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T F_REFERENC F

The Terms of Reference as stated in the Scope of Work (Schedule A in the
Agreement) are as follows:-

"The study of the water resources shall include:-
(a) A review of available rainfall and hydrological data.

(b) A study of the possible changes in the discharge of rivers
arising from the development proposed, including urban and
industrial discharges, and where such changes are significant,
recommend soil, river and water conservancy measures to pre-
vent or reduce the incidence of flooding, silting and pollu-
tion in the lower reaches. These remarks apply particularly
to the catchment of the Sg. Johor and its tributaries upstream
from Kota Tinggi where a new intake and treatment plant for
the Singapore Water Supply is situated.

(¢) Locate the source of supplies of water for potable, industrial
and irrigation purposes where schemes for such use of water
are proposed.

(d) An assessment of the requirement for industrial and potable
watardaupplieu with a projection of needs over thirty year
period.

(e) The preparation of an economically realistic plan for the
development of water supplies, phased according to the deve-
lopment of settlements and industrial requirement, including
the location of access roads to the source and treatment
works" .

Chapter 1 mainly describes the hydrological fieldwork and analysis and
leads to certain tentative design criteria for use in future water resource
. Chapters 2 and 3 describe existing water resource developments
and the probable future demands for water up to the year 2000 respectively.
Chapter 4 described possible future water resource developments; of these
water supply developments are the most important and phased development of
alternative schemes have been congsidered economically. The conclusions reached
in Chapter 4 are based on limited field data and certain further studies
will be reauirod to prove the technical and economic feasibility of the
recommended schemes. These further studies are discussed in Chapter 5.
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CHAPTER

1

HYDROLOGY

13
1.1.1

Introduction

Outline of Hydrological Study.

Existing hydrological data were examined in
November/December 1969 (R1). By force of circum-
stances existing river flow data had been collec-
ted mainly for specific engineeri pro jects
as such they were of fairly limited use in the
determination of the overall changes in river
regime characteristics due to large scale land
clearance. Examples of this were the records of
the S. Sembrong at Brizay Bridge, S. Semberong
Kechil at 4% mile on the Kluang/Mersing Road, and
S. Lenggor at 42nd mile on Kluang/Mersing Road.
These three catchments were all between 72 and
80 square miles and were all completely Jjungle
covered. In order to obtain a sufficiently vari-
able range of catchment sizes and cover types, an
extensive hydrological network was designed.

This network was established by the Project
in December 1969 and January 1970 and was operated
and maintained until the end of February 1971 when
the Project field work terminated. On 28th
February 1971 the entire network and field equip-
ment was officially handed
Irrigation Department (DID) who have now und ertaken
:Iée tgontinued operation and maintenance of all |

ations,

The location of field stations is shown on
Figure 1.1 and an ¢utline of the more important
field activities is shown in bar chart form on
Figure 1.2.

1.1.2 General Climatology.

A complete description of the climate of the
Prt:geet Area is contained in Supporting Volume 2
Part I. Aspects of hydrology such as evaporation,
temperature, humidity, sunshine and wind speed
have been fully discussed in that Volume and this
chapter on hydrology deals only with those aspects
which have required study as outlined in the Terms
of Reference.

No large scale irrigation works are recom=
mended (Supporting Volume 6 Part I ) and no field
study of evaporation, temperature, humidity sun-
shine and wind speed was required, Information
contained in Supporting Volume 2 was based on
existing data.

1.2 Hydrological Network
1.2.1 Future Staffing Requirements.

It is felt desirable to give guidance on the
:\;';u::i :::ﬁiﬁ tlﬁ;ﬁ 'ill be required to operate
e rological network and to per-

form the related analysis of data. i

3 Based on Project experience a qualified hydro-
h;ii!t. assistant hydrologist/engineer and four
: rolai:.oal field assistants, all employed full
ime, will be required; in addition drivers, labou-
rers and & boatman will be required.
Project the demand for vehicles
requirement of two vehicles per
gt:guicm:l. four vehicles were required.
residents engaged by the Project to read

instruments d
with the ““gg.ahonld be encouraged to continue

1.2.2 Water level Recording Stations.

Nine automatic water level recording stations
were installed to provide information on river dis-
charges. The locations of these stations, as well
as several other spot check stations, and the
existing DID station on the S. Johor at Kg. Rantau
Panjang is shown on Figure 1.1.

Four automatic water level
also installed on the S. Johor
periods, to provide necessary
characteristics.

The measurement of discharge was carried out
by current meter and a total of 385 discharge
measurements were completed by Project staff up to
28th February 1971. Sufficient measurements were
obtained to fully define discharge rating curves
to acceptable standards. Two detailed measurements
of tidal discharge were also made on the 3. Johor
at Kota Tinggi, and this involved continuous mea-
gurement over periods of approximately 15 hours on
both occasions.

River discharge station histories together
with summaries of discharge measurements, rating
curves, and tabulations of mean daily discharges
nave been compiled (Appendices A-1 to A-42).

recorders were
estuary for short
information on tidal

1.2.3 Rainfall Stations.

Nineteen rain gauges were installed within
and adjacent to the Project Area in order to sup-
plement the coverage provided by the existing DID
state network., Prior to this rainfall data were
virtually non existent within the Project Area
because of problems with access and regular main-
tenance. 'l.'ga location of Project rain all sta-
tions is shown on Figure 1.1%

A1 Project rain gauges were constructed of
alvanised iron and were Titted with standard five
inch diameter brass rims on the catching funnel.
Standard five inch glass measuring cylinders were
used.

In areas where access was diffioult, the rain
gauges were operated either as weekly or monthly

gtorage gauges. Where possible daily readers were
employed and if doubt existed mas to the quality of
the readings, pdditional storage gauges were instal-

1ed as a check on the daily readings.

The data collected provided a better und er=
gtanding of the overall rainfall distribution
throughout the gtate and particularly over the
Project Area. A monthly tabulation of the rain-
fall data collected is shown on Appendix A-43.
Comparison of 1970 Oalendar Year rainfall figures
from Proioot and DID stations, with the mean
annual DID rainfall figures for the period 1950 to
1968 was used in the preparation of the 1970 Calen=-
dar Year and mean annual isohyetal maps as shown
on Figure 1.3 (see also Supporting Volume 2 Part
I Pigs. 1.1 and tadys

1.3 Availability of Vater
1.3.1 Run-of-river Yields.

At the commencement of the
of-river design criteria in use in Johor was basi-
cally a rule-of-thumb 0.2 cusecs per square mile.
No definite £ 8 were ble as to the expec-
ted return period for this low flow, and in the
application of this rule no account could be taken
of other factors such as catchment size, slope or
vegetation, The design of the hydrological net-
work enabled determination of more comprehensive
design data,

Project, the run=-




FIGURE.

SUMMARY OF PROJECT HYDROLOGICAL FIELD ACTIVITIES FROM 5-12-69 TO 28-21

[B85 BT 1971
Dec _Jan Feb Mar Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb.
Recruitment of Staff 8 3
Organisation ond Equipment B - 31
Staff Training ..20 28
[' S.Mupor ot M32 /4 5
20
SPermandi ot M271/4 -
6 28
S.Seluyut at Road Bridged
7 28
S.Linggiu at Road Bridge |
River gauging 20 | 23
stations(waterlevel ) S.Sebol at Road Bridge - Exmmma
records) 22 28|
S.Pengelli ot Road Bridgel
16 | 21
; t Rood | f e )
S.Sayong ( Lower) umidg. 3
S.Sayong at Loyang - -
Layang
I8
S.Kahang (Upper)at Road _
3 Bridge
" 4 6
Nom Heng Estate =
Chye Seng Estate -
Omar Shah Estate E
S.Johor Estuary 5
Stations (waterlevel > o000 Tinggi Town E H h
records )
P.U.B Intoke -
an 2
Kg. Tai Hong .
I 21
\. Ko.Babru ( Lubok Pekan)_
Saline Intrusion Sompling by boat # ?j
| | Eo R B R e p R
S Johor Estuory Echo Sounding Depth
Sedimentation Survey 31 |15
IIIIIIIIIIIIII
Tidol Discharges Measurement ot Kota Tinggi 9 e H
IIIIIIII1TIIII
Surveying Bench Mark levelling h’o u u
Raintall Network of 19 Stations t\n
River Discharges measurements - =
1’-9——9*-_%' 7 \

= indicates activity commenced on Sth. of the month

; indicated
and finished on ISth of the month indicated.
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ISOHYETAL MAPS-1970 CALENDAR YEAR AND
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Long records of river discharge were.not
available on catchments with a suitable range of
sizes and vegetation covers to enable straight
forward frequency analysis of actual low flows to
be carried out. Low flow measurements made at
the three stations mentioned in Section 1.1 showed
considerable scatter due solely to inherent on
site field measurement difficulties. Hence the
analysis of low flows was based on a detailed
examination of flow recession characteristics com-
bined with a frequency analysis of dry period
lengths as determined from the extensive rainfall
data available.

Flow recession data for the February 1970 dry
geriod was examined at all Project and DID stations.
onsiderable difference was observed in the low
flow characteristics of jungle covered catchments
compared to catchments developed with Rubber and
for O0il Palm.

The first indication of these results was
presented to the Government in June 1970, and
later all characteristics such as a].oge, ﬁolo?
and catchment shape were examined in detail. In
spite of some notable differences in these charac-
teristics between the various catchments, indica-
tions are that if the flows of all catchments were
adjusted to constant slope, geology and catchment
shape, then perhaps greater difference would be
observed between the low flows of jungle and
developed catchments (see Section 1.9).

Flow recessions analysed after the January
1971 floods show remarkable similarity to the
results obtained from the February 1970 recessions.
Comparison of the flow recession values five weeks
after the peak discharge is shown in Figure 1.4.
The fact that the January 1971 curves show higher
discharge than the February 1970 curves is due
solely to the much higher initial discharge at the
start of the January 1971 recessions. Of most
importance is the similarity of the shapes of the
jungle and developed curves derived from both
periods, and the similarity of the actual relative
differences between observed flows on both types
of catchment, The very low flow recorded on the
8. Sebol may be an indication of surface runoff
1oss to groundwater although with only one point
it 1s difficult to be certain. The S. Semberong
Kechil gave a similar result in Feb/March 1970 and
yet behaved "as expected" in Jan/Feb 1971.
Although Figure 3.4 may appear to confirm these
differences it must be noted that strict geienti~
fic proof of jungle clearance effects can oul{ be
obt d by actual measurement of catchments both
before and after jungle clearance has taken place
(see Section 1.9).

Prequency of probable flow recession times
was obtained from analysis of twelve gelected
rainfall stations. lLow flow frequency was then
obtained from the recession ais. Doslg -
of-river flows, for return periods of once in 10
years and once in 5 years, were derived as shown
on Figure 1.5,

The - occurrence of the severe d t condi-
tions in 1971 has highl ted the advisibility of
providing, for infrequent use, some storage (as
a safety factor) in conjunction with run-of-river
intakes serving latrge populations. Without storage
there is no control over the amount by which
nxpliu must be restricted. Where sto is pro-
vided the imposition of restrictions can be carried
out in an erly manner without seriously dierup-
ting activities dependent on the supply.

Safety factors are incorporated in all engi-
neering design to allow for contingencies over and
mf: o:oml duign criteria. However a worgblo

nomic y in this regard can
formulated after a detailed study of possible ex=
treme conditions. In this connection the present
drought 3(!l 1971 provides an ideal basis for such
a study (Section 1.9).

1.3.2 Direct Supply Storage Yields.

The possibility of extending the seven year
record on the S. Johor at Kg. Rantau Panjang was
examined on a computer. Five different mathema-
tical models were constructed using monthly rain-
fall and runoff figures and allowances for ante-
cedent moisture conditions and runoff in the pre-
ceding months. The models were unable to repro-
duce historic monthly flows., A similar model
based on daily values, would give far better
correspondence with historic conditions. Such a
model would have required the handling of a much
greater amount of data and time did not allow for
it to be produced. Therefore storage/yield ana-
lysis was based on the transposition of existing
data from other catchments in West Malaysia.

Transposition of these data was assisted by
the knowledge of catchment behaviour obtained from
the low flow analysis (Section 1.3.1). Particular
mention should be made of the use made of the flow
characteristics of jungle and developed catchments
in testing the validity of certain assumptions
made in the extension of the yield data to cover
storage requirements on developed catchments. The
derived sto:ﬁe yield relationships are shown on
Figure 1.6 yields are quoted for a design
return period of once in 30 years.

There are indications that the average runoff
from a jungle catchment will increase by perhaps
10 percent when the catchment is cleared of jungle
and developed with Rubber/Oil Palm. However this
increase in a.verage runoff will most likely only
become available for use when regulation in excess
of approximately 24+ cusecs/square mile is achieved.
Below this order of regulation yield requirements
can be expected to decrease as a result of jungle
clearance.

1.3.3 Groundwater Potential.

Altho a study of groundwater was specifi-
cally excluded from the Terms of Reference, a brief
study was included for the sake of completeness in
the Water Resources investigations. An engineering
geologiet has examined existing bore hole informa-
tion and geological maps and has carried out a brief
field inspection (szend.’n.x D ). The most pro-
mising areas for future groundwater investigationa
are ghown on the Figures in this Appendix.

A gauging station was ingtalled on the S. Sebol
catchment which is almost entirely composed of
Panti Sandetone, However the short records available
have not provided any definite indications of ground-
water and further data would be required before
definite statements could be made.

1-4 m‘
1.4.1 December 1969 and January 1971 floods.

Two notable floods ocourred durin% the period
of field investigations. In December 969 a major
f1ood occurred before the hydrological network was
properly established. In January 1971 a lesser
flood occurred which was recorded on all Project
Stations, ILimited information was available for
the December 1969 flood event; however the large
volume of information collected for the January
1971 flood enabled accurate assessments of both
events to be prepared.

A summary of the information available is shown
hydrographs on the S.

F-:ghj.cal-
the flooding in Janua-
ry 1971 was less severe in South Johor then in
December 1969, However in the northern parts of
Johor, flood levels were higher in January 1971.

1.4.2 Effects of Jungle Clearance.

There are indications that gea.k discharges
will increase markedly when a catchment 1s cleared

on Figure 1.7.

-5-
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TABELE 1.1

Summary of Flood Information

Catohment Jan. 1971 Flood Dec. 1969 Flood

Station Area square eak Inches peak Inches

=iles O‘I’;llcl runoff cusecs runoff

8. Mupor 8.4 620 T.63 5,000 9.92
8. Permandi 9.1 1,000 9.86 5,000 12.48
8. Seluyut 23.7 2,000 11.35 NA NA
S. Bayong (Layang Layang) 38 1,500 8.10 5,000 8.75
8. Sayong (Lower) 166 6,000 8.30 NA NA
8. Pengeli 57 3,000 11.12 NA NA
8. Sebol B.6 660 10.00 NA NA
S. Linggiu 112 8,000 12,92 14,000 NA
S. Johor (Rantau Panjang) 440 12,600 8.89 27,500 10.43
S. Johor (Kota Tinggi) 610 15,300" NA NA NA
S. Kahang (Upper) 27 2,000 12.10 FA NA

NOTE: + Maximum tidal discharge
N.A. - Fot Available
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of jungle and developed for agriculture. Two
adjacent catchments, one 8.4 sguare miles of jun-
fu cover (S. Hupors, the other 9.1 square miles
eveloped with Rubber/0il Palm (8, Permandi) were
examined in detail. On the six occasions in
twelve months when the run-off on both catchments
gimultaneously exceeded 10 cusecs/square mile, the
peak discharges on the developed catchment were
gignificantly higher than on the jungle covered
catchment, Increases in unit peak discharges on
these six occasions were 34, 49, 87, 140, 99 and
97 percent. The six hydrographs for each catch-
ment are shown on Figure 1.8.

From field observations it appears unlikely
that a substantial part of these increases could
be due to rainfall alone. Rainfall coverage was
not sufficient to enable a definite statement on
the relative rainfalls to be prepared. Allowances
for relative catchment slope and size would also
tend to make the absolute increases even larger.
As a preliminary assessment, it would appear that
increases of the order of 100 percent in peak dis=-
charge may result from jungle clearance for catch-
ments of approximately 10 square miles. On very
small catchments the increase may be less (Hewlett
and Helvey, 1970; Nakano, 1967). No data are
available for large catchments, although substan-
tial increases in peak discharge are possible,

1.4.3 Flood warning systems.

Within the Project Area the drainagegystems,
with the exception of the S. Johor, are compara-
tively small. On these small areas, & flood warning
syatem would be of relatively little benefit because
of the short time between the onset of the heavy
rain and the flood itself.

However the data collected on the January 1971
flood in the S. Johor catchment and its major tri-
butaries do indicate that perhaps a reliable flood
warning system could be developed to serve the
lower reaches of the S. Johor between Eg. Rantau
Panjang and Kota Tinggi. It should be possible to

FIGURE

implement a scheme using radio telemetery methods
whereby flood danger could be forecast 48 hours in
advance, and accurate flood levels at Kota Tinggl

predicted 24 hours in advance.

There are several factors such as the size and
shape of the channels end thelir bankfull discharge
capacity (Pig. 1.10) which indicate that ptrhr a
pignificant portion of the S. Johor major floods
originate from the 5. Linggiu area, however more
floods need to be observed and documented before
this can be quantitively clarified. Should this
ultimately prove to be the case, then an impounding
scheme on the S. Linggiu may well provide a rea-
sonable measure of flood mitigation benefit along
the lower reaches of the S. Johar.

1.4.4 TFlood Mitigation.

Most of the river systems
have extensive flood plains. The eneral shape of
these charmels is shown on Figure 1.9, where four
different channel cross sections are shown. In
d times the flood plains may not be easily detec-
table except by survey, and in most cases e
width of these f£lood plains is of the order of 10
to 30 times the main channel width.

When these rivers flood, the volume of water
carried the flood plain far exceeds the L::zl.oity
of the main chamnel. Figure 1.9 gives an -
tion of the discharge capacity of the main channels
in relation to the discharge capacity of the flood

1sins. In such cases channel improvements (or
Segrndationa) would have an insignificant effect

on the overall flood level during major flood
periods. Works such as desnagging and canalization
would be of very marginal benefit and could possibly
lead to even greater flood damage due to the
increased reliance placed on such schemes by the
river side population.

Bach case requires fairly detailed study.
However it can be stated that the only positive
method of flood mitigation on rivers known to have
extensive flood plains is by providing upstream

in the Project Area
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storage rather than by other localised preventive
measures (Section 1.4.5).

1.4.5 TFlood Frequencies.

Determination of & design flood frequency
diagram applicable to the general Project Area
can be made when 1 r records are available

from different catchment types end sizes.

A plot of known flood peak discharges which
have occurred elsewhere in West Malayeia is shown
on Pigure 1.10, and several broad bands have been
drawn to give & preliminary indication of the
order of peak discharge which could be expected
under various duaign conditions.
affect the magnitude of the peak discharge at any
given location (e.g. the relatively low discharges
on the S. Johor at Kg. Rantau Panjang are due to
the messive flood plain storage) and the genera=
1ised curves on Figure 1.10 should be used only as
; guide to obtain an approximate preliminary design

Bankfull discharge would appear to be a very
common event and dischargea of this order could be
tﬁect:d‘gg ocour perhaps several times each year

1.5 Baw water gualily

Samples of raw river water were taken at
twenty two locations as shown on Pigure 1.1.
Ninety four samples were analysed by the Depart-
ment of Chemistry (Appendices A-44 to A-47).

