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DID (JPT) : Drainage and Irrigation Department
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FELDA : Federal Land Development Authority’
GSD : Geological Survey Department
ICﬁ : implementation and Coordination Unit
JOA :+ Orang Asli Depaitment
KADA t+ Kelantan Agricultural Development Authority
KESEbAR' ¢ South Kelantan Development. Authority
‘MARDI : Malaysian Agricultural Research and Development
: Institute
MHA :_. H ﬁinistry of Home Affairs
MIDA 3 Malaysian.lndustrial Development Authority
.MLRp .= Ministry of Land and Regional Development
"MMS | o Hélaysian Meteorological Service
. MNRD _='“Hinistry'of-ﬁati0nal & Rural Development
:ZMOA" o Ministry of Agriculture
" MOE | ¢ Ministry of Education
| &QF' ::_Minigtry of Finance
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Ministry of Health -

Ministry of Primary Industries

Mlnlstry of Public Enterprises
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Malaysian Rubber Research and Development Board
National Development Planning Committee o
National Electficity Board

Palm Oil Research Institute of Malaysia

public Works Department
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Rubber Industry Small—holders Development Authority
Rubber Research Institute of Malaysia
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millimetre
centimetre
metre
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foot
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I. ‘TOPOGRAPHIC SURVEY

1.  INTRODUCTION

The méjor work of the topographic survey on the Kelantan
River Basin-wide Flood Mitigation Study consxsts of following
three items:

(1)* Data collection and review,
(2). Updating of national maps, and

{3) Longitudinal and cross- sectlonal survey of the Kelantan
River.

Topographic maps, photomaps, aerial photographs, cross-
sections ‘of the Kelantan River, irrigation canal network maps and
so’ forth in the study area were collected from the Survey
“Department and agencies concerned through DID. Furthermore,
a review was carried out to ‘confirm whether or not the collected
data are usable for the study.

- The national basic maps with a scale of 1 to 25,000 will be
in most frequent use for the estimate of flood damages and the
study of river improvement. Those maps were however prepared in
‘1950 " and 1960's, and furthermore are contoured with every 50
feet. Since the estimate of flood damages and the study of river
improvement require detailed contour maps as well as the grasp of
current condition for land use and so on, the updating work of 1
to 25,000 scale natlonal maps as well as the insertion of
detalled contours on them were carried out usxng the photomaps
shot in 1974 to 1976,r aerlal photographs shot in 1980 to 1985 and
80 on. _ _

_ Longltudinal and cross-sectional survey was carried out in
the Kelantan River for the 100 km long river stretches from the
estuary to Kuala Krai. The grasp of current river condition and
change. of river course is based on this longitudinal and cross-
sectlonal survey



2. DATA COLLECTION AND REVIEW

2.1 Available Data

Data collected for topography from the Suxrvey Department and
agencies concerned through DID are summarized as follows:

(1) National basic and editorial maps

The national basic maps with following scales are available:

———h T . . Rt R Ara e bl Dy ek A S Gme M S S S W K e CAF W ey EnG eh A L ML T T ERA SOW SR me T3 Ak el S e e s

Scale Preparation Year Contour Interval
1:63,360 1969 to 1975 50 £t
1:50,000 1985 to present 20 m
1:25,000 1955 to 1967 50 ft

—— . N K R S W CPE T e e ey S e ek ek il il N S LN S S SO Ml T TN ey b ey ek b v P S S L ——

Topographic maps with a scale of 1 to 50,000 are currently
prepared by the Survey Department, however, four sheets are only
available at the coastal area and border with Thailand in the
State of Xelantan. The maps with a scale of 1 to 63,360 are
available for the whole area of the Kelantan 8tate, while the
mountainous region in the southern part of the State is excluded
for 1 to 25,000 scale maps.

The editorial maps prepared from the national basic maps
such as administrative boundary map, Kota Bharu town map and road
map are also collected as supplementary data. Table I.,2.1 shows a
list of the collected national basic and editorial maps.

(2) Mosaic photomaps and related maps

Mosaic photomaps covering the.whole flood prone areas of the
Kelantan River basin were prepar%g as part of the Kelantan River
Basin Study carried out by ENEXL/ . The maps are prepared with a
scale of 1 to 6,336, while the contour interval drawn on the map

is 1.0 m.

Cadastral and spot elevation maps were also prepared with a
scale of 1 to 6,336 as related maps of the mosaic photomaps for
the whole flood prone areas of the Kelantan River basin. Table
I.2.2 depicts a list of collected mosaic photomaps.

{3} Aerial photographs

Aerial photographs with a scale of 1 to 40,000 were shot in
the period of 1980 to 1985 covering the whole of the Peninsular
Malaysia. The stereoscopic aerial photographs of 324 sheets were
collected for the proposed damsites and flood prone areas from
the Survey Department. In addition, the aerial photographs with a



stie of 1 .to 20,000, which are the double enlargement of the
- original aerxial photoqraphs, wore also gathered for the flood
prone areas (89 sheets).

k@j :Riﬁeﬁ'crOSS-sectional data -

Rlver cross- sectlonal proflles were prepared at 19 s;tes for
the river ‘stretches between Kota Bharu and Kuala Krai with an
‘interval of 5 km by ENEX as part of Kelantan River Basin Study.
Furthermore, five cross-sections are available for the proposed
: Dabong damsite.

2.2 Review of Available Data
2.2:1 Topographic maps
(1) Natlonal basic’ maps

- The ‘¢ollected national bas;c maps consist of three scales; 1
to 63 360, 1 to 25,000 and 1 to 50,000.

'(i);'l to"63 360'scéie-national basic maps

S The collected natxonal ba31c maps with a scale of 1 to

63,360 were. prepared in 1969 to 1975 based on the aerial
photographs shot in 1948 to 1959. The maps consisting of 23
‘coloured sheets cover the entire area of the KXelantan State
located in the north of 4° 22'N. The origin of the maps is 4° N,
1209 157 E w1th a contour interval of 50 feet.

o Since any ‘revision was not made for these national basic
‘maps since new preparation in 1969 to 1975, the infrastructures
such ‘as roads, bridges, 1rr1gatlon canals and so on constructed
after the map preparation are not shown in these maps.

