40 25.40 8.80

21-2% 0. 5,48 2.0 0. 9.10  12.80 G.30  SE.S50 a. 1.70

P6~[hb 12.1¢ i0.80 19.40  12.00 79,80 2g.,60  27.20  4%.10 26,80 5.80

TuTeL T £9.70 1%7.20 SELEC 13E.60 190.50 294,00 237.10  245.60 993.80 166.50 117.00



Table A-14 MONTHLY MEAN BASIN RAINFALL

Unit: mm

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total

1961 105.2 112.9 235.0 357.3 163.4 221.9 307.7 170.8 390.4 263.6 334.0 301.4 2963.6
1962 118.6 132.6 213.0 276.6 230.7 205.4 47.2 248.8 179.4 363.9 413.3 146.8 2576.3
1963 117.9 47.0 122.0 88.3 354.3 229.5 145.1 247.2 213.6 555.1 550.1 218.9 2889.0
1964 168.6 71.6 286.7 239.6 146.1 195.2 284.0 139.4 331.8 381.3 227.9 215.6 2787.8
1965 66.5 166.9 274.6 261.9 243.3 131.9 89.6 275.0 225.7 337.8 294.5 361.3 2729.0
1966 108.2 199.0 332.7 316.9 143.0 348.5 139.4 262.2 367.6 252.6 400.8 367.1 3238.0
1967 264.8 146.8 96.9 314.4 234.7 113.5 90.8 134.5 216.3 379.6 458.2 84.7 2535.2
1968 133.3 107.1 107.9 283.3 360.7 339.7 295.7 267.7 172.6 295.6 217.2 373.6 2954.4
1969 97.8 123,0 170.1 249.7 472.5 175.5 111.0 308.8 86.0 531.1 241.7 219.0 2786.2
1970 273.9 120.1 294.2 228.7 349.3 111.5 196.0 165.6 187.3 293.6 327.1 309.8 2857.1
1971 274.3 117.1 242.5 198.9 169.8 214.4 106.3 234.1 289.3 248.3 307.8 473.7 2876.5
1972  63.5 185.3 165.2 250.2 311.4 271.5 53.7 226.4 315.5 389.8 459.4 176.6 2868.5
1973 176.2 223.5 242.6 486.5 438.0 214.9 167.7 225.8 361.3 497.8 281.5 278.4 3594.2
1974  42.9 163.6 106.8 295.3 322.1 140.3 203.9 86.3 311.7 135.6 264.1 168.8 2241.4
1975 149.9 136.1 169.7 281.2 213.8 70.3 267.1 105.5 285.5 107.0 341.6 343.6 2471.3
1976  85.8 120.2 295.0 240.5 81.0 359.4 171.9 240.5 120.9 318.2 209.8 213.8 2457.0
1977 120.0 119.4 75.8 118.0 148.0 211.8 79.9 169.6 124.77547.7 230.7 123.1_2068.7
1978  75.3 126.2 156.6 357.0 205.9 33.9 103.9 59.2 251.7 345.4 274,5 105.0 2094.6
1979  69.4 267.7 229.8 222.2 174.3 277.6 245.0 93.5 309.5 162.5 404.5 56.7 2512.7
1980 102.6 123.5 207.9 129.7 343.5 162.7 214.9 261.8 255.5 237.6 255.0 246.7 2541.4
1981 68.7 189.8 108.0 402.8 297.3 86.6 90.6 108.7 284.2 219.4 228.3 77.0 2161.4
1982 133.3 96.1 259.7 501L.1 265.3 90.6 114.6 282.5 275.1 315.1 232.7 276.1 2842.2
1983 38.3 49.7 198.2 58.8 138.6 190.5 294.0 237.1 245.6 193.8 166.5 117.0 1928.1
Mean 124.1 136.7 199.6 267.8 252.5 191.2 170.4 197.9 252.2 320.5 309.6 228;5 2651.0




Table A-15 COMPARISON OF SIMULATED AND
ACTUAL RUNOFF COEFFICIENT

Year ’ Runoff Actual Coefficient Simulated

1961 - 0.704
1962 0.732 0.586
1963 0.572 0.549
1964 0.591 0.568
1965 0.634 0.532
1966 0.591 0.567
1967 0.676 0.596
1968 0.484 0.528
1969 0.616 0.575
1970 0.599 0.543
1971 0.567/1 0.532
1972 0.679 0. 580
1973 0.66471 0.620
1974 - 0.547
1975 - 0.456
1976 - 0.513
1977 0.555/1 0.442
1978 0.3074% 0.443
1979 0.405L 0.488
1980 0.439/1 0.471
1981 0.534 0.502
1982 0.4087L 0.482
1983 - 0.478

Remarks: /1 = There is interruption of recording less
than 20 days.

- = There is interruption of Tecords more than
20 days.



Table A-16 (1/4) SUPPLEMENTED FIVE-DAY MEAN DISCHARGE AT SKC BRIDGE STATION

YEAR: 1941% UKLY: CHS

PERIOU JAN fli HAK APR RAY Juk JUL AUG SLP ocT NoV DEC

48455 L3.95 §0.19 63.E0 [ 1:7%3 7214 6951

- 5 125. . kN . 103.19
: e 3054 ronte he £25 73.99 88.00 62458 91.89 51.29

&=10 13282 53.54 49.58 L9, b 87,43 57.73 b5

11-15 ST.89 51.17  &é.42  £5.29  89.55 50,09  53.29  54.27  65.60 63,88 59.33  61.88
16-20 B4.01  55.18 44,22  66.B1  66.82 66,50 45,43 50.77 103.28  62.61  F2.20  83.42
21-25 75.02  S0.44  6B.&1  77.9%  55.94  56.28  £9.94  40.58  V4.28 70.25 96,81 114,32
26-ERD §4.72  79.73  47.32 103.86  42.23  4B.46 78,36 35.84  85.94 98,05 122.08 108.77
AVERAGE 93,70 56,53 SC.95  51.15  73.16  61.26  59.98 55,37 76.82 71.B4  B5.74  B2.40
YEAR: 162 UNIT: [ 31
PERIOD J AN FEW HAR APR MAY JUN JuL AUG SEP acrT NOV DEC
-5 118,01 37.41  68.23  59.43  E7.,15 40,96  45.14  21.30  A0.89 40,42 104,92
6-10 T7.73  31.97  &1.22  ED.65  99.55  S2.75  33.15  1%.78 50475 47,95 13111
Ti-15 54,20 32.0%  46.37 G3.85 139,15 45,96  25.72 29.28  33.58 125.78 14z
16-20 $2.97  26.59  58.19 100,09 113374 3%.17  24.61 37,96  37.07 149,14 157.20
21-25 BE.TE 31.02 102.41  52.29  £0.61  40.27  21.16 42,50 62.52 140,11 157.43
26-EHD 45,22 41.85 52,53 56425  43.07  42.43  20.89% 58,53 36.63 83,53 104.51
AVERAGL 75,15  32.85  Gl.64  73.76  E9.07  43.5%  2E,20  35.65  48.91  97.36 132.%1
YLAR: 1963 UllT: CHS
PERIOD J AN FEu HAK APR MAY Jul JuL AUG SEP ocT NOV BEC
1~ 5 £9.56  27.46 18,77 18.56 21,05  63.94  2B.45 21,53 39.31 36,07, 132.69 186.464
6-10 S&.164 23,83 25.14 14.6%  42.61  47.78 ?8.81 $0.15 29,08  83.%4 176,57 130.62
11-15 41,80  26.23 30,99  15.84  29.14 42,12 34.7¢  58.85 29.91 116,75 155,80 96.72
16-20 35,06 26.83 23.94  19.91  53.87  26.70 28,44 36,22  535.9% 126,23 159,12 75.53
21-25 46,09 20,13 24.85 16,62  Th.46  28.07 18,41 43,01 81,10 132.49 186,73 65.18
26~EHD 12,16  18.27  3C.27  17.53  46.94  48.06  31.66 - 52.03 49,80 89.%3 163.79 54.18

TEART 19064 UKIT: CHMS
PERIDD JAN FEH AR AbR MAY Jul UL AUG SEP oCT NOV PEC
-5 55.99 $1.26 S4.68 @5.72 51465 27,42 59,77 73,06 66,59 386,78 127.35 103,79
&-10 46,33 33,84 54.0% 26.00 62.58 25,47 S1.7E 41,41 106,93 42.33  94.70 Q.30
11-15 51,87  42.04  29.1s  L6.b4 64,57 32.t2  82.6t 43,42 117.20 51.78 98.22 115,47
16-20 93,59 36491 30,12 41.48 55,10  43.87  S7.32  32.42 88,97 43,67  75.14  76.5B
21-25 66,14 27.71 42.62 31,07 35.46 34,42 57.27 32,42 56.47 90.43 0 81.25 59.89
26-END 39412 27.05  2E.90  63.58 28.25 AT.BGL PELGE 31,64 40,04 111,78 119.51 54.82
AVEERAGE SE.20 33.34 0 36.57  I9.72 45,69 35,19 A3.74 0 42.0% ¥9.37 64,37 99.36 B0.94
YEAR: 1965 UNL1T: €MS
PERIGD AN FEu HAK APS NAY Ju JUL UG SEP ocT HOV DEC
1- 5 53,78 26.32 2i.52 Lh Y 77.66 06,16 29.92 53,03 56.14 61,946 110.39 59.24
&£-10 64,2 22422  21.1Z  th.5s Eh.41 £1.53 32.03 45,14 SE.26 ¢ 41,15 T 94.BT 64,29
11-15 35.68 39,65  2CuT¢  4T.€5  VIS.T7T 37,78 34415 0 47.26 60.37  50.85  6%.56  96.84
16-20 31,46 36435 1¢.64 4.5 119.96 45,89 3&.26 0 49,37 62,49 B2.01 10%1.70 128,52
21-2 29.90 2&.27 33.%4 76 0o 135.0& 2g.92  IR.ZE 51,49 66,60 78,82 103,12 139,16
26-€HD 29,49 25,36 EZ.7¢ 7i.62 £9.73 11,73 G.70 §3.82 66.72  97.59 86.28
AVEKAGE 1719 0.62 32,07 ¢ L,6Y 97.51 62,061 I5.62  4BLS3 6V.43 0 89,606 94,31 100,55
YEAR: 196¢ Unil:  CKS
PERIGH JAH FEL Al MAY JUN JuL AL AP GCy NOY V bEC
1- 5 69454 64,65 14.93 G727 39.40  SELIT Ré.24 3788 122,22 96223 102.40
6-10 £3.27  38.55  4C.29 54,71 57,44 . LELEL 40,94 28,27 114.91  100.32 98,65
11-15 73.51 30.74 4c.7E 39,47 57.0% E2.53  47.36 44,34 90,28 102.60 105,45
16-20 £6.10 55.00 82.4¢ 39.44 I7.37 52.56  35,2%  51.3%  79.42 120.24 106,82
21-25 57,20  T7.80  72.47 36.61 51.29 34,06 44,37 66.04  £7.61 1353.30 91,58
26-EHD 45 .41 LOLE9 Th.TZ 31,15 4C.58 27.16 65.46 B34 73,71 114,01 138.76

AVELAGL 62,49 L8 A5 S2.4¢ TT.47 £6.34 42.806 46,23 43,99 51.96 00,79 111.45% 107,91



Table A~16 (2/4) SUPPLEMENTED FIVE-DAY MEAN DISCHARGE AT SKC BRIDGE STATION

YAkt 1947 ‘ UNIT: CHS
PLK](D JANH L RAL AI'H BAY JUH JUL AUG SEP acy KoV bEC

| R 126487 .57 2SS 45,0% . 47,80 1739 e6.37 T1b.67 19.75 A4.59 112.06 113.95
£«10 114,92 63,98 48.0¢ Pe.dy 25.80 31.07 g2.M 14.80 17.95 36,43 115.48 72478
11-13 161.21 $5.3 59.35 £3.51 0,66 2%.94 20.0% 16,44 26474 49,71 135,35 54430

16206 £0.03  59.51 36.B0  39.3¢  95.87  4B.%4  22.00  25.06  4B.45 31,39 137.29  SB.26
21-25 £1:16  57.B1  61.0% . 5B.83  9E.99  31.20  24.28  24.30  37.12 51,94 112.61  59.38
26-LHD 92,45 65.12  26.71 96,70 52.32 24,0t 16.9€ 19,33 A0.58 117.40 143.77  39.82
AVERAGE  1L0.67 65,60  47.B5  62.61  79.34 33,76  21.9%  19.43 31,76  57.25 126.09 45.48
Yiak: 1963 USIT:  ChS T
PLRIGE JAN Fiu WAL AP FAY JUR JUE AUG sep oCT NOV DEC
1o 5 . 33010 23.59  1%.35  1£46% 95,16 76,50 63.92  26.79  SD.T3 56,22 103.95 49,47
6-10 T1.10 29457 12482 15.8%5 53,21 71,25 34.49 32,13 5151 &4.56  77.37  74.75
11-15 29.25 22400  lz.1d  20.65  73.13 160,81  30.87  34.34  43.79  76.92  52.03  B7.48
16-20 26,78 23,92 12,92 17216 123200 75.05  hé.41  27.49  67.B5  61.90  58.3%  91.49
21-25 28,33 17.15 14,73 25.03  99.21 43,06  75.06  29.05 $9.34  52.18
26-EHD 27.05 13,59 19,25  SE.T 90.15 41,5 34,10 S5 58,36  96.06
AVERAGL £9.20 21,91 14,37 25.6%  £9.02  £8.05  643.5C 34 £9.91  75.91
YCAR: 1#69 UR1T: (HMS
PERIGD JAh FEa red i PR NAY Juti JUL AUG SEP ocr NOV 0FEC
1= 5 11083 49.6b - 39.35  S9.T7 10€.20  56.30  33.45  23.67  67.79 66,49  7S.46 106.18
4-16 T7.60 . 34,76 26.9F  30.50 0 75,21 K3.79  34.71  17.43  54.97  62.21  86.55 78.28
11-15 SE.T5 . 32.55 - 30.55  29.30  £9.72  59.t&  27.74 24,77  27.26 145.91 90,76 84,54
16-26 60.25 . 31,60 26.40  42.08  92.3%  49.75  25.68  36.3&  31.87 145.&1 87.19 80,84
21-25° . A1.34 . £3.05  27.9%  55.%0 111.99  43.04  21.05  59.44  29.44 123,31 69.75  51.51
26-ERD G4LE3 69,23 44,51 72,20 $0.99 33,73 18,19 £9.80  36.60 115.13  BB.5A  Z3.48
AVEEAGE LAVET 45.21  37.01  44.9%  91.08  A2.46  26.53  39.55 40,99 113.21  8§3.04  78.96
U YLhk: 1970 UKLT; &S
PER!OD JAL i N APs FRY JUl JuL AL SIP eLr Rav BEL
i- 5 $9.58  AC.64  £T.43  c£9.33 T0ALAE 55.34 42,27 21.9&  31.53  BP.ET  54.59  96.07
§-10 94,90 33.77  ¢2.06  ST.75  E1.EC  35.09 22,6 21.84  SU.AT 178.56  96.34  85.43
11-15 . 96.05 . 28.4%  z€.0c  ZE.5%  75.6E  34.30  20.34  £0.5%  60.32 13£.3%  95.86  80.50
16-20 ¥1.57  23.7¢  35.3% 42,53 S6.99  31.93 21.26  25.97  49.73 90,86  79.75  92.64
21:25 45,41 32,71 22,47  75.0% 90,33 12.82  2E.45 21.26 95.87 57.81  98.80 103.50
26100 . £3.71 29,42 A5.34  6E.2c  67.65  39.47  35.57  35.72  k6.94  41.07  99.64  Bb.63
AVERAGE 73,26 31,59 E6.97 61,63  79.11 3.7  29.24  31.95  S56.14  97.12  AE.00  91.14
YEAR: Y979 UN1T; CHS
FERIOD I L ekl APE HAY Ui JuL AU SEp ocT NOV  DEC
1=.5 214,52 45.6F  59.29  &4.27 22,71 22,65 25,39  28.97 © 50,32 25.55  52.31  99.20