Samples were normally taken from mid-stream
at approximately one foot below the gurface. In
cert cases samples were taken in the centre
of that section of the channel which contained
the majority of flowing water. In cases where the
water was very shallow, the sample was taken just
below the surface, and exposed surface water or
stagnant water was not sampled.

A1l water sampled can be treated to provide
potable water. However certain pollutents such as
arsenic, oil,mining silt and organic wastes should
be controlled in order to prevent their appearance
in raw river water (Section 1.7). Water treatment
is all a matter of degree - the more pure the raw
water then the simpler and less expensive the
treatment.

1.6 Sediment Transport

Samples of guspended sediment load were taken
at three locations, 8. Mupor, g, Permandi and S.
Sayong at Layang Layang ( id 1.1). These samples
were analysed for total solids and solids in sus-
pension by the Department of Chemis try.

A1l samples were taken using a depth inte-

ting, wading tyr hand sampler, type US DH-48
quarter inch nozz 05. The streams tcro(:;a:g&

on the uniform vertical usscins method ,
Control Series No.22; USG Bulietin No.1181 A).
The amctusl method of sampl was ag described in
the instructions with the DH=-48 sampler.

The resulte of the gsediment load analyses are
plotted on Figure 1.11. Only results in the water
discharge range 1 to 10 cusecs/square mile have
peen considered. Below this nngo the water was
generally too shallow for correc sampling, and
the values obtained may possibly be incorrect.
Above this rmge the depth of water combined with
the velocity of flow, made it difficult to be
sure that the hand sampler was both always poin-
ted upstream, and always vertical.

The discharges sampled on the §. Mupor and

g. Permandi are quite uniformly spread in the 1

to 10 cusecs/square mile range, whereas on the 8.
Sayong at Layang wﬁ the range of discharges
sampled is not very tor-li asrnd. and more
measurements will be needed to define the sediment

characteristics at Layang Layang (see Section 1.9).
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Considerable scatter is evident at all three
stations, This is to be expected, as the quantit
of sediment carried for any given discharge depends
on the intensity of the producing storm and on the
prevailing instantaneous catchment conditions. It
is also known that generally the sediment discharge
hydrograph lags appreciably behind the water dis-
charge hydrograph. At present sufficient numbers
of samples and lengths of flow records are not
available to justify further analysis apart from
the rather generalised statements listed below:-

a) On the S. Mupor (8.4 square mile catchment,
jungle covered) there is a tendency for increased
sediment concentration with increased discharge.

As the discharge increased ten times, the concentra-

tion of total solids increased 1.96 times. At the
1970 calendar year mean discharge of 30 cusecs, the
concentration of total solids is approximately 35
ppm. This corresponds to a rate of soil erosion
from the catchment of 110 tons /square mile/year.

b) On the S. Permandi (9.1 square mile catch=
ment, developed with mature Rubber/0il Palm) there
was a more marked tendency for a general increase
in the sediment concentration with increasing dis-
charge. A mean line drawn, ignoring extreme
values, indicates that as the discharge increased
ten times, the concentration of total solids
{ncreased 2.30 times. At the 1970 calendar year
mean discharge of 37 cusecs, the concentration of
total solids is approximately 45 ppm. This cor=
responds to a rate of soil erosion from the catch-
ment of 161 tons/square mile/year.

¢) On the S. Sayong at Layang Layang (38
square mile catchment, developed with mature
Rubber/0il Palm) the points were too scattered

to derive even an approximate line. However,
there are definite indications of generally higher
sediment concentrations, approaching twice the
concentrations on the O. Permandi. Assum an
average value of around 100 ppm, at the 197
Calendar year mean discharge of 132 cusecs, the
corresponding rate of soil erosion from the catch-
ment is 305 tons/square mile/year.

It is clear that a sustained general increase
in gediment load is associated with jungle
clearance. This investigation was not aimed at
determining the exact source of any increased
sediment load, but only at the end result. The
Chan%es in both the rate of runoff (see Section
1.4,2) and in the composition of the upper s0il
horizon, and the depth of any overlying leaf mulch
would seem to be very significant factors in the
ir:;:rea.ae of sediment load following jungle clea~-

oe,

Sediment load is also increased by certain
industrial activities such as mini.ng and proces-
sing factories, The more notable e fects of tin
mining on the sediment load in the S. Johor are
discussed in the section dealing with Pollution
(Section 1.7.4).

1.7 ERollution

1.7.1 Sources.

The major present and future sources of pol-
lution in river waters are:-

(a) Trade wastes from agricultural proces=
ging factories,

(b) Insecticides, herbicides and fertili-
zers used in agriculture.

(c) Sediment associated with the $in mining
industry.

At present pollution due to domestic gewage
18 not significant due to the fact that the Project
Area is very thinly populated. Future pollution
due to domestic sewage may be ex ected to be
very small if treatment is provided in the propos ed
towns and villages as recommended in Supporting

Volume 8.

1.7.2 Trade wastes from processing factories.

Effluent samples have been taken from Palm
0il and Rubber Factories close to the Project Area.
These samzlas have been analysed bi the D?rmnt
ry and the results are 8 own in Table 1.2.

of Chemise
TABLE 1.2 3 .
Ef t (figures expressed in ppm)
Sample 0Oil Total Suspended
No. B.0.D. Solids solids
{1 19,800 20,000 54, 300 29,200
2 8,380 18,000 126,000 99,
4 44,930 13,000 70, 500 54,400
Rubber Pactory Effiuent (figures expressed
in ppm)
Sample FProcess 5Day Total Suspended
No. B8.0.D, BSolids Solids
/4. Centrifuge ) 1,300 905 260
X e i R
J 3. Crumb end 'f,; 750 2,40 430
i, Crepe- ° 1,100 2,160 90

of special importance is the extremely high
POD and oil content in palm oil factory effluent.
There are two palm 0il factories in the catchment
of the S, Johor at present - one near Layang Layang
and one at FIDA Kulai Complex. The effluent from
the Kulai Complex factory discharges directly into
a small stream, which oins the §. Johor about 2
miles upstream of Kg. tau Panjang. On 24th
April, 1971, during an extreme low flow period,
considerable quantities of oil and dead fish were
seen floating in the 5. Johor at Kg. Rantau Panjang.
The smell was obnoxious. On 25th April, the river
discharge had increased slightly but pollution was
atill evident, although vis it was less acute
than on 24th April. A sample of river water was
taken on 25th April and the analysis is shown in
Table 1.3.

TABLE 1.3

Date

Discharge 208 cusecs
Total chlorides - o 3 g;n
Total Solide dried at 105°C-1107C 215 ppm
Oxygen absorbed by KMnO4,

4 nours at 27°C, 4.65 ppm
BOD, 5 at 20°C 11 ppm
Amnmonicial Nitrogen 0.02 ppm
Abuminiod Nitrogen 0.%8 ppm
Nitrate Nitrogen 0.15
Nitrite Nitrogen Minute Trace
Iron as Fe 1.04 ppm
Hardness as CaCO3 6 ppm
Alkalinity as CaCO3 1 r;n
Magnesium as Mn 0.01 ppm
Arsenic as As nil
Colour (Hazen Unit) 40
pH 6.7

The BOD value of 11 ppm is high for natural
river waters, The International Water Supply Asso~-
ciation has recommended that the pollution of
rivera used for water supply purposes should be
controlled so that the BOD does not exceed 4 ppm,
and the World Health Organisation has fixed a
maximum 1imit of 6ppm BOD for water sup gources.,
During the 1971 dry period 1t is likely that at
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times the BOD in the S. Johor has been in excess
of 20 ppm.

Effluents from rubber factories also have
comparatively high BOD values. In addition, the
effluents are acidic and have high Ammoniacial
mogon :ogcenti-ation.f There is one mﬁ?e; ::c—

ocated upstream o whic 8-
charges effluent into theL;g:dneamr the S.
Johor. Occasional troubles have been experienced
in the past at the JKR water supply intake at
Layang Layang due to high Ammonia content.

Several new palm oil and rubber factories
will be constructed in the Project Area. To pre-
vent future gross pollution of the receiving
waters, effluents from these factories should be
given treatment at source. The legislation on
pollution control, recently passed by Johor State,
should be rigidly enforced.

1.7.3 Agricultural Pollution.

Thirteen raw water samples, out of a total of
94 analysed, have contained arsenic (Appendices
A-44 to A-47). The arsenic occurred at 7 locations,
4 of which are on rivers used as sources of water
supply. The maximum concentration detected has
been 0.04 ppm. Sampling has been virtually random
and it is possible that concentrations higher than
0.04 ppm have occurred.

The source of the arsenic is probably one of
the agricultural herbicides containing sodium
arsenite which is used for lalang spraying and for
girdling of trees under forestry regeneration
schemes. The main danger to water supplies arises
from accidental spillage or the washing of con-
tainera which could cause unexpected high instan-
taneous concentrations. There are numerous safer
and more effective herbicides on the market, even
if they are initially more expensive. It is recom-
mended that arsenic herbicides be banned from all
water supply catchments.

Although normal water treatment process will
remove small concentrations of arsenic the Inter-
national Standards for Drinking Water (World
Health Organisation 196%) sets a maximum allowable
limit of 0.05 ppm for communal supply sources.

The United States Public Health Drinking Water
Standards state that arsenic concentrations greater
:ﬂ;;lg&b‘ ppm are grounds for rejection of the

With the exception of arsenic, analysis of
samples taken from catchments at present developed
and fertilised do not suggest that current ferti-
liser applications significantly affect the quality
of raw water. Future applications in the Project
Area are likely to be of the same order and conse-
quently they can be expected to have little effect
on water quality, However frequent water samples
should be taken in order to confirm this. Careful
analysis for dangerously persistent pesticides and
herbicides sho be carried out at regular inter-
vals - this applies particularly for the protection
of food supplies in the form of fish.

1.7.4 Tin Mining Pollution.

At present the only tin mines in operation in
the Project Area are located on the S. Pelepah and
S. Tengkil, (a tributary of the 8. Ii u).

is carried out by hydraulic sluicing and
considerable quantities of finely divided calloi-
dal matter are passed into the rivers.

On five occasions during 1970 measurements of

the luﬂglnd.d sediment load were made simultaneously

on the Johor, S, Iinggiu and S. Sayong at their
confluence. The suspended load in the 8. Johor on
these five occasions was found to be in the range
of 200 - 400 tons/day, with the S. Linggiu contri-
buting about 90 percent of the quantity of sediment
but approximately only one third of the quantity of
water. These high sediment concentrations are

definitely attributable to tin mining operations
in the S. Tengkil as the water in the S. Linggiu
above its confluence with the 5. Tengkil is clear
and contains very little sediment.

Finely divided colloidal matter creates b~
lems in water treatment and it is lmown that dif-
ficulties have been experienced at the Public
Ttilities Board, Singe.gore (PUB) intake, located
just upstream of Kota Tinggi, (A.C. Buck 1969).

Future tin mining operations in the Project
Area will not be known until further prospecting
as recommended in Supporting Volume 2 is carmti
out.

However pollution from tin mining is exten-
give at present and it would appear that the only
way to reduce this pollution is to exercise
strict control on the concentration of solids in
the mine effluent which is returned to the river.
The legal maximum for tin mine effluent concentra-
tion is about 11,000 ppm and consideration should
be given to substantially reducing this figure.

1.8 8, Johor Estuary

1.8.,1 Engineering Aspects.

The S. Johor tidal estuary (Fig. 1.12)
stretches approximately 44 miles from the Johor
Straits to between Eg. S ar and Kg. Bahru
(Iubok Pekan). The town of Kota T and the
water supply intake operated by the PUB are the
major points of engineering interest in the
estuary. Specific problems studied were:-

a) Saline intrusion, in relation to low
river discharges past the PUB intake.

b) Tidal dischnt'ge characteristics, in
relation to flooding at Kota Tinggi and
saline intrusion at the PUB intake.

¢) Possible siltation occurring downstream
of Kota Tinggi, in relation to possible
increases in flood incidence to Kota
Tinggi.

d) Water quality at the PUB intake, in
relation to upstream tidal discharges
occurring at times of low river dis-
charge and high tide.

e) Navigation upstream of Kota Tinggi, in
relation to possible transport require-
ments.

1.8.2 Saline Intrusion.

Direct sampling at times of low river dis-
charge was carried out at several places on the
S. Johor between the PUB intake and Nam He
Estate. Over five hundred samples were collected
and these were later amalysed by the Department
of Chemistry for total chloride concentration.

The results of this analysis were tlottod and
examined in order to determine quantitatively the
relationship between the various tidal factors
and the penetration of salt concentrations up the
estuary. The finally adopted relationship is
shown on Figure 1.13. For design purposes an
average annual demand for saline control at the
PUB intake by flushingthas been taken as 100 mgd.
During the periods of extreme high tide instanta-
neous peak concentrations of the order of 800 ppm
total chlorides would occur at high tide, and
throughout a 24 hour pumping xor.tod the aw a
concentration of total chlorides in the pumpe
water would most 1likely be less than 200 ppm.

+
Flushing means allowing a continuous flow
of fresh river water to pass the intake.
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FIGURE 13

ESTIMATED PEAK CHLORIDE COMCENTRATIONS AT
THE PU.B. INTAKE UNDER VARIOUS TIDE AND FLOW CONDITIONS
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The corrosive power of saline water is perceptible
at about 200 ppm., although the limit of human per-
ception is approximately 800 ppm. D

1.8.3 Tidal Discharges.

A detailed tidal discharge measurement was
made on the S. Johor at Eota Tinggi bridge on 8th

-

July 1970 and the results are shown on Figure 1.14.
Continuous measurement by bridge crane was used and
1 foot depth velocities and depth-integrated velo-
cities were taken during the period 0700 hours to
2200 hours, Instantaneous discharges were calcula-
ted from smoothed area and velocity time curves
drawn for each vertical section.

The information gained from this measurement
was extremely valuable in both the assessment of
peak upstream discharge on 9th March 1970, and of
the discharge during the passage of the peak of
the January 1971 flood. Tidal discharge in the
upstream direction was observed at 7,500 cusecs on
9th March 1970, and it has been estimated that the
maximum upstream discharge on that day was approxi-
mately 8,000 cusecs (see also Table 1.4 for cor-
respording water quality). The hydrograph of the
Jmmargd1971 peak flood passage is shown on Figures
1.14 : 7

1.8.4 Bed and Water Surface Profiles.

In echo sounding survey was carried out in
the S, Johor between Kg. Semangar and Nam Heng
Estate. Average centre charmel depths taken from
straight sections of the river were adjusted back
to Ordinance Datum using water level information
from automatic recorders installed specifically for
this purpose.

No evidence was obtained of any massive or
even significant deposition of sediment, and the
average bed level (ignoring levels taken on or near
sharp bends) is shown on Figure 1.15. The deposi-
tion of the largely colloidal sediment load in the
S, Johor is governed by the position a particular
salt concentration in the sea water. This concen-
tration front moves a great distance up and down
the estuary depending on both the natural flow in
river and the tidal fluctuations, and even at a
sediment load (section 1.7.4) of 400 tons/day, it
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would be likely that a build up at any epecific
int would only become detectable over a consi-
rmble span of years.

Localised deposition does occur around the
entrance into the estuary of small streams from
developed catchments. However these depositions
are very localised and are not likely to affect
overall flood levels anywhere on the 3., Johor.
Selected water surface profiles are shown on

Figure 1.15 for various conditions of tide and
river discharge,

1.8.5 Tidal Water Quality,

mi&}ﬁﬂm :!tn he PUB intake d
on 8 opposite uring
the low flow/high tide condition from 9th March

to 11th March 1970. The results are shown in
Table 1.4,

The normal background level of total chlorides
in the 5. Johor is approximately 3 ppm. (Appendix
A-44 toh:;:'f}. Total solids, Iron and Sulphate
concen ons normally vary; however the igh
tide build up of these concentrations as shown in
Table 1.4 is quite significant (see Section 1.7.2).

1.8.6 Navigation.

The S, Johor presents the only real possi-
bility in the Project Area of any form of large

scale river traffic. At present only a few small
passenger boats operate upstream of Kota Tinggi.

Apparently the river was once used for log-
€ing transport, although now that the main logging
areas are removed from the main stream it is

ohnptru::cf the loggers to use motor transport

The river is navigable for craft

is was carried out

low drafts, at least up to the & e
iu::.g confluence, and the minimum navigable

at Kg. Rantau Pan (where the ri i
tidal) are shown in %:g‘io 1.52." gt

TAELE 1.5 8. Johor - H:v:l.gable Depths at Eg.
AR W R T S——

Centre Stream Average percent of Time z:r

Navigable year, that this depth
Depth exceeded

2 feet 90%

2% feet 80%

3+ feet T0%

3% feet 60%

4t feet 50%

1.9 Principal Conclusions.

Data obtained during the Project's field
investigations have provided significant clarifi=-
cation of the effects of jungle clearance on
natural river regimes. Notable changes resulting
from jungle clearance include:

a) Decreasing run-of-river yields (see
Section 1.3.1)

b) Increasing flood discharges (see Section

c) Incr;g,ai.ng average run-off (see Section
1.3,

d) Increasing sediment loads (see Section 1.

These effects have been determined by con?';_q
ring observations and measurements on a series of
different catchments under existing catchment cOve
conditions. PFurther studies are required to re -
these conclusions. The continuance of the Project
hydrological network, as ed with the Client, o
and the large scale land o earance in the Projec 3
Area (Supporting Volume 6 Part I ), will provide &

excellent opportunity to carry out these studies. |

TABLE 1.4
mmm
Date Time Total Total Iron as  Arsenic 8
ulphates F1 onditi t
hours Chlo- solids Pe as “pg& th:' P?U.B. I:::k:
rides ppm ppm ppm ppm
Ppm
9/3/10 :is.: T2 230 0.80 Ni1 20.6 Flow moving upstream
3 230 480 0.52 Nil 34.6 Peak tide height/Flow
moving upstream
1500 240 535 0.44 Nl 37.5 Tide level falling/
Flow just moving
upstream.
10/3/70 :551 130 290 0.56 Wil 33.0 Flow moving upstream
508 280 560 0.36 Ni1 374 Peak Tide height/Flow
& moving upstream
30 300 580 0.28 N1l 39.1 Tide level falling/
Flow just moving
upstream,
11/3/70 1404 60 200 0.90
¥ Ni1 19.0 Flow moving
upstream
1503 130 465 0.36 Nil 33.0 Flow moving upstream
1547 240 470 0.28 N1l 34.6 .

Peak tide height/Flow
moving upstream.

=- 10 =



This would involve maintaining and operating
river recording stations presently installed
throughout and after jungle clearance has taken
place. As further areas are cleared additiomal
rain-gauges should be installed to increase the
density of the existing network. A very high
research type standard of field measurement and
equipment maintenance will be necessary. Regular
six monthly data reviews and field inspection
should be carried out by the Engineer rologist
who will be responsible for the ultimate prepara-
tion of the findings for publication.

Specific attention should be given to the
problem of pollution (Section 1.7) and the recom-
mendation to treat at source all effluents to
acceptable standards in order to prevent deterio-
ration of raw river water quality.

On the S, Johor Estuary some form of engi-
neering solution (Section 4.7 ) will be required
to control saline intrusion in the vicinity of the
PUB intake (Section 1.8).