(ii) 1 t6.25 000 SCale'national basic maps

. The maps thh a scale of 1 to. 25, 000 were prepared in 1955
to. 1967 based on the aerial photographs shot in 1948 to 1959. The
1maps consisting of 49 coloured ~sheets cover the area of the
Kelantan State situated in the north of 5° 06’ N; that. is, the
. mountainous reglon located in the southern part of the State is
“excluded. The origin of the maps is 49N, 120°E with a contour

Jnterval of ‘50 feet :

: - Any revision was not made for these national basic maps also

sxhce new . preparation . in 1955 to 1967, 80 that the
:Lnfrastructures such-as roads, brldges, lrrlgatlon canals and 8o
~forth constructed after the. map preparation are not shown in
- these maps.



(iii)l to 50,000 scale national basic maps

The collected national basic maps with a scale of 1 to
50,000 were prepared with a contour interval of 20 m in. 19385 to
1987 based on the aerial photographs shot in 1978 to 1980. Since
the maps in this series are under. preparation, only four shggts
are at present available at the coastal area and border with

Thailand as mentioned in the preceding Section 2.1,

The updating of maps was carried out for the 1 to 25,000
scale maps with most frequént uses in this flood mitigation study_
as discussed in the subsequent Chapter 3. An index of the
national maps is depicted in Fig. I.2.1. '

(2) Editorial maps

Collected were six sorts of editoiial_maps, which are edited
to meet the respective uses from the national basic maps.

(i) 1 to 500,000 scale administrative boundary map

The administrative boundary map with a scale of 1 to 500,000
published by the Survey Department in 1977 ‘covers the whole
states of the Peninsular Malaysia by two. sheets, and depicts.
state and district boundaries, 'railways, ‘rivers, roads, major
cities and towns, representative national trigonometric points,
airports and so on. ' o

(ii) 1 to 190,080 scale Kelantan Stéte'map

The Kelantan State map with a scale of 1 to 190,080
published by the Survey Department in 1987 shows the land use
condition by colour. - _ ' - '

(iii)Road map

The road map published by the Survey Department consists of
two parts: One shows the road networks of the whole area of
Peninsular Malaysia in a 1 to 1,000,000 scale, and the other
depicts the road networks of each state capital in a scale of 1
to 25,000 and 1 to 50,000. . .

(iv) 1 to 7,500 scale Kota Bharu town map

The town map of Kota Bharu (1 to 7,500 scale), a capital-
city of the Kelantan State, was prepared by the’ Survey Department
based on the aerial photographs shot in 1979{'COVGring a town
area of 6 km in the north to south direction and § km in the east
to west direction. : - : o Ce



(v) 1Irrigation canal network map

- The irrigation canal networks in the areas managed by KADA
are depicted in a scale of 1 to 12,500 and 1 to 25,000 based on
the 1 to 25,000 scale national maps. The preparation year of maps
is unknown. : :

(vi) District map

The maps covering each district area were prepared and
updated by each District with a scale of 1 to 25,000 and 1 to
63,000 based on the national basic maps. Compilation date is
unknown. -

The above editorial maps were referred to the updating work
of 1.to 25,000 scale-national maps.

2.2.2 Mosaic phbtomaps.and related maps

The mosaic photomaps were prepared in 1974 to 1976 by DID
with the cooperation of ENEX. _

(1) Mosaic photomaps

The mosaic. photomaps drawn with -an orthophotoscope are based
on the aerial photographs'shot at a flight altitude of 5,000
“feet. The mosaic photomaps with a scale of 1 to 6,336 cover the
flood prone area lain in the north of 5° 42'N with 84 sheets. In
other. words, the area for the river stretches between Temangan
and Kuala Krai is not included. Photomaps with a reduced scale of
.1 to 10,000 are also collected in the area where the 1 to 6,336

mosaic photomaps are available,

.~ The photomaps have a 1 m contour interval, the origin of
which is 5° 53738"N, 102° 10‘38"E. An index of photomaps is given
~in Fig.I1.2.2. It is noted that 13 sheets located on the right
bank of the Kelantan River are not contoured.

(2) Related maps

There are two types of maps prepared on basis of the above
photomaps: One is cadastral maps to give the serial number for
~each laBd holder, and the other is to show the spot elevation by
3,600 m*. The division and scale of both maps are same as those
of photomapse.

" ~Although ﬁhere\axe gome uncontoured areas in the photomaps,
- the assessment of flood damages and the updating work of national

- maps much rely on these photomaps,



2.2.3 Aerial photographs

The -aerial photographs collected in the form. of
monochromatic contact positive prints (23 cm x 23 cm) were shot
in 1978 to 1983 with a scale of 1 to 40,000 from the flight
altitude of 12,500 feet. Photographs are well focused with low
cloud cover. '

These aerial photographs will provide the data for
~geological investigation and updating woxrk of the national maps.
Fig., T1.2.3 shows an index of fllght courses shot the aerial

photographs.

2.2.4 River cross-sectional data

A river cross-sectional and longltudlnal survey was carried
out as:part of Kelantan River Basin ‘Study by ENEX in 1975. Since
the levelling route is tied to the national bench marks, height
is expressed in elevation above mean sea level, and then the
scales and unit applied are V=1:100 and H=1:1,000, and feet
.respectlvely An 1ndet map of cross-sectional locatlons is given
in Fig. 1.2.4, '



3. UPDATING OF MAPS

"~ "The estimate of flood damages and the study of rivexr
~improvement  much rely on the topographic maps with a scale of 1
‘to. 25,000. However, those 1 to 25,000 scale maps were prepared
with a contour interval of 50 feet in 1955 to 1967.