610 350438 3.kt 3t.%0 34.00 21.81 18.7 12,41 18.79 75457 22,10 188.%92 107.96
11-1% 143,91 2F. 72 34,40 26,63 27,84 19.24 18.64 43.78 £2.39 26533 145.92 159.91
16-20 165433 26063 AT cla75 25.2¢L 2t.25 17.7¢C 27.0% 42,61 36.34 75.54 125.38

21-25 65456 43.91 66,87 12.14 I3.63 22.5¢ 17.02  1z4.00 92.1G 44,15 89.71 142.84
Po-LNE 5424 45,37 ic.a 31.48 65,13 £F.92 26.32 2L.57 19.24 5t 11 68.85 133.44

AVEFAGE iSé.SS 36.30 43.9% £Wahe 2G.9 22.39 Q.77 50.08 63,67 34.E1 103,41 128.29

TYEAR: 1972 ) UNLT:  (M§
PERIOD COJRH Fit Ak APR BAY JuL AUG S{P oct NOV DEC
=5 163,29 56,19 . 22.6U  44.3% 75.88 SE.h2 3B.27  1E.4G 0 4BLED 132,47 128,76 151,48
&-10 £7.82 4%.99 26.27 28.Bd L1.6E 38.05 26.49 18.13 40, 2% 71.28 131.63 74,37
1115 £3.94 38495 L4.1b 5E.52 S.&E 53.21 23.0¢  20.G8  73.39 202,23 122,83 43,70
16-20 4& 74 28,84 35.83  L46.9% 75.98 94,96 28.90 21.2¢ 44,068 114,34 257.93 75,09
£%-25 37.0% 17.3¢ 7 24.7% 53.05 107.4E 95,74 21.15 28.32 40,73 86,93 223.05 110.90
26-Ihi 34,43 3145 22.3Y 70,76 E9.60 44,48 20.40C 29.94 46,51 141,71 121,95 57.59

AVERAGL e1.140 318.7C ev.7Y S5.1¢ B4.55 &1.80 24,9C 22,%3 49,03 125,37 164,36 B7.85



Table A-16 (3/4) SUPPLEMENTED FIVE~DAY MEAN DISCHARGE AT SKC BRIDGE STATION

YOAK: 1973 UNLIT: M5
FERIOD J AR FEL AR AP MAY Jun Jut AU SEP - 0CT - MOV DEEC
1- = 45,57 29,60 27,10 £6.7% 1G7.F3 206.65  62.04  92.21 74,31 - 70,51 171,13 187,47
§=10 35,087 21,63 23,40 T6.75  £0.51 113.46  36,2€  T3.31 B5.35 4419 -143.24 27332
11-1% 79469 18455 48,29 £9.79 132.15 63,79 35,74 &7.52  &8.01 191,26 142.19 155480
16-20 35.37 20,07 3t.43 ES.1Y 92.84 45.08 26436  41.9% B0.52  76.83 124443 119.76
21-25 30,94 19,33 26,99 131,83 T6.86  £2.45 29.70 38,77 69.93 222.66 158.89  91.78
Sh-LED 25.61 54,50 14,40 212,50 179.72 §6.74  55.60 39,13 S52.67 260498 202475 64.92
AVERAGE 34,06 23.986 32.02 110,43 113.81  10t.36 41,41 61,41 71,80 133,06 157.11 1446.13
YEAR:D 1974 UNET: CHS
PERIOD J AN WK APR MAY Jui JuL AUG SEP acT NOV  DEC
1- 5 52,62 35.0L 29,69 90.53 IP.ET Z7.78 34.T3 47,00 52.48  40.50  7Z.55
&=10 43,18 52.46  81.32 162.23 33,26 0 26.10 35,24 47.55  4DJ12 0 33:12  66.90
11-13% 36,76 £2.%¢  49.91 104.90  27.60  32.56  32.57  52.57  37.44  47.18 68464
16-20 20,46 3C.56  75.85 115,45  42.43 3h.44 23,30 57,20  318.02  B9.28  73.47
21-25 26.42 22,65 T7.68 T79.63 A& 01 42.52 23.90  72.79  35.07 . 70.34  65.01
246-ELND 32.35 20,6 110,41 55.09 67.48  &1,38  22.74  863.29  36.35 77,92 75.07
AVERAGL 36,92 46.62  37.61  7G.14  OG.14  42.45  15.95  28.88  56.73 39,80 60,06  70.59
YEAR: 1975 [$13
PLRIOD JAR fEl wAK APK HAY Jur Jus AUG 0CT NOV DEC
-5 BSa6E A28 55.99  Th.52  A5.67 3258 25.65 34,82 57.85  33.92  27.53  47.15
&-10 $8.25 29,95  $0.85  £3,55  52.863 29,63 29.09  29.14 52,94 32,50 3&.k3 83.94
11-15 6B.37  SZ.TE 39.4%  36.9u  4B.02 25,97 25.79 25.3%  33.74  28.21 57.72  85.59
16-20 62,17  47.20  Z0.5G 582,23 50.24  35.09 90,55 24461  6F.68  25.36  B5.446  63.35
21-25 L7.65 33,62 26.9: ©7.90 18.77 24,19 14B.15  23.60  65.22  22.32  77.7t  85.1%
26-LuD 43,39 39,001 55,34 i 6,9% 37,60  B3.5C  2D.54 46,44  20.88  70.863 47.51
AVEFALL €6.50 AS.CE 5C.6t £5.07  21.39  6&.84 26,16 49,65  26.99 58.91 71.96
YEAR: 1976 GHIT:  CMS
PLEIGT FAk fEe WAk PP mAY Jun JuL AL SEP 0er 80V . .BEC
1- 3 TEL5S  29.22  19.8¢  STe4h  39.95  €2.5%  S9.45 29,29 4482 - T7.21  62.08  33.77
£~ 10 55.97 25,74 20.3T &5.21 34,01 &9.5%  4T.05  25.B4  36.97 90,87  AB.63  B1.38
11-15 Ghoth 24,16 . SE.9Y  Su.53  I3.30 64,25 49.17  24.65 31.88 81,70 54.87  53.91
16-20 8.5 21.6& 46,24 55.71 25,10 41,51 35.43 25,39  31.00  62.41  58.08  39.14
21-25 32,34 20,59 61.7¢ 45,98 25.41  S6,36  3E.17 0 51.49  29.59 46.1E 39.35  3B.3E
25~END 22.97 33,58  32,9¢  42.3c  15.95  55.32  £&.03 59,53 31.35 38,83  38.30 29.82
AVERAGL B5.20 25,62 35.97  47.53  29.76  57.97  &2.60  36.Th  34.27 65,22 52,22  45.87
Y{aR: 1977 ’ o UNIT: CcKS
PLRIGL JAH FEL NA R EPR MAY Jun: JUL AUG SEP ocY NOoV DEF
t- 5 T4.57 23.64 32.6%  1E.CS 20,47 23.65 15,59 15,00 23.12  79.06  106.83 5Z.4é
&-14 33,02 22.25 20,17 tL.2¢ 26.9% 464,61 24.33 16,24 18,08 13C.52 "-78.6%  70.83
11-15 12,50 29.23 17.6c 2L 1S KELAT 0 Z1,17 0 BEL2S 15.79 16.65 P0B.9Z 97,40 $2.52
16-20 28.35  23.20C 17.03 25,24 IC.84 1ILPR 0 15,97 17.00 16.61 16h. 86 91,17 5B.38
21-25 2645  20.%c  £2.2%  £5.2: 0 20445 22,24 17.95  T4.14  16.8B5 140.55  94.29%  45.83
2e-LLe 21,03 GI.E5 1t 82 24,57 IZ.3Z 12,27 17.3C  L6.C2 17406 64,60 32.04
AYERAGL 29.€5  25.97  21.2% 21.9:  25.87 20.3T  15.9¢  22.86 150,47  8B.48  5T.B2
YLaE: 197% URET:  (ES
FLRIGY Fih Flo Lk FA HAx Jui, Jui AUL SEP odLT NOW _D{C
-5 16.07  1C.7% .5 17,97 61.5% 19.43 9.27 B.57 9,36 11.05 T S7.06 0 29.37
£=1G 16,89 12,62 10.3¢  17.6%  S&.21 17,87 14,458 7.81 10,63 £.90 49,05  43.68
11-15% 17.U06 12,55 12.57  19.7%  62.% 15,40 12,07 12,84 10,38 11,86 61.74  30.41
-0 22.%5 15265 88,37 2L.Be A1.34 12,09 1.4 9.7¢ 7.67 14,34 I5.13 21.10
28-E5 16,41 5.0 16.% TLEG 0 TIL9T 11055 14.2) VI5 21.8% 76,34 70.3% 19.80
24-Lhe 12.43 1.9 14.42  37.7% 206,13 10.74  10.95 7,93 12,04  53.36  39.51  15.79

AVEFRGL 16,35 11.95 12.h¢ i0.54 61.23 14.54 V2,18 F.17 11.84 22.02 58.8-1 26431



Table A~16 (4/4) SUPPLEMENTED FIVE-DAY MEAN DISCHARGE AT SKC BRIDGE STATION

YERE: 1979 UNET: RS
PLRIGD LT Fry TN APl tAY JUi JUL -—_AUL.— S;?-- 6(1 ———;(—]\:' ----- E_):E
1= 5 1e.se 16,64 chabl Lty 1.1k 2650 16,13 21.6% 39.99 23.10 b6 .69 73.16
610 1612 11.11 c¥.5¢ Se.st 34011 L8,67 141§ 19. 69 50,32 25.23 71.9% 54.39
ti-15 13.806 1C.7s LA .26 6,00 6114 20.61 15,88 69.70 Jha4s 73.22 36,85
16-¢0 1G.8¢ 13.3% 4f Ot 25,74 £1.32 c?.78 ¢1.84 16,95 Teab2 36,83 153,53 31.56
2t-25% 16.90 32.52 59.464 Je. 2 17.31 21.402 67.21 24,50 38.71 42.07 101.3¢ 26.81
26-tkD 10.23 31,74 36,25 4117 24434 18,44 45.0¢ 25,64 33.80 72.04 103.99 26,19

AVERAGE 12.99 17433 35.30 35.7¢ 32412 35.99 31.3C 21.20 50.89 AD.G2 95.12 40.94

Year: 1980 UNIT:  CES
PERIOD Jat e i Mk BaY Jun JuL AU SEP ot wov 2EL
1- 5 E3404 0 15035 EXOBA LYLE4 T 42425 2979 15.64  34.84  27.34 42,92 32.19 80,35
&-10 20.72  TL.94 STLEY ZILSA 0 £5.32 0 33,28 13,26 23.75 36.69 67.16  30.33 144.14
11-15 16.40 Ya2e  19.6G iZ.1b 62.27 22a91  12.22  23.05  26.22 © 70.04  32.92 134,62
16-20 14,19 Ga30 25016 17,5 52419 24,61 26.84 19,19 37.81 231.5E  §4.81  64.70
21525 12,24 1170 20,66 16.12  30.0z 22,2 20,86  T6.77 LB 586.52  64.43 48.30
26-LhD 17,42 e5.5% 17467 40.27 4415 21,73 37.95 39,63 46.32  36.61  73.61  41.10
AVEFAGE 17,52 1z.7¢ i1.9¢ E3.6% 0 K7.27 27,44 206,90 36.25 40,16 £2.99 46,38 54,10
YEmRz 19E1 UNET;  LMS
FERIGLE . J AR FEL 1A h EPu HARY Jun JUL AUG SEP oCT HOV BEL
1- % 49,26 36.09 213D 35,04 Le.19 G0GED 1473 15,10 22.05  20.48  28.15  47.30
6-10 47,56 %432 21,31 63,00 77.12 0 IT.24 17.89 11.92  B1.07 26412 29,76 75,92
11-15 34,52 29.07  21.9¢ SALRY E2.14 31,10 21.9%  V0.b:  62.FE  42.25 S8.20  50.46
16-20 31,58 47.0%  1€.3%  71.0%  91.58 - 24.58  18.07 9.76 69.84  70.11 59,37 33,7%
2425 29,55 27.74 1U.51 4£.05  9G.SE 22,68 17.96  14.1E 38,38 35,19 GB.23  26.96
26-18D LT3 hulSh  17.72  SE.07T  T&.6 33,87  20.43  23.72 . 25.07  37.31  £5.70  26.34
AYEEAGE 35.5% 35.21  21.34 S5.5%  7E.2¢ 34.96  19.67  14.5¢  46.20  38.54  56.57  4Z2.52
YEAP: 198 GNIT: (NS
PERICGD JAH FEt A JUu JuUe A, SEP oLT HOV DEC
- % 3,10 .5 Mol 55.25 ci, 19 13.71 0 23.30  45.91 P5.6% 114,29
L~ 19,80 20.92 0.4t 42,72 17236 16.67 15,22 Gb.11 74,38 66,14
11-15 o1t T 34432 23.5L 32,16 14.35  20.71 27232 54439 86435  £6.67
16-20 18,10 ts.36  14.5: 33,39 16436 25,35 43,21 69.41 0428 64.20
21-25 17.75  16.36  25.13 20,61 22,99 26,77  40.72  49.59  77.92  51.69
26-i10 14.2 13,99 25.85 16,66 13.7€  22.75 40,41 53.36 99,64  29.8
AVEKAGE 19,60 21,06 22.44 33,047 17.53 23,31 31,70 53.72  B6.88 44,33
YEAR: 1983 _ UNIT: €M
PERIGE J.‘Ml FEL AR Pt MAY JUty JuL ALL SEP gCT NOV DEC
1- % IS.EE 17,05 . 16,07 14,33 10,27 21.E2 13485 5685 41.5% 32020 36.74  28.95
£-10 32,22 14.9% 17056 Vi.26 22.66 13005 15.84  43.26  58.55  29.78 50,93  25.82
11-15 25.09 15,17 17,50 . 11,01 27.67 2404 17.38  26.75 75,10  27.63 44,48 36.73
16-20 22.58 20,27  17.3% 2.49  24.3C 34,96 15.38  2E.52  115.81  30.83  41.52 28,61
21-25 20,10 15.F% Bé.86 11,06 . 26,56 17.95  45.59 19,75  66.94 34,85 32,40  25.04
26-L8D V7.54 14,28 2X,€L Y17.4% 19049 13,76 d6.22  26.55  £1.03 35,32 31.43 23,55
AVETAGL 25,87 Tbuh4 15015 34,74 24.96 20,25 22.99  33.33  66.37 32,45 39,58 27.97
YERE: 1984 uUN11: CHKS
PERICE JAk fiy AR B BAY Jun JuL AUL sep ocT hov DEL
1- ¢ FHe9T  02.96 45.T6 L1029 TE.37 LE.18 3035 2B.5C  2ho42  h6.Th 61.24  85.52
&~10 16,92 £9.52  AG.ED S%.70 0 53.03  59.81 31,97 27.35 21,24 50,29 64,33 97,20
11-1% 20,16 TULE6  &%.4c  §4,%5 67,53 58,60  I3.68  20.61  1E.T? 28,07  87.54  719.9%
16-20 26,07  53.39 57,49 57.59  45.76  61.78  ED.41 17,83 38.89 37,27  95.66  79.73
21-2% €2.30 - 56,34 Th.56  S3.E5  S2.5E 39,86 &%.24  19.77  4£1.53  47.30  90.77 135,97
261D 55,14 49,03 77.4u S1.6%  52.84 32,90 31,28 22,70 27.69 34,77 67.17 99,64