S. Permandi at M27} - Negretti and Zambra pressure

bulb recorder. During the December 1969 flood the
water level was approximately 4 inches below the top
of the stick gauge, and it would have been over the
head of the man who is inspecting the concrete/stesl-
peg bench mark in the foreground. The foot bridge

used for high flow measurement can be seen behind the
recorder,

55

S. Sayong at layang layang - Munro float recorder
installed on top of the JKR access well on the
layang layang intake. The second roof was in-
stalled to reduce the high temperatures inside the
recorder caused by high incidence of direct sunlight.

A flood warning system on the S. Johor should
be considered (Section 1.4) as providing an imme-
diate method of reducing losses caused by flooding
at Kota Tinggi. Additional data are required to
determine the benefit that could be obtained by
the construction of a dam on the S. Linggiu
(Section 1.4.3)

The severe drought in 1971 has unfortunately
occurred outside the period of Project field inves-
tigation. However as requested by the DID, the
Project has given as much additional assistance as
was possible, and a large amount of field data
have been and continue to be collected. It is
essential that the data be worked up into useable
design form and a comprehensive report on the 1971
drought prepared as soon as possible. This will
enable the engineer significance of the effect

of severe droughts with return periods in excess
of normal design criteria to be ascertained (see
Section 1-3-2).

e (o g .
S. Pengeli at Road Bridge - Negretii and Zambra pres-
sure bulb recorder., In Jamuary 1971 the flood peak

reached the sloping roof on top of the recorder.

When the recorder was removed for cleaning the water

level had fallen to approximately 2 inches above the

bottom of the circular chart.

Pollution by effluent on g, Johor at Kg. Rantau
Panjang (Section 1.7). Note dead fish.

- 11 .=



FIGURE 2.

EXISTING WATER RESOURCE DEVELOPMENTS
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2.1 Introduction

This chapter describes briefly the present
development of water resources, within and adjacent
to the Project Area. Developments outside the
Project Area have to be considered as their future
demands may be dependant upon Project Area sources.
In such cases sources and schemes to meet water
demands arising from the Project proposals could be
affected and there could be possible constraints on
land development for agriculzura.

Pigure 2.1 shows the following:-

a) The locations of the present (including
those under construction or planning in 1970)
sources of water for the main JKR piped water sup-
g}z areas, within, adjacent, and to the south of

Project Area.

b) The locations of the sources in Johor State
from which the Public Utilities Board (PUB),
Singapore, abstract water under the terms of two
Agreements, dated 1961 and 1962, between Johor
State and the City of Singapore.

e¢) The sources of water, location and acreages
of existing and possibly future DID irrigation
:;l;:ma for padi cultivation adjacent to the Project

A1l other JER water supply schemes and DID
irrigation schemes within Johor State are too remote
from the Project Area to warrant inclusion in the
study, The extensive land drainage schemes in the
District of Pontian are also excluded as they could
not affect or be affected by water resource or land
development proposals in the Project Area.

2,2 Nater Supply Developments
2.2.1 JER Water Supply Areas.

2,2.1.1 General Description.

A1l JRR supplies, except for parts of the
Districts of Johor ™ ul;; Pontian (in the near
future) are based on run-of-river flows. Water is
pumped or gravitates to treatment works which in
all cases except for Kota T i and Penggerang
village incorporate sedimentation, filtration and
sterilization. The Kota Tinggi treatment works
includes filtration and sterilization only and the
Penggerang village supply includes sterilization

. Treatment of all supplies is generally satis—
factory. Some difficulty has been experienced on
occasions at the intake on the 5. Pontian Besar
supplying Pontian) due to pollution caused by the
large swamp area in the catchment, resulting in
rat oningbgtn-i.ng three years out of the last five
years, 8. Mengkibol, which is the source of
:‘f’“x for Kluang, is subject to increasing pollu-

on due to urban and industrial development in the
catchment but there have been no serious treatment
Problems to date due to pollution.

e The Johor Baharu supply is purchased from the
UB Singapore (under the terms of the two Agreements
mentioned in 2.1b) and treated water is taken thro
metered offtakes on the PUB's mains. The JKR are a
present implementing (1970) a schemo to auvﬁoﬂn“
t; supply of Pontian District from an additional
offtake on the PUB mains near Ulu Choh.

Details of area of supply, present consumption
(1969) and works c.puu,“g. ;hgm in Table 2.1.

2;2.1.2 Development Potential of Existing Sources.
) Run-of-river intakes
the estimated

Based on nﬁn 1.5
reliable yield (in mgd) of existing run-of-river
sources, for return periods of 1 year in 10 years,

and 1 year in 5 years, are shown in Table 2.2
These values take into account the type and pro-
portions of catchment cover (i.e. jungle covered
or developed) as existing in 1970. For compari-
son Table 2.2 also lists yields based on O.
cusecs/square mile of catchment area, (irrespec-
tive of type of catchment cover), which is the
ra:ont design criterionused by the JER in Johor
tate.

The catchments of the 8. Semberong Kechil,
S. Seluyut and S. Gembot are within the Project
Area the run-of-river yields of these rivers
may be expected to reduce considerably due to
land clearance and associated developments. The
changed catchment conditions and estimates of
associated reduced future yields are shown in
Table 2.3. It is emphasized that the future yields
of jungle catchments outside the Project Area may
also be expected to reduce if land clearance for
agricultural development takes place. However, as
far as is known there are no proposals at present
for agricultural developments in these catchments.

b) Bulk Purchase from PUB Singapore
Under Clause 14 of the 1961 Agreement, Johor
State is entitled to 12 percent of the water which
passes the ceuseway on a daily basis and which the
PUB has abstracted from the Pontian reservoirs
(centred on Gunong Pulai), S. Scudai and S. Tebrau.
The present nominal combined plant capacity of the
three sources is about 90 mgd. On the above basis
Johor State's maximum sent entitlement is about
9,6 mgd. However, Clause 14 includes provision,
subject to procedure and negotiation, t the PUB
supply more water if Johor State can prove, by
meter records, that the 12 percent is inadequate
to meet current demands. The 1limit of this entitle-
ment is "the capacity of the Pulal Catchment
Reserve". The Pulai Catchment Reserve is not expli-
oitly defined in the Agreement, but assuming tha
i1t means the 10 square miles of reservoired catch-
ment centred on Gun Pulai and provided Clause
14 was fully implemented, then the 1imit of Johor
dtate's entitlement is estimated to have a yield
of about 18 mgd.
Under Clause 11 of the 1962

State is entitled to 2 percent of
passes the causeway on a daily basi

eement, Johor
he water which
s and which the

PUB has abstracted from the S. Johor. The
resent nominal plant capacity is 30 and Johor
gtsto'u future entitlement depends on the future

abstraction of the PUB, This is not known. How=
ever there is provision for the PUB to abstract

to "a maximum of 250 mgd" (Clause 5) and the
ﬁlit of Johor State's future entitlement under
this maximum abstraction rate would be just under
5 mgd.

There is a provision in the 1962 Agreement
for Johor State to buy the Gunong Pulai and
Pontian Waterworks (reservoirs and treatment
works), if they wish, by giving four years notice
in writing to Singapore. As stated above the
yield of this source is estimated at about 18 mgd.

PUB Singapore.

Under the 1961 Agreement the waters of the S.
Soudai, 8. Tebrau and the catchments draining to
the Pontian reservoirs have been allocated to
Singapore, The 5. Scudal and S, Tebrau are run-
of-river schemes, and gated barrages are provided
downetream of the intakes. The maximum amount of
water that can be abstracted is limited by the
present plant capacitles which are 30 mgd, 40 mgd
and 20 mgd for S, Scudai, S. Tebrau and Pontian
reservoirs respectively. However the amount of
water actually abstracted varies and depends upon

2.2.2
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the availability of water and operation methods
decided by the PUB. It is known that river flows
in the 5. Scudai and 5. Tebrau have fallen below
30 mgd and 40 mgd respectively. These catchments
are outside the Project Area and will not be affec-
ted by Project land developments,

Under the 1962 Agreement the PUB operate a
run-of-river intake on the 5. Johor about one and
a half miles upstream of Kota Tinggl. The present
nominal plant capacity is 30 mgd. At the intake
the river is tidal but as far as is known there has
been no restriction on pumping due to tidal effects
or shortage of water since the scheme was commis-
sioned in 1967. As stated in Section 2,2.1
there is ?ravinion in the Agreement for the PUB to
abstract "up to a maximum of 250 mgd.," The catch-
ment draining to the intake is approximately 600
square miles of which about 380 square miles are
in the Project Area. The variability of river
flows at the intake will be affected bz Project
land developments. At present about 36 percent
of the whole catchment area has been developed

agriculturally and the reliable run-of-river yields,
for return periods of 1 year in 10 years and ear
in 5 years, are estimated at 111 mgd and 148
rurotl.voly. It is estimated that about 76 per-
cent of the whole catchment area

will eventually

be developed for agriculture., This takes into ac-

count Project proposals within the catchment and
assumes that all below 20 degree slope outside
the Project Area will be developed culturally.
For this future catchment conﬁigg.on he reliable
run-of-river yields for return periods of 1 year

in 10 years and 1 year in 5 years are estimated to
reduce to 53 mgd and 72 mgd respectively. All the
above yleld figures, which do not make allowance
for saline intrusion, are substantially below the

250 quoted in the 1962 Agreement. This is dis-
c\u-:fnirthor in Section 4,7 . .

ALl PUB sources in Johor State include treat-
ment works, and treated water only is conveyed to
Singapore.

2.2.3 Water 8 ies other than
Within ¢ pll’rojoat Area.

Private estates obtain their su
domestic purposes

JER Piped Supplies -

lies, for
and process factories, from
small run-of-river intakes onh;furby atro:iu or
from wells. The water is normally pumped, and in
some instances limited treatment igs given,

Small kampongs and the scattered rural
tion obtain their supplies from wells or mlzg’puln-
streams. The water is drawn by hand and no treat-
ment is normally given. Wells are not sealed at
m tcﬁm are vulnerable to pollution, especially
er flooding. When rﬂu:lr.d. the State Health
Department sterilize wells

with chloramine,
All these abstractions are quit mall
Johor Tengah thoi will not be a oot:d.u tfn sz
sources are located upstream of land which will
be affected bLProioc developments, In Tan ong
fﬁfﬂm“ 1' 1:-1 he ea:glhmnt areas are rcin-
smal 8 sible

sources, loc'atod in the 1mrth.t B o e

could be affected by Project a"mlop:egf.fmr'

ever the JKR are implement scheme
piped water to tho.fauar mpongl J.:o:: o::%;o
west and south coasts of Tanjong Penggerang.

2.3 DID Irrigation Developments

There are no existing or projected D -
mi.:gtamu for padi or oth:r :c'mpn uix:]l:i:rﬁn

In all existing schemes adia
Project Area (Pigure 2.1) only 2 “2: :: e

is
practised, and the acreages actual
::;.r',-:xoo at Sawah Iukut, are miﬁl-;. AIIOh
™

on run-of
located outaide the Project Arear” IO POUrces

At Assam Bubok and Sawah Sagil there has been
restricted planting due mainly to shortage of water
For example the acreage cultivated each year during
1954-59 varied from about 200 acres to 3000 acres
out of 4000 acres available. Assam Bubok relies
on the natural flows of small streams passing throy
the area and the land 1:‘§1§odﬁi byta ogntrollo:
drain tem, At Sa agil water is pum
from atls: g'ﬂubrom. To increase the mh.g'ms;
of water the DID have made a preliminary investige-
tion of a sto reservoir upstream on the 5. ‘
Sembrong; if t proves feasible then an additions
2000 acres of padi development would be considered,
However it is understood from the State DID
Engineer that the cost of the dam is relatively
high and that the projected proposals may not be
implemented; if otornga is not provided the existin
areas may be abandoned. To su;pgly either the exis
tiﬁdor projected schemes from the Project Area
would be expensive as storage facilities, long pipe
lines and pumping would be required.

At there has never been any restricties
of plant due to shortage of water, but the
acreage cultivated each year, over the last 20 year

has varied from about 70 mcres to 270 acres out of
T50 acres available., These restrictions have been
due mainly to the difficulty of keeping settlers i
the area, The source of water is the 5. Madek with
water being diverted by gated headworks and led t0
the irrigated area by open canal., The projected
area of g;OO acres at Kahang is very provisional
and no detailed planning or soil survey has been
carried out. If this additional area is developed,
then water could be made available either by the
gmmim of regulatory storage on the 5. Madek or
v gulpod run-of-river abstractiom from the S.
Semberong - Endau. It would not be necessary to
rely on water originating from the Project Area.

There has never been any restriction of plan-
ting at Ulu Benut or Sawah Lukut due to shortage O
vater, although there have been limitations at UlU
Benut caused bi settlers working at alternative
occupations. There are no projected irrigation
schemee in these areas,

It can be concluded that present and projec-
ted DID irrigation schemes will not be dependant
on water resources of the Project Area. They
will also be unaffected by land development pro=
posals in the Project Area.

2.4 Other Developments

The DID are at present implementing a scheme
for flood alleviation at Kluang, Apart from this
there are no flood mitigation, - or main
drainage schemes within or immediately adjacent %0
the Project Area.
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TAELE 2.1

Existing and Projected JKR Water Supply Areas

Supply Area Area of Supply Location JER Bst, Consum- Approximate Works
with respect Pop. ftim Commissioning Capa-
to Project se 969 date of city
Area 1969 (mgd) works mgd
Johor Baharu ?ut{&gt ofHJ g.d J Outeide 135000 6.94 Bulk Purchase
excluding M. enak
and Pekan Nenas from PUB
(District of Pontian)

Pontian District of Pontian Outside 38000 0.84 1930 1.05
(excluding P. Nenas)

Simpang Rengam 8§, Rengam L.C. Outeide 4300 0.07 1958 0.40
(District of Kluang)

Bukit Batu M. Sedenak (District Outside 12700 0.13 1967 0.72

of Johor Baharu)

Kluang Kluang town, S. Partly 49000 2,50 1940 2.50

(District of Kluang) within (New works under con-
struetion on 8,
Semberong Kechil).
Eota Tinggi K. Tinggi town, FIDA Partly 11400 0.42 1940 0.96
Pasak and rural within

Rengam Rengam L.C. (District  Partly 4100 0.09 1958 0.17

of Kluang) within

layang Layang layang? L.C. (District Partly 5400 0.08 1966 0.60

of Kluang) and FLDA within
Tak Way (District
of Johor )
P'ﬂgﬂrht:s Penggerang Village Within 900 0.02 pre-1940 0.04
e
FLDA Kulai FLDA Eulai Complex Outside Under construction by JER 0.75
Complex
FIDA Ayer Tawar FLDA Ayer Tawar, Within Under construction by JKR 0.70
Kg. Johor Lama and
Telok Sengat
FLDA Bukit FLDA Bukit and Partly Under construction by JER 0.66
Aping Kg. Kuala S ﬂf within
South Penggerang Along southern coast
of ?2,1“.“ penin- Within Under plamning by JER

sular
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Yield (mgd)
JER Source Catchment Description -
Supply (River) Return Period g?;ecm“.
Area (sq.mls) Cover 1In10yrs 1In5yrs per sq. mile
(percent)
Kluang Mengkibol 22 100 D .81 1.2 2.4
uang Sembero: 80 9 J 9.0 12.0 8.7
x Rechi1+ fo D
Kota Tinggi Pelepah 3.1 100 J .19 .27 .33
Pontian Pontian 58 34 J 5.3 7.3 6.3
Besar 44 D
22 8
Simpang Ulu Benut 66 20 J 4.3 5.9 7.1
Rengam 75 D
58
Layang Layang Sayong 38 100 D 2.1 2.8 3.6
Rengam Sayong 7.25 100 D .38 .54 .78
Bulkit Pontian 21 60 J 1.9 2,3 2.3
Batu Besar 40 D
FIDA RKulai  Semangar* 19.7 100 D 1.1 1.5 2.1
Complex
FLDA Ayer  Seluyut* 23.7 100 J 2.8 3.8 2.5
Tawar
FLDA Bukit Gembot* 23.4 63 J 2.3 3.1 2.5
Aping 20 D
17 8
Penggerang  Smal) 50 (acres) 100 J Not avadla- Not availa- 0.008
Village stream  approx, ble ble
South Small

Penggerang gt am+
lli.nr;.ng

Catchment ares and stor
investigation by JER

age available not known - under

TABLE 2,3

Catchmen t Yield (mgd
Description el
Return Period
River Area (eq.m1s) Cover 1 In10 1 In5 yre
(percent ) e o
Semberong Kechi1* 80 10 J 3.2 4.0
9 D
Seluyut* 23,7 100 D 1.3 1.9
Gembot* 23.4 83 D 1
17 8 4 el
+lowur source under construction 1970
J = Jungle :D-Dtnlopodzs-smp
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3.1 ti

3.1.1

JER Water S

Population Data.

At the time (January 1970) of forecast in
this report the demand for water there had lj;ggn no
comprehensive Population Census carried out for
West Malaysia since 1957. A Census was carried
out in August 1970 but at the time of making the
estimates of water demand, the preliminary count
::d tlrze Census was not available. For this reason
- or the other reasons stated in Supporting
1g%ume 10, primary reliance has been placed on the
Paper;:iTa:’ﬁ%lg:hpgpglazionncontainad in Research

. (]
in March 1969, y the Department of Statistics

Research Paper No.1 (Table 4) estimates the
p}o&ulation for Johor State in 1967 as 1.33 millions,
: ch implies a growth rate in the State's popula-

ion between 1957 and 1967 of about 3.5 percent per
annum. At the time of making these estimates, no
published data were available on the th of the
population in various parts of Johor State.

However Project investigations, and estimates
received from District Officers, show that growth
per annum from 1957 to 1970 has varied from 1-2
percent (Kota Tinggi town, Rengam, Layang Layang)

© possibly 5 percent or more (Kluang town).

b For the purposes of forecasting water demand,
bagrnowth rate of about 3.5 percent per amnum has
o assumed for the population in the supply
ﬂﬂtm‘c It should be emphasised that this is the
State e for the supply areas and not for Johor
s 11;8 a whole. The estimate is slightly above
3 pe ely growth rate for West Malaysia, of about
aeﬁemﬁt per annum over the next 20 years. (See
Ra““c Paper "Population Projections by Age,

and Sex for West Malaysia (1967-1997)" pub-

}%gg?d by the Department of Statistics in November

3.1.2 Supply Areas to be Included in Study.

In order to ascertain which su
ply areas
(Table 2.1)should be included in thspatzﬂr an ini-

\tt::lb:pnaiﬂal of future demands was made. This
g:-m,th“" on expansion of supply areas, population
rate of 3.5 percent per annum, allowing

a water allocation as follows:-

Classi- Water Allocation
Population > 5
957 Consus 000 in Urban 60
Prineipal vil1
19537aL Village in  Rural 40
Other Population Scat- 20
tered

Details are given in A;

pendix B-1. It was
ﬁiﬁ‘.ﬁl‘gﬂgd that the yields of present sources (Sec-
Johor pop1:2) were adeguate for all areas except
Theas _oharu, Kluang, Pontian and Kota Tingsl.
and m&reas therefore been included in the etudy
o re detailed estimates of future demands have

made (Section 3.1.3).