The estimate of flood damages requires the maps with a small
contour ‘interval as well as such structures as roads, bridges,
“irrigation canals and so on constructed after the map
preparation, Furthermore, the expansion of towns and villages and
‘the change of vegetation are a major factor to assess the flood
damages. -

-~ The mosaic photomaps prepared. in a scale of 1 to 6,336 in
1974 to 1976 have contours of every one metre. The contours read
by every two metres were drawn on the 1 to 25,000 scale maps by
coinciding the coordinates between them. However, the areas
covered with 13 uncontoured sheets of mosaic photomaps are not
contoured., Furthermore, it is noted that 1 to 6,336 scale mosaic
photomaps are not available in the area for the river stretches
between Temangan and Xuala Krai, resulting in no insertion  of
contour lines with an interval of one metre on 1 to 25,000 scale
maps. S : L

On the other hand, the updating work for the structures and
g0 on 1is based on the 1 to 20,000 and 1 to 40,000 aerial
photographs and mosaic photomaps as well as the maps to show the

irrigation canal network and 1 to 50,000 scale national maps.

_ The 1. to 25,000 scale topographic maps so prepared with
.contours of two. metre interval and the structures newly

constructed after the map preparation were finished by inking
work. : S : :



4. RIVER PROFILE AND CROSS-SECTIONAL SURVEY

River c¢ross-sections of the- Kelantan River were surveyed
with an interval of 5 km for the stretches between Kota Bharu and
Kuala Krai by ENEX as part of the Kelantan River Basin. Study.
However, river cross-sectional survey with a short interval is
required for the study of river: improvement work.

- In this situation, river cross-sectional and longitudinal
surveys were carried out with an interval ‘of 600 m on an avérage
for the stretches between the estuary and Kota Bharu, while. 1 km
on an average for the stretches between Kota Bharu and Kuala
Krai (refer to Table I.4.1). '

There are river channels diverted from the main ‘river
channel toward Tumpat near the river mouth. A cross-sectional
survey was also carried out for ‘10 km long diverted river
channels with an interval of 1 km on an average. Furthermore, an
additional river cross-section and longitudinal profile were

prepared in the sea with an echo sounder.

- One metre high steel ‘pipes with concrete .protection were.
buried as tentative bench marks (TBM) on both banks of the site
where the cross-sectional survey is carried out, and then the
height of them is expressed by elevation above mean sea level by
tying to the national bench marks. o

The sites where ENEX carried out the crogs-sectional survey
were tried to select as the sites to re-survey in- this 'study in
order to confirm the variation of river bed. In addition, datum
of four water level ‘gauges at Kota Bharu, Guillemard ‘Bridge,
Kuala Krai and ‘KADA pump house was confirmed ‘as ‘part :of
longitudinal survey. In case that a cross-section is surveved at
the bridge, the deck level and so on are also shown in the cross-
sectional map. :

The river cross-~sectional and longitudinal surveys were
carried out by the selected local contractor since the end of May
1988 and their field work was completed in the middle of July,
1988, followed by the office work to prepare the drawings. The
outcome of the survey was compiled in V=1:100 and H=1:1,000 and
submitted to JICA as one book with the title of Kelantan River
Cross-sectional and Longitudinal Survey at the end of July, 1988.
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_II. HYDROLOGY
1. INTRODUCTION

The objective of ‘hydrological inveStigation is mainly
divided into five categories; namely,

 (i)- To'clarify-the physical aspect of hydrological behaviour
in the basin, : :

(ii) To assess the historically large flood and its damage,

(iii) To prepare the river basin model to evaluate the
- appropriate scale of structures for flood mitigation and
- their combination, -

~(iv) .To estimate the magnitude of probablé'flood peak discharge
- for various return periods at flood prone river stretches,
and

{v) To estimaté the spillway désign-flood of storage dams.

A river basin model for the upstream reach comprising about
94% of the catchment area of the Kelantan River basin was
prepared to assess the physical aspect of hydrological behaviour
in the upstream basin. The runoff parameters were calibrated on
“the basis of the hourly rainfall and hourly water level records
at the representative stations during the floods in 1983, 1984
and 1986. o

: The probabie.flodd peak discharge at Guillemard Bridge was
regarded as the .largest among simulated peak discharges by
enlarging-the:hyetographs during the above floods.

The model clarified the magnitude of probable flood at
Guillemard Bridge and the concurrent probable floods at storage
damsites. The above peak discharges at Guillemard Bridge are
regarded as the “"INFLOW" into the coastal plain. The probable
inundation depth in the coastal plain is evaluated on the basis
of the relationship between the above "INFLOW" and the recorded

- inundation depth in the coastal plain.

. “Whilst the probable maximum floods for storage dams were
estimated on the basis of the probable maximum precipitation by
using the river basin model. They are less reliable because of
sparse -rainfall data in the upstream basin. The magnitude of

probable maximum ‘flood was then compared with the 200~year

. ‘probable  flood and recorded maximum flood at storage damsites.
- The -largest flood peak discharge among the above three floods was
adopted to the spillway design flood.

IT - 1



2. HYDROMETREOROLOGICAL DATA

2.1 General

The long- ~texrm hydrometeorological data in the State of
Kelantan are collected from DID and MMS, and those in the
selected station in the neighbouring states of Perak, Pahang and
Terengganu are abstracted on the basis of Natlonal Water
Resources Study  (JICA, 1982) and Feasibility Study on Nengglrx
Dam (ELC, 1986). The hydrometeorological data are summmarized in
Fig.I11.2.1. _

2.2 Rainfail

The rainfall data at 98 stations in the State of Kelantan
are stored in the computerized data bank of DID. Of 98 statiomns,
38 stations were abandoned to measure records and the remaining
stations have been managed by DID, NEB, KADA and so on.

The observation of rainfall in the State of Kelantan
commenced in 1938 at a few plantations. The installation of
rainfall gauge was then eagerly carried out by DID. The number of
rainfall stations is, however, limited in the upstream basin of
the Kelantan Rlver, while those in the coastal plaln are densely '

installed.