AVEFPAGLE L4 4S5 GE.50 LELGT £5,21 56.95% 56.5¢2 LY 22,8L 28.7¢ WG.55 76.29 96,44



Table A-17

SUPPLEMENTED MONTHLY

MEAN DTSCHARGE AT SKC BRIDGE STATION

Unit: cu.m/s

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oet . Nov. Dec.
1961 93,70 56.83 50.95 81.18 ?73.16 61.26 59.98 55.37 76.82 71.84 85.74 82.41
1962 75.15 32.88 61.64 73.76 B89.02 43,59 28.20 35.65 46.91 97.36 132,91  63:38
1963 46.16 23.84 25.81 17.19 44.75 42.78 28.53 50.35 47.53 97.28 162.45 97.11
1964 58.20 33.34 39.57 39.72 45.69 35.19 63.74 42,03 79.37 64.37 99.36 B80.94
1965 37.19 30.02 32.07 66.65 97.51 42.01 35.42 48.53 61.43 69.66 94.31 100.55
1966 62.49 48.45 58.48 77.47 44.34 48.86 46.23 43.99 51.96 90.79 111.45 107.91
1967 100.67 65.60 47.85 62.61 79.34 33.76 21.93 19.43 31.76 57.25 126.09 65.88
1968 29,20 21.91 14.37 25.65 89.02 68.05 43.50 34.86 50.97 66.87 69.91 75.31
1969 §6.83 45.21 33.01 44.92 91.08 4B8.46 26.53 39.55 40.99 113.21 83.04 78.96
1970 73.28 31.59 29.97 61.63 79.11 38,17 29.24 31.95 56.14 97.18 88.00 91.14
197L  152.58 36.36 43.99 29.42 30.91 22.39 20.77 50.08 63.67 34.81 103.41 128.29
1972 61.16 38.70 28.79 5518 84.55 63.80 24.90 22.93 49.03 125.37 164.36  87.85
1973 34.06 23.96 32.02 110.43 113.61 101.36 41.41 §1.41 71.80 133.04 157.11 146.13
1974 36.92 46.62 33.61 70.14 90.146 42.44 35.98 28.88 56.73 39.80 60.06 70.59
1975 66.80 45.06 50.66 72.58 45.07 31.39 66.8% 26.16 49,85 26.99 53.91 71.96
1976 45,20 25.62 - 38.97 47.53 29.76 S57.97 42.60 36.74 34.27 65.22 52.22 45.87
1977 29.05 25.97 21.23 21.93 29.87 29.18 20.33 15.96 22.89 150.47 88.48 57.8%2°
1978 16.85 11.93 12.42 30.84 41.23 14,51 12.18 9.17 11.86 22.02 58.81 126.31
1979 12.99 17.33 35.30 35.76 32.12 35.99 31.30 21.20 50.89 40.02 95.12° 40.94
1980 17.52 12.76 27.96 23.41 47.27 27.44 20.90 36.25 40.18 82,92 46.38 854.10
1981 35.83 35.21 21.33 55.83 78.26 34.96 19.67 14.52 46.20 3B.54 56.57 42.52
1982 19.69 21.06 22.44 55.32 67.72 33.47 17.33 23.31 31.70 53.72 B6.88 64.33
i983 25.27 16.44 18.15 12.74 24.96 20.25 22.99 33.33 66.37 32.45 39.58 27.97
1984 34.45 65.56 S58.67 65.21 54.95 56.52 42.45 22,80 28.76 40.55 78.29 96.44
MEAN $1.22 33.84 34.97 51.55 62.64 43.08 33.46 33.52 48.66 71.33 9L.64 76.47




Table A-18 (1/4)

FIVE-DAY MFEAN DISCHARGE AT BRH

TEAH: 1961 URIT: CMS
PERLOD JAN FED HAR APR MAY JuN JuL, AUG SEP oct NOV PEC
65056 © Sha7b  7ED8 113451 53,40 4B.34  BBa21 0 70418 T5.47  79.35 76246
6-10 145,88 5689 54,56 98,41 98417 63,50  T1,77 B1439 96,80 68,84 101,08 546,42
11-15 107468 © 56429 S1.06  93.82 98,51  99.10 58,62 60,25  72.16 70,05 65,26 68405
16=20 92441 . 60468 49.1%  734T 73450 73015 49,97 G5.85 113.61 68487 79442 91.76
21-25 B2.52  55.70  75.47  B5.72  61.53 61,97 76,93 4ba6é 81,71 77,27 106.49 125.75
26-FHD E0.19 87470 52,05 114,423 héehd 5328 86430 394402 72453 107483 134229 119,65
AVERAGE 163,07  62.51 5,04 89,29 86,48  67.39 65,98 60491  B&,5C 79,02 94032 90,45
YEAR: 1962 i UNLT: IBS
pEQIOR. .. Jan FED HAK apn MAY Hur L AUG SEP oct NOVY BEC
$- 5 129,81 . 61,15 64,25 65,37 95.86 45,06 49,85 23443 k4,98 Gh.46 115,41 101.2¢6
4510 §5.50 35,17  9C.41  B8.71 109.54 58,02 38,46 21476 55,82 52,74 144.22  77.00
1115 S9.62 35,21 4B.BY  103.23 153.06 50456 28.29 32421 36494 13B.346 156454 72480
16-20 102:27 29,25  55.21 110,10 125,11 63,09  27.07  41.76  62.78 164,05 172,92 58,33
28125 25286 36412 112485 57452 46467 Gha30 23,28 486.75 48477 154412 173,17 52.26
24-END 49474 46403 57,78 61,87  47.38  G6.67  22.98 64,38 40,29 91,88 114,94 58,82
AVERAGE B2.67  36.16 67,80  B1.14 97,92 47,95 31,02  39.22 51,60 107,10 146,20 69,71
YEAR: 1963 UNIT: €8S
PERIOD JAN FEB HAR 2P HAY JUN HIL AUG SEP oct nov vEC
BT 76,52  30.21  20.65% 20462 23,15 70,33 31.29  23.68  43.24  39.68 145,96 183,30
4-10 59255 36421 27465 Téalh 46,87 52,56 31.6% 99,16 31,99 92.33 194423 143468
i1-15 G5.98  25.85 34.09  17.42  32.05  A6.33  38.24 64473 32,90 12B.42 171.38  106.39
16=20 G184 2T7.37 26,33 21,90 59.26 29.37 31,28 39.84 41.59 13B.85 175.03 . 81.08
21-25 4B.50  22.16  27.33  18.28  B1,91 30,85 ° 20425 47.31 89,21 145,74 205.40 71.70
26-END 35,38 20410 33,30 19.28  51.63 52,84 34,83 57,23 54.78  9E,70 180,17 £1.50
AVERAGE SC.78 26,22 28,39 18,91 49,23 47,05 3138 355,39 32,28 107.01 178,70 106,83
YEAR: 1964 o UNIT: M5
PERTOD JAH FEY HAR APH BAY JUN L AuG SEP oCT NOV DEC
1= 3 EYe59 CR4L39 O E0LY5 0 25429 56431 30.16 63475 80437 T3.25 60446 148.08 414,17
6-10 50,96 37.22 59:4%  210.87 &E.84 28,02  56.96 45,55 117,62 46456 1C4.17  BE.33
11-15 57406 46,24 32,10 51,08 40,03 35,33 90,87 AT.76 128493 56,96 108404 127,02
14-20 162,95 40,60 22,13 45,63  £0.81 48,26 63,05 35,66 97,87  4B.C4  B2.65  B4.24
21-25 72.75 - 30.48 4638 36,38 35,98 37.85  £3,00 35,66 62.12 99447 BY.37 65,88
26-END £3,03 29,75 31.79  6%.98 31,11 52,62  §7.55 34,80 44,04 122.94 131,46 60,30
AVERAGE £4402 30,68 41053 43,70 50,26 38,71 7B.11 46,25  B7,31  70.81 109.30 89,03
YERR: 1965 ) ) UNKIT: CMS
PER]_OD J.‘RN FEb HAR APR BAY JUNl JUiL AUG SEP ocT HOV DEL
1- 5 S9.16  25.85  SC.27 . 1127 £5.43  SC.78 32491 L7433 61475  6B.13 121,34 85,27
§-10 45578 Zhekd 23,23 71442 92,85 54468 35,23 49,65 - 64,09  45.26 104436 72492
11+15 19,25 43.61 22,79 52441 127435 43456 37,57 51.59  66.41  55.93  76.52 106.52
16-20 I4.61 35,98 21,60 B2.3C 139.98 50,48  1F.8% 54,31 6B.74  90.21 111.87 141.37
21-25 12,89 31,21 36,67  B3.69 145,55 42.88 42,22  S6.64 71,06 86,70 133,43 151,08
25-THD 32046 27.90 7014 78,75 65.7C 34,90 44,77 59,20 23,39 107.35 94,91 122,18
AVERAGE 40,91 33,02  35.28 73,31 107.27 44.2} 38,96 53,38 67,57 76:62 103.74 110461
YEAR 1946 UkliT: CHS
PERIOD" JAN ek BAR KPR HAY JUN IS AUG SEF ocT HOV BEC
. D SO {99 1B 1 0% | 3E.62 92,59 74400 0 42034 42,23 0 28.86  4t.47 134046 105485 112.564
610 70,15 42,44  B4.32 - 89,97 60,18 T4,18 51,08 45,03 11,10 126,40 110.35 108,51
1115 EO.BE 33,81 47.06  76.90 43442 62475 90.T8 . 52.10  AB.77  99.31 112.86 115.99
16-20 T0.51 60,50 SC,71 . 53.76 43,38 41,11 S57.82  3B.IT 56.52  B7436 132,26 117.50
21-23 62.92 E5.58 T79.7¢ 35,64 4Ga27 SHak? 37447 48481 T2 1% 74437 148,83 100.74
28-END §4,35 4,98 82,19 102.42 3431 Léu64 29,90 72.81 92,11 81.08 125,41 150,44
TAVERAGE  EB.73 53025 &h.33 5,21 4B.7E 53,74 50,85 48,38  57.15 09,87 122459 118.70



Table A—~18 (2/4) FIVE-DAY MEAN DISCHARGE AT BRH

e LT R eaim e ammana
SEP ocT - NOV DEL
S e R trIToITTosnISDETITIINTEST o= ...,“".‘.",'-‘?.'.""“;:GS 1_23--25‘ 125:3;

1- 5 139,56 100073 71.05  49.53  P4.58  %1.93  29.01 18,34 2102 4
6+10 126441 70,38 5C.62  79.52 103.38 34,18 26,21 Y6428 . 19,74 42.0; _3Eg.g; kgg.gg
11-15 T11033 60,63 C5.28  69.86  77a73 32496 22,05  15.08  29:41 3 .g} 140,89 o0
16-20 §7.93  65.46 4278 43,23 105.46  33.83 . 25.19 27,59 53.2% 3;.13 151,02 64.09
24-25 £0028  £3.59  45:15 - 64,01 10B.B§ Ik 28,71 26473 40,83 57 123,87 83.32
CR6ENR.... 101462, 71483 4C.3H  106.37 5755 26a.%1%  1B.&3- zjsz_,_f“:ff_-lff:lf;-.._:_ _____ 43.80
AVERAGE 110,73 ?2 15 52,64 68487  B7.27 37,16 24413 21438 3494 6e §7 138,70 . 7Tud?