3.1.3 Johor Bah
aru, Kluang, Pontian and Kota
Tinggi Supply Areas.’

Future demands f fore=-
cast by the fonwingozo :;::s??a have been fo

a) By extrapolation of past consumptions tabu-
}:tgghin Appendix B-2, During 1959-60 consumption
gh r“.*: increased by 130 percent. 8
ing ate of increase was largely due to new areas
lppmxpm“d with piped water from 1960. The
ares h:m&te effect of the extension of the supply
tions‘ been distinguished by proportioning popu=
has be and the 'natural’ increase in consumption
en estimated at 70 percent. During 1959-69

consumption in Johor State, Kluang, Kota Tinggi
and Pontian increased by 97 percent, 66 percent,
50 percent and 75 percent respectively. Two
extrapolations have been made for each supply
area, One based on the rate of increase in con-
sumption in Johor State; the other based on the
rate of increase of consumption of its own supply

area. (Appendix B-3 ),
b) By expanding the areas of supply (Appendix
B-1 ), assuming population growth rate of .5 per-

cent per ammum, increasi water allocation up to
year 2000 as section 3.1.2, and includ a nomi=-
nal allowance for industry (Appendix B-4).

o) As b) but assuming that only 50 percent
of the 'scattered' population is connected. In
comparison with b), this restriction on expansion
of the supply areas, reduces demands in the year
2000, by 6.5 percent at Johor Baharu and Kluang,
1’4 rcent at Kota Tinggi and 35 percent at
ontian.

d) For Kluarng and Kota Tinggl, additional
forecasts have been made., These are based on the
present (1970) estimated populations of Kluang
town (61,000), and Kota Tinggi town (8,300), and

th rates of 5.3 percent and 4.5 percent res-
pectively. Developments in the Project Area may
be expected to sustain the high growth rate (5.3
percent - section 3.1.1) in Kluang town and acce-
lerate the low th rate (1 percent - section
3.1.1) in Kota i town.

These forecasts of demand, which are plotted
in Appendices B-5 to B-8 , give a range of values
from which reasonable design demands can be eva-
luated. These are summarised in Table 3.1.

TABLE 3.1 Adopted Design Demancs LMEC
Supply
Areas 1969 1980 1990 2000
Johor 6.94 13.5 25.0 47.0
Baharu
Kluang 2.50 5.2 9.3 16.0
Pontian 0.84 2.0 4.0 8.0
Kota 0.42 0.80 1.5 2.8
Tinggl

location of the industrial area
near Kg. Pasir Gud on the
miles

The proposed
and port complex is
north bank of the Johor Straits about 8-
east of Johor Baharu town. The recommendations

re-feasibility ort, carried out in 1970,
have been accepted by t Government and a more
detailed study is now under progress (1971).
Detailed development plans have not yet been
formulated and it is not known what type of indus-
tries will be attracted to and established in the
area. Two forecasts of demand have been made,

based on the following:

a) Preliminary planning data provided by the
State Ltginoer.

‘bz Industrial water demands of 3 mgd/1000
acres (esimilar to Petaling Jaya, Selangor) and 5
mgd/1000 acres (similar to Jurong, Singapore) .

o) Per cg&i)ta consumption of 50-60 gallons/
day by year 2000.

Details are given in Appendix B-9. These
forecasts of demand give a range of valuves from

of a

-17 -



which reasonable design demands can be evaluated.
These are summarised in Table 3.2,

TABLE 3.2 Adopted Desimn Demands (mad)

Supply
Area

e
a
Port Com- 0 2 18 %

plex

1970 1980 1990 2000

3.5

The total water demand for Singapore has
roximately doubled during the last 15 years,
;Edmnd is at sent about 100 mgd and will
probably rise to 350-400 mgd by the year 2000.

all future additional demand would be met by
increased abstractions from the 8. Johor
the maxinmum abstraction rate of 250 mgd (provided
for by the 1962 Agreement) would be required by

about 1995. The build up of abstractions would be
as shown in Table 3,3,

TABLE 3.3

1970

1980 199 1995
% 190 250
s (Maximun)

It is exphasized that this is the estimated
maximum build up of abstractions. The build-up
could be much less if Singapore decided to make
ui future deficiencies in supplies from alterna-
tive sources, such as desalination.

3.4 - P

The future demands of the exist population
in Mukims K1 gam, Tlu §, Johei?"(part}.

» Ren
Laya hor Tengah Mulkims
SOUI1E Hoyars Jopnorioneen): and ang) havs®’

' or Lama (Tanjo Peng
been included in the fui oS jrenggerang) have

ure demands of exist [
Proposed JEKR water supply areas, o

The ulation in the remainder of Johor Te
(parts ofpgt’;kiu Ulu 8. Johor and ~ g

Sedi11 ) and Mukin

Tan
soiitered ot s jong Penggerang) is very small and

ts future demand is negligible,
The existing population in

Mukim Tg, Surat
(Tanjong ) 18 largely in estates and small
villages on the g, bam; these have their own pri-
E.“ Supplies and the future 4 based on 1957
en

emand
8, is estimated at abe::t 0.25 mgd,
The existing population in Mukimg Pantai
K. Fanir Gogeb: wity L3008 Pengasrang) T
- Q
South anggomé Bource and the ft’xt -yl

d emand

;:that:d at abw;s 0.8 (Appanﬂ:l.:" B-1 ), 11;0
emand of Kg, Pas Go 1 Popula -
676) is estimated at about 0.?:;4?57 . -

3.5 -

Buiporting Volume 8 gives details of the num-
ber, da pofulation

imum ati -
sumed to be reached 15 years iy L

after date of
nt:ttlnent and has generally been hua; gn :':"E;%.

al family size of 5 rising to 8,

Per capita consumption initially has been

taken as 20 ons per day rising to a maximum of
40 gallons « Based on th.etbove the nng
mum domestic water demand is estimated at 4.2 mgd

in Johor Tengah and 2.7 mgd in Tanjong Penggerang,
Details for individual villages are given in
Appendices B-11 and B-12 ,

3.5.2 Agricultural Processing Water Supplies.

The agricultural processing developments e
requiring water are palm oil mills, rubber proces
sing factories and tapioca factories.

Supporting Volume 6 outlines the assumed
agriculml ggropping pattern and discusses the
possible locations and phasings of processing
facilities.

a) Palm 011 Mills

The water requirement of palm oil processing
is about 300 ga.ugns/ton fresh fruit bunches {ifb]-
A factory capacity of 1 ton ffb/hour, working -
20 hour day, requires 6000 gallons of water ;-': -
day., The assumed location, phasing of capac ?o_
estimated water requirements of the proposed pr
Ject mills are shown in Appendix B-1%,

The total ultimate water requirements, gu:-‘;li
the peak harvest month, are estimated at 1.3 s
in Johor Tengah and 0.60 mgd in Tanjong Pengge

be aboul
The peak month harvest is expected to
12,5 percent of the amnual harvest and the averagé

vater requirement may be taken as 67 percent of
the peak,

b) Rubber Factories

The water requirement of crumb processing
erumb ;qroduction by hevea method) 1:;

about 4 gallons/pound dry rubber content (dre 3

A factory capacity of 1 ton dre/day working ‘d

hour day, requires 9000 gallons of water per day.

The assumed location, phasing of capacity
and estimated water requirements of the proposed
project factories are shown in Appendix B-13.

The total ultimate water requirements, %
during the peak harvest month, are estimated &
9.63 mgd in Johor Tengah and 0.63 mgd in Tanjong
Penggerang .

The peak month harvest is expected to be
about 10.5 percent of the annual harvest and the

average water requirement may be taken as B0 per-
cent of the beak,

©) Iapioca Factories

The water requirement for tapioca processing
(for starch conversion process) is about 2000 &
gallons/ton wet root (wr). 4 factory capacity
| ton wr/hour, working a 24 hour day, requires
48000 gallons of water per day.

There is only one tapioca factory proposed;
its location, phnzing of oa city and estimated
vater requirement are shown Appendix B-13.

e total ultimate water requirement, during
the peak harvest month, is estimated at 0.30 mgd.

The peak month harvest is expected to be
about 12-8 percent of the annual harvest and the
average wat

er requirement may be taken as 67 per-
cent of the poak? -

3.5.3 Industrial Water Supplies.

robrincipal industrial development will be
timber processing, incorporating sawmilling, ply
milling and chipping ete, (Supporting Volume 5).
The water requirements of thens are negligible.

A limited amount of indust be attrac-
ted into the Project Area., It ﬁ ?ﬁpol'd in h
Supparting Volume 8 that sites of gOO acres eac
220}111: bcrnllooatod for industrial derclogﬂgf,

ohor Tengah and Tan Penggerang. Wa
demand would depend mti:?iy o:sths type of
industries established but would not be expeoted
Yo exceed about 0,6 mgd at each gite. (Based on
3 mgd/1000 acres at Petaling Jaya, Selangor).
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3.5.4 Tourist Industry.

Supporting Volume 7 describes the pofential
and proposals for developing a tourist indust
between Tanjong Siang and Tanjong Punggai on t
east coast of Tanjong Penggerang.

The water demands for the initial and pos-
sible ultimate developments are estimated at 0.3
mgd and 9.0 mgd respectively. (Appendix B-10).

3.5.5 Dairy and Beef Enterprises.

The maximum water requirement (on the farms)
for the proposed dairy a.na beef enterprises
(Sup% Volume 6 Part 3} may amount to 0.2 mad.
This d is very small and can be ignored in
water resource planning.

3.5.6 Irrigatim.

Supporting Volume 6 has concluded that there
will be no significant demand for irrigation other
than for nurseries for oil palms.

These will be irrigated by overhead agjr;:ins.
The maximum rate of planting of oil palm w be
about 20,000 acres per annum. Assuming one nursery
&r 5000 planting acres, this would require four

acre nurseries. Based on a crop requirement of
0.33 inches per day (Supporting Volume 6) each 80
acre nursery will have a demand of about 0.6 million
gallons over 24 hours and the total demand at the
time of maximum rate of planting in the Project Area,
will be about 2,4 million gallons over 24 hours.
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FIGURE 4.1

KLUANG WATER SUPPLY AREA - THE ALTERNATIVE SOURCES




4.1 Introduction

Chapter 3 showe that the major demand for
water within the area of study over the next 30
years will be for domestic and industrial water
supplies. The water resources of the Project Area
are large compared to the total jected demands,
particularly as there are seve potential sites

If;:r regulation storage. (Figures 1 and 2 Appendix

The study of future water supply developments
is therefore essentially an economy study i.e. an
economic comparison of alternative feasible engi-
neering schemes and dates of construction to meet
the projected demands. Present values of total
costs have been compared using discount rates of
5, 10 and 15 percent per annum. The capital and
operating costs adopted are based on information
given h{ the State and Federal JER and from other
comparable schemes in West Malaysia.

Capital and operating costs for overhead spray
1i'rigation schemes are based on information sup-
Plied by FLDA and on discussions with equipment
suppliers.

Benefit: cost method of analysis was used for
:hs EKota Tinggi flood mitigation study. Costs are
ased on information supplied by the State DID and
other comparable schemes elsewhere.

s A straightforward com on of the capital
08t of reservoir construction was used for the
regulation of the S. Johor study. Costs are based
on comparable schemes in W, Malaysia.

Al costs are for 1970 and constant prices
have been assumed throughout. %

4.2 VWater Supply Developments
4.2.1 Kluang Water Supply Area.

4.2.1.1 Introduction.

It is understood from the State Engineer that
:g:uin::ake on the S. Mengkibol will be phased out
(Sewts 985 due to increasing pollution of the river
on 2,2.1) and the age of the plant. At the
Semhe" at present under construction on the S.
;s N% Kechil, the yield is estimated to reduce
. g. mgd to 3.2 mgd due to land clearance and
m;: ated development (Tables 2.2 and 2.3). The
¢t Programme expects that land clearance will
wwa? g about 1972 and will be completed about
g sn addition several villages are proposed
i + Semberong Kechil catchment and their
nemtt is estimated at about 1.00 mgd, leaving a
af.tarm iable yield at the new intake of 2.2 mgd
eonditm clearance. Appendix C-1 shows these
ourve lons graphically superimposed on the demand
and g [he demand exceeds the yield by 1981/82
e :;&t deficiency in yield by the year 2000

The capacity of the intake
, on the 8. Semberong
::_oh"il about 3% miles north-east of Kluang town,
Pelines, terminal storage and treatment works under
Jotion by JKR is 4 mgd The relisble yiald o the S.
"'th'm 1 is estimated at 0.8 mgd (Table 2.1) and
truf::ﬂmt reliable quantity water that can be
eZosed is therefore &.80 mgd. The demand will
of the {148 by 1978, Allowing for the phasing out
¥ ne ttreatunt works on the 5. Mengkibol in 1985
2000 1s 1gcfic1mcy in works capacity by the Year
the sit n%d. There is ample area available at
@ of the treatment works and terminal sto-

g ion, so additi
Tmins ' onal treatment works
100!21@. 1 storage could be sited in the same

4,2,1,2 The Alternatives Considered.

To cater for the above demands the following
alternatives have been considered (Figure 4.1)

1. Run-of-river intake on S. Sembero
Endau (downstream of confluence of 8. Paloh and
S. Semberong Kechil) and direct supply to the
above treatment works.

2. Storage on 5. Kahang and direct supply to
the above treatment works.

3, Regulation of S. Semberong Kechil from
storage on 5. Kahang.

A. Water transfer by pumping.
B. Water transfer by gravity through a tunnel.

4, Regulation of S. Semberong Kechil from
storage in its own catchment.

5. Extracting water from the 5. Semberong
located to the West of Kluang and direct supply
to new treatment works west of Kluang (This alter-
native was only considered brie and an economic
analysis has not been carried out).

The phasing of the different works for alter-
natives 1 to 4 is shown in Appendix C - 1 . The
phasing of pipelines and the selection of dia-
meters is not optimal: these would require further
investigation in future studies., In alternatives
1 and 2 the intake, raw water pumping station and
rav water E:pelinu under construction on the S.
Semberong Kechil would not be expanded beyond the
present capacity of 4 mgd. In alternatives 34, 3B
and g these works would be expanded to a capacity
of 1 md.

The phased expansion of the treatment works
and treated water pipelines to a capacity of 16
mgd, and the provision of bulk terminal storage is
common to all altermatives; the capital and opera-
tional costs of these are included in the economic
analysis of each alternative,

4.2,1.3 Alternative 1 - Intake on S. Semberong-
au.

This source can be developed to yield 13.8

by direct abstraction. A run-of =river intake
and raw water pumping station would be construc-
ted on the 3. Songcrong-mdau about 14 miles down-
stream of the confluence of the 3. Paloh and 3.
Semberong Kechil. Raw water would be pumped through
& miles of pipelines to the treatment works. The
pipelines co be laid in two phases, 33-inch in-
ternal diameter for the first se and 27 inch
internal diameter for the second phase. Bxcluding
the catchment draining to the intake in the 8.
Sembe Kechil, the catchment area draining to
the in is 220 square miles, of which 80 square
miles is J e or swamp and 140 square miles is
developed. ed on Figure 1.5, the run-of-
river yield, for a retum period of 1 year in 10
years, is estimated at 15 mgd.

The capital cost of this scheme 1s shown in
Appendix C - 2.

If the B0 square miles of jungle, upstream of
the chosen intake site, were cleared in the future
for agricultural development, then the reliable
yield is estimated to fall from 15 mgd to 8.5 mgd.
To obtain the required yield from a fully developed
catchment would require a catchment area of about
360 square miles. The intake would have to be loca-
ted about another 8 miles downstream and the capi-
tal cost of the raw water g:gannu to the treat-
ment works would be more b doubled.
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4.2.1.4 MAternative 2 (Storage on 3. EKahang -
Direct Supply to Treatment Works).

In order to exploit this source to yield 13.8
mgd 1t is necessary to provide storage. A suita-
ble dam site is located on 1" map 124 (Grid Refe-
rence: W.M.625,516). The catchment area draining
to the dam site is 24.4 square miles and is at
present jungle covered, A general description of
the geology of the dam site, based on a study of
existing geological maps and surface field inspec-
tion by an engineering geologist, is included in
Appendix D . The site is best suited for an
earthfill embankment dam. The dam site has been
surveyed but the reservoir area has not been sur-
veyed. Estimates of estorage available and capital
costs for various conservation levels are tabula~-
ted in Appendix C-8 ., If the catchment remained
p. covered the required storage is estimated
at 700 million gallons. Assuming that the bottom
10 feet of storage could not be used due to the

swampy nature of the flooded area, then a dam height,

measured from stream bank level, of 30 feet would
be required. This allows for a freeboard of 10
feet, giving a conservation level of 135 m.s.1.
The dam crest would be about 1180 feet long.

Raw water would be pumped from the reservoir
tureot t: :hcdtre:tmﬁt&h wor?. It is not possible
o gravitate due to intervening ground. The
pipelines would be 5} miles long and could be laid

in two phases; 30 inch internal diameter for the

first phase and 27 inch internal diameter for the
second phase,

The capital cost of this scheme is sh in
Appendix C-3 s

4.2.1.5 Mlternative 3A and 3B = (Regulation of
8. Senhr?ns Kechil from Storage on

It is possible to increase the yield by 13.8
mgd, at the intake on the 3. Semberong Kechil, by
:;::usg controlled releases from storage located on
2, but in this case the required storage is estima-
ted at 400 million gallons . Mlowing for a f:ee—a
board of 10 feet, a dam height of 27 feet would be
required. Conservation level would be 132 MSL and
the dam crest would be about 1140 feet long.

Water could be tranaferred from
to the catchment of the S, Semberong %:hﬁsg?o e
either of the following methods:-

A) By ing over the catchment divide, From
a study of the 1 in 25,000 maps it 1avtztmtad
that the minimum pipeline length would be 14 miles.
The reservoir draw-off works would be located
about 14 miles upstream of the dam and water dis-
charged into a tributary of the g, Jonah, The
ﬁ.g: inud:::::g hrhidth:n two phases; %0 inch
Tnal er for fir
diameter for the second phau?t ROV 1 47 Sk

B) By gravity th a tunnel. From

the 1 in 25,000 maps it is estimated thn: :ﬁ:"iﬁf-
mum tunnel length would be 3 mileas. The necessity
to line the ttmmlm-notronldda md on the
results of detailed site investiga

deep drillings. For the economic analysis a 6 foot

The capital costs of alternatives
ot 3A and 3B are

shown in Appendices C-4 respectively,
4.2.1.6 Alternative 4 - (Regulation of 3.

Sembe Kechil t st
own Catchment), R et

It is possible to increase the yie
mgd, at the intake on the S, Semberong *x‘;ok’ul’sg
making controlled releases from storage located in
its own catchment. A suitable dam site is located
on 1" map 124 (Grid Reference: WM. 608,417).

The dam site would be as Alternative

catchment area draining to the dam site is 18.3
square miles and is at present jungle covered,
The site has not been visited by an engineering
geologist but based on a study of existing geolo-
gical maps (Appendix D). the site would probab-

be best suited for an earthfill embankment dam.

e dam site has been surveyed but the reservoir
area has not been surveyed, Estimates of storage
available and capital costs for various conserva-
tion levels are tabulated in Appendix C-9.
Assuming that the hottom 10 feet of storage could
not be used due to the swamp nature of the flooded
area, then a dam height, measured from stream bank
level, of 25 feet would be required. This allows
for a freeboard of 10 feet, giving a conservation
level of 135 MSL. The dam crest would be about
2600 feet long.

Controlled releases would be made from the
reservoir direct to the natural river channel
downstream, to increase the yield at the intake
as required,

The capital cost of this scheme is shown in
Appendix C-6.