The deétails in ralnfall characterlstlcs are descrlbed in 
Chapter IV. :

2.3 ‘Temperature

The mean annual temperature at Kota Bharu is 26. 7°C on an
average. There 13 a slight seasonal change ranging from 25, 59C on
January to 27.9°C on May. The varlatlon of temperature depends
upon- a dlurnal change ranglng from .23°C at & of clock Ain . the
morning to 30 'C at 2 o’‘clock in the afternoon. C s

According to the data at Tanah Rata meteorologlcal gauglng
station which locates in:the State of 'Pahang about 20 km 'south
from the state bcundary of Kelantan and Pahang, the mean annual
temperature is 18.1°C on an average and there is also a .slight
seasonal change ranging from 17. 4°C on Januvary to 18.8°C on May.

The data: of ebove statlons show that the temperature
gradient in the State of Kelantan is estimated at about 0.6 Oc/100
m on the basis of the altitudes of 5 ma.m.s.1 at Kota Bharu and
1,470 m a.m.s.l at Tanah Rata. While the seasonal change ‘of
monthly annunal temperature reduces. at higher altitude, the-
diurnal change is more sxgnlflcant at the hinterland. Lo

2.4 Relative Humidity

As well as the pattern of monthly average temperature, there

II = 2



. is no significant change of relative humidity throughout the
year. The annual mean relative humidity at Kota Bharu is 81%, and
there is a slight seasonal change ranging from 79% on March to
' 86% on November, As for Tanah Rata station, the annual mean
rélative humidity is 87%, and the monthly mean varies from 83% on
February to 90% on November

"2.5 ‘Sunshine Hours

Daily sunshine hours have been recorded at Kota Bharu and
. Tanah Rata stations. The annual mean daily sunshine hours are

about five hours at Tanah Rata and about seven hours at Kota
‘Bharu. :

While the seasonal change of monthly mean daily sunshine
hours is slight at Tanah Rata for the range from 3.41 hours on
Novenber to 5.78 hours on March, those data at Kota Bharu show
that the maximum of 8.99 hours on Aprll is about two times the
minimum Of 4.36 hours on November.

The annual sunshine houre are estimated at about 1,700 hours
at Tanah Rata and about 2,500 hours at Kota Bharu, he gradient
"of sunshine hours is roughly estimated at 55 hours/lOOm/year,
although there is a seasonal variation between stations ranging
from 0.95 hours per day on November to 3.78 hours per day on
April.

2.6 Surface Wind Ve16éity

- Average surface wind velocity is relatively low ranging from
0.24 m/s at Kg. Lalok and 1.1 m/s at Tanah Rata. The highest
instantaneous wind velocity of 45.9 miles/hour (20.5 m/sec) was
recorded durlng the flood in 1967 at Kota Bharu on January 5,
1967.

2.7 Eifaporation .

“Pan evaporation data have been collected by DID and NEB in
and around the State of Kelantan.

. Pan. evaporatlon amount tends generally to decrease at higher
altltude The data show the annual pan evaporation amount of 961
. mm at Tanah Rata which locates at 1, 470 m a.m.s.1 and 1,749 mm at

- Kota Bharu of . 5 ma.m.s.1.

_ The varlatlon of pan evaporatlon amount shows that its
'gradlent in the Kelantan River basin is estimated at 20 mm/100
m/year although there are significant differences among the
stations below 200 m a.m.s.l due to the difference of eguipment
of black-palnted pan by DID and ordlnary pan by NEB,

IT - 3



2.8 wTide Level

Tidé table in the Peninsular Malaysis is published by the
Department of Survey and Mapping (DMS). The tide table comprises
the tidal data at twelve tidal Stations. Among the stations,
Geting locating at the river mouth of the Golok River isg the
nearest station from the river mouth of the Kelantan River, The
details of the station are described as follows.

1. Location : Latitude 069137 36"N
Longitude 102°914754"E

2. Datum level of Tidal Heights : 0.534 m below MSL

3. Tides : The inequality is gquite remarkable so that one
high and one low water occurs mostly in a day.

Tropic Rise : 1.01 m
Equinoctical Rise: ' : 0.80 m
Tropic Range ' : 0.952 m

~ Mean High Water Interval : 7 h 41 min.

4. Note : The North East Wind caused by the low
' ‘atmospheric pressure, raises the sea level to

about 40 cm.

The above data is based on the datum level adopted for tidal
predictions of Indian Spring Low Water (ISLW). The data is then
adjusted referring to MSL at Kuala Terengganu in order to set at
the equivalent datum level with the topographic survey. The
adjusted datum level and the tidal range at Geting are
illustrated as shown in Fig.II.2.2. :

2.9 Sedimentation

The sediment deposit volume in the reservoir of storage dams
are estimated based on the other schemes in and around the
Kelantan river basin. oo '

(1) The Kelantan River Basin Study (ENEX,1978)

The sediment deposit volume of 100 m3/km2/year in the
reservoir was estimated on the basis of the geomorphological
study on the upper layer of coastal plain assuming that the
layer was formulated by the transported sediment for 6,000
years., While the‘disghargermeasurement data of 60 samples
showed the 140 m3[km /year at Guillemard Bridge. The Study
conclgded'the'specific sediment rate at Dabong Dam site was
110 m /kmz/year. ' . ' T
(2) Ringlet Falls Reservoir in Camelon Highland
Sediment deposited in the reservoir has been measured for
eight times from 1963 to 1986. The ayerage "sediment

deposited in the reservoir was 168 m~/km“/year. The
measurement, however, has been carried out for the upstream
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-part of the reservoir which covers about 30 % of the surface
- area of the reservoir.

~{3) Feasibility Study on Lebir Dam (JICA,1987)

‘The sediment deposited in the reservoir was estimated based
‘on the above data and Kira's empirical formula. Kira's
formula is set up by using actual measurement data of 157
reservoirs in Japan, 58 in U.8.A., 47 in India and 14 in
othexr countries. The average anaual sediment volume in the
reservoir was estimated at 410 m /kmz/year.

'(4) Feasibility'Study'on-Nenggiri Dam (ELC,1986)

The annual 'suspended sediment load of 510 nQ/kmzfyear was

estimated based on the monthly suspended sediment loads for
~the period from: 1972 through 1985. Ehe total sediment
deposit volume of more than 1,000 m”/km“/year including bed
" load was applied to the determination of MOL.