URl1T: EM5
_:htzu . HAR APR naY CUN o dUL L AUG __fff-,--.?EI---__fff-----fEf
TS TR e Hieed 18.36 1Ckk65  Bua)s 48,31 29,47 5380 61ah 1434 4442
410 34,21 32,53 14.10 7.4t SB.S3 78,38 37.94 35,34 56,06 7 .62 B5.11 82,22
£1-15 32917 24.20 1140  ize49  BGe44 111,00  33.96  37.77 - 4817 54.09 31.23  96.23
16-20 39°46 76431 14a21 . 18.88 135.37  £2,55  4Ba85 30,24 7464 6B, 1323 o
3125 . 31u98 3881 16220 27.53 10F.13 47,39 B2a37 31,95 .44 62.32 83:27  S7a40
FH-END . 29475 14455 21,17 44465 99.1¢6 51 3___35:11__-3*_3_‘ﬂ__ 220 105484
AVERAGE -“-;5:;;---§a.11 §5.81 2822 §7.%2 56,67  73.56  76.9C 83450
T . UNIT: CHS

mToonis T T 116.82  81.93 36,79  26.84  7ha57  73.14 83, 01 316280
a1b 15;.?1 A P M 1%3.%3 08747  3B.AE 19,17 60,47 6843 95,20 8611
11-15 43056 35.BG 33.60 22,23 76.8% 65,05 38.51  27.25  29.99 160,50 99.84 92,99
14220 €6.27 34476 25.11  46.29 101.62 55,72 2B.25 40,00 35.0¢ 182,39 95,91 88,92
31235 ih.47 BPe35 30,71 . 36,90 123416 52,84 23.15 65,38 323 135.44 :6.72 5666
26eEKD 49,31 T6.1%  4E.26 19,42 100.0% 37,10 . 20.01  R6.36  3B.06 126484 _?:3?__-99:53
ereaer TT1a3s Ti7a76 3631 49,61 100419 33,30 29,18 43,50 45.09 124053 91.35  86.35
. XEAR: 197C . L s UhiT: RS . -
CBLRIOD... .. BN EEE NAR APR ®aY Jun JuL AUS see oL MOV DEC
‘"EZ'E'fff'E;I;Z'"';Z'?E"'é%:&; $8,26 114297 60,87 46,50 24.18 36.88 96,66 60405 105266
&-10 TChoz9  37.95  26.27  &3.52  £9,98  38.60 24,95 24.02 55,52 196442 105.97 . 97.27
11+15 105085  I1.26  2E.60  4Z.h5  E3.25 37473 22437 G665 664357 152.16 108.75 88455
16~20 Lha17 26,05 318,92 47.11 £2.6%  35.1% Zi.ﬁi gg.s; 13;.;2 :;.;g iz;.zi ;g;.gg
 24=25.. hU.G5__ .35.98 24 72 £2.53  99.36  38.36  31.29 3 25, .
'zf%fiﬁ' 76,08 32.36 LS BT T2.89  74e45  B3.62  42.43 42459 51.63 45, 18 109.6C _25 39
AVERAGE  ECLET  3ha?% 12,97 67.79  E7.02 4198 3217 35415 61476 106,89 96,80 100,26
YEAR: 1973 UNIT: RS
PERiOD . JAR T rem nAK APR MAY 2k Jur  aue SEP 0cT GV bEC
1- 5 335,97 . 50.25  65.22 48470 2L.9B 24,89 27.93 - 31,87 55,35 28.10 57,54 109,12
6-10 185,97 35,68 24,65  I7.49 23,55 20,58 20425 20,67 83413 24a31 207.81 11878
11-15 158,30 30,49 37,85 29429 30,62 - 21.16 20450 48,16 90,41 28496 159463 175,90
1620, 115486 29.29 54,67  22.80 31,11 21.3T  1%.47  29.8C 46465  39.97 83,09 137.92
21-25 72012 4B.3C  LE.96 21,05 36,95 24477 38,72 136,40 101,31 48.57 58,48 157,12
2E-END 6,12 4791 33,39 14,83 52.94 32,97 2B.95 62,23 63,16 55.22 75,73 146,78
AVERAGE 67, 19.9%  48.39 32,36 34,00 24,63 22.84 55,09  70.04 38029 113,75 141.12
YEAR: 1972 UNIT:  CHs
FERIOD Ak FER HAR APR MAY Juk v JuL AL SEP ocCT1 ;"6;"' -ﬂEE
i~ 5 T1he2B  50.8% 24,86 45,37 83445 62406  33.3C 20428 53446 145:72 141464 156463
&=10 SELED  Sh.BG  28.70  AZ.TT 67,85  Ai.86 29,44 20,00  &h.32  TBak1 144279 81,89
$11-15 CTCL33 42,84 4BLE0 E4.37 105.25  5B.53 25,37 22,09 BDL73 22R.45 135.1%1 7¢.07
16-20 $9.21 26,57 35,41  TH.48  B3,58 104,39  M.T9 23,34 . 49,15 125.77 283,77 £2.60
21-25 4C. 80 41.C5  27.26  S5B.36 116,23 1C5,31 . 23,26 31,15 44.BC 95,47 245,35 121,99
24~END 27,87 34,59 24,63 TP.B4  PB.SE  4B.9Y  22.44 32493 51,186 155488 §34.04 . 63,35
AVERAGE £7.21 42457 31,87 6C.7C  93.0C  70.18  27.38 25,22  S3.94 137.81 180,79 96,61



Table A-18 (3/4) FIVE~-DAY MEAN DISCHARGE AT BRU

TYEAR: 1977 T ‘ N o UKIT:  CKS
PERIOD J Al fto MAK APR MAY JuN JUL AUG SEP 0LT NOV PEC
TIRITSTTUS0a13 23476 2981 95042 117084 220471 68424 01,43 B1.Th  37.56 15B.3% 20827
6-10 42,76 - 23,79 23.81 Bh.dl  EBuS6 12481 39.82  BOL64  93.85  4B.61 157.54 30065
11-15 32,66 20473 53,12 76,77 145,36 70407 39.31 96,27 T4.81 100.3% 156.41 17%.38
16-20 36091 22,08 3457 §3.71 101424 49459 29.00  46.1%  BE.57  BAsS1 136087 131.74
21-25 J0LC3 21026 29469 V4AGTY  BALSS 97029 12,67 42,85 76,92 244.93 174,78 100.96
26=EKD- TELIT 59495 37,84 233475 197,60 106441 69,16 43,04 37.94 202,80 223.02  71.61

YEAR: 1974 UNTT CKS
;;;;;0 JAN FEL HAR APR MAY JUn JiL ALG SEP ocT NOV PEC
i B 2E.88 30p28 1E30 28426 £Ga5¢8 Aiebé 41454 044C »147C 5773 444535 7780
6-10 47.50 35,83 57471 BR.45 112445 36459 28.71 38.76 52.30 L4.13 38463 ¥3.59
1115 +€426 25456 47410 5490 115,39 3C438 35482 35483 57.81 41,18 5190 75:50
16-20 1351 45,22 ITeb4 B3.44  126.9% hhab? 37.88 25463 62.92 4182 GBa2t 80,82
2125 11.26 ?1.C0 2h.93 LERLE] 57459 56461 48477 6429 80.07 3858 1737 TZabt
26-FKD 36,13 8479 22475 121445 60.6C 423 h5.52 25.01 69.62 19.98 B5.71 82a58

21,55 16456 25443 86,99 113.11 57,71
gt 76 17.86 19.8% 143,57 BGa47 T1.91
31.12 17.37 18,32 229.81 107.14 101.78
21,97 18,70 18427 181,35 100,29 bh,22
19,74 15,55 18.53 154.60 103,72 50,41
14,60 19.03 0.62 191,58 ?1.06  35.24

UKIT: CMS

FIU S 3t SEFP oLr NOY DEL
10.75 Fa43 10.27 1213 62477 32.09
16,04 8,59 11.69 979 53.95 48.05
13.28 14.12 11442 13.05 £7.91 3145
12.25 10.74 Budd 15477 BZebd 23.1
16,29 9.18 23.2C 284917 77243 23478
12.C4 B.72 13,24 58,70 3,46 17437

AVERAGE 18,56 13,13 13,86 33.52  45.35  15.96 13,40 10.05  13.04 26,22 64269  28.94



Table A-18 (4/4) FIVE-DAY MEAN

YIAR: 1979 LLERR

FLRIOD T AN Y HAR APK HAY JUN JuL AUG SEP L “HOV _"_DEE
1+ 5 17 TIAIC 2797 S1.33 SE S0 29450 17.74 23,82 43499 753,38 B0.48
6ok 17480 12.2¢  25.87 42,36 37,52 66474 15461 21466 33,35 79,14 59.83

11415 15018 11,84 22.75 33,29 50,80 67425 22487  17.45 76,67 80.54 40453

1e-20 11.5%  18.56  SCu6% 28,31 2345 30.56  24.02  20.85  BO.10 168,88 34472

2125 11,89 35,77 £5.6@ 35,43 19,04 23,92 73.93  26.95  42.58 11150 31.69

2a~TKD 28 451 19,85 45,29 26,77 20,28 49.5% 28,20 37,18 144,39 2661

AVERAGE 14429 19.07 38,83 15,33 35.3% 19,59 34ak3  23.32 5598 106264 45.03

YEak: 1980 UNIT _

;;R;G; o J-M\' --_-;l‘; q—-‘ikﬁ APR RAY JUK JUL AUG SEF HGV DEC
1- 5 TSRS 10.ES 1617 21482 k6uk7 3207 17,20 36,32 30407 15241 BEa3Y
&-10 32079 1203 59925 25.89  T1.35  36.61 14,59 26,32 - k0.36 33,36 158453

11-15 TE,04 10415 St.5t 25.50 EE,50  25.20 13,44 25,35 26,64 36421 148,08
14-20 15,81 P13 27.85 19,27 ST.41 35,07 25,52 21,11 41,59 §9.29 71,17
24-25 14,56 12487 28.23 17473 33,02 24453 22,95 BhJG1  75.58 70,87 53,13
26-END 1@ 14 28,0 15.44 44,30 37,61 23,59 37.34 43,59 50.95 80.97 45,2t
AVERAGE 19 22 4.3 {20 £5475 s&,.ac .18 22.59 15,88 44,20 51.02 G2.51
YEAR:T 1§81 UNLT

PERTIGD Jah FEB RAK APR NAY JUN JuL AUG SEP HOY bEL
1« s S4.19 39,70 35,01 42.94  G1LE1 66,32 23,60 16.61  24.25 I6.94 52.03
&-18 S2.12 12,25 2,44 70,29 BO.ET 40,96 15,4¢ 13,41 89,18 32,74 83,51

11-15 I7.87T 31.58 28,16 80,29 90,35 34,21 24419 11,46 89,06 84,02 55,51
16+20 34,78 51,78 17.95  78.20 106,15 27.04  19.88 10,74 54,82 45,31 37,13
21-25 2,50 30.31 0 2t.4e ?a.ss 99,62  24.95 19,96  15,6C 40,02 108,05 29,66

25°E0D 27,20 51,35 58,59 41, 56,44 2,26 22,47 28,06  27.58 72,27 26,80

AVERAGE 6,41 33473 23,40 E1.41 F6,08 38,46 21,64 15,98 S0.82 42,23 46,77

YEAR e UN1T:

FERIUR AN FEE MAR ARR HAY JUN FUL Alc SEF HOV BEC
s 3 5.4l 18.%20 15.RT 18.0¢ 79471 &L4RT 2351 . 15,68 25.63 86,56 125472
4~10 2175 Z9e61 33,83 &1.24 4717 46499 19.10 20,54 18,7 R1.82 T2.7%

11-1% TB.73 3T.75 25,94 31.43 5C.26 35,38 15.78  22.78  30.0% Gaa98 71,34
14-20 19,91 20,20 15.§7 Y07.1F 48,30 38.73 V5,80 27.88 47.53 194,71 70.82
21~25 19,52 18.0C  27.84 V00,32 S7.00 22,87  25.9E k2,45 44.7% 85,71  56.88
28-EXD 15,72 45,39 28,43 §8.34  85.54 18,33 1514 25.02 L4435 109.60  32.58
T1.66  T3a18 24465 €435 TAeS0  T&.E1 15,28 25.64  3L.87 95,56 10,77

¥EAw: 1€ UNLT:

"&Tii}" JAN FEE MAR APN Ay JuN JuL A6 SEP HO¥ PEC

B P 39023 95,80 20,88 15,76 33,25 24,00 15.28 62,52 45.75 40:561  31.34
6=t 35,44 16,45 14,94 13,49 Th &0 14,35 17,4% §7,5¢ 56,60 56,02 28,490

11-15 ZT480  16.8F 16,25 12.11 38,35 2é.48 19,12 31,88 82,81 58,93 40.40
16-2¢ ZhWS4 .30 1.0l 10.8& ZE,73 406 16,92 31437 126451 45467  31.47
21-25 2T NTLAT EELSS 12,8} 29,22 1S.74 53445 21,72 7363 15:464  27.54
28=gu2 19229 15471 25.3%  1§.24  21.46  15.07  28.84  22.00 55413 34057 25490
ACERAGE IZL80 18,08 15,97 14,01 27,46 22,23 25,29 - 3£,66 73401 £3.54 30,77
TEAT: 1984 UNIT:

BLRICE _ &N . LEEE  AaE 18§ HAY TS JuL . 8UE .see nGy pEE
1- & Ja 17 ¢9,28 4,53 §1,4¢ 5,21 §& 439 I3L3E 0 32 zs.se ETe38 94,07
510 1861 BB.4T  A4ukS 45.07  58.33 85.79 35,17 30,08 23,36 16,76 108,92

11215 B2a%d ITNSE 5T.31 S3a4% 5838 Ehaid 37405 22.87 20463 98429  BT.%4
16-20 23,88 &9.73 X240 63,33 S0L34 ET.96  58.45  19.6%1 &2.78 “168.53 81,70

(21325 L 88,53 39477 EZ.U% §%.23 S%.34 3285 Sha1E 21479 . 435.88 99,55 149.57

26=EAD  ECLE5  SE,SD sS04 57,05 58,02 2eui® 441 20097 3EaAs 73,85 169,50

AYERAGE ITIES TRALE 2454 TULTY 80,44 E2.17 46,45 23.0F 31483 86,11 106,09

DISCHARGE AT BRH



Table A-19 MONTHLY MEAN DISCHARGE AT BRH

Unit: cu.m/s

Yéar Jan. Feb. Mar. Apr. May Jua. Jul. Aug. Sep. Gct. Nav. Dec.
1961 © 103.07 62.51 56.04 89.29 80.48 67.3%9 65.98 60.91 84.50 79.02 94.32 90.65

1962 82.67 36.16 67.80 8l.14 97.92 47.95 31.02 39,22 51.60 107.10 146.20 69.71

1963 50.78 26.22  28.39 18.91 49.23 47.05 31.38 55.39 52.28 107.01 178.70 106.83

1964 64.02 36.68 43.53 43.70 50.26 38.71 70.11 46.25 B7.31 70.81 10%.30 89.03

1965 40,51 33.02 35.28 73.31 107.27 46.21 38.96 53.38 67.57 76.62 103.74 110.61

1966 68.73 53.29 64.33 85.21 48B.78 53.74 50.85 48.38 57.15 99.87 122.59 118.70

1967 110.73 72.15 52.64 68.87 87.27 37.14 24.13 21.38 34.94 62.97 138.70 72.47

1968 32.12 24.11 15.81 28.22 97.92 74.85 47.85 38.35 56.07 73.56 76,90 83.50

1969 71.32 49.74 36.31 49.41 100.19 53.30 29.18 43.50 45.09 124.53 91.35 86.85

1970 8G.61 34.75 32.97 67.79 87.02 41.98 32,17 35.15 61.76 106.89 96.80 100.26

1971 167.84 39.99 48.39 32.36 34.00 24.63 22.84 55.09 70.04 38.29 113.75 141.12

1972 67.21 - 42.57 31.67 60.70 93.00 70.18 27.38 25.22 53.94 137.91 180.7%9 96.63