4.2.1.7 AMAlternative 5 - Extraction of water from
S. Sembrong located to the West of
Kluang.

Consideration has been given to extracting
water from this source as follows:-

A) Abstraction by utiliz the proposed
DID dam for irrigation (Section 2.3).

B) Run-of-river abstraction.

A) The area draining to the proposed DID dam :
(1" map 123, Grid Reference WM 318,408) is approxi:
mately 50 sguam miles. The main purpose of thaﬂ‘
dam is for irrigation and controlled releases WO
be made from the reservoir to regulate flows at
diversion intakes at the existing and projected
irrigation schemes, located about 5-6 miles down=
stream. The average diversion demand for irriga-
tion (6000 acres double cropped padi) is estima
at 100 cusecs.

This catchment is outside the Project Area
and therefore has not been studied in detail.
éver, assuming that sufficient storage could be
provided, the Project studies of storage/yield
relationship within the Project Area suggest that
sufficient water would be available to meet the
above irrigation demand and an additional water
supply demand of 26 cusecs (13.8 mgd) for Kluang.

The shortest pipeline route and lowest statie
pumping head, to treatment works and terminal o
storage, located west of Kluang, would be obtain
by locating the water supply intake at the dam.
The main pipeline would be 9 miles long, which i8
1% times the length of pipeline in Alternative 1-,‘
In addition the static pumping head would be abod
30-40 feet higher than that in Alternative 1.
Also part of the dam cost would be chargeable t0
the water supply scheme,

B) In order to obtain 13.8 mgd by run-of-river
abstraction it would be nzaeaziry {o locate the
intake about 10 miles downstream of Brizay Bridges
The catchment to the intake would be 200 square

8, of which 70 s narehnilas is jge}:ﬁﬂ:ﬂ‘w

er artific y

and fully developed. The :ls;nlypi 1ine would be 20
miles long, which is three times the length of PLP¥
line in Alternmative 1. In addition the static

pumping head would b than that
in Alternative s e 40-50 feet higher

The above takes no account of present 1"’""“,;
tion demand at Sawan Sagil (Sootionp2 3). If have
3 included then the water supply intake would
to be located even further downstream, involving &
longer pipeline and higher pumping head.

It can be concluded that, due to higher capi~
tal and operating costs, any proposals under
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Alternative 5 would be more expensive than Alter-
native 1 and need not be considered further.

4.2.1,8 Economic Comparison of Alternatives.

The capital to be invested and the annual
operating costs up to the year 2000 for Alterna-
tives 1-4, are tabulated in Appendix C-T , toge-
ther with the present values, as at 1972, of
costs at discount rates of 5, 10 and 15 percent
per annum,

The figures given for present value take into
account all capital costs of construction and site
investigations, and amual operation costs i.e.
power for pumping, labour, chemicals and annual
maintenance, up to the outlet from bulk terminal
storage. Land acquisition and compensation costs
are excluded as there is insufficient data availa-
ble for their estimation. However their costs
would be very small compared to other capital costs
and would not affect the conclusions.

The present values, as at 1972, in million
dollars are as follows:-

Discount Rate percent

Mternative per annum
5 10 15

1 12.06 7.98 4.72

2 13.56 8.42 5,75

3A 11.45 7.28 5,11

3B 14.80 9.83 7.02

4 12,20 7.96 5.63

i ‘;t all discount rates Alternatives 2, 3B and 4
3 T;!ys less attractive than Alternatives 1 and
ané. 51 e relative attractiveness of Alternatives 1
34 be changes with the discount rate; Alternative
e ing more economical at discount rates less
1”1.“0‘-“ 9 percent per annum. Sensitivity ana-
e shows that the above rankings remain unaffec-
assu ) 4o0anges of plus or minus 15 percent in the
sumed rate of growth of demand.

ti“a'ﬂ;e indirect benefits associated with Alterna-

the meo: JA» 3B and 4, such as recreational use of

md;lemirs and flood mitigation in the valleys
ately below the dams, would be similar.

these 1T, 00LY indirect costs that could arise from
o baltemativea would be any opportunities fore-
vould pocuse the reservoir and catchment areas

® no longer available to utilize for mining
(1 e’&i'icultural development. The opportunity cost
are no chefit foregone) to mining is nil since there
areas (gconomieal exploitable minerals in the
to agri upporting Volume 2). The opportunity cost
to the Culture of the catchments is very small due
cutungvaihbility of alternative potential agri-

dimyg land, If the catchments were developed

and nt"’“ld be some additional dam construction

er treatment costs, which would probably

exceed the
reservoir n:ng‘tunuy cost to agriculture of the

e no indirect benefits associated with
but because the town of Kluang is
th e catchment draining to the proposed in=
Lutsor® B8y be indirect costs associated with
g“. on control of the river, especially at low
uang 4.leTe 8re no sewage treatment works at
into ghu;n: sewage and trade wastes discharge
P « Mengkibol about 7/8 miles upstream of
that 1oro0®d intake. The Project studies indicate
esre i3 potential in Kluang town for further
ted p-rtpmim and industrial developments, crea-
area of }3’ by the land development of the ad jacent
be a 1a Tengah, The consequence of this will
d4scharged increase in domestic and trade wastes
the quagoy. 100 the river. In order to safe-
ty of water at the intake in future years,

There ar
Mternat
it b

pollution would have to be controlled by introdu-
cing appropriate legislation and by affording the
necegsary treatment for these wastes.

As the new source for water supply is required
by 1981/82, it is considered that, with the ﬂmﬂ.tcd
data available, 1985 is the latest date by which
sewerage facilities would require to be provided.

It is not possible, at this time, to state if defer-
ment or phasing of sewerage facilities would be
permissible after 1985, as this largely deg:nds on
the rate of growth of Kluang. This could an
important factor in future studies.

A policy decision would have to be made by
the Government regarding the allocation of costs
of any future scheme for the provision of water
borne ssnitation and sewage treatment at Kluang.
If it were considered that these facilities are a
mormal requirement of a growing community then the
expenditure could not reasorably be re arded as an
indirect cost st Alternative 1. f such faci-
lities are p ded solely to protect the source of
water supplies then the expenditure must be regarded
as an indirect cost.

Ass the latter to be the case and assuming
that sewerage facilities would have to be provided
by 1985 then the maximum amount of capital that
could be spent in 1985 to ensure that the present
value of Alternative 1 remained more attractive
than Alternative 3A is as follows:-

Riscond_Rae S 1 are)

10 percent 0.55
15 percent 2.40

A detailed atwlilor the cost of providing
sewerage facilities has not yet been carried out
but the cost would :1““:”5 e:cn: of t?..n'““
amounts. The population o own w rO-
bal rise to ggout 150,000 by 1%5. The cost of

ding modern sewerage facilities in new towns
of this size in the United Kingdom would lie in
the range of 50-70 million dollars.

4.2,1.9 Conclusion.

On the assumption that water borne sanitation
and sewage treatment facilities at Kluang would be
provided solely to safeguard the quality of the
water at the intake an the S. Semberong - Endau
(Alternative 1), it is concluded that the most eco-
nomical scheme investigated is Aternative 3A.

This would involve the construction of an
earthfill dam on the 5. Kahang and the controlled
transfer of water from the reservoir by pmging
over the watershed to the catchment of the 5.
Semberong Kechil during periods of low flow. The
intake, pumping station, treatment works and bulk
terminal storage under construction on the 8.
Semb: Kechil would be expanded to a capacity
of 16 . Phas of the appropriate works is
shown in Appendix C-1.

For the reasons outlined in Section 4.2.1.8
it is recomnmended that the catchment draining to
the dam remains as jungle.

Certain further studies will be required to

rove the technical and economic feasibility of
zhu scheme, These are outlined in Chapter 5.

4,2,2 Kota Tinggi Water Supply Area.

4.2.2.1 Introduction.

The yield at the present intake on the S.
Pele Jiutmted at 0.2 mgd (Table 2.2), This
is pmtod with the demand curve in Appendix C-10.
The present demand exceeds the yield and the nett
deficle in yield by the year 2000 is 2,60 mgd.
The oap:gty of the existing treatment works and
pi s is 1.00 and the nett deficiency in
works

capacity by the year 2000 is 1.6 mgd.
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FIGURE 4.2

KOTA TINGGI WATER SUPPLY AREA
THE ALTERNATIVE SOURCES
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4,2,2.2 The Alternatives Considered.

To cater for the above demand the following
alternatives have been considered (Figure 4.2).

1. Direct abstraction from S. Johor approximately
+ mile upstream of the confluence of the 5.
Panti and 3. Johor.

2. Regulation of S. Pelepah from storage in its
own catchment.

A The phasing of the different works for each
ternative is shown in Appendix C-10 ., In Alter-
native 2 the existing treatment works would be
TIPanded from 1,00 mgd to 2.8 mgd; in Alternative

new treatment works would be constructed of capa-
elty 2,60 mgd. The reason for this is that the
giatmg supply syetem is under gravity pressure

om the intake to terminal storage and incorpo-
E:;:: g:eg;mt{ilterg. Raw water from the S.

entirely different quality requiring

sedimentation and 1{ would be 131 ra.ct.{calqto con=-
nect this into the existing treaﬁmnt works.

& dﬁe phasing of pipelines and the selection
My eters is not optimal: these would require
er investigation in future studies.

i The S, Johor is the closest run-of-river
ce to meet the future demand of Kota Tinggi.
hiend :::rgnt alternative sources for the full demand
e o . Sedili Besar and S, Tiram. These are
e ther away and capital and operating costs
3,1“% would be required) would be much higher.
& thaxs largest catchment nearest to Kota Tinggl
o 3 Seluyut. The catchment area is 23.7
Ihmdor Prolu and is at present jungle covered.
oped ¢ Ject plans this catchment will be deve-
5 .“i:: sgriculture and the run-of-river yield
(Tablos 2ted to reduce from 2.8 mgd to 1.3 mgd
ploit f and 2,3), The JKR are at present ex-
partuu;f his river to supply FLDA Ayer Tawar and
The set i':he west coast of Tanjong Penggerang.
e ted future yield of 1,3 mgd will only
supply anl-xﬁ'.‘..c.:.‘.an‘t: to meet the demands of this
siderca rea. These sources therefore are not con=
further in this report.

4.2,
2.2.3 Alternative | - (Intake on S. Johor).

There would

2.6 be no difficulty in obtaining

A m?n?}_rr"m this source by direct abstraction.
tion 'lloulginr intake and raw water pumping sta-

§ion ¥ould be constructed, on the morth bank of the
fiakace ot b pimately 4 mile upstream of the con-
be pumped ts' Panti and 3. Johor. Raw water would
away, 0 new treatment works about 300 yards
mentatig treatment works would incorporate sedi-
n, filtration and sterilization and treated

wat
t’nel::n:;uﬂobe ’;“'iwd :d distance of nboutbi :iie to
mil ocated on hi und abou

& Ofr:g" existing JEKR ihrement works.

wat
3 l::u:ﬁ? treated water pipelines could be laid in
lns 2nd 1 10 inches internal diameter for the 1st

the 3rq phi . and 12 inches internal diameter for

Rppen?il: °afii1ta1 cost of this scheme is shown in

e,
2.4 Wternative 2 - (Regulation of S. Pelepah

from Storage in its own Catchment).

It is possible ¢
o increase the yield by 2.6
Contras, the intake on the S. peh{ah’;dw making
own htnhu“l'“" from storage located in its

1" Map yoecnc: A sultable dam site is located on
catchment dtw Reference: WN. 089.220). The
miles ang 1“1“158 to the dam site is 2.8 square
has net s “'_Lzrcunt jungle covered. The site
but baseq - [ sited by an eering geologist
(Appendix gn a study of exist geological ma

ble for o ) the site could possibly be suita-
v oonerete, rockfill or earthfill dams.
Oltnbl.t.h’u. investigations would be required %o
which type of construction be best

suited to the site. For the economioc analysis an
earthfill embankment dam has been assumed. The
dam site has been surveyed but the reservoir area
has not been surveyed. The required sto for
regulation is estimated at 200 million gallons.
This would require a dma height, measured from
streams bank level, of 70 feet. This allows for
a freeboard of 10 feet, giving a conservation
level of 440 MSL, The dam crest would be about
710 feet long. Details of the estimated capital
cost of the dam are given in Appendix c-14 .

The existing 10 inch internal diameter gravi-
ty pipeline from the intake to the present treat-
ment works would meet the demand to the year 1982
and an additional 15 inch internal dimeterm;pége-
line would then be laid to cater for the de up
to the year 2000. The existing treatment works
incorporating filtration and sterilisation would
be expanded.

The capital cost of this scheme is shown in

Appendix C-12 .

4.2.2.5 Economic Comparison of Alternatives.

The capital to be invested and the annual
operating costs up to the year 2000 for each
alternative, are tabulated in Appendix c-13 ,
together with the present values, &s at 1972, of
all costs at discount rates of 5, 10 and 15 per-
cent per annum.

The figures given for present value take into
account all capital costs of construction and site
investigations, and annual operation costs i.e.
power for pumping, labour, chemicals and annual
maintenance, up to the outlet from bulk terminal
storage. land acquisition and compensation costs
are excluded as there are insufficient data for
their estimation. However their costs would be
very small compared to other capital costs and
wo not affect the conclusions.

The present values, 88 at 1972, in million
dollars are as follows:-

Discount Rate (percent

Alternative per annum)
5 10 15
1 3.51 2.45 1.94
5.01 4.55 4.27

At all discount rates Alternative 1 is more
attractive than Alternative 2., Sensitivity ena-
lysis shows that the above ranking remains ungf-
fected by changes of plus or minus 15 percent in
the assumed rate of growth of demand .

There are no indirect bene fits or costs asso-
ciated with Alternative 1.

The reservoir in Alternative 2 could have
gome indirect benefit as it could provide recrea-
tional facilities for boating and fishing. How=
ever the value of the benefit would
sive as the surface area of the reservoir at the
conservation level adopted would be about 26 acres

only.

The only indirect costs that could arise with Al-
ternative 2 are associated with mining and icultu~-
ral development of the catchment, see eco com
rison of alternative supplies to Kluang town BSection
4.2.1.,8)., Only a small proportion of the catchment is
below the 20 degree ol.ag: line and suitable for agri-
cultural development. cause of this, and due to the
availability of alternative potential agricultural
land, the © ty cost of the catchment to agricul-
ture is ne 1{1!!10. The catchment has been prospected
and ies known %O contain iron and deposits of tin.

However it 18 understood that the
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mining consultants consider that these could not
be exploited economically due to insufficient
reserves and the technical problems of separation
of the iron and tin ores. The opportunity cost

of the catchment to mining can therefore be taken
as zero.

4.2,2.6 Conclusion.

It is concluded that the most economical scheme
investigated is Alternative 1,

This would involve
river intake on the north bank of the 3. Johor, new

treatment works of capacity 2.60 mgd and new terminal fUB at 50 cents per

storage located about 1 mile east of the existing
JEKR treatment works., The existing JKR treatment
works would be retained,

Phasing of the appropriate works is shown in
Appendix C-10.

Certain further studies will be required to
prove the technical and economic feasibility of
this scheme. They are outlined in Chapter 5

4.2.3 Pontian, Johor Baharu, Industrial Area and
Port Complex Water Supply Areas.

4.2.3.1 Introduction,

These water supply demand areas all lie in
the southern part of Johor State and are there-
fore considered under one section in this report.

a) Pontian

It ia understood from the State Engineer that
the intake on the 3, Pontian Besar, at present sup-
Plying Pontian, will be phased out about 1985 due
to increasingly difficult water treatment
at the intake and the age of the plant. The demand

is now ap hing the capacity of the treatment
works (l.g mgd) and the JKR are at present imple-
menting a new scheme (ca: city 2.5 mgd) involving
& new offtake from the PUB's mains near Ulu Choh,

Pontian District is very low lying and is largely

economi in‘tm o8

¢ po o .

ad jacent catchments cg blepor yie{dg;'

« Pulai, 8,

;:.ayu.t tThe xl:r&ut of

arest to exist t

storage, is the §, Pulai, The headwa or:r;t

have been allocated to ﬂi.nga re under
catc

the 1961 Agreement, The remaining
which is developed, is D% ares,

about 21 g
measured to the limit of tidal Lngme:{h;he
run-of-river yield is estimated at 1,00
from

cost of delivering 1 this ~

Thacont ‘o water por s oa L CtRiR/ 1000 gatls
¢ of water per 1

ad jacent cntohnntrvou_m ha‘!%plm from other

yields are smaller and the are

terminal s torage.

future demand for

b)

The Johor Baharu supply area extends
vest as far as Kulai town. Consideration mth
:::dgim to diaconmcting i and sur-

«T mgd
Kulali town in the ear 2000 is the § S
(tributary of 8. ;. Based on capital gﬁ“
operating costs, and taking delivery point of

the construction of a run-of-

treated water to be terminal storage located
within 1 mile of Kulai town, the economic study
gave the following present values, as at 1972, in
million dollars.

Discount Rate percent

Alternative per annum

5 10 15
Purchasing water from
000 galls. 1.7 4.7 3.4
New source on 5. Sayong 8.2 6.2 5.3

It can be concluded therefore that Kulal
town should remain connected to the Johor Baharu
supply area and ite future demand met from the
PUB mains at a cost of 50 cents/1000 gallons at

the offtake,
¢) Industrial Ares and Port Complex

It is understood that the JER are implementit
a scheme to increase the size of the intake on
S. Serai (C.A. = 4.8 square mu:g’) aﬁlth: Eg”ﬂ
Kong treatment works to supply ¥
and torgrovide an initial supply to then?ndnltrm
and Port area., This will only amount to about
100,000 gallons per day and cannot be conside o
as a long term solution for the new port and as
ciated industrial area whose demand by the year
2000 is estimated at 30 mgd.

d) (8) + (b) + (c) Combined.

Due to the relatively high future demands of
Johor Baharu (47 mgd) and Industrial Area and
(30 mgd), and the lack of a suitable adequate
source close to Pontian, these three areas have
been considered as one area of demand. The comp”
eite demand curve is shown in Appendix C=15.

The yield of the present sources is estimatel
as followa:

1. 18 mgd from PUB.
2.2.1.2),

2. 0.6 mgd from PUB. 1962 Agreement (Section 2,24

3. 1.0 mgd Capacity of Pontian treatment works
(Table 2.1??

ihis glves a present total yield of 19.6 méh

This total will alter in time. It will dacre:;u
when the Pontian intake is phased out and it oo

rease if and when the PUB abstract more we ;
from their intake on §, Johor. The build up ©
the PUB demand on the S, Johor is not known ond
for this study is assumed to reach a maximum o e
mgd by 1978, thus entitling Johor State to &
supply of 2 under the 1962 Agreement . ® i
fesultant yield ourve has been superimposed on :
demand curve in Appendix C-15 , The demand ;:
the yield by 1978/79 and the nett deficien .
yield thhc year 2000 is 65 mgd. It should b
noted that if the PUB demand on the S. Johor ¢
increased to the maximum of 250 mgd allowable bY
the 'eﬁmﬂmt, then Johor States mgigz

o rise to a total of 5 8.

more than the 2 mgd assumed for :lﬁs study. Tl;ﬁ.'
¥ould decrease the nettdeficiency in yield by inal
year 2000 to 62 and would have a maTg
effect on the t of the different phases

considered,
4.2.3.2 The AMternatives Considered.