(5) The Fea51blllty Study on Keer Dam (SMEC 1970)

The annual suspended sedlment 1oad of 100 n@/kmzfyear was
.estimated on the basis of the study on Pahan River Basin.

3 le Study, the average annual sediment deposit volunie of
410 m”/km“/year is applied to determine MOL for the reservoir of
storage dams considering that the largest value ?FOPEFd to the
other schemes and the value of more than 1,000 kn*/year for
. Nenggiri Dam is more conservative than the curves fltted to other
shemes,
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3. RIVER BASIN MODEL

3.1 @General

The Kelantan River basin is chavacterized by the periodic
extreme flooding and drought. Difficulties -of flood mitigation
are in the vast coastal plain and the relatively. low flow
capacity of river channel. . : :

“To cope with such difficulties for the measure of  flood
mitigation, the appropriate hydrological procedures are required
to enable to assess the scale of flood and the combination of
structures for flocd mitigation. ' .

In the Study, the hydrological model for the Kelantan River
basin is configurated so. as to select the optimized plan for
flood mitigation. The objectives to establish such a hydrological
model are enumerated into three categories; namely,

(i} To clarify the physical aspect of hydrological
behaviour in the basin, ' L

(ii} To assess the historically large. floed and its
damages, and '

(iii) To assess the appropriate scale 0of structures for
flood mitigation and their combination.

3.2 River Basin Model

3.2.1 Configuration

The model comprises the upper reaches of the Kelantan River
down to Guillemafd Bridge. The model comprises a catchment
area of 12,080 km?, and this area is divided into 26 sub-basins
and 15 river stretches as shown in Fig.IT.3.1.

This model is available mainly to assess the physical aspect
of hydrological behaviour in the upstream basin and als¢ the
appropriate scale of structures for flood mitigation.

3.2.2 Basic Concept of the Model
(1) Base and sub-base points

Base points are to evaluate flood probabilitY'aﬂd'to.aSSess
the rate of flood mitigation by the combination of flood.
mitigation structures. ' -

The water level gauging station at Guillemard Bridge is
regarded as the base point taking its relatively longer period of
water level records in the Kelantan River basin into
considerations. ' . _ -

11 - 6



_Sub-base points are the ones to evaluate the discharge and
also to assess the flood routing by storage dams. These points
are set to imply the following conditions:

- Immedlately upstream and downstream at the confluence with
tributaries,

- Proposéd storage'damsites,

- Beglnnlng and end points of river stretches divided taking
- flow capacity and riverbed gradient into considerations, and

- Existing water 1evel-gauging stations.

The conflguratlon of  hydrological model for the upstrear
'basmn is shown in Pig.II.3.2.

(2} Réihféll.gaugihg station

Fourteen rainfall gauging stations are selected for the
upstream model under the following considerations:

(i) Relatively longer period of rainfall records,
{ii) Both daily and hourly rainfalls are recorded, and
(iii) Areas of Thiessen's'polygon are equally distributed.

The. location of selected rainfall gauging stations and
Thiessen's polygon are shown in Flg 11.3.3. The areas of each
Thiessen's polygon are enumerated in Table II.3.1, and the areas
of these polyqons contributed to each sub-basin are listed in
Table IX.3.2.

(3) =Rﬁnofffcoefficient

~ Runoff coefficient is derived from the relationship between
“the volume of direct runoff during flooding and the accumulated
ralnfall depth

In ‘the Study, the flood hydrographs in 1983 and 1984 are
adopted to estimate the runoff coefficient since both hourly
water level data at Guillemard Bridge and hourly rainfall records
in the upstream basin are avallable.

Shown in Emg II.3. 4 ‘are the data of accumulated rainfall
- depth against the direct runoff depth assuming that the base flow
is eguivalent to the initial runoff immediately before the rising
limb of flood'hydrOgraph

' The data show the runoff coefficient of (.55 is adegquate

until the accumulated rainfall depth reaches 200 mm, while it
changes from '0.55 to 1.0 beyond the accumulated rainfall depth of
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200 mm.

(4) puration of probable rainfall

Although monsoon rainfall octurs intermittently . throughout
the rainy season as attached in Appendix, the duration of
probable rainfall is required to define for establishing the
comprehensive river basin model. The duration of pgobable
rainfall can be roughly estimated by the calculation of
travelling time of flood. As given in Appendix, the result varies
ranging from 1.4 to 5.4 days. The in-depth study is then carried
out as described below. o '

The duration of probable rainfall is defined on the basis of
the relationship between the volume of direct xunoff (Vph) and the
accumulated effective rainfall depth (Vg). Flood hydrographs in
December 1983, December 1984 and November 1986 are adopted to
estimate the wvolume of direct runoff, while the accumulated -
effective rainfall depths for the period of three to seven days
as given in Tables II.3.3 to II.3.5 are calculated by the

following equation: : o

Vg = £'R'A" (RERSAL) « s vvnnn e (EQ.301)
= R - (1-f)'Rsat ]'A (R>Rsat).......... (Eq.3.2)

where, 'VR = vo%ume of accumulated effectivé rainfall

(m~)

~f = runoff coefficient ( = 0,55 )

R = accumulated basin mean rainfall (m)2

A = catchment area ( = 12,080 million m*® )
Rsat = accumulated rainfall depth ' when the

catchment is fully saturated { = 0.2m ).

Shown in Fig.1I.3.5 (above) is the result of above
calculation. The ratio of Vp/Vh on an arithmetic average varies
‘ranging from 1.553 for thrde days to 0.880 for seven days. Of
five durations of rainfall, the. rate of five-day rainfall is
nearest to 1.0. : '

. Furthermore, the relationship between the peak discharges of
annual maximum flood at Guillemard Bridge and the basin mean
rainfall depth for various durations are also calculated as shown
in Table II.3.6. The duration of 5-day having the highest
correlation coefficient is regarded as the optimum duration of

design rainfall as shown on Fig.IT.3.5 (below).
 The five-day rainfall is therefore defined as the duration
of probable rainfall, ' ; R :
(5) Base flow
The mean annual runoff of 600 m3/sec has been Obse:Ved.éﬁ

Guillemard Bridge for the period from 1960 _to 1986. Its specific
discharge 1is estimated at 0.05 m3/sec/km?. ‘The above specific
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discharge is defined as the base flow at sub-basin during
flooding.