1973 37.47 26.36 35.23 121.47 124.97 111.50 45.55 &7.55 78.98 146.35 172.82 160.75

1974 40.61 51,28 36.97 77.16 99.15 46.69 39.57 31.76 62.41 43.78 66.06 77.65

1975 73.48 49.56 55.73 79.84 49.58 34.53 73.53 28.78 54.61 29.69 64.80 79.16

1976 49.72 2B.19 42,87 52.2B 32.74 63.77 46.86 40.42 37.70 71.74 57.44 50.45

1977 31.%6 28.57 23.35 24.12 32.85 32.10 22.36 17.55 25.18 165.52 97.33 63.060

1978 18.54 13.13 13.66 33.92 45.35 15.96 13.40 10.0% 13.04 24.72 64.69 28.94

1979 14.29 19.07 38.83 39.33 35.33 139.59 34.43 23,32 55.98 44.03 104.64 45.03

1980 19.27 14.03 306.76 25.75 52.00 30.18 22.99 39.88 44.20 91.29 51.02 92.51

1981 32.41 38.73 23.46 61.41 86.08 38.46 21.64 15.98 50.82 42.39 62.23 46.77

1982 21.66 23.16 24.69 60.85 74.50 36.81 1%.28 25.64 34.87 59.09 95.56 70.77

1983 27.80 18.08 19.97 14.01 27.46 22.28 25.29 36.66 73.01 35.70 43.54 30.77

1984 37.89 72.12 64.54 71.73 60.44 62.17 46.6%9 25.08 31.63 44.60 86.11 106.09
MEAN $6.34 137.23 38.47 56.70 68.91 47.38 36.81 36.87 53.53 78.46 100.81 84.12




Table A-20 ANNUAL MAXIMUM PEAK DISCHARGE AT SKC BRIDGE STATION

Year Flood Runoff Vear Flood Runoff

(cu.m/s) (cu.m/s)
1962 194.90 1973% 359.14
1963 237.96 1974% 158.47
1964 188.10 1977% 261.95
1965 209.39 1978% 93.22
1966 186.41 1979% 181.43
1967 179.43 1980% 536.60
1968 138.71 1981 138.94
1969 251.73 1982% 184 .57
1970 230.51 1983% 152.39
1971% 605.93 1984 236.01
1972 338.55 )

Remarks: *; There are some interruptions of discharge redord.



Tabhle A-21

GROUNDWATER LEVEL TN SWAMP

A) SWL-Line Unit: m
Observed Point SWL-1 _ SWiL-2 SWL-3 SWL=4 _ SWL-5 SWL-6
Distance from
the Drain 0 30 100 250 500 750
Elevation of .

Ground Surface - - 6.25 6.25 6.41 6.32
Groundwater level
Date
July 26 4,52 5.18 5.39 5.52 5.72 5.74
' 30 4.49 5.38 5.58 5.58 5.88 5.94
Aug. 6 4 .43 5.26 5.44 5.44 5.74 5.83
13 4.36 5.11 - 5.33 5.63 5.73
20 4.34 5.10 - 5.26 5.54 5.62
27 4.32 4.88 5.28 5.25 5.48 5.58
Sept. 3 4.37 5.16 5.43 5.42 5.67 5.79
10 4,38 5.22 5.49 5.53 5.83 5.95
17 4.36 5.16 5.41 5.40 5.74 5.88

B} MSL-Line _ Unit: m
Observed Point MSL~1 MSL—2 MSL-3 MSL-4 MSL-5
Distance from ' :
the Drain 0 100 250 500 1,000
Elevation of
Ground Surface - 4,66 4,67 5.02 5.64
Date

July 26 4.13 4.33 4.37 4.55 5.04
30 4.25 4 .34 4.38 4 .64 5.04
Aug. 6 3.60 4.24 4,28 4 .57 4,95
13 3.55 4.14 4.20 4 .49 4 .88
20 3.50 4,04 4.11 4.42 4.81
27 : 3.53 3.95 4.03 4.42 4.84
Sept. 6 3.57 4.17 4.22 4.51 4.78
10 3.59 4,39 4.43 4.76 5.00
17 3.81 4.31 4.37 4.67 4.91




Table A-22

GRADIENT OF GROUNDWATER LEVEL

SWI.-Line

Section of SWL-1 SWL-2 T sWL-3 —SWL-4 ~SWL-5
Observed Points  SWL-2 ~ SWL-3 SWL—4 SWL-5 SWL-6
Sectional
Distance (m) 30 70
Gradient of Groundwater Table
Date
July 26 5.9 % 10-2 3.0 x 10-3 8.7 x 1074 8.0 x 1074 8.0 x 107°
30 3.0 x 1072 2.9 x 1073 0 1.2 x 1073 2.4 x 1074
Aug. 6 2.8 x 1072 2.6 x 1073 0 1.2 x 1073 3.6 x 1074
13 2.5 x 1072 ~ 1.2 x 1073 4.0 x 1074
20 2.5 x 1072 - 1.1 x 1073 3.2 x 1074
27 1.9 x 102 5.7 x 1073 -2.0 x 107% 9.2 x 1074 4.0 x 107%
Sept. 3 2.6 x 1072 3.9 x 1073 -6.7 x 107> 1.0 x 1073 4.8 x 1074
10 2.8 x 1002 3.9 x 1073 7 x107% 1.2 x10°3 4.8 x 1074
17 2.7 x 1002 3.6 x 1073 4.7 x 1074 1.0 x 1073 5.6 x 1074
MSL-Line
Section of _ MSL-1 _ MSL-2 _ MSL-3 _ MSL-4
Observed Points MSL-2 MSL~3 MSL-4 MSL~5
Sectional
Distance (m) 100 150 250 500 .
Gradient of Groundwater Table
Date
July 26 2.0 x 1073 2.7 x 1074 2 x 1074 9.8 x 1074
30 9.0 x 1074 2.7 x 107% 1.0 x 1073 8.0 x L074
Aug. 6 6.4 x 1073 2.7 x 1004 1.2 x 10°3 7.6 x 1074
13 5.9 x 1073 4.0 x 1074 1.2 x 1073 7.8 x 107%
20 5.4 x 1003 4.7 x 1004 1.2 x 1003 7.8 x 1079
27 4.2 x 1003 5.3 x 1074 1.6 x 1073 8.4 x 1074
Sept. 3 6.0 x 1073 3.3 x 1074 1.2 x10°3 5.4 x 1074
10 8.0 x 1073 2.7 x107% 1.3 x10°3 4.8 x 1074
17 5.0 x 1003 4.0 x 1074 1.2 x 1073 4.8 x 1074




Table A-23

RESULT OF PERMEABILITY TEST IN SWAMP

Locat i d £ So st K
ocation {cm) (s) (cm) {cm) {em/s)

7.5 km inside from 1.30 180 32.2 8.5 9.4 x 1073

Main Canal aloung 1.30 180 27.2 8.0 8.6 x 1073

Timber road 1.90 180 50.2 28.6 4.0 x 1073

1.90 180 43.2 22.3 4.6 x 1073

110 m from Main canal 1.00 300 35,7 16.3 3.3 x 1073

(MSL line) - 1.00 300 40.7 11.9 5.2 x 1073

500 m from Main canal 0.80 600 37.3 12.4 2.3 x 1073

(MSL line) 0.80 600 37.3 20.4 1.3 x 1073
1.30 600 90.3 57.0 9.7 x 1078

1.30 600 90.2 54,7 1.1 x 1073

1,000 m from Main canal. 1.00 300 57.7 36.2 2.0 x 1073

(MSL line) - 1.00 300 59.7 33.1 2.5 x 1073

1.40 300 55.7 20,4 4.2 x 1073

1.40 300 49.7 17.3 4.5 x 1073

30 m from Drain 1.30 600 37.6 14.6 2.0 x 1073

(SUWL line) 1.30 600 39.6 13.6 2.3 x 1073

1.80 600 68,6 40.3 1.1 x 1073

1.80 600 71.6 43.1 1.1 x 1073

250 m from Drain 0.90 ° 600 47.1 27.1 1.2 x 1073

(SWL line) 0.90 600 43.1 23.4 1.3 x 1073
750 m from Drain 0.80 60 25.6 1.6 5.9 x 10”7

(SWL line) 1.10 300 50.3 33.1 1.8 x 1073

Beside Main Canal at Parit 0.90 300 38.4 8.1 6.6 x 1073

7 of Sungai Leman 0.90 300 40.4 5.9 8.1 x 1073




Table A-24 DISCHARGE OF SEEPAGE FLOW INTC DRAIN IN SWAMP
A} SWL-Line . .
"~ Water Depth (m) Discharg Qf Unit
Date SWL~1 SWL-3 SWL-4 Length (1it/s/km)
July 26 3.20 4.07 4.20 2.98
30 3.17 4.26 4.26 4.04
Aug. 6 3.11 4.12 4.12 3.66
13 3.04 4.01 4.01 3.42
20 3.02 3.94 3.94 3.20
27 3.00 3.96 3.93 3.38
Sept. 3 3.05 f.11% 4,10 3.80
10 3.06 4.17 4.21 3.96
17 3.04 4.09 4.16 3.64 B
Average 3.56
Remarks: In this estimate, impermeable layer is assumed to exist in
horizontal and at 5.00m below the groundsurface at observed
point SWL-6.
B) MSL- Line
Water Depth (m) Discharge of Unit
Date MSL-1 MSI,—2 MSL-3 Length (lit/s/km)
July 26 3.49 3.69 3.73 0.33
30 3.61 3.70 3.74 0.14
Aug. 6 2.96 3.60 3.64 1.03
13 2.91 3.50 3.56 0.91
20 2.86 3.40 3.47 0.31
27 2.89 3.31 3.39 0.61
Sept. 3 2.93 3.53 3.58 0.94
10 2.95 3.75 3.79 1.32
17 3.17 3.67 3.73 0.82
Average 0.77
Remarks: In this estimate, impermeable layer 1s assumed to exist in

horizontal and at 5.00m below the groundsurface at observed

point MSL-5.
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1. INTRODUCTION

This ANNEX B presents relevant data and information on the
agricultural and agro-economic situation in and around the project area.
Such- data and information were collected from DID, Economic Planning
Unit (EPU), Department of Statistics (DOS), Department of Agriculture
{DOA) in Kuala Lumpur and various agencies concerned in the project area.



2. SOCIO-ECONOMIC BACKGROUND
2.1 Population

.~ The Northwest Selangor Integrated Agricultural Development Project
(PBLS) straddles the Districts of Kuala Selangor and Sabak Bernam.. The
total population of the two Districts was 213,627 according to the 1980
Popuiation and Housing Census of Malaysia. Population by sex, age-group
and ethnic group is tabulated in Tables B-1 to B-3.

Of the total population as of 1980, 64.4% were Malays followed by
Chinese 22.2%, Indians 13.3% and others 0.1%. The Chinese population is
largely concentrated in town areas such as Kuala Selangor, Tanjong
Karang, Sekinchan, Sungai Besar and Sabak Bernam. The Indian population
mostly lives in tree crop estates in the District of Kuala Selangor.

Population of productive age between 15 and 64 years old was
113,384 as of 1980 sharing 53.1% of the total population in the PBLS area.
Among the productive age group, younger generation of 15 to 29 years old
had a share of 25.8%, while middle generation of 30 to 49 years old shared
19.3% followed by older generation of 50 to 59 years sharing 5.8%.
Population of non-productive age was 100,243 including 93,142 people
below 15 years old and 7,101 people of 65 years old and above.

The social profile of the PBLS area has been annually surveyed by the
PBLS Office. According to this PBLS Monitoring Survey for 1985, the
population of the age-group below 15 years old reduced to 38.3% while the
older generation of 50 years and above increased from 11.3% to 16.0%
during the period from 1980 o 1985. Among 407 sample paddy farm
households of the 1985 PBLS Monitoring Survey, 34.9% of heads were 60
years old and above, and 26.5% were between 50 and 59 years old in the
whole project area as shown in table of the next page.

The ratio of female heads of households to the total sample paddy
farm households was 15.2%. Female heads of households aged 60 years
old and above were 16.1% of the total female population. :



Distributlon by Adge-group {%)

Trrigation

Compartments 29 39-39 40-49  50-59 =260
Sawah Sempadan - 18.2 21.2 21.2 39.4
Sungai Burong 7.3 10.9 21.8 31.8 28.2
Sekinchan 1.4 20.5 31.9 17.8 27.4
Sungai Leman 1.7 9.8 9.8 29.5 49.2
Pasir Panjang 6.7 13.3 6.7 60.0 13.3
Sungai Nipah - 19.4 25.8 16.1 38.7
Panchang Bedena 2.6 7.9 15.8 26.3 47.4
Bagan Terap - 23.1 23.1 30.7 23.1

Total 2.0 14.5 211 26.5 349

2.2 Household

There were 38,203 households in the Districts of Kuala Selangor and
Sabak Bernam as of 1980. Of these, 38,274 were private households
comprising Malay households 67.5%, Chinese 19% and Indians 13% as shown
in Table B-4. The average size of a household by ethnic group was 5.6 as a
whole, 5.3 for a Malay household, 6.5 for Chinese and 5.7 for Indians.

The average size of 905 households selected as samples under the
PBI.S Monitoring Survey for 1985 was 5.9. That of 407 paddy farm
household was 6.0 as a whole ranging from 4.9 in Sungai Nipah to 7.1 in
Sekinchan among the eight irrigation compartments.

2.3 Occupation

The population aged 10 years and over by occupation in the PBLS area
and each District as of 1980 is shown in Tables B-5 to B-7. Qut of the
total population, 69,263 or 32.4% were identified as the total labour force.
The population with occupations was 60,686 in total, comprising 62.9% for
Malays, 22.0% for Chinese, 15.0% for Indians and 0.1% for others. The
overall ratio of population with occupations to the total labour force was
87.6%. The ratio by ethnicity was 85.5% for Malays, 91.3% for Chinese and
79.7% for Indians.