To cater for the above demand the followiné
alternatives, each one sourd®s
have been “;lu““gvﬂung more than

1. a) Increased abstractions from the PUB mald®

1961 Agreement (Section
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to meet the demands up to 1978/79.

Phased abetractions of 15, 20 and 35 mgd from
an intake, located near Kg. Semangar, on
the 8. Johor to meet the increase in de-
mand from 1978/79 to year 2000. (See
Afpendix C-19 for notes on selection of
pipeline route and location of intake).

As 1(a) above.

Phased abstractions of 15 and 20 mgd from
the gouod barrage scheme on the estuary
of the 5. Tebrau just to the east of Johor
Baharu town. For this study a minimum
reliable yield of 35 mgd has been taken
for this scheme. This would meet the
demand until 1992/93.

Abstraction of 30 from an intake on
the 3. Johor as 1(b) but with a capacity
to meet the increase in demand from 1992/93
to year 2000.

A flow diagram and the 8 of the works
gir. each alternative is shomphinigpendix C=15.
v phasing of pipelines and the selection of

meters is not optimal: these would require
further investigation in future studies.

There are two major rivers, the S. Scudai
:l:! 8, Tebrau which are close to the area of
Thnnd and represent potential water supply sources.
co%am only partially developed at present and
Jary gmride further significant yields, particu-
el operated in conjunction with regulating
“M:;gtﬁ However, as staged in Section 2,2.2,
theas tv: 1961 Agreement the whole of the waters of
5 o rivers have been allocated for the use of

e and they are not considered in this re=-

a source of supply available to Johor State.

There are other rivers
, with smaller catchment
:i':::rtltnn the 8. Scudai and S, Tebrau, which are
= 0 the area of demand than the §. Johor.
‘:;dtho 8. Pulai, S. Melapa, S, Tiram, S.
8, Pioas S. Redam. The largest of these is the
orede .d‘fith a catchment area, which is mostly
1imit gr 1.;1<'.~f about 40 square miles measured to the
15 sotimas dal influence, The run-of-river yield
vould oonied 8% 2=3 mgd. Yields of this order
cmm,mdrm‘“ little to the large demands being
conld ne oi, Again, however, s icant yields
regulat obtained if operated in conjunction with
stong.% storage. The only potential regulating
the vicinity is the proposed Tebrau
owever, the amount ogrsfo

b)

Qeniiilt)

b)

c)

« H

at orage available
ut:h‘ h:mEO is quite smll compared to its

in hment size, In this circumstances the increase

¥ield from the S, Tiram nall

0ailly as both catchmern: would be very 8 es-
ts would tend to experience

g““" periods at the same time. g

None of the above
sources are therefore con-
8ldered further in this report. .

4.2.3,3 Altermative 1
nmm:.? yout of this alternative is shown in

Phase 1 involves su

pplying the industrial and
et thetyfrom & new offtake on the PUB mains to
voula ot 1emnd of 7 mgd by 1978/79. The pipeline
Assuning tﬁi‘ miles long (from point H to point D).
18 265 WS t the pressure haa.soin the PUB mains

» 8 27 dinch 4
required to cater ro:t;r:;‘il. -dhmeter 3 s

To meet th

and e demand after 1978/79 an intake

on the s >Ler Pumping station would be constructed

of the §. s°h°1‘ just downstream of the confluence

Vater woulq® AR€AT and S, Johor (point A). Raw

0 treatme be pumped through Ioogotoet of pipeline

P11 trats ot ¥OTks, incorporating sedimentation,

vater m&and sterilization (point B). Treated

ling o bu.'l.tb. pumped through 124 miles of pipe-
terminal storage (12 hours supply

located at point C and set at a suitable elevation

to command demand area. The water would then
vitate to further terminal storages at point D

12 hours supply) located to command the port area;
and point K, the location of existing terminal
storage for Johor Baharu, through a common pipeline
CE, about 14 miles long and separate pipelines ED
about 10 miles long and EK about 7 miles long.
Pipelines could be laid in 3 phases (phases 2, 3,
and 4) as follows:

Internal diameter (inches)

line Phase 2 Fhase 3 Phase 4
A-B 37 43 52
B-C 37 43 52
C-E 3 44 51
E-D 2 27 30
E-K 31 36 44

The capital cost of this scheme, includ
the pipeline in phase 1 from the PUB mains to the
Port terminal storage is shown in Appendix C=16.

4.2.3.4 Alternmative 2
The layout of this alternative is shown in

Figure 4.4.
Phase 1 is as for as Alternative 1.

The intake from the Tebrau reservoir would
be situated about 1} miles upstream of the bar-
rage on the east bank of the S. Tebrau (point By).
Raw water would be pumped through 1500 feet of
pipeline to treatment works, incorporating sedi-
mentation, filtration and sterilization. Treated
water would be d to terminal storage at point
D (as Alternative 1) and to terminal storage at
point C1 (12 hours supply). Water would gravitate
from C1 to K, the location of existing terminal
storage for Johor Baharu. It has been necessary
to introduce point 01 in this altermative as land

on mand

at a suitable elevat to command the de
area is not available at {oint K to accommodate a
ge increase in terminal storage.
lengths B4D , B1C1 and C1K are 1
and 4 miles respectively.
Leter O i St T SEeE
2000 wo e me
:ga:::u ;.g from the S8, Johor. This would be
similar to the fourth phase in Alternative [
Pipelines could be laid in 3 phases (phases

2, 3, and 4) as followe:

Taternal diameter (inches)
Phase 2 Phase 3
27 27
27 33
28 33

Line Phase 4

B1-D

B1-C1

Ccy-K
=B

B-C
Cc-E
E-D
B-K

52
52

51
30
44

¢ of this scheme including
She capital 008 '-m to

line in e 1 from the PUB
'::: :'gt. toutm!h::ongc 4s shown in Appendix
0-17. The capital cost of $1.03 million tabulated
for the Tebrau is based upon the lrciﬁ.u
-]

to water supply given in the Feasibility
g:nt on the barrage by Binnie and Partners
(Malaysia).
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FIGURE 4.3

PONTIAN, JOHOR BAHARU, INDUSTRIAL AREA
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FIGURE 4.4

PONTIAN, JOHOR BAHARU, INDUSTRIAL AREA
AND PORT WATER SUPPLY AREAS
ALTERNATIVE 2
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4.2,3.5 Economic Comparison of Alternatives.

The capital to be invested and the annual ope<
rating cost?: up to the year 2000 for each alterna-
tive are tabulated in Appendix C-18 together with
the present values, as at 1972, of all costs at
discount rates of %, 10 and 15 percent per annum.

The figures given for present value take into
account all capital coste of construction and site
investigations, and annual operation i,e. power for
pumping, labour, chemicals and annual maintenance up
to Ehe outlet from terminal storage at point D and
the inlet of terminal storage at point K. Land
acquisition costs and compensation costs are exclu=-
d:& as there is insufficient data arailable for
their estimation. However their costs would be
very small compared to other capital costs and
would not affect the general conclusions, although
they may be an important factor in the detailed
selection of pipeline route from 3. Johor to Johor
Baharu. Capital costs do not include the cost, or
any part of the cost, of a reservoir in the Johor
catchment, gee later in this sub-section,

The present values, as at 1972, in million
dollars are as follows:-

Discount rate

Alternative
1 T2.55 45.72 32.43
2 61,24 38.07 27.03

At all discount rates Mlternative 2 is more
attractive than Alternative 1, Sensitivity analy-
8is shows that the above 8 remain uga:rreo-
ted by of plus or minus 25 percent™ in the
assumed rate of growth of demand,

are no indirect benefits “associated
Indirect benefits associated

Both alternatives require abstraction of water
from the 8. Johor by Johor State. In Alternative 1
::-:mum would commence in 197

8 are nifn.l.ﬂcant would t avai
bility of water at the PUB int i B joe

about 1% miles upstrean of EKota T « An int
pretation of the legal implications of thia.ieig-
regard to the 1962 Agreement between Johor State

and the City of Slnmorl is outeid.

Reference., " The teq cal’ mmcatio; :lf“t::::. 7
;bﬁ::;c:iﬁttogozhg. v;gg Ige effects on availa-
er a \ d
developments in the catchment e Mg i b

discussed in Section 4.7. of the 8, Johor are

If the Malaysian Authorities decy
vide or share in the provision of res‘uln“tto p:g;-
rage in the Johor catchment, then the ooatnfor

shared cost) should be added to each Alternative,
Eowwer u;he ranking of the Mlternatives would

ed. 1In fact the att
Alternative 2 with respect to Alten: Liveness of

Alternat
Crease because gli tly less lating b rould

regulat rage
would be required the date at whi < o
would be required would be later,

4.2.3.6 Conclusion.

At 10 percent discount rate Mte
chn:s:: bzl g‘?if gil on present m“rg:t};_?af »
it Tebr:u -2 million out of the total cost of

arrage has be
$8.3 million beio Stat olnded

cess Bast of the s
from

This would involve phaged a
following three sources:- v SoR\cment

a) A new off-take on the PUB maing

b) Construction of a barrage on the estuary of the
S. Tebran 4
¢) A run-of-river intake on the 3. Johor.

Phasing of the associated works, (pipelines,
punmping stagions. treatment works, and terminal
storage) is shown in Appendix C-15.

Certain further studies will be required to
ove the economic and technical feasibility of
gis scheme. These are outlined in Chapter 5. !

4.2,4 Project Developments.
4.2,4.1 Introduction. {

For the preliminary village and processing
factory looatgons in the Draft Project Report%ha
wide range of alternative methods of meeting a;.ll
estimated water demands were compared aconomic.
The general schemes considered were as follows:~

{

(a) Grou the villages into several areas 0

denagéng and supplying individual areas from
either a separate intake or from an existing
JER source.

(b) Supplying each village from a separate intake!
P

(e) Grou: the villages into several areas 01-'.
dmg?gnd supplying individual areas from el
ther small reservoirs, intakes or existing
JER sources. The small dams considered were
on the S, Seluyut, S. Papan, S. Sening and
S. Lebam.

Due to the small oatchmenttiizgatgns?l;; ong
Penggerang it would not be practic
“ggg"-‘-llm from a separate intake unless a re-
turn period of failure of less than once in 5
years was acceptable.

For Johor Tengah the economic analysis ‘hg:ﬂ
that group schemes were the most attractive. ol
Tanjong Penggerang the economic analysis show
that the villages should be combined into thr:m
groups, with sources of supply being a smallﬂi
;gir on the 5. Lebam, an intake on the 5. Sed

chil and expansion of an existing JER source
(8. Gembot).

Since the Draft Project Report, the n‘mb;:;_
size and location of villages and processing d
Yories has changed as a result of more refin: eris
glming and requirements laid down by the Ste

ommittee. Whilst the total maximum water d .
has not sensibly altered, the number of yillashly
has been reduced. One consequence of this 18“,__'
the expansion of the JKR scheme on the S. Gem o
on the northern boundary of Tanjong Penggerand

recommended in the Draft Project Report, is BoO
longer necessary,

o
For certain village groups, more detailed
lomic analysis has been carried out, using the
present value method and taking account of the.nd
phased imglenentation of village constructioned
allowing for stage development of the propos ‘that
water supply facilities, The analysis shows
§ooup schemes remain the most economic: an exaTr20
oT Village group M-T6, is given in Appeﬂd’-’d
ihe only alteration to the sources recommende 5o
the Draft Project Report is that the villaa“ﬂ
ted in the catchment of the S. Semberong Iwhm.,
should be supplied from a new intake on that

The layout of the proposed schemes in JobOT
are shown in Pigure 4.5 and in Tanjong
Penggerang are shown in Figure 4.6.

Jection 4.2.4.2 describes briefly the esser”

+

For this Supply area a range of plus or minus

25 percent, compared to plus or e 15 _percent

adopted for Kluang and Kota Tinggi, has been

adopted due to the greater uncertainty of th:a‘
ture demands of the Industrial Area and Por®:
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tial features of each proposed scheme. The fol-
lowing remarks are generally applicable to. all
schemes and are included here for convenience.

(1) The composite peak and average demand
curves for each village group, based on
Appendices B-10 to B-13, are shown in
Figure 4.7.

(11) As the estimated demands over the next
0 years may alter substantially it has
been considered that stage development
of certain components of the schemes is
essential, This applies particularly
to treatment works and terminal storage.
later stages could be reduced in capa-
city if the projected rate of growth of
demand is not realised. Because 90 per-
cent of the total length of pipeline (151
miles) is 12 inches internal diameter or
less, each pipe run has been sized for
its maximum eventual flow.

(111) Asbestos cement
pipes have been assumed
;-_hroughout, except for a few short
engths which may have to be steel pipes.

(iv) Terminal stor
age equivalent to one days
:upply, including }a.ctury supplies, has
een allowed for in each scheme. a
should be phased as stated in (ii) above.

(v) A normal treatment process of sedimenta-
;-;:on. filtration and sterilisation has
en allowed for in the cost of treatment
works. Fluoridisation of water supplies
is recommended in Supporting Volume 4.

(vi) Capital costs include the cost of future
:ite investigations and surveys, construc-
rt:n costs from source to the perime ter
of the villages, enginee des and
an allowance for contingencies. y
;xclude the cost of the reticulation sys-
v-n within the wvil (Supporting
olume 8), interest during construction,
compensation costs and inflation.

(vi1) Annual operation costs include fuel for
pumping, chemicals for treatment, labour
The civil and equipment maintenance.
y exclude the cost of operating the
reticulation system and staff overheads.

:;2-4.2 The Proposed Schemes
e

Settlement

26 nt will commence in 1976 at T3 and
'u;hg'tho first stage of the palm oil mill at T4
lation tobmiuioned in 1979, The maximum popu-
xintn Gemmod, Tciadsag the.densad of e paln
s » inc he dem the

11 mil1, 1s estimated at 1.15 mgd.

the s‘!he source of supply would be an intake on

the proiatang, located about | mile downstrean of

dena g oo %d Kahang dam required for the future

nigeion ;‘W (Section 1.2.1). Prior to com=

in 1981 /p5 °%, the dam, which is estimated to be

flows, Atk the intake would rely on run-of-river

from the LT 1981/82 water would be released

1--"‘"0“011'. The catchment drain to the

24,4 .quu:”m‘imt‘l! 27 square miles, of which

TUN~gfuypq miles drains to the dam site. The

in 10 yu:r yield, for a return period of once

Plgure 1.5)’ is estimated at 2.2 (based on

0.45 mgy.-)* The demand by 1981/82 will only be

Treatment

® works would be phased in three

The proia808 (0.38 mgd) in 1976, 1982 and 1988.

as ex on of terminal storage would be phased

of pipelin d in Appendix C-21. The total length
fmc e would be approximately 20.2 miles con=

the following internal diametera.

Diameter Length
(inches) {niles)
6 7.8
8 9.1
10 2.8
12 0.5
Total 20.2

The total capital cost is estimated at $2.77
million. Details and the phasing of capital ex-
penditure is shown in Appendix C-21. The annual
operating cost at maximum amrage demand (1.05
mgd) is estimated at $107,800 (28 cents per 1000

). (Appemdix C-28). During the first year
of operation annual operating cost is esti-
mat at 814.000.

The capital cost per head of population served
is $1%1; if the palm oil mill demand is converted
into equivalent head at 40 gallons per head per

then the capital cost per "head" reduces to app -

mately $96.
b) ¥illage Group I7-T12

Settlement will commence in 1980 at T9 and

710, The first st of the palm oil mills at T10
and T9 will be ¢ ssioned in 1982 and 1984 res-
pectively; the first stage of the rubber factories
79 will be commissioned in 1982 and 1990
The maximum population to be served
ko

inecl o an
rubber factories, is estimated at 1.66 mgd.

The source of 8 would be a run-of-river
intake on the 5. Buggs Kechil. The catchment
draining to the mtnk; 1160““:11111-‘;”0:%
t approximate 52 square miles eve-
s < ma the remaining 8 square

miles, which is_above the 20 degree slope, will

be left as jungle. The future run-of-

mated at 2.4

Treatment works would be phased in two .}:.l
stages (0.83 -al?rm 1980 and 1987. The provision
of terminal storage would be as explained
in Appendix C-22. The total length of pipeline
would be approximat 27.9 miles consist of

the following inte diame ters.

Diameter Length
(inches) (miles)

6 10.4

8 1.3

10 6.3

12 9.5

15 0.4

Total 2709

In addition to the main raw water and treated
water pumping statiors two booster astations would

be required.

The total capital cost is estimated at $4.%8
million, Details and the phasing of capital expen-
diture is shown in Ap dix C-22, The annual
operating coat at um average demand (1.40 mgd
is estimated at $154,000 (30 cents per 1,000 gal-
lons) (Appendix c-28), During the first year of
operation the annual operating cost is estimated

a ‘33!0‘:‘).
The capital cost per head of population served

2 uthldu-nd-ottb 0il mills and
3-:»33 }wtoriu are converted fﬁ: equivalent head

t 40 lons per head per then the capital
:olt pgl‘hndrrodw to $127.
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Estimated Demand — mgd.

Estimated Demand- mgd.

ESTIMATED WATER DEMANDS FOR VILLAGE GROUPS
(Including processing factory demaonds)

A. PEAK DAILY DEMANDS

FIGURE 4.7
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¢) Yillage Group T13-T21

Settlement will commence in 1974 at T16 and
77. The first stages of the palm oil mills at
™6 (2 No) and T19 will be commissioned in 1978,
1980 and 1985 respectively; the first stage of
the rubber factory at T19 will be commissioned in
1990 and the firet stage of the tapioca factory
at T16 will be commissioned in 1975. The maximum
population to be served is estimated at 45,900.
The maximum demand, including the demand of the
palm oil, rubber and tapioca factories is estima-
ted at 3.10 mgd.

The source of supply would be a run-of-river
intake on the S, Pengeli, The catchment draining
to the intake is 57 square miles; of this total
approximately 37 square miles will be developed
for agriculture and the remaining 20 sguare miles
which is above the 20 degree slope, will be left
88 jungle. The future run-of-river yield, for a
return period of once in 10 years, is estimated
at 4.2 mgd. (Based on Pigure 1.5)

Treatment works would be phased in two equal
stages (1.55 mgd) in 1974 and 1984.

of terminal storage would be phased as explained

The provision

The total capital cost is estimated at $1.28
million. Details and the phasing of capital ex-
penditure is shown in Appendix C-24. annual
operat cost at maximum demand is estimated at
852,?00 35 cents per 1,000 gallons) (Appendix
0=28). During the first year of operation the
annual operating cost is estimated at $14,000.

The capital cost per head of population
served is $122.

e) Yillage 125

There are no processing factories proposed
in this village. Settlement will commence in
1975. The maximum population to be served is
estimated at 4,000 and the maximum demand is
estimated at 0.16 mgd.