'3.3 :Rﬁnoff calculation

3.3.1  Method

Vf =S£orage function method is ‘applied to the runoff
calculation.
3.3.2 rRunoff calculation from sub-basin

_ Flood runoff from sub-basin is calculated by the following
equations; :

s =kKQF L. P R cee. {EQ.3.3)
CdS/At = (1/3.6) E LA = Q ernrnineraiaaes ceeeee. (EQ.3.4)

storage volume in the su§~basin (m3)

- where,

T runoff: from sub-basin (m”/s)
constant
constant

time (sec)

runoff coefficient

basin mean rainfal% {mm/hr)
catchment area (km*®)

B kot SO 0

EopoBoaouononu

'iﬁfwhich, the constants of X ahd P_afe estimated by the following
empirical formula:

CRo=119 103 e, A, (Eq.3.5)
po= 0.175 - 170.235 ... T (Eq.3.6)
~where, I = average riverbed gradient.

Fiﬁéliy, flood runoff is adjusted taking lag time into

considerations. The lag-time is roughly estimated by the
~ following empirical formula:

1= 0.0470 L - 0.56 (L>311.9 KM ) vvvnnnnnnnn.. (Eq.3.7)
= 0.0 7 (L€I1.9 KM ) eeeeinennann. (Eq.3.8)
' where, Tl = lag time (hours)
L = river length (km).
3.3.3 Flooq_routing_through river channel

In dase'thatrthe'riverbed gradient is rather gentle or the
‘water level is affected by the backwater due to the relatively
higher water level in the main stream, the flood runoff generally
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retards through the river channel.

The storage: function of river channel ;s_ initiglly
estimated by the river cross section, riverbed gradient and river
length. : _

The flood runoff through river channel is calculated by the
following equation:

S_ZK.OP-Tl.o'l.ncnltucoov‘t‘cltlo!..;l“ll_'!lii'(Eq‘l3;9).
ds/dt‘;lhoi.i‘.!ll"‘l.l'l.lltblb ....... » & 8 " % ¥ (Eq'Bnlo)
where, § = storage volume along river channel (m )

- K = constant
P = constant
Tl = lag time (hys)
I = inflow (m3/s)
0 = outflow (m’/s)

in which, the constants of K and P are estlmated by the trial—
and~erroxr method on the basis of the observed flood hydrographs.

The lag time (T1l) is estlmated by the follow1ng emplrlcal
equation:

ML= 7.36 x 107451705 ... ... ieiiiinevee.. (Bg.3.11)

where, T1 = lag time (hrs)

L = length of river channel (km)
I = average riverbed gradient.
3.3.4 Flcod routing by storage dam

Natural retardatlon effect of storage dam is calculatéd on
the basis of the reservoir water level and its storage volume by
the following eguation:

dS/dt = T = 0 «ovvnivnunns e e (Eq;s.lz)
reservoir storage (m3) .
inflow into reservoir (m3/s)

outflow from spillway (m3/s)

where, S5
I
0O

i

in which, the outflow from splllway is calculated by  the
following equation:

0O0=C8B Hl's e 'f"'_'_""’.""'4'-_-0-—«.‘ (Eq-3-13)
where, 'O = outflow from spillway (m3/s) | |

C = constant (= 1.9 )

B = width of spillway crest (m)

H = water depth above crest (m}.
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3. 4 Recorded Flood Hydrograph

In the catchment area of 12,080 xm? at Gulllemald Bridge,
“there are six water level gauging stations as enumerated below:

et N A e AT W e G S se Moo Sk W07 mew B mm i mas il A Eam 0o A ek o R S e S e VR e Do M Ay e men B ok ikt S GTw Cme T G ek gy S SYD LR A O RS ERp £AT ST D L S

Station River C.A.(kmz) Remarks
1. Chegar Atas | Nenggiri. 3,740 1972 - 1986
._2'. Bertam " Nenggiri 3,956 1976 - 1986
3. Dabong  Galas 7,480 1975 - 1986
4. Tualang Lebix 2,480 . 1976 - 1983
5. Kuala Krai _ Kelantan_ : 11,127 : 1978 -~ 1986
6. Gunillemard Bridge Kelantan 127,080 1941 - 1986

D B R mmp g AP R . e e S OV B Sy G AW Emm M A Wer B T WM S W SR N Gk Mot W AR AEL [ R W Dy /R ey e e S ol e e i A S Ak o W e VS AP A

Of six ‘water level gauging stations, five stations except
Chegar Atas are managed by DID, while Chegar Atas is wmanaged by
NEB since 1972.

So-as to calibrate the parameters of river basin model, the
flood hydrographs .at five stations except Bertam are adopted
since Bertam station locates about 15 km downstream from Chegar
Atas and the data at Bertam are less rellable than those at
Chegar - Atas.

Asg for Kuala Krai station, there are no data of discharge
measurement. The rating curve is estimated by the non-uniform
flow calculation.-

The annual maximum- peak discharges at Chegar Atas, Dabong
-and Tualang are enumerated as given in Table I1I.3.7. Those at
Guillemard Bridge are also enumerated in Table II.3.8.

_ Frequency analysis is carried out on the basis of the annual
- maximum peak discharge at Guillemard Bridge since those data at
the other stations are limited.

, Shown in Fig.I11.3.6 is the plotting position of the data.
“Although three methods, i.e. (1) Gumbel (ii) Iwai and (iii) Log-
Pearson Type III, are applied to the frequency analysis, there is
no gignificant dlfference among them. Gumbel distribution, which
is ‘recommended by DID to apply to frequency - analysis in the
'Penlnsular Malaysia, is finally adopted to the Study.