The breakdown by occupation was office workers 5,490 or 9.0%, sales
and service workers 7,432 or 12.3%, agricultural workers and fishermen
38,070 or 64.4%, and factory workers and operators 8,694 or 14.3%.
Distribution by occupation for each ethnic group is as follows:

(Unit: %)

C i ! chi India
Office works | 10.4 6.7 7.0
Sales & service workers 7.3 27.4 10.3
Agricultural workers

& fishermen 70.9 44.6 66.3.
Factory workers :
& operators 11.4 21.3 16.4

The PBILS Monitoring Survey for 1885 shows that the average rate of
school attendance is 52.9% as a whole, 48.5% for paddy farm households
and 56.2% for tree crop smallholders. This rate by irrigation compartment
is as 53.0% in Sawah Sempadan, 33.6% in Sungai Burong, 54.7% in
Sekinchan, 59.7% in Sungai Leman, 55.7% in Pasir Panjang, 56.9% in Sungai
Nipah, 50.6% in Panchang Bedena and 55.4% in Bagan Terap. :



3. AGRO-CLIMATE

3.1 Available Observation Data

Data on air temperature, relative humidity, sunshine hours and wind
velocity in the PBLS area are available at a secondary climatological
station in Tanjong Karang. Observation were started in September, 1980.
Data coliected cover until March, 1985, and are summarized in Tables B-8
to B-11. In the PBLS area, pan evaporation was observed in Sungai Besar
until April, 1978, and Bagan Terap till end of 1983. Observation of
gvapotranspiration is made by the Penman method at the Tanjong Karang
Climatological Station. These are summarized in Table B-12.

Daily rainfall records in the project area for 10 years between 1975
and 1984 were collected at three rainfall stations namely Station No.
3411016 at Parit-1 in Sungai Burong, Station No. 3510001 at Taliair 8 in
Sungai l.eman and Station No. 3710011 at Parit 6 in Sungai Besar. Based
on observation records coliected, 5-day rainfalls are calculated and the
results are shown in Tables B-13 to B-15. Mean 5-day rainfall at each
station for the period of 10 years between 1975 and 1984 is given in Table
B-16. Mean monthly rainfall is as follows:

_ “(Unit: mm})
_ o Sunhgai Sungai Sungali
_Month Burong Leman Besar
Jan. 93.6 96.9 124.3
Feb, 135.7 116.6 104.3
Mar. 107.4 105.0 114.3
Apr. 168.1 144.0 134.9
May 147.3 129.3 123.6
June 87.1 77.3 78.1
July 138.1 116.7 113.1
Aug. 118.4 121.6 103.1
Sept. 181.5 122.9 133.0
Oct. 205.1 170.6 137.7
Nov. 212.9 181.0 164.6
Dec. 178.5 165.4 172.0
JTotal 1.773.7 1.547.3 1.503.0



3.2 Climatic Conditions for Mechanized Farming

Since mechanical harvesting has been introduced to the project area,
operation of heavy harvesters has caused disturbance of - surface “soils.
This becomes very serious when timing of harvesting works falls when
farm lots are submerged after heavy or continuous rainfall and surface

soils are soft.

To identify suitable periods for uninterupted operation of heavy
harvesters, data assessment is made regarding the number of days having
daily precipitation of more than 5 mm and leaving stagnant water on farm
lots. The latter was estimated on the assumption that percolation loss is
2 mm/day based on the average field measurements of the Study Team and
the field is left fallow without drainage works.. The results are shown in
Tables B-17 to B-19 and summarized in Table B-20.

From these, it is found that more than seven days for every 10 days
have no rainfall or submerged water on farm lots during the periods: from
January 11th to April 10th in the whole project area. The same condition
is seen from June 1st to August 20th in the upstream part of the project
area: from June 1st to August 10th and from September 11th to October
10th in the middlie; and from June 21st to October 20th in the downstream.



4. SOILS
4.1 Soil Survey

- Availablé information regarding scils in the project area comprises
the Reconnaissance Soil Survey of Peninsular Malaysia and the
Semi-detailed Soil Survey of Northwest Selangor, both of which were
prepared by the Ministry of Agriculture. The former was completed in
1967, while the latter was issued in 1984. The Semi-detailed Soil Survey
covers 71,330 ha which are bounded by the Bernam river in the north and
by the Straits of Malacca in the west and south. The eastern boundary is
somewhat irregular being bounded by the Bernam river, a short timber
track runhing south of Tanjong Merbau Berdarah, the Main Canal and the
Terusan Besar. The semi-detailed soil map is produced on a scale of
1/50,000.

4,2 Physiography and Geology

The surveyed. area forms part of a very large and flat coastal alluvial
plain which rises very gently from the Straits of Malacca and includes the
Tanjong Karang peat swamp. The swamp has a maximum elevation of about
4 m, an average width of about 10 km and a length of about 67 km. It is
drained mainly by two large rivers namely the Bernam river in the north
and the Selangor river in the south, while smaller streams such as the
Besar river-and the Tengi river also play a part by draining into the Straits
of Malacca.

The parent materials of the soils in the survey area are mainly of
alluvial origin. They are dominated by recent marine-derived clays, recent
riverine clays, and brackish water and organic deposits. The alluvium is of
the Quaternary Age. It is made up of unconsolidated marine and riverine
clays. The thickness of the alluvium is variable but there is a general
thickening towards coast.

4.3  Soil Classification

In the surveyed area, a total of 12 soil series was identified through
the Semi-detailed Soil Survey. Soils derived from marine alluvium are



classified into eight sories namely Kranji, Banjar, Sedu, Jawa, Selangor,
Bernam, Bakau and Serong. Soils derived from brackish water deposits are
classified as Brown Clays, while soils derived from organic soil materials:
are identified as Organic Clays and Mucks. Soils originated from riverine
alluvium are classified as Briah Series. Other than such 12 soil series,
quite variable soils occur on an old river bed and, basically, these are
derived from fairly well drained marine alluvium ovetlying poorly drained
marine alluvium. These soils are collectively grouped as Unclassified
Clays. Distribution of each soil series in the surveyed area is illustrated
in Fig. B-1. -

As hectarage of each soil series and group is as tabulated in Table 21,
the soils of Bernam Series cover 22,258 ha in the survey area followed by
the soils of Jawa and Briah Series which extend over 11,450 ha and 8,446
ha, respectively. The area covered with the Organic Clays and Mucks is

2,013 ha.

The soils identified as soil series can be classified into the U.S. Soil
Taxonomy and FAO/UNESCO legend as shown in Table 22. Data on
laboratory analysis of major soil series are compiled in Table 23,

4.4  Soil Suitability Classification

By referring to "Soil-crop Suitability Classification for Peninsular
Malaysia", Soils and Analytical Services Bulletin No. 1, issued by MOA in
1974, all the soil series identified in the survey area are classified into
the following four soil suitability classes.

Class Symboli Limitation .
1 Few or no minor limitations
2 One or more moderate limitations
3 One serious limitation . -
4 Two or more serious limitations
Acid sulphate layer
drainage
Salinity
Texture and structure

~n O



The soil suitability class of each soil series is as shown below.

Soil : Soil

Soil Suitabhility Soil Suitability

Serles Class Series Class
Selangor 1d Brown Clays 3d(t)
Bernam - 2nd Unclassified Clays  3d(t)
Briah. . 2nd Mucks 4dt
Organic Clays - 2dt Serong 4dt
Jawa 2dt(a) Banjar 4dt
Sedu 2adt Kranji 4dst
Bakau 3d(t)

4.5 Crop Suitability

- The soils of Kranji Series extend over mangrove swamps along the
coast and tidal river mouth areas. These can be utilised for coconut
plantations  with construction of coastal bunds to prevent sea-water
flooding and provision of adequate drains to drain off surplus water.

The soils of Banjar Series are located inland only after coastal bunds
or. river mouths. These can be utilised for coconut cultivation with
improved drainage and some leaching of the dissolved salts. Cocoa
planting can be also attempted with further soil amelioration.

~ The soils of Sedu Series have quite wide distribution in coastal areas.
These can be recommended for growing oil palm, cocoa, coconut and
orchards if liming and bunch-ash of oil palm are provided together with
good drainage.

The soils of Jawa Series are found mainly in tree crop and paddy
cultivation areas. These are considered suitable for oil palm, cocoa,
coconut and orchards provided liming and bunch-ash of oil palm are given
with adequate drainage and good management.

The soils of Sei:angor Series extend over flat terrain with fairly
well-drained status. These are suitable for a wide variety of crops
including oil palm, coconut, cocoa and orchards with adequate drainage and

management.



The soils of Bernam Series on very flat terrain are of average
fertility. With good drainage and management, coconut an_d oil palm can be
cultivated successfully. Paddy cultivation is also suitable with irrigation.

The soils of Bakau Series extending over very flat iowlying
topography are better used for paddy cultivation on account of the heavy
texture, flat terrain and tendency to get water-logged during the wet
season. Double cropping of paddy under adequate irrigation should be
encouraged and yields are reported to be fairly hlgh by local standards.

The soils of Serong Series mainly found on very flat terrain are of
average fertility. The water-logged nature together with their -heavy
texture and flat terrain are well suited for paddy cultivation. Double
cropping of paddy under sufficient irrigation has great potential as yields
of paddy are reported to be fairly high by local standards. '

" The scils of Brown Clays are found between areas covered with
mineral soils on coastal bund and areas having organic rich soils along the
"~ swamp. These have quite low pH value varying from 3.5 to 4.0 and the
necessity of soil improvement by liming. With irrigation, paddy should
perform well on these soils. With good drainage, vegetables, coconut, oil
palm and maize can be cultivated successiully. '

The soils of Organic Clays and Mucks occur around the western edges
of the peat swamp. These have low pH values. The nitrogen content is low
and the C/N ratio is high. Such characteristics make these soils marginal
for paddy cultivation. But these soils can be recommended as suitable for
vegetables, bananas and oil palm providing liming is given.

The soils of Briah Seriss found along meandering streams can be:
successfully recommended for a wide range of crops inc!uding rubber, oil
palm, coconut and orchard. Alternatively these soils can be used for paddy
cultivation with irrigation.

The soils of Unclassified Clays are located on old river bed of the
Bernam river. With improved drainage and scil management, these can be
utilised successfully for oil palm and coconut cultivation despite thetr
clayey nature and sited on lowlying poorly- dralned sﬂuat:ons

The correlation between soil and crop suitabilities is as shown' in



Table 24.

4.6 Soils in the Project Area

Among 12 soil series, nine soil series are found in the project area.
The followings show their hectarage and distribution.

_Soil_Series Hectarage Distribution
' (ha) (%)

Sedu 3,594 17.6
Jawa 7,346 36.0
Bernam 1,244 6.1
Bakau 1,520 7.4
Serong _ 874 3.3
Brown Clays _ 3,081 15.1
Organic Clays and Mucks 2,013 : 9.9
Briah 750 3.7
Unclassified Clays 178 0.9

Total 20.400 100.0

B-11



5. LAND USE
5.1 Present Land Use

Two series of land use maps covering the project area are avaliable
The one was produced in 1969 by interpretation of aerial photographs
taken in 1966, while the other was the second series land use report
issued in 1977 after interpretation of aerial photographs newly taken in
1974. At present, the Ministry of Agriculture is preparing a third series
of land use map based on the latest aerial photographs which were taken in
1085,

Changes in land use conditions in the Districts of Kuala Selangor and
Sabak Bernam between 1966 and 1985 were assessed by referring to the
above three series of land use data. The results as shown in Tables B-25
to B-28. The changes in the main land use categories for agncultural use
in the two Districts are summarized below.

(Unit: ha)

Land Use

Category 19686 1974, 1985
Rubber 24,787 14,096 5,834
Qil palm 6,453 18,976 32,348
Coconut 35,442 39,589 40,368
Cocoa 13 1,372 901
Paddy 20,918 21,310 20,240
Vegetables 2,063 3,136 3,286
Others 927 1,474 723
Total 89.793 99.953 103.800

The two Districts of Kuala Selangor and Sabak Bernam except for the
Tanjong Karang peat swamp are included in the PBLS area which covers
100,199 ha in total. As of 1985, cropped areas amounted to 96,424 ha in
gross, comprising 64,189 ha under smallholders and 32,235 ha under
estates. Coconut, paddy and cocoa intercropped in coconut area are mainly
grown by smallholders, while oil palm is widely planted by estates. The
distribution of main crops grown in the PBLS area are illustrated in Fig.
B-2.
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- The Tanjong Karang lrrigation Scheme of PBLS has a gross area of
19,857 ha. The Scheme is divided into eight irrigation compartments,
namely Sawa Sempadan, Sungai Burong, Sekinchan, Sungai Leman, Pasir
Panjang, Sungai Nipah, Panchang Bedena and Bagan Terap. These
compartments are located along the Main Canal of the Scheme from
upstream in order of mention.  The Scheme consists of 16,265 farm lots of
which standard size is 1.2 ha (3 acres). In the upstream six irrigation
compartments from Sawah Sempadan to Sungai Nipah where each tertiary
canal directly connects to the Main Canal, about 50 farm lois are grouped
in one sub-block as shown below.

Irrigation Gross Area No. of No. of

Compartment (ha) Sub-block Farm Lots
Sawah Sempadan 2,395 24 1,983
Sungai Burong 3,616 34 1,903
Sekinchan 1,857 16 1,522
Sungai Leman 2,133 20 1,771
Pasir Panjang 1,616 18 1,346
Sungai Nipah 2,019 26 1,662
Panchang Bedena 3,351 - 2,746
Bagan Terap 2,870 - 2,328

Total 19.857 138 16,265

The land title of farm lots in the Scheme area was firstly registered
as paddy fields in the State Land Office. Due to the existence of the
Organic Clay and Muck Soils with very low productivity of paddy, however,
a total of 298 ha in Sungai Burong was legally converted to the permanent
crop land in 1980. Further conversion was applied by the PBLS office in
1986 - for the same reason. The area to be newly converted to the
permanent crop land covers 341 ha in Sungai Leman and 108 ha in Pasir
Panjang..

In addition to permanent tree cropping, some farm lots are cultivated
for vegetables. 5,909 farm households living in the Scheme area are using
a part of their farm lots. Many farm lots aiso have small patches with
coconut and mango trees and huts. Public quarters such as schools,
mosques and community buildings occupy farm lots to some extent. Taking
the above situation into account, a lot-to-lot survey to grasp the actual
land use was conducted with the assistance of DID's lrrigation inspectors



during the Phase | Study period. Based on the results of lot-to-lot survey
and by referring to field measurement records on the net area of farm lots
made by the Ministry of Agriculture, the Scheme area is classified into
cultivable and non-cultivable areas as follows: :

Irrigation Gross Non-cultivable Cultivable
Compartment Area (ha) Area (ha) Area (ha)
Sawah Sempadan 2,395 85 2,310
Sungai Burong 3,616 37 3,579
Sekinchan 1,857 33 - 1,824
Sungai Leman 2,133 27 2,106
Pasir Panjang 1,616 38 1,578
Sungai Nipah 2,019 79 1,940
Panchang Bedena 3,351 91 3,280
Bagan Terap 2,870 220 2,650

Total 19.857 610 19.247

Present land use conditions in the Scheme area are presented in Table
B-29. Of the total cultivable area of 19,247 ha, paddy fields cover 17,510
ha. The remaining area of 1,737 ha comprises vegetable growing area of
760 ha, tree cropping area of 460 ha and idle land of 517 ha. The idle land
is kept fallow mainly due to the existence of the Organic Clay and Muck
Soils.