The source of supply W
new intake on the S. Johor for Kota Tinggi (S8ection
4.2,2). The proposed intake and ad jacent treatment
works would be expanded over and above the phased
expansion required for the future demnd of Eota
Tinggi. The total length of pipeline would be
approximately 4.8 miles consist of the following
internal diameters.

ould be the proposed

in Appendix C-23. The total length of pipeline Diameter Length
:"“1“ be approximately 30,7 miles consisting of (inches) (miles)
he following internal diameters. - .
Diameter Tength =
(inches) (miles) 6 0.3
0.‘
4 0.4 .
6 8.0 Total 4.8
8 20.6
The total capital cost is estimated at $0.44
1 1.3 million; details are given in Appendix C-25. The
18 0.4 annual operat cost at maximum demand is esti-
mated at $10,200 (17.7 cents per 1,000 gallons)
Total 30.7 (Appendix 0-28). During the first year of opera-
tion the annual operating coat is estimated at
The total timated at $5.55 $4,500.
million, nataﬁg"ﬁltﬁﬁ“ﬁhi:ﬁ; of capital ex- The capital cost per head of population
penditure is shown in Appendix C-23. The annual served is $109.
{Perating cost at annual average demand (2.78 mgd) ) yillage Group P1-P6
estimated at $207,200 (20.4 cents per 1,000
etone) Uppesdsx 6 40). During tae Hret vies gettiement will commncs 10 (T uita ar 73
operati; R - ) 8t stage o m a
ted at mfm the annual operating cost 1is s kul commissioned in 1980, The maximum popu-
The ; Y etion to be served is estimated at 23,900. The
is 8121 capital cost per head of population served = inum demand, includ the demand of the palm
ta.3121; if the demands of the palm oil, TUMAY o041 mill, is estimated at 1.26 mgd.
5 o::, iaﬂﬁ.ﬁ” sre aoatsried 1850 ’Q“izﬁhg: ital The source of suppl would be a run-of-river
oont pop pSerbous pex BARA gox: gy VAL N 2 intar o ohe 8. Sedili Kechil. The catchment
d) : draining to the intake is approximately 26 square
Ullage Group 722-724 wiles all of vhich vill be developed. 'The run-
There are osed in of-river yield, for a return once in
?9’%; Village 5&?’“3:%2{’.’%.3“&?3%« in years, is estimted at 1.4 . (Baged Figure 1.5).
is .,%t 122, The maximum population to be served preatment works would be phased in two stages;
eotin.ihated at 10,400, The maximum demand 18 0.84 mgd in 1977 and 0.42 mgd in 1984. The pro=
ated at 0.41 mgd. vision of terminal stor:gz would be phased as

The source be a run-of-river

intake on the of supply would
s.
the confluence ofJohor about 1

a3 and 8. Sayong.
catchment draining .

%o the intake is approxi-=

miles downstream of

explained in Appendix C
The total length of

mately 18.4 miles consist

internal diameters,

peline would be approxi-
of the following

mately 430 g ait-
quare miles and there would be no
Culty in obtaining 0.41 mgd at this location. I(Ji;:;::l)' (MW.“)
- tmhenﬁlﬂnt works would be phased in two equal
o Yoty ngl) in 1978 and 1984, The groviaion 4 4.8
in Appendix 3_22?50 would be phased as exp b 2;
The total length of pipeline would be approxi- 10 £
lately 9.7 miles eon.i-tiggp;f the following in~ o o
Tnal diameters. Total 18.4
Diameter Length
inches) _ (miles) In addition to the main rav vater and treated
4 3.8 yater pumping stations one booster station would
6 1.3 be required.
8 4.6
Total 9.7
- 28 =




The total capital cost is estimated at $2.85
million. Details and the phasing of capital ex-
penditure is shown in Appendix C-26. The annual
operating cost at maximum average demand (1.16
mgd) is estimated at $127,500 (30 cents per 1000
gallons) (Appendix C-28). During the first year
of operation the annual operating cost is esti-
mated at $25,000.

The capital cost per head of population
served is $119; if the palm o0il mill demand is
converted into equivalent head at 40 gallons per
head per then the capital cost per "head"
reduces to $91.

g) Yillage Group P7-P16
The demand curve (Figure 4.7)

includes for the demands of the initial tourist
development (0.3 mgd) and Kg. Pasir Gogak (0.12
mgd)., Settlement will commence in 1973 at P10.
The firat stage of the palm oil mill at P14 will
be commissioned in 1978 and the first stage of
the rubber ra.etor{nat P11 will be commissioned
in 1982. The maximum population to be served is
estimated at 51,100; 47,100 in the villages and
service population for the tourist development,
1000 tourists and 3000 in Kg‘ Pagir Goga.h; The
maximum demand, including the demand of the
g:%:ili. and rubber factory, is estimated at

- “ -

Initially the source of supply would be a
run-of-river intake on the S, Lebam. The catch-
ment draining to the intake is 9 square miles and
the run-of-river yield (assuming a jungle covered
catchment), for a return period of once in 10
ihe » 18 estimated at 0.9 mgd. This would meet

projected demand until about 1977. A small
dam, located at 1" map 132 grid reference W3
540.873 m.diatolz upstream of the intake, would
then be necessary to meet further demands. The
dam site has not been visited by an ring
geologist but based on a study of exis ing geolo=-
%1«1 maps (Appendix D) and field visits near to
he site, the site would probably be best suited
for an earthfill embankment dam. Estimates of
storage available and capital costs for various
conservation levels are given in pendix C-29,
Assuming that the bottom 10 feet o storage could
not be used due to the avampy nature of the flooded
area, then a dam height, measured from stream bank
level, of 25 feet would be required. Thisa allows
for a free board of 10 feet, giving a conservation
level of 30 msl. The dam orest would be about 1200
feet long, The capital cost of the dam is esti-
mated at $3.2 million.

Treatment works would be
stages (1.47 mgd) in 1974 and
of terminal storage would be

sed in two equal
980. The p sion
ed as explained

in Appendix C-27. The total ngth of pipeline
would be approximately 39,7 miles consi
the follo 1ntemH diameters. “ﬁ‘ *
Diameter th
(inches) (I'-i'j.gu)
4 1.0
6 3.6
8 23.0
10 T.4
12 4.3
i8 0.4
Total 39.7

In addition to the main raw water and treated

water pumping stations four booster stations would
be required,

The total capital cost is estimated at $9.53
million, Details and the phasing of capital expen-
diture is shown in Appendix C-27, The annual

operating cost at maximum average demand (2.72 mgi)
120051:111151;06 at $233,700 (23.5 cents per 1000 gal-
lons) (Appendix C-28), During the first year of
operation the annual operating cost is estimated
at $37,000.

The capital cost per head of population servel
is $187; 1rpthe tourist demand and the demands of
the palm o0il mill and rubber factory are converted
into equivalent head at 40 gallons per head per dg
then the capital cost per "head" reduces to approx-
mately $129.

If the full capacity for tourism and associs-
ted urban development is realised (Supporting
Volume 7 ), then an additional demand of
approximately 9 mgd could be created (Appendix
B?O). This would require raising the dam on the
8. Lebam by approximately 10 feet to give a storag
capacity of about 1400 million gallons and a cob-
servation level of 40 msl. The cost of dam raisin
is estimated very approximately at $1.5 milliona
Additional pipelines, treatment works ete. woul
also be required. Phased development would be pre

ferable, say in three equal stages of 3 mgd.
capital cost of each stage is estimated at $3.4
million.

It is recommended that the catchment draining
to the dam site on the S. Lebam remains as ilm&'l"
The opportunity cost (i.e. bemefit foregone) to0
agriculture is very small due to the availabilify
of alternative potential agricultural land. The
opportunity coet to mining cannot be evaluated !:’
tge amount of economically exploitable minerals
not known. However Supporting Volume 2 rec
prospecting in the catchment and the Project has s
recommended to the State Commissioner of at
Mines that this prospecting should be carried aam
at an early date. Storage will be needed by ab
1977 and exploitation of any minerals should be
completed by 1976.

The proposed route of the Penggerang highway
passes very close to the dam site. It is roeon-“
mended that the topographic survey of the dam si
and reservoir area and site investigations sho
be carried out at the same time as the detailed
survey for the highway route. This would enable
engineering and economic decisions regarding the

xact siting of the highway route and dam to be
made and would avoid the possible conflict of in-
terests that my arise if both gurveys are not
carried out at the same time,

4.2.4.3 Summary of Total Costs and Rate of Retur®

The total capital cost is estimated at 323-%
million; $14.42 million in Johor Tengah and $1 >
million in Tanjong Penggerang. The sum of $26.
million includes $0.45 million for future site bk
investigations end surveys; $2.0 million for fu
slm.'ms. detailed design, preparation of con .

ocuments etc. and $2,0 million for contingencies:
Annual cost of operation will increase as the roxt”
demand increases and is estimated to reach app
mately $0.9 million at maximum demand. A y
of the timing of capital investment, build up 0

annual operating costs, total costs and utmzts&
rate of h of average demand from 1972 to e
for all schemes combined, is shown in Table %
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TABLE 4.1

C 2=2

(411 costs in Thousand Dollars)

Average Demand - mgd Capital to be invested Annusl Operating Costs Total
Toar Johor Tanjong Total Johor Tanjong Total Johor Tanjong Total Coste

Tengah Penggerang Tengah Penggerang Tengah Penggerang

1972 - - - 2608 2451 5059 - - - 5059
1973 = 0.07 0.07 438 1770 2208 - 25 25 2233
1974 0.09 0.20 0.29 1021 435 1456 42 40 82 1538
1975 0.24 0.60 0.84 482 4969 5451 52 70 122 5573
1976 0,39 0.75 1.14 1669 628 2297 7 82 155 2452
1977  0.51 1.02 1.53 142 142 84 120 204 346
1978  0.T71 1.20 1.91 2900 1273 a3 12 133 245 4418
1979 0.95 1.38 2.33 14 14 128 149 27 291
1980 1.35 1.62 2,97 801 801 168 17 339 1140
1981 1,57 1.81 3.38 230 230 185 188 373 603
1982 2,00 2.14 4.14 2312 426 2738 223 216 439 377
1983 2.25 2.35 4.60 246 237 483 483
1984 2.54 2,44 4.98 1215 65 1280 267 242 509 1789
1985 2.87 2,68 5.55 294 262 556 556
1986 3.17 2,82 5.99 392 392 317 270 587 979
1987 3,36 2.96 6.32 331 284 615 615
1988 3,60 3.06 6.66 391 391 357 296 653 1044
1989 3,79 3.29 7.00 367 307 674 674
1990 4,22 3.30 7.52 118 118 408 314 722 840
1991 4.50 3.38 7.88 430 321 751 751
1992  4.69 3.70 8.39 446 348 794 T94
1993 4.83 3.74 8.57 456 352 808 808
1994 4,98 3,76 8.74 467 354 821 821
1995 5,22 3.78 9.00 490 356 846 846
1996 5.32 3.79 9.11 494 358 852 852
1997 5.41 3.79 9.20 503 358 861 861
19%  5.51 3.79 9.30 43 43 510 358 868 911
1999 5.60 379  9.39 516 358 2 TR
2000 5.74 3.79 9.53 53 358 ses 888

Notes: 1, FPor details of capital to be invested see Appendices C-21 to c=27

2. Por details of annual operating costs at maximum demand see
Appendix C-28

. iming of ital investment is taken as 2 years before
4 Eh‘: :,atu cg oggiuiuniu given in Appendices C-21 to C-27
to allow for comstruction period.



The layout of the schemes and estimated costs
are based on very limited field data. Certain
further studies will be necessary to prove the
technical and economic feasibility of the schemes.

FIOURE. 4.8 These are outlined in Chapter 5.
WATER SUPPLY SCHEMES
COSTS REVENUES ANO_CHARGES 4.3 Lirigation Developments
&0 T 300

As stated in Section 3.5.6 the only demand
for irrigation will be for oil palm nurseries.
Each 5000 acres of oil palm planting will require
an 80 acre nursery for a period of 14 months.

The irrigation equipment would then be dismantled
and set up in a new location for the next develop-
ment area.

The exact location of the nurseries will not
be determined until land clearance has commenced,
An important factor in the selection of site will
be the reliability of the source of water supply.

For an 80 acre nursery, which has a demand
of 0.6 mgd (1.1 cusecs), the intake should be
located so that the upstream catchment area is at
least that shown in Table 4.2,

Present Value ([ 1972)-Million Dollars
]
Woter rete- Cents per theusond gollens

e TABLE 4.2 Minimum Catchment Areas Draining To
n Intakes

o Area Type of catchment Min. Catchment

cover Area (sq.miles)
NW Johor Jungle 10

o s 0 Tetigeh Developed 16 P
Rote of :u.-n ::: Remainder of Jungle 8
Project Area Developed 11

These values are based on Figure 1.5 and are

e F%aur;iﬁu.a shows the present value of total for a 1 year in 10 year return period of failure.
B m”u_ scount rates of nil, 5 percent and 10 They also assume that during periods of low river

m orptot$m' The Figure also shows the present flow the nursery would be irrigated continuously

tion of $1 fo';?“m' .Jt & charge for water consump- over 24 hours. ~If the nursery irrigation was

levied in Jono ons. This is the charge now 1limited to 12 working hours each day then the

g ohor State for domestic water consumption. minimum catchment areas required would be approxi-

€ intergsection of the total cost and revenue curves mately double.

shows the rate of return from the water supply schemes

if this charge of $1 is levied, The rate of return The capital cost for a spray irrigation T

is shown to be about 3 percent per annum, Below this '®m for an 80 acre nursery is estimated at $55

rate of interest a surplus is earned; for interest and the annbdal operating cost is estimated at

rates of above 3 percent per annum, there would be a 340,000 (Appendix C-30).

loss at a charge of $1. At an interest rate of, for

example, 10 percent per annum, the loss would be 4.4 Land Dreinage Developments
abou¥1310 million over the period of about 30 years, Due to the present unsuitability of the deep

The Pigure also shows the water rate (in cents g““ of Tangons Penggerang for agricultural use

;;:1;020 “ionsl that would need to be levied to here is no demand for major drainage schemes.
g Ntm’:g,g‘ r'tumm- For example, if a It is possible that selected small areas

e Sive charge fo?'.::t - per annum required elsevhere, mostly located in river valleys, may
e oot F130'2e 1000 alloma Towerer tha sares 2T 000 AFLFLoLaLly drainad for ceriaLh orops
supply schemes should probably be considered in the The observation density of soil survey 18

context of the land development as a whole and such that there is insufficient detail available
Figure 4.8 is shown in order to clarify the re of soil type and water table level to identify
'hf; between costs, charges and rﬂ'onu:.. WAt o0 these areas with accuracy. The layout of any
4. 0k0 o small d schemes s d follow standard DID
o2 arh onclusions, Bhr:ﬁ:ozak : :he depth and spacing of dr;in'
e most economic met € into account experience gained on

o and prooessing factory water demanty 1o s """ SIBLIAT schenos vith the same orops..
groﬂrigg :1:; villages into areas of demand, bﬁ.“n Pallen trees are partially obstructing some
i ool u;-:i are proposed; four of these would of the small streams in the Project Area. With
1 e the-o -river flows, one would require expan- 'Ne removal of these trees local ground water

iy proposed scheme for Kota Tinggi and gvo 4 e could be improved. In some instances
q“mmtly : oug: ruf-of-riwr flovs initially and subse- 10°al flood levels could be reduced by the remo=
should be im 1” yturm proposed reservoirs. Schemes Y2l Of major obstructions. However, it is impor=
e : o rl’dm ed in stages to match the rate tant to realise that extensive removal of obstruc”

growt emand. tions may be expected to have the effect of
o oo Tecommended that the catchment draining  ang jariié he downstream flood discharge peaks

to the proposed dam on the S. Lebam remai gl
Jungle and that the detailed survey of th:‘d: 4,5
be Garriod out a1 the same. tiae et TetAS am
e s -} £
the Penggerang Highway is carried out. — @ o0 1T 25,000 Goggu:edt::p; mhaltigw; :ﬁ: :ﬁg 140::5’"
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phy of the Project Area is unsuitable for large
scale hydro-power development.

In Tanjong Penggerang the relief is low and
the highest ground is just over 600 feet MSL.

Catchment areas in the region are very small and the
number and size of catchment areas above 100 MSL are

negligible.

Johor Tengah consists mostly of undulating land

below 200 MSL except for the hills near G. Blumut
which rises to just over 3,000 feet MSL.
and size of catchment areas above 200 MSL, centred
round G, Blumut, are very small and the opportuni-

ties to transfer water between catchments are remote.

Power could be generated by construction of

some of the dams considered elsewhere in this report

:Lutilizing the head created by the dam., However
dam heights considered are relatively low and a
brief economic analysis, based on capital costs

alone, has shown that the cost per firm unit (kw hr)

leav the generators would be in the range of 20-
50 cents. These costs assume that the dam would be
built for hydro-power purposes only. They do not
therefore provide a basis for assessing the value
of providing hydro power generation at a reservoir

¢onstructed and operated for water supply regulation.

Firm power is power that can be relied upon to
be available about 98 percent of days. Hydro elec-
tric power capacity, i?

value because it saves the cost of providing an

amount of other generating capacity (probablyhther—

unt
mal) at what be
electric may be a much higher cost. ro

1:: Other means. The evaluation of hydro electric
toheln therefore requires a careful assessment of
h® load curve and the amount by which alternative
3: acity can be reduced, It also requires a
: chm’ operations study of the river regulation
e to assess the amount of hydro capaoit{ that
::ﬁ be considered firm, the amount of capacity to
3 installed and the total emergy likely to be
“'{“hpﬁﬂ- In certain cases re-regulation of power
“:ms can be adopted in order to allow hydro
Power generation to be phased in with the peaks of
general load curve.

for Of the three dams recommended for development
El.ha‘“.r supply purposes, on the 8. u, 3.
have 5,204 S. Lebam, only the S. Iinggiu dam may
2 potential for power generation due to its
e

"s:r catchment area (80 square miles) and slightly
ﬁ;“:r dam height (45 feet maximum depth of waber).

Ty unless additional storage is provided for
TO Power, no firm power may be obtainable due to
dnm“all head remaining at full reservoir draw

A preliminary estimate indicates that the
iyl energy output would be 3.0 to 4.0 milliom
be mage | okimately. An economic analysis should
take 'tin future reservoir studies and should
tiong 0 account realistic power demand projec-
at the qaslorterns, A decision should be reached
incluge tt8iled design stage whether or not to

ject. "n 0 Power generation facilities in the
{?ml- Certain facilities might not be able to
uded after this stage.

4.6 Flood Mity

4.6.1 I“Mnction.

The
in general aspects of flooding are discussed
u,f;:‘i:n 1.4, The flood plains of most of the
Bain ohar, D€ Project Area are wide compared to the
of extenai L ¥idthe, and the only positive method
vould pecively reducing flood levels in such cases
chu.“: .'by Providing upetream storage. After land
¥hich oq it may be possible to identi
Bach 0.‘:11 be protected from floo y bunds.
t°1’°&lph ¥ould require & detailed study invol
"t“l surveys, knowledge of frequencies o
18 and a cost:benefit analysis to be made

The number

it is firm, is of particular

energy generated, that can be absorbed into
grid, also saves the rumming costs of generation

small areas

for alternptive proposals. It is not possible to
identify such areas from the existing 1 inch to 1
mile and 1 in 25000 contoured maps and therefore
no study has been undertaken.

Large areas of the towns of Kluang and Kota
Ti.nggi. both partly within the Project Area, were
flooded in December 1969, during the monsoon
period. Kluang is situated on the 8. Mengkibol
with an upstream catchment area of 30 square
miles and Kota Tinggi is situated on the S. Johor
\th an upstream catchment area of 600 sguare
miles.

The DID are at present implementing a flood
mitigation scheme at Kluang. The remainder of
this section only deals with an appraisal of
alternative engineering methods of mitigating
flooding at Eota Tinggi.

4.6.2 Flood Mitigation at Eota Tinggi.

4,6.2,1 Frequency of Flooding.