Probable peak dlscharges at Gulllemard Bridge are estimated
as follows.
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Return Period . Probable geak Discharge

(years) /8)

200 20,700

100 118,500
50 16,300
30 14,700
20 13,400
10 11,000
5 8,700
2 5,100

—r s G W W P Bt G R R (P Ty T O S ey S DS it A L8 S e S A N T R R S W e TR A S M mn S Cad ek S S e

3.5 (alibration of muncff Parameter

Three observed flood ‘hydrographs are adopted to the
calibration of runoff parametexr, that is; _ : :

S Y T M T s e S M v e e W G e e e A ke Bk ey AU AT Gy NG A0S i AS S M BAR MO A el ey ey Y S TAS P S e

Peak Discharge at

No. Flood Gulllemgrd Bridge
‘ /sec)
1 Decemberx, 1983 12,007
2 December 1384 7,744
3 November, 1986 . 6,901

—--.--.-..a——_wm_—-..—-...--——-—-—-.-.-——..,.———-———————......v——-pm“...-—-.q.-:—m

Both observed hourly rainfall and hourly water level records
are available for the period of above flooding, although hourly
rainfall records ‘are missing at a few rainfall stations. The
isohyetal maps of the above monsoon rainfalls are shown in
Figs.II.3.7 to II.3.9.

In case that the hourly rainfall records are missing, the
hyetograph of the rainfall station having the highest correlatlon
coefficient among the stations 'is applied.

As for +the c¢onstant of P -in the eguation of runoff
calculation, the arithmetic average of 0.5 is applied to av01d-
the lengthy calibration. : _ _ _

The runoff coefficient ‘at sub-basin is divided into two
values, 0.40 for the catchment of the Nenggiri Dam and-0.65
for the other sub-basin. The weighted average of runoff
coefficient is equivalent to 0 55 over the whole  catchment. area
at Guillemard Bridge.

The results of calibration are summarlzed in Table II 3 9

for sub-basin and ‘Table II.3.10 for river channel. The observed _

and simulated hydrographs are shown in Fig.II.3.10.
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4. RAINFALL ARALYSIS

4.1 General

The objectlves of - ralnfall ‘analysis are to estimate the
follow;ng conditions:

(i) ‘7o assess the physxcal aspect of monsoon rainfall,

(ii) To assess the annual maximum daily rainfall depth for
various durations, and

(iii)'Te estimate ‘the probable maximum precipitation for the
spillway design flood of storage dams.

4.2 Annual Basin Mean Ralnfall

B ‘The ischyetal map of annual mean rainfall depth as shown in
Fig.IX.4.1 'is prepared to estimate +the annual basin mean
- rainfall. : ' ' -

- The annual rainfall depth -at representative 20 rainfall
stations in the State of Kelantan is enumerated in Table IT.4.1.

‘The data ‘show that the annual basin mean rainfall of 2,700
mm.on an average has been recorded in the State of Kelantan. The
heaviest annual mean rainfall of 3,214 mm has been recorded at
Kg. Jeli station where the Pergau and Golok rivers originate,
~while the relatively smaller annual mean rainfall of about 2,200
mm -has been recorded in the hinterland at the Galas and NenggLrl
river baSLns.

The monthly mean ralnfall depth in the State of Kelantan is
_summarlzed in Table IT.4.2 and Fig.IT.4.2. :

_ .The data show that around 50% of annual rainfall on an
average ‘occurs from October to December in the coastal plain,
while there is no distinctive ralny season and the monthly
ralnfall depth is evenly dlstrlbuted in the upstream river basin.
4.3 Annual Maximum Daily Rainfall

: : Annual maxiqum dally rainfall depth for the duratlon of one
to flve days is given 1n Tables IT.4.3 to II.4.6.

The‘ frequency analys;s‘ of ‘annual maximum daily rainfall
'depth for each duration is carried out by Gumbel Method. The
- results of analysis are enumerated in Tables I1Y.4.7 and II.4.8.
-4 4 Depth - Area Analysxs

Whllst probable rainfalls for the duration from one to five

days ‘are ‘obtained based on the daily rainfall data at fourteen
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stations, these probable rainfall depth should “be -converted to.
basin mean rainfall depth corresponding to the area of Thiessen’s
polygon for each rainfall station. :

The rate of conversion from point rainfall to basin mean
rainfall - is therefore estimated by the depth-area relationship
which is derived from the isohyetdl map of relatively heavier
monsoon rainfall records.

The raihfail records adopted in the depthwarea ah&iYSis are
listed below: ' S

g Su8 - Cam w ae e x> ek S WS R e Al S VA T GO PR A mm e B O3 M i G SR A 0o GO e R

Date Max. Point Rainfall

(mm/day) '
Jan 6, 1967 607
Mar. 25, 1973 315
Nov. 15, 1979 230
Dec. 15, 1982 320
Dec. 20, 1984 273
Nov. 27, 1986 555

e o . T A O CE G A S b e Yol S S o W o b S e e e ——— oy

Shown -in Fig.II.4.3 is the relationship between daily
rainfall depth and area. The data show that the heavier daily
point rainfall indicates the lower rate of conversion. to basin
mean rainfall depth. : - : : :

In the Study, the rate of conversion from point probable
rainfall depth to basin mean rainfall is defined as the envelope
curve which is the trace of the depth-area curves of November 27,
1986 and January 6, 1967. In case that poi&t“rainfallaia'
converted to basjn mean rainfall beyond 1,000 km“, the value of
0.38 at 1,000 km* is applied. _ o

4.5 Hourly Rainfall Pattern

Hourly rainfall records more than 300 mm per day are adopted
to estimate the hourly rainfall hyetograph for relatively heavierx
monsoon rainfall. The adopted records are given in Table II.4.9.