5.2 Future Land Use Pian

The PBLS Office has a plan to extend the irrigation area to land
presently located outside the Scheme. This extension area covers 543 ha
gross including a net cultivable area of 480 ha. Meanwhile, most of the
existing vegetable cultivation areas in the Scheme will continue as it is,
under the ftitle of paddy tand. Taking into account the present land use
pattern, distribution of the Organic Clay and Muck Soils and the existing
land use plan of the PBLS Office, the future land use pian in each irrigation
compartment is formulated as shown in Table B-30 and as summarized
below.

In Sawah Sempadan, the existing vegetable cultivation area of 2 ha
will be used for growing paddy. The net paddy cullivation in the future
will be 2,310 ha.



In Sungai Burong, the converted area of 298 ha for planting permanent
tree crops is excluded from the irrigation service area. The existing idle
land will be cultivated for paddy and vegetables covering 49 ha and 110 ha,
respectively. The total net paddy cultivation area in the future will be
2,890 ha. Out of 381 ha under irrigated vegetables in the future, 121 ha
will be grown with vegetables permanently. The remainder will be used
for mixed cropping of paddy and vegetables. After 3-years' continuous
vegetable cropping, paddy cultivation will be carried out for one year. Qut
of the net paddy cultivation area, therefore, 90 ha will correspond to the
mixed cropping area.

In Sekinchan, the present tree cropping area of 46 ha will be used for
growing vegetables in the future, while 157 ha among the present
vegetable cropping area of 295 ha will be planted with paddy. The future
paddy and vegetable cropping areas will be 1,640 ha and 184 ha,
respectively. As the mixed cropping is performed, 60 ha of paddy field are
convertible between paddy and vegetable croppings every year.

In Sungai Leman, the existing tree crop area of 85 ha and idie land of
256 ha are going o be legally converied io the permanent crop area,
resulting in a non-irrigated coverage of 341 ha. The future paddy and
vegetable cropping areas will be 1,680 ha and 85 ha, respectively. For
undertaking of mixed cropping, 30 ha of paddy field will be annually
convertible between paddy and vegetable croppings.

in Pasir Panjang, the present paddy cultivation area of 1 ha, vegetable
growing area of 13 ha, tree cropping area of 31 ha and idle land of 63 ha
will be legaily converted to the permanent crop area of 108 ha to which no
irrigation water will be supplied. The future paddy cultivation area will
be 1,470 ha.

in Sungai Nipah, the future paddy cultivation area will increase to
1,940 ha by utilizing the present idle land of 2 ha.

In Panchang Bedena, the present paddy cuitivation area of 3,260 ha
will be maintained in the future.

In Bagan Terap, the existing idle land of 37 ha will be fully utilized
for paddy cultivation in the future. Thus, the total area under paddy will



be 2,650 ha in net.

In Extension Area, a total of 480 ha will be irrigated under the
Scheme in the future. The Extension Area is separated into two .portions,
namely 320 ha located in Sungai Panjang and 160 ha situated adjacent to
Pasir Panjang. :
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6. PRESENT SITUATION OF PADDY CULTIVATION
6.1 Cropping Schedule

The double cropping of paddy a year is the target of PBLS. In the
present’ cropping schedule as proposed by the PBLS Office, each farm
operation period is fixed to be 201 days with a 40-day crop staggering
period. - Off-season cropping starts from February 1 and main season
cropping from August 1. The plan was set up on the basis of traditional
farming practices in which the main farming practices like transplanting,
harvesting and threshing are. all carried out manually. To cope with the
shortage of farm labour due to recent changes in socio-economic
conditions; howsever, direct seeding and mechanized farming practices are
already being widely practiced by farmers in the project area. The actual
cropping schedule is thus different from the proposed one.

The irrigation water supply schedule is fixed in accordance with the
proposed cropping schedule. Even after the irrigation system of PBLS was
upgraded, the proposed cropping schedule has not been realized. The
irrigation water supply schedule was adjusted for every crop season in
each compartment by the Paddy Planting Schedule Committee chaired by
the PBLS Office, taking into accounts performances in the preceding
season and available irrigation water resources. Farmers' requests are
also reflected in-determining the water supply schedule. The cropping
schedule is determined individually for each compartment. The adjusted
water supply schedule is gazetted by means of a notice board system. The
gazetted schedules for the last five crop seasons are shown in Table B-31.
Past performances are summarized in Fig. B-3. In compartments other
than Sawah Sempadan and Sekinchan, one to two crop seasons have been
missed  in four years from 1983 to 1986. According to the PBLS cropping
schedule, paddy transplanted between February 21 and March 31 is defined
as the off-season crop, while that transplanted between August 21 and
September 30 as the main season crop. The present definition on crop
season is made based on timing of planting. The first crop season is a
period between January 1 and June 30, during which planting work in an
irrigation compartment, even though partly, is commenced, while the
second season is between July 1 and December 31.
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6.2 Farming Practices
(1) Land preparation

Land preparation works are usually carried out by 4-wheeled tractors
of 20 to 80 HP on a rental basis. Most of farm lots are rotavated twice,
though the number of times of rotavation depends on the conditions: of the
paddy fields and the cash solvency of the farmer. The available number of
tractors in the project area totals 113, of which 14 are kept by the Farm
Mechanization Center in Tanjong Karang and the remainders are owned by
private sectors. Private-owned tractors include 29 in Sawah Sempadan,
13 in Sungai Burong, 15 in Sekinchan, five in Sungai Leman, six in Pasir.
Panjang, 28 in Sungai Nipah and four in Panchang Bedena and Bagan Terap.

(2) Planting method

Two different kinds of paddy planting are practiced in the area. One
is traditional transplanting and another is the newly introduced direct
seeding. In case of traditional transplanting, paddy is transplanted twice.
The first transplanting to a nursery bed made in a farm lot starts from the
7th to 10th day after the seeding on a dry seedbed made of wet mud from a
drainage ditch and covered with banana leaves.

Direct seeding method was firstly introduced in Sekinchan in 1979.
The method has broadly extended in other compartments.  In.the first crop
season in 1986, the direct seeding was practiced in the area of about 35 %
of the whole project area with a wide range between 96 % in Sekinchan
and 1 % in Sungai Nipah. As shown in Table B-32, 60 to 100 % of paddy
farmers in Sawah Sempadan, Sungai Burong, Sekinchan, Sungai Leman,
Pasir Panjang and Sungai Nipah have practiced direct seeding method,
while none of them has no experlence in Panchang Bedena and Bagang
Terap.

Presently, three different kinds of direct seeding methods are
practiced in the project area. These are as follows:

a. Mechanized dry seeding using a seed driller attached to a tractor
is applied when the field is dry. In order to germinate seeds
evenly in a farm lot, harrowing is carried out after rotavating.
Seeding is done five to ten days before the commencement of
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water supply.

b. If the surface of farm lot is uneven, manual dry seeding method is
applied. Seeding is conducted with the same timing of mechanized
dry seeding method.

c. Manual wet seeding method is applied if a farm lot is wet. As
pre-germinated seeds are used, more precise control of water is
necessary as compared with other direct seeding methods. At
first, a farm lot is supplied with water for about two weeks and
presaturation work is carried out. Then, surface water is
completely drained out one day before seeding. After the seeding,
the farm Jot is immediately flooded within 10 days at the longest

(8) Rice variety

Prevailing rice varieties in the project area are Setanjung (MR1),
Sekembang (MR10), Manik {MR52), Muda (MR71), Makmur (MR73) and
Seberang (MR77). Characteristics of these released varieties are
summarized in Table B-33. The distribution of these varieties in 1985 are
summarized in Table B-34.

(4) Seeding

Seeding rates are 20 kg/ha for transplanting and 80 kg/ha for direct
seeding, respectively. Required seeds in the project area amount to about
800 tons of paddy for every crop season. Qut of these, about 500 tons are
retention from the preceding harvests. The remaining 300 tons are
certified seeds which are produced by the farmers contracted with the
District DOA. The certified seeds are released directly to farmers or
through a supply channel of Area Farmers' Organization.

(5) Fertilizing

 Fertilizers are distributed to farmers through Area Farmer's
Organizations. To increase crop yield and net farm income of paddy
farmers, the Government gives such fertilizers free of charge as urea of
100 . kg/ha and compound fertilizer of 200 kg/ha for every crop season.
The total content of nitrogen is 80 kg/ha. Farmers supplement fertilizers
by their own expenses, if necessary.



(6) Controlling of rats and weeds

If a rat control program is made by farmers in line with DOA's
recommendation, rodenticides .are given to farmers_free of charge.

With the extension of direct seeding methods, the need of weed
control has been increased. There are two kinds of weeds, Echinochloa
crusgalli and Echinochloa colona which grow faster than rice plant unqer
dry field condition. These weeds absorb nutrient elements instead,of rice
plant. The field should therefore be covered with water immediately after
seeding. - As the chemical weed control is costly, the transplanting method
is repracticed by farmers as a cheaper measure for weed control.

{7) 'Controliing of Insects

Since late 1970s, the outbreak of brown plant hopper (BPH) has
become ‘a serious threat to rice production in the project area. Damage
from BPH was first recorded in Sungai Leman in 1977 and in Sungai-Burong
in 1978. These are the earliest records in the country. Buildup of BPH
takes place in three months from June to August. Past occurrence of BPH
and its damage are shown in Tabie B-35. : -

Overuse of chemicals by farmers have destroyed the delicate
ecological balance, because chemicals also kill beneficial insects. At
present, DOA is directly involving in control of BPH by the following
means. — o

a. About 10% of the whole area is monitored weekiy under a.crop
surveillance system. '

b. Action Committee chaired by the State DOA is held regularl'y-every
week. Based on the result of monitoring, a pest control plan is
established. C

c. If the outbreak of BPH is recognized, the State DOA release
stocked  pesticides directly to farmers. -

Pesticides are procured with special fund and kept by DOA. In 1986, a
total of M$175,100 of pesticides was allocated for controlling outbreaks
of BPH. A breakdown of pesticide used for PBLS in 1986 is shown below.



Compartment, Stock Amount Market

Value(M$)

Sawa Sempadan Hopcin 1,896 it 21,240
Sogatox Dust 19,436 kg 40,670

Sungai Burong  Sogatox Dust 11,455 kg 19,800
- Sekinchan  Sogatox Dust 18,410 kg 31,850
Sungai Leman  Hopein 3,238 it 36,270
“Sogatox Dust 14,606 kg 25,270

Total 175,100

DOA's long-term strategies and programme for controlling BPH are as
summarized bslow.

a. Adjustment of cropping schedule in three compartments of
- Sekinchan, Sungai Burong and Sungai Leman in order that the
heading stage would not fall in a period from the end of June to the
beginning  of July. For this purpose, cropping in the three
compartments is started together.

b. Both extension officers and farmers are to be trained concerning
the suitable use of chemical.

(8) Harvesting

Harvesting has already been mechanized in the whole project area.
Harvesters with 32 to 220 HP are used on a contract basis. Of 65
harvesters, ‘eight are owned’ by the Farmer's Organizaion Authorsty, while
the remainder are operated by privated owners. The distribution of private
harvesters is four in Sawah Sempadan, 11 each in Sungai Burong and
Sekinchan, one in Sungai Leman, nine in Pasir Panjang, seven in Sungai
Nipah ‘and 14 in Panchang Bedena and Bagan Terap. Recently, a field drain
has -been provided along 'batas’ of farm lot under the Field Improvement
Scheme managed by DOA. This improves the drainage conditions in the
farm lot and makes the mobility of heavy machinery easier. Paddy stalks
remained after harvesting are slashed and burnt in the farm lot.

(9) Processing

Paddy after harvested is directly sacked without drying and cleaning



on the farm lot.. After weighing, paddy sacked is transported to mills by
lorries or to licensed dealers' depois by motor-cycles.

6.3 Yield and Production of Paddy

Data on cropped area, unit yield and production’ of paddy in the project
area were collected from PBLS office for the past five years from 1981 to
1085. These data as summarized in Tables B-36 to B-38 are based on the
PBLS Monitoring Survey. The average cropped area for the above period is
calculated at 15,460 ha for the first crop season and 16,400 ha for the
second crop season. As. the total cultivable paddy fields are 18,027 ha
consisting of paddy of 17,510 ha and idle land of 517 ha, the cropping
intensity becomes 1.77. The average unit yield of paddy is 2.89 ton/ha in
the first crop. season and 3.35 ton/ha in the second crop season. The range
of paddy vyield by irrigation compartment and block in the main-season of
1985/1986 is as shown in Fig. B-4. The annual production of paddy in the
project area is estimated at 99,630 tons on average during the above five
years.

6.4 Processing and Marketing

In the project area, there are four rice mills which are managed by
the National Paddy and Rice Board (LPN) as shown below. '

Drying Mitling Storage

Location Capacity Al Capacity 2. Capacity
(ton/hr) {ton/hry ~{ton)

- Sungai Besar 9.8 3.5 11,100
Sekinchan 31.7 55 10,000
Ulu Tiram Burok - '

(Sawah Sempadan) 31.7 55 10,000
Batu Dua _ o
(Kuala Selangor) 23.8 6.8 - 8,000
Total 97.0 20.5 39.100

Remarks: (1= Wel paddy [2= Dry paddy

All paddy harvested in the project area are dried and milled in these
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four rice mills. The maximum working hour of these mills is 20 hours per
day.  Theé present drying and milling capacities are estimated at 1,940 and
410 tons per day, respectively. The above rice mills have storage
facilities with a total capacity of 39,100 tons. They are used for storing
dry paddy before it is milled. |

With regard to marketing, LPN is responsible for controlling the
marketing of paddy and rice, maintaining a national stockpile and
importing rice. All paddy produced are handled by LPN. Farmers usually
sell paddy immediately - after harvesting without drying it. Paddy is sold
to LPN milling complexes through the licensed dealers which are Farmers'
Cooperatives or private agents. Some small amount of paddy is also
directly sold to LPN- complexes. The purchasing price of paddy is
controlled by the Government. In 1986, the purchasing price of clean dry
paddy delivered at the mill gate is M$66.15/100 kg for long grain and
M$62.84/100 kg for medmm gram both inciuding Government subsidy of
M$16.54/100 kg.