4.6 Probable Maximum Precipitatidn (PHP)

The one day probable maximum precipitatibn-is'éstiméted-by
Hershfield’s method recommended by World Meteorological
Organization (WMO) for the area having sparse rainfall data.-

Since the records of less than ten years should not be used
for the above method, the records at six stations ave applied to
the method. ' '

The results are given below. The adjustment factor Gf 1.16
for the observation period of 24 hours is multiplied, and the
ratioco of PMP to the 100-year probable rainfall is regarded ‘as the
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' maximization factor as shown below:

10 ) T3 S O Sl ) D G S S £ WX Gap O30 M2k 4 N U S O Sal P I LS A R e T SR P2k 4G S S0 S xS0 W OO G 1 e G GOk e A O3 e T WD S A w3 b o s R

Station PMP (mm) Maximization Factor
‘kuala Pertang 1,489 2.875
" Lubok Buhg@r 1,493 3.225
" Dabong | 883 2.941
‘Bertam | o817 - 3.215
_Kuala_Krai 1,669 ' : 3.470
‘Machang | 2,067 3.100
“average 7 3ass

— U THR S TN AT PR S G Eap e RET e TEN AT SO AT SRS G N GOV CE GES M R WG IR VS SAM T A Mol e G ml A T e . L Gk dw B do GO W R SR PR dmb Y S S T G et A

The max;mlzatlon factor of 3.138 for 100-year probable point
rainfall is applied to the estlmation of point PMP for the
remalnlng statlons ,

" The point PMP is converted to basin mean PMP hy multlplying
the converSLOn factor as described in Section 4.4.

As well as the maximization factor for point PMP, those for
basin mean PMP are calculated as given in Table- II 4,10. The

above factor is applied to the 100-ysar probable point rainfall
fqr the duration of more than one day:

_ The basin mean Suday PMP is estimated by the following
procedurese _

(1) _The one day PMP is arranged at third day at the centre
- ' of duration.

Cii) The-différence between one-day and two-day PMP is
arranged at second day.

:(iii)'hs weil as the arrangement of second day, the
 difference between two-day and three -day PMP is
arranged at fourth day.

(iv)' Finally,. the dlfference between three-day and
' five-day PMP is arranged at first and fifth days.

. The adoptéd'PMP for the duration of five (5) days is
summarlzed in Table IT.4.11.

As for PMP hyetograph, the arlthmetlc average of recorded
hourly rainfall as described in Section 4.5 is. applied to the

third day, while the uniformly distributed hyetograph is assumed
for the remalnxng ‘days.

IT - 15



5. FLOOD ANALYSIS

5.1 General
The objective of flood'analyeis lies in the foilowing:items=

(i} To estimate the magnltude of  probable flood peak
discharge for various return perlods,

(ii) To assess the flood peak discharges at respective
storage dams:Lteo which correpond to the return period
at Gulllemard Bridge, and _

(iii) To estimate the spillway design flood of storage damé.

5.2 Water Level Gauging Station
{1) Chegar Atas

The water level gaug%?g station at Chegar Atas having a.
catchment area of 3,740 locates at the Nenggiri River. The
observation of water level commenced in 1972 and has been managed
by NEB. Discharge measurements are carried out a few times per
month by NEB. The water level recorder of ‘a depth- pressure type
is installed.

(2) Bertam

‘The water: le XEl gauging station at Bertam hav;ng a catchment
area of 3,956 km“ locates at Bertam Brldge across the Nenggiri
River. The station locates about 15 km downstream of the Chegar
Atas station. Comparing with the specific discharges of Chegar
Atas and Bertam stations,; the water level data at Bertam are less
reliable than -those of Chegar Atas. The station is settled in
1976, and discharge measurements to establish an accurate rating
curve have been carried out by DID. :

(3) - Dabong

The water leve] gauging station at Dabong having a catchment
area of 7,480 km“ locates immediately'downstream of the
confluence 'of the Galas and Pergau rivers. The observation of
water level commenced in 1975. Dlscharge measurements have been
~carried out a few tlmes per month by DID

(4) Tualang
The water level gau ﬁjx station ' at Tualang hav1ng a

catchment area of 2,480 km“ locates at middle reaches. of the
Lebir River. The observatlon and discharge measuremént commenced

in 1876 by DID. However, the cable of a depth~pressure gauge was.?H -

broken by floating logs during the flood in 1984.

(5) Kuala Krai
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The water level gauglqg station at Kuala Krai having a
catchment area of 11,127 locates lmmedlately downstream of
the confluence of Galas and L.ebir Rivers, where the Kelantan
River originates, The . function of Kuala Krai station is to
observe the rising limb of flood discharge and to evaluate the
propagation time down to Kota Bharu. The propagation time of
flood peak from Kuala Xrai down to Kota Bharu is known
empirically at about eight hours. The Kuala Krai station
therefore takes an. important role on the flood forecasting and
warning system for the downstream reach. The observation of water
level’ commenced in 1978. The dlscharge measurement., however, has
not been carried out.

- (6) Gulllemard-Brldge

‘The most reliable data among the hydrologlcal data are the
water level records at Guillemard Bridge. The water level gauge
of floating type is installed at the downstream side of
Guillemard railway bridge. Its catchment area is 12,080 km The
annual maximum water level had recorded for the perlod from 1941
to 1959. Then the autcomatic water level recorder was installed in
1960. Dlscharge measurements are carried out by DID a few times a
month

(7) Kota Bharu

. The water level gauging station at Kota Bharu lacates at the
right bank of the Kelantan River. The location is about 11 km
upstream from the river mouth. For the :range of low flow, the
water level is influenced by the tidal effect of the South China
Sea, while the high flow is recorded fairly good because the
“diurnal tidal range at the river mouth is not so high.

5;3'-Regional Rﬁnoff.

- 'Mean annual runoff at water level gauging stations is
enumerated in Table II.5.1. The regional specific yield of mean
annual runoff is 40 ‘l/sec/km The annual runoff/rainfall ratio
‘ona weighted average is estlmated-at 0.55, while those values
. vary ranging from 0.45 at Chegar Atas to 0.59 at Guillemard
. Bridge. : :

5.4 Probable Flood at Guillemard Bridge

5.4.1 Probable Flood Hydrograph

“The-daily rainfall data in the upstream basin for the period
—of floodlng at Guillemard Bridge are not available before 1970,

while “the  records ~'of annual maximum f£lood ‘peak discharge at
Guillemard Bridge are available for the period from 1941 to 1986.

“The number of' samples of annual maximum peak discharge is about
two- tlmes more than that of basxn mean ralnfall data.

-rFurthermOre, the-second, third and flfth largest floods were
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