Rice milled in LPN complexes is immediately delivered to the
Government rice’ stockpile in Kuala Lumpur or sold to wholesalers, and
then marketed at open rice markets. The price of rice at each open markst -
-depends on the supply and demand of the markets, though the price at the
open market is controlled “indirectly by the Government's management on
national stockptle and import of rice.

6.5 Crop Budget and Farmers' Economy
6.5.1 Crop budget for paddy cultivation

Bésed on the PBLS Monitoring 'Survey', the analysis is made to clarify
producnon cost, gross income and net return for paddy cultivation in the
area. The results are shown in Tabies B 39 and B-40.

As shown in the foilowing table, net return has not substantially
increased. Its averages were M$329/ha in the first crop season and
M$624/ha in the second crop season, accounting for 21 % and 33 % of the
gross income, respectively. The average production cost of rice was
M$762/ton in the past five years and M$871i/ton for the crop year of
1084/85, both of which are expensive if compared to the imported price of



rice of M$608/ton in 1985.

1980 1981 1982 1983 1984 1985 Average

Product;on costﬂ - 1,283 1,286 1,117 1,249 1,192 1,225 .
Gross income - 4,539 2,094 1,261 1,570 1,306 1,554
Net return : - . 2586 808 144 . 321 114 329
Second c¢r n (M$/h _ : - _ . -
Production -costt! 1,361 1,366 1,246 1,230 1,210 - 1,283
Gross .income 2,170 2,404 1,720 1,598 1,679 - 1,907
Net return 809 1,103 474 - 368 366 - 824
Production cost of ri M$/ton : : o SR
1st crop season - 850 624 901 811 931 823
2nd crop season 639 562 737 783 781 - 700
Average . _ 762

Remarks: [1=Inciuding costs for seed, agro-chemicals, fertilizer, hired and family
labour, farm machinery, eic.

As shown in the following table, net return has not substantially
increased. Its averages were M$329/ha in the first crop season and
M$624/ha in the second crop season, accounting for 21 % and 33 % of the
gross income, reSpe_ctnvely The average production cost of rice was
M$762/ton in the past five years and M$871/ton for the crop year of
1984/85, hoth of which are expensive if compared to the imported price of
rice of M$608/ton in 1985.

6.5.2 Farmers' ecohomy

[n order to examine paddy farmers’ economy, farm budget was
analyzed selecting typical farmers holding farm land of 1.2 ha for the
years 1984 and 1985. The farm budget, two crop seasons' average, is
summarized below. lts details by compartment are given in Table B-4i.



7 Compartmentis -

_ Excluding Sekinchan Sekinchan
~ A.Gross Income 4,600 8,637
- 1) Farm .income 3,755 _ 5,940
- Paddy 2,963 4,111
- Other crops and activities 792 1,829
2) Off-farm income 845 2,697
B.Gross Outag
1) Production cost 1,589 2,192
2) Land rent 1,007 1,975
3) Land and water charges 17 17
C. Living Expenses and Net Reserve
1) Owner operator!! 2,994 6,428
2) Tenant operatorl? 2,004 4,470
Remarks: {1 =(A)-(B.1)-(B.3) (2 =(A){B.1)-(B.2)

- The gross income of farmers in the seven compartments other than
Sekinchan is lower than the median gross household income of M$7,150 for
rural areas of Peninsula Malaysia in 1984. Earnings from paddy cultivation
account for 48% of the gross income in Sekinchan and 64 % in the other
compartments. Otif-farm income mainly consists of the remittances from
family members working in the areas outside and wages earned from
non-farm '_aCﬁvities. Farmers in Sekinchan have a higher living expenses
and net reserve than those in other compartments, about twice.

6.6 Existing Wate?-rei'ated Problems
6.6.:1 Low level of paddy productidn

~The paddy production in the project area is still low against the
target of PBLS. From agricultural viewpoints, two factors have adversely
affected the paddy production in the project area: low unit yield and low
cropping intensity.

‘The unit yield of paddy in the past five years was 2.89 ton/ha in the
first crop season and 3.35 ton/ha in the second crop season. It is low if
compared to the original target yield of PBLS which is 4.4 ton/ha in the
main season and 4.7 ton/ha in the off-season. Recently, the PBLS Office



has revised the original target yield and its projected yield for 1990 is 3.7
ton/ha in the first crop season and 3.8 ton/ha in the second crop sea§9n.
One of the reasons of such low unit yield is derived fr_om_trhfa prevailing
traditional method of transplanting. The method has been applied on 85%
of the total cropped area for the first season in 1986. - In this ‘method, the
transplanting is done twice; the first transplanting is done- 10 rdays and
the second one 40 days after seeding. The second transplanting is carried
out when seedlings are in the initial tillering stage with around 50 cm in
height. Since the supply of irrigation water is unreliable, farmers try to
keep water depth as high as possible against the water shc‘i_rtage; The
traditional method ig suitable under deep water condition. However, the
number of tillers is considerably less than that of an ordinary
transpianting method in which seedlings are tran'splanted-'only once. As a
result, the yield of paddy decreases. This tendency is characterized in the
downstream compartments of which soil productivity is highest in the
project area. :

In the upstream compartments, Sawa Sempadan to Pasir Panjang
other than Sekinchan, soil improvement has not been made where the
Organic Clays and Mucks or Brown Clays Soils extend. Therefore, the
average vield in areas affected by these problem soils is still low.

Annual paddy cropped area is dependent on the intensity of cropping.
Under PBLS, double cropping has been promoted. However, the cropping
intensity has never attained 2.0. Delay in cropping in one season greatly
affects the cropping schedule for the succeeding season. In six
compartrents except for Sawah Sempadan and Sekinchan, one to two crop
seasons were missed for four years from 1983 to 1986. The present
cropping intensity is about 1.8 for the whole project area. As a result, the
cropped area has not covered what is required for the target of paddy
production under PBLS. ' .

6.6.2 Change in farming practices

Recently, direct seeding methods have been spreading over the project
area. In the first crop season of 1986, 35 % of the planted area was under
direct seeding methods. The introduction of direct seeding methods
requires a lot of improvement in the present irrigation facilities. The
capacity of tertiary canals is designed to meet the requirements for the



transplanting method. Once the direct seeding methods are introduced, the
irrigation water has fo be supplied for presaturation within a shortest
period in order to realize an even germination of seeds and an effective
control’ of ‘weeds. The peak water requirement is increased during
presaturation with the introduction of direct seeding methods. If all
farmers along one tertiary canal start farm operation at the same date
following  the present cropping schedule, the flow capacity of tertiary
canal is insufficient to meet the increased peak water requirement. The
fixed ‘cropping schedule proposed by PBLS would not be able to be adhered
to. '

More precise land leveling is necessary for the dry direct seeding
method than that required in the transplanting method. If the land leveling
is not properly done, it will lead o unreliable and uneven germination of
seeds. The necessity of land leveling has been increased with the
introduction of direct seeding methods. Although the State DOA has
emphasized the land leveling work through "Field Improvement Scheme",
the number of farm lots on which its fund has been allocated is still
limited. [n order to promote the dry direct seeding, land leveling work
should be promoted in the project area.

6.6.3 Farm mechanization

An average paddy farm household has 6.0 family members of which 4.7
members are 16 years old and above. Since the end of the 1970's, some of
the young female generation have found job opportunities in public and
private service sectors around the project area. Young male family
members have migrated to urban areas such as Kuala Lumpur, Klang and
Petaling Jaya for finding employment or entering school. They are still
registered as family members. Farm operations depend mainly on a family
leader. Even at the peak time of farm operations, available family
members are limited to only 3.1. Recently, family leaders of paddy farm
households have become older. According to the PBLS Monitoring Survey in
1985, about 60 % of family leaders are 50 years old and above, while 5 %
are under 30 years old.

Mechanized farming has been spreading over the project area in the
course of the above change in quantity and quality of manpower. It is
accelerating owing to difficulties in hiring the required labourers for



farming as well as high labour cost in the project area. l.and preparation
and harvesting have already been fully mechanized. The existing.
machinery in the project area includes 113 tractors, 65 harvesters, 113
rotavators and- 52 slashers. Most machines are operated by private owners
on a contract basis. If paddy cropping is practised following the schedule
set by PBLS, the required machines would be 190 tractors, 67 harvesters,.
143 rotavators and 53 slashers as shown in Table B-42. The number of
existing tractors and rotavators is definitely insufficient.  As ‘a result,
private owners determine the operation schedules of farm machinery to
suit themselves. This has become one of the main reasons why a fixed
cropping schedule cannot be achieved.



7. AGRICULTURAL DEVELOPMENT PLAN
7.1 Development Concept

-+ To increase rice production with lower unit costs is the pressing need
from the viewpoint of the national economy. To meet this requirement,
paddy cultivation in the project area categorized as the country's granary
should be improved by increasing the cropping intensity and paddy yield
and by reducing production costs. The project area has the potential to
support good plant growth with a high paddy yield of around 5 ton/ha.
Therefore, the target is to realize the production potential to its full
extent by means of irrigated double cropping with the emprovement of
project facilities.

In order to attain a cropping intensity of 2.0 in the project area, farm
operation period in each crop season must be shortened. It is essential to
revise the present cropping pattern of PBLS which fixes an operation
period for 175 days based on use of the traditional transplanting method.

For increasing paddy yield, farm operations should be done in proper
manner with timely supply of fertilizer and irrigation water. It is
imperative to keep a fixed croppmg schedule with prowsmn of measures
for betterment of paddy fields.

To reduce production costs, labour consuming farming practices
should be improved from the man-power saving viewpoint. Since aged
farmers are ‘increasing in numbers and experienced farmers. together with
young people are decreasing, it is essential to replace manual
transplanting by labour-saving countermeasures.

- From the above, it is clear that improvement of that planting method
will be one of the key. factors to attain the target. By converting the
traditional transplanting to direct seeding methods, about 14 man-days of
labour force per hectare can be saved and the irrigation water supply
period can be also shortened by 15 to 20 days. These facts have been
broadly proved -through practices of farmers themselves in the project
area. In the upstream six compartments, about 80 % to 100 % of farmers
have practiced direct seeding methods in their farm lots. In due
consideration to the above advantages, therefore, the direct seeding is
recommended to improve planting in the project area.



7.2 Proposed Development Plan
7.2.1 Proposed cropping schedule

The proposed cropping schedule is shown in Fig. B-5, takmg the
following aspects into consideration. R

a. Best use of availahle water

In order to make the best use of the available water source, .it is
proposed to divide the project area. into three -irrigation schedule
areas. Each area will have a staggering period of 30 days for
presaturation. The presaturation in the whole area will be -
completed within 90 days.

b. Timing of harvest

Mechanized harvesting should be undertaken in dry months. Taking
into account the seasonal rainfall pattern, the harvesting in wet
seasons from April to May and from October to December -should be
avoided.

c. Damages by brown piant hopper (BPH)

Occurrence of BPH is normally from June to July. If the heading
stage of paddy overlaps to this period, the outbreak of -BPH
becomes serious. - It becomes out of control and leads. to
widespread damage. The damages by BPH are significant in three
compartments of Sungai Burong, Sekinchan and Sungai Leman. The
cropping schedule in these three compartments should be so
determined that the heading stage will not coincide with the
period from the end of June to the beginning of July.

In the proposed cropping schedule, the first season crop is defined as
off-season crop which lasts from the middie of February until the end of
September. The second season crop is called as main season crop with a
cultivation period between early August and early April.



7.2.2 Planting method

There are two direct seeding methods: dry direct seeding; and wet
direct seeding. = With wet direct seeding method, the farm lot is
presaturated for puddling work. The water in farm lot is then drained
completely for seeding.  After seeding, water is supplied again. As the
farm lot must be filled with water twice during the presaturation period,
the wet direct seeding method requires a lot of water and timely supply.
But this method has such advantages that weeds can be controlled easily
by the puddling work and costs for chemical control of weeds can be saved.
With dry direct seeding method, seeds are broadcasted on a dry farm lot.
Irrigation water .is then -supplied graduaily to match the growth of paddy.
If the water is supplied on a fixed schedule, seeding can be started five to
seven days before commencement of presaturation water supply. The
supply period of normal irrigation water can thus be shortened by 20 days
compared with that for the transplanting method. Taking into account the
rainfall pattern in addition to the above, dry direct seeding is proposed for
the off-season cropping and the wet direct seeding for the main season

cropping.

Transplanting method will be still continued until the direct seeding
methods are extended to whole the area. Mechanized transplanting method
requires. farmers to.make unreasonable investments or to rely excessively
on contract works. Therefore, manual transplanting method is proposed
during the transition period.

7.3 Proposed Farm Operations
7.3.1 Farming practices

The proposed farming practices for the two direct seeding methods
are summarized below. The details are presented in Tables B-43 and B-44
respectively, and illustrated in Figs. B-6 and B-7. The farm input
requirements are shown in Table B-45. :

(1) Land preparation

in order to promote the tillering activity of the rice plant at the
initial ‘growth stage and to increase the number of effective tillers, it is



necessary to carry out land preparation, rotavating or puddling, three
times before seeding. The first land preparation should be done
immediately after slashing and burning of paddy stalks. For wet direct
seeding, the second and the third land preparation should be done
immediately before seeding. With dry direct seeding, -the second ‘land
preparation should be performed before seeding and the third one at the
same time of seeding. -

(2) Seeding

Medium-term varieties such as MR52, MR71, MR77 and MR84 are
recommended for each planting method. The growth period of these
varieties is 135 days. The recommended seeding rate is 80 kg/ha. If a
short-term variety is required in adjusting the fixed cropping schedule
when delayed, MR7 can be used for replacement of the above medium-term
varieties. - :

(3) Fertilizing

Recommended fertilizer application method consists of four top
dressings. The first top dressing is made 20 days after seeding applying
mixed fertilizer of 100 kg/ha. The second is applied 35 days after seeding
with the same rate of mixed fertilizer. The third and fourth are done after
55 and 75 days, respectively, applying urea of 50 kg/ha each.

(4) Pest and rat control

In order to prevent the ouibreak and spread of pests, especiaily BPH,
the cropping schedule should be so determined that the heading period of
paddy never overlaps with the end of June. For rat control, an area-wise
operation should be made in line with the recommendations of DOA.

(5) Weed control

Proper control of weeds is recommended by the use of weedicides
together with better land preparation works. - For dry dirct seeding,
weedicides are sprayed twice, 22 days and seven days before seeding.
Application of weedicides for wet dirct seeding is only once, 22 days
before seeding. After seeding, spraying of weedicides is' also required for
both cases of dry and wet direct seeding about 20 days after seeding.
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