The incidence of flooding and corresponding
stage heights dur the period 1942-69 inclusive
are shown in Table 4.3.

TABLE 4.3 Recent Historical Floods at Kota Tinggi
Date Stage (MSL) Remarks
1942 Not known Stage described as high by
local inhabitants,
1 15.23 About 1 foot higher them
e 1969
Jan, 1951  16.20"  Level mentioned in 1952
DID Report 12,90
Jen. 1952  12.00" DID Report available.
Level given in report
11.00
Dec. 1954  12.60%
Dec. 1956 12.27
. .00 DID Re t available.
Nes 100 2 M.nrpg.d not overflow
banks at Kota Tinggi.
Dec. 1967 ) 14.40°  Double peaked flood
Jan. 1968
Dec. 1969 14.23 J.K.R. Level 13.75

*levels shown on flood maps provided by
D.I.D.

“This level is suspect as local inhabi-
tante consider that highest flood level
in last 25 years occurred in 1948.

The south river bank level is about 11,00 MSL and
the north bank level about 3 feet lower i.e. B.00
MSL. Over the 28 year period the river overflowed
both banks 8 times i.e. twice every 7 years. From
interviews with local inhabitants it is understood
that the north bank is overtopped to small depths
almost every year, It is not possible to deter-
mine the re period of these flood stages with
the hydrological data available, In the future it
may be that the longer records from the DID river
gauging station at Rantau Panjang could provide a
reasonable basis for such a study but the analysis
would be complicated because there is roximate~

160 equare miles of uged catchment between
Rantau Pan and Kota T and also parts of
the north bank at Eota Tin can be flooded by
the S. Permandi alone.

The hydrological studies (Section 1.4.2)

- %2 -



FIGURE 4.9

KOTA TINGGI-FLOODED AREA 1969 AND POSSIBLE BUND LAYOUT

Approximate limit of 1969 flooding

Proposed bund s,

Existing built up areos 2z




indicate that for small cat
charge, and therefore dosga%h:mts ogaagt%g?d'dis-

increase markedly due to land clearance Su

% batan-
f:]i.eu ggreaseu in large catchments are also possi-
ide’t it is considered that for storm conditions
thansic.?l to those that produced the 1969 flood,
o Ko‘.ta ohor could run at levels up to 2 feet higher
-y Tinggi.'due to the change fn river regime.
poe requency of flooding will also tend to increase
i result of jungle clearar.e and for thisstudy a

quency of cnce in 3 years has been assumed.

4,6,2.2 The December 196
h 9 and January 1971 F1 '
(See also Section 1.4.1). . P

On 9th and 10th December 1969 hea

vy rainfall
::gnu;:ed ov':r most of the State of Johor and the
s xﬂ:&gla Mawai Estate, about 3 miles north east
Boiite Thenzgi recorded a fall of 17 inches over 24
10th Dec hriver overtopped the banks early morning
o gm r and the flood stages increased to a
The noodeggé of 14,23 MSL over the next 2 days.
o e receded sufficiently by 15th December
- road traffic to pass through the town.

a flooded is shown in Figure 4.9.

The photo hs
the 1969 ﬂood.grap on page 35 were taken during

The heavy floods

n of January 1971 occurred

s:’ig&g;ndlihe northern areas of Johor State and the
d not overflow its banks at Kota Tingei.

4.6.2.3 Flood Damage and Losses.

dmgoa::co:ﬂs are available to evaluate flood
o, 1 losses prior to 1969 but the following
1964 71 ogn flood damage are from the 1952 and

ood Reports produced by the D.I.D.

January 1952 Report:

n
their The inhabitants of Kota T i Town after
he oy ezi'ianna of the 1951 Flood, moved out of
convenienc ng areas early, so apart from the in-
In other a: and the dirt, there was little d Q.
eas only loss of crops was reported.

March 1964 Report:

"Apart £
the rom the inconvenience and the silt
flood caused practically no damage. In the'

low 1
a.atr§§2§_£ming areas the small food crops were

It showld

a low be noted that both these floods had

and tg:t‘giﬂm flood stage than the 1969 flood

flov its ba fact the river in 1964 did not over-
nks at Kota Tinggi (Table 4.3).

To obtain
ses cq information on the damage and 1los-
helq wﬁﬁdt}'ﬁ the 1969 flood, discussions were
anbers of O Chairman of the Kota Tinigi Chinese
Mingel and other ool the District Officer of Kota
her Government Authorities.

The re

and 1ot reSults of the investigations ghow damages
Of tagqes,Of $118,000 in Kota Tingsl (Jebis 4.4).
vate gector about $83,000 was borne by the pri-
ora Sector and 335,000 by the public secter in the
vers {nonvosdies. In additien GuNeged and losses
in thy gy te’ L0, oSS agricultural developments
Tinggs, ‘ool Plain of the S, Johor upstream of Kota
oible #1004 ween Kota Tinggi and the site of & gos-
on the §og.storage reservoir (Jecticd 4.7.8.

the toiohor located about 16 miles upstream,
(Table 405 223 losses heve. been estimated at $16,000

As 4
&re not @and losses caused by previous floods
Yne o -;“./“1' it has not been paz::.blo to deter-
loss ang ?mdw° curve. Assuming that the flood
Listed {n merly " L-d ROS FRIY much with the stages
nming or“ 4.3 and taking a frgunnc{
A dangge yoCg in 3 years the annual flood 1o
nd byt gioiid be about 840,000 1n Kota T4
TeServodn .1%000 in the flood plain u&-’gﬂn o the
4 z'ggg vom.ﬂ. ggr::'btot;.l of $40, ahou:nd

" ector

by the public ugtgr. P

o
as
-

= %>

TABLE 4.4 Damages and goases Caused by 1969 Flood
—at Kota Tinggl

A Private Sector
1 Phygical Damage
Personal $ $
Damage to houses, furni-
ture, clothing etc. 13,250
Business

Damage to property and
loss of stock 70,000 8%,250

2 Commercial 1oss
See note below Nil

—_—

Total (1) 83,250

B Public Sector
1 Physical Damage
Damage to Government
buildings ete. 11,160
2 Reldef Coste
Food, grants, beds,
boats etc. 13,610
Vaccines etc. (approx.) 10,000 23,610
Total (2) 34,770
Total (1) + (2) 118,020
e

In an interview the Chairman of the Kota
4 Chinese Chamber of Commerce stated that the
commercial losses to business due to the 1969
flood were negligible. Most bueinesses affected
were in the distribution sectors and sales lost
due to floods were made up in the fonm.nthwuk-.
Transport of goods from the Bast coast to the
south must also have been affected but there is
no data on this. It should be noted that the
flooding at Kota Tinggl was not the only cause of
disruption as certain stretches of the road from
the east coast to the gouth were i assable due
to flooding from catchments other & the Johor
river. Commercial losses have therefore been

taken as nil.
TABLE 4.5 Dmfas and Losses Caused by 1969 Floods
in River
e

'hlloi Between Possible dam

3
1. 17 acres of small holders
crops destroyed 5,000
2, 1500 acres of rubber trees
under water for 5/6 dayse o &
" ’

(approximately)

The very low figures of $40,000 and $5,000
are probably due to the fact that the inhabitants
of Kota Tinggl are well frmroﬁ for floods and
that the flood plain mos acts as storage volume

ving low velocities capable of 1ittle physical
ﬁugc.

4.6.2.4 Flood Mitigation Measures.

a) -
The possible dam sites in the catchment of

the S. Johor are discussed in Section 4,7 and
their locations are shown in Figure 4.13.



The site with the greatest potential for mitigating
floods at Kota Tinggi is on the 8. Johor (Grid
Reference WM 935:189) because it commands approxi-
mtely 70 percent of the catchment draining to Kota
Tinggi, Of the remaining sites, Linggiu A (Grid
Reference WM 923:308) has the largest catchment
area ( 80 square miles), equivalent to 13 percent
of the catchment of Kota T « As stated in sec-
tion 1.4.3 it is possible that storage at this site
could have some measure of flood mitigation benefit
downstream but it is not possible to quantify this
until longer term records are available. The
catchment areas of the other dam sites are less
than 10 percent of the catchment at Kota Tinggi and
flood migigation benefit from these sites would be
insignificant, Por the above reasons only the site
on the 5. Johor is discussed further with respect
to flood mitigation,

The flood level of the 3. Johor at this site
has not been established but probably lies in the

e For a reservoir conservation level
:?ﬁo dam crest of 70 MSL the estimated
cag;gal cost of the dam is $12,2 million (Appendix
C- .

The reservoir would have
notably it would be capable of
in 8. Johor to meet possibl
for water supplies (Section 4.7
unfair to charge the whole cost of the dam against
flood control. The future provision of regulating
storage in the 3. Johor catchment, and the amount
of such storage, depends on factors and decigions
oﬂ:aigo the'z:m of Reference, If a decision is
made to @ regulation for the probable maximum
demands mely to be placed on the river over the
next 30 years then the most economic adequate sto-
rage can be obtained by constructing dam A on the
8. U at an estimated capital cost of $8.1
million (Section 4.7.11), gro rtion of the

- U

other benefits,

regulating the flows
future abstraction
80 it would be

To this must be added the value of the

The area of the inundated land
would be about 15 square miles of which about 2500
phmx.’iugﬁim i acres mhtu-h. FLDA Kulai Com-
» 18 oped for agricul ture, If the value
of developed land is assessed at no more 7
per acre
native land
costs would amount to $2.5 million,
approximate total cost of $6.6 mill
other diudvantngu associated with
these are given Section 4.7.8 (1)

(b) Barrage Storage

Although at low flows the tide ha
foot range at Kota T = 4hin 8 about a 10

effect
out as the river flow ncreases, P:Q r:a 7y
variation in flood level

this

rtuall
flood levels at Kota T ‘ Conagq&:{;.:ttg:ﬂ
barrage on the Johor est downstream of Kota
Tinggi would not mitigate the flooding.

(e) Reldef Channel

Due to topography it ia not ) -
vide a flood relief chnl from smr::logolop::
Tinggi into a neighbouring catchment,

The benefits to be derived from ding
relief channel in the Present flood pmtrom
Eg. Kelantan to Tg. Putus would be marginal ang
could not be evaluated unti] detailed gn

vestiga-
tions eferably including mod 1
ried éur.. e & model tests, were car-

a
say

Regarding costs there would be at least 1 mil-

lion cubic yards of excavation involved, an addi-

STAGE MEIGHT FEET MSL

FIGURE 4.10
FLOOD LEVEL IN KOTA TINGGI TOWN
DECEMBER 1969 FLOOD
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|
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tiomal large bridge would have to be constructed
on the main road and a significant part of the
town would have to be relocated involving land
acquisition costs.

The approximate cost of the excavation of:h'
channel and the new bridge can be taken as $3.
million. To this must be added the cost of ':::.n
form of control headworks, $3 million, reloce of
of roads (1 mile at $100,000) and acquisition
about 40 acres of the town (including property)
estimated at $0.4 million making a very approx
mate total cost of $6.9 million,

(d) River Channel Improvements

Widening the river through the town would
have much tgg same effect as ﬁh relief channel hﬁh
the flood plain., Costs would be at least as
8s for the relief channel.

In view of the small slope of the riverr":d
8y regrading or deepening (i,e, dredging) O hrgs
river bed through the town would only have ma
nal benefits and oould not be considered as a g
realistic solution to the flooding, It am”‘;
at present (Section 1.8.4) that the effects 0
sediment deposition on the river bed level at
Kota and in fact down past Nam Heng E .
is small, but dre in this stretch of rif:
may be neces in the future if the sedimen
load in the g, ohor increases.

River channel improvements (e.g., dredging)
in the S, Johor upatrm would havesno effect fé
flood stages at Kota 7 . The flood stage
Kota T is governed by the river discharge,
river be level at Kota Tinggi and the storageé
available in the £1o0d plain, None of these
tors would be affected by upstream dredging.

() Bunding

ML
The flood stage in 1969 was just over 14
Allowing 2 feet r:r‘ an increase in stage due 1 0f
change in river the minimum crest leve
bunds would be 18 %I:.

A preliminary survey of s of Kota Tingsl

1;3: :trig u:rri.o:rEut and o rs%bu ﬁ:‘&-._w
8 18 shown in P 4.9.

talled investigation, including medel tests would
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be required to determine the correct alignment and
height of bunds.

On the south bank of the river the bunds would
be generally 7 feet high, West of the bridge the
bund would extend from the bridge abutment to the
International club and then tuwrn at approximately
right angles into high ground about 600 feet away.
Bast of the bridge the bund would extend as far as
the west bank of S. Tembeyoh and then would be
turned back along the west bank of the S, Tembeyoh
until it meets high ground near the airstrip after
erossing the main Kota Tinggi - Johor Baharu road.

Bunding of the S. Johor east of S. Tembeyoh
would be possible but would be expensive. Bund
dimensions would increase due to lower ground levels.
The area is lightly populated and the only major
enterprise is a large sawmill situated directly on
the banks of the 9. Johor, To protect the sawmill

bunds would require relocationaf a large part of

© savmill. The inclusion of the catchment area
of the 5. Tembeyoh behind the bund would present a
major drainage problem and it would probably be
necessary to divert the S, Tembeyoh over a distance
of about 1 mile 4o Tg. Putus.

On the north bank of the river the bunds would
be generally 10 feet high. West of the bridge the
bund would extend to the east bank of the S. Kemang
and then turn at approximately right angles into
high ground about 3000 feet away. Bunding of the
8. Johor west of the S. Kemang would be possible
but would be expensive. The extended bund would
9%aly be required to protect EKg. Kelantan which

ed to depths of 10~12 feet in 1969, Bund dimen=-
8lons would inocrease in this area due to lower
ground levels and a large part of Kg. Kelantan would
have to be relocated to make way for the bunds.

;llo the inclusion of the catchment area of the S.
d"“& behind the bund would present a major
a1 problem and there is no practi way of
verting this tributary, Bast of the bridge the
bud would extemd for a distance of about feet
then turn northwards behind the built ug area
':-Ll:i.l meeting the Kota Tinggi - Mersing road and
n n:’rt:imt along the south side of t};ﬁdr:;d
@ting the S, Bang cross « Itw en
g"l! the road and run along tlmingeat bank of the
s Witil reaching high ground. Instead of ter-
m‘em the bund running north east at the 3. Bang
S ;'1!% it would be possible to extend this to the
ﬂ;uem::di crossing. However the bunded area would
b thinclude the catchment area of the S. Bang and
ted tﬁ additional protected area is 1 htly popula-
8 extension does not appear desirable.

150 The bunded area south of the river is about
and egnr® 30d north of the river about 300 acres
{ntereCh Would require a pumping station to remove
l‘ai.;ml vater when the S, Johor was in flood. The
study . SYStem in each area would require careful
P“NP{ %0 prevent 1ocal flooding and the size of the
of th.ng Stations would depend on a detailed study
Propept. i0¥able ponding behind the bunds, All

on 1o5.) roads etc. within 100-150 feet (depending
h“"‘; Circumstances) of the river bank would

the bu:d:. relocated to allow the construction of

the cost of the bunding is estimated at $1.4
Damiile To this must be aided the Sert of fhe
Cugeo o 8tations which (based on 50 cusec and 100
res c{“‘lﬂ for the south and north bunded areas
8ition op'Ly) Are eatimated at $1.2 million, requi-
Perty) Of about 65 acres of the town (including pro-
Toady (:;tintod :tt'o's nia.um and relocation °f

miles at $100,000 making a very approxi-

Hte total cogt of $3.35 million.

danger? ,PBOULd be noted that there is a certain
They ;“1:1 Telying on %u.nds to protect an urban area.
"® m; Ll protection up to a certain flood

at higher stages are overtopped.

hﬂm i
and 0 bunded protected areas feel secure
invegt in dovelop:nt if there are no high
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flows for a long time. Any break in the bund due
to overtopping or weakness at high flow t con-
ceivably cause more total damage than would be the
case with no bunds.

4,6.2.,5 Comparison of Annual Costs and Benefits.

Flood control planning requires a comparison
of the annual cost and benefita, both tangible and
intangible, of control measures for each alterna-
tive scheme. The tangible benefits are the avoidance
of damage and expendi on relief work when
flooding is controlled; the intangible benefits are
the avoidance of the dislocation and discomfort of a
flooded town.

Total amual costs (including operating costs),
annual benefits to private and public sectors and
nettadditional finance required from public sector
for each scheme considered are shown in Table 4,6,

TAELE 4.6

avoiding periodic inconvenience and distress to
the people involved. Before adopting subsidies
on tﬁiﬂ scale consideration should be given to a
policy of restricting development on the low ground
and of enco relocation of existing low
lying dwellings on higher ground.

4.7 Regulation of 3, Johor
4.7.1 Introduction.

The 8. Johor is the largest river in the
Project Area. The river forms part of the souther
boundary of the Johor Tengah region. Its catchment
area is 610 square miles at Kota Tinggi; of this
to;ial about 380 sq. miles are within Johor Tengah
region,

As stated in Section 1.2.2 the DID operate &
river gauging station at Rantau Panjang (about 15

Scheme Capital Cost of Flood Annual Operating Total Annual Benefits Net Additional
Mitigation Measures Cost of Cost Annual Finance
Capital Cost Private Public required from
Cost at Sector Sector public sector
10% {Annual)}
$ million 3 £ 2 l:“ ;
1 2 3 4 5 6 14 8
Storage a) dam o4t 0.1% of
on 8, b) Develo 2 :
Johor Area fi’::d-d 2 e 004
660,000 4,000 664,000 33,000 12,000 652,000
Relief a) Channel 2.40 0 > 4
Charmel b) Bridge 1.00 a)+(b)+
¢) Control Works 3.00 *e +Ed
d) Roads 0.10 = ,003
e) Iand acquisition 0.40
6.90 690,000 3,000 693,000 28,000 12,000 681,000
Bund a) Bunde 1.40 0 "
b Pu:zi.ng Stations 1.20 (i?f{ﬁ.
¢) Roads 0,15 8
d) Land acquisitons 0.60 2% of (b)=
.024
3.35 335,000 32,000 367,000 28,000 12,000 355,000

* Capital cost of dam on S, Johor

Capital cost of alternative regu-
ating reservoir (estimated E:x)

Net Cost attribution to flood
control (estimated min,)

Annual benefits are based on the
ble dmgu and losses uomcd.:.:m“
ood ($118,000 in Kota Tinggl and $1
stream flood plain to reservoir site) and

a frequency of flooding of seve
every 3 years. Lo it

of tan-
the 1969
in up-
ass
once in

4.6.2.6 Conclusion.

Table 4.6 shows that the nett additi
finance required annually from the publio"::ttor

for the schemes consid
to $681,000. ored varies from $335,000

Subsidies of the order indicated
very heavy investment indeed for the .mﬂﬁm o
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$ 12.2 million
$ 8.1 millien

miles upstream of Kota Tinggi) where the catch-
ment area is 440 square miles, The atation was
commissioned in August 1963 and the mean daily

8 at Rant % iy
dices 4 36 o) Jahiang are tabulated in Appen

The Terms of Reference draw particular atten”

:1::1;"’33;03- -}Oho: because of its importance ""
e of water su for Singapore.

regulation study hag bunpgxuaary beozun of the
gg:libla effects of ngoct developments within

catchment and possible water exports ‘3’
catchment (Section 4,2.3), on the variability O "
flow at the PUB run-of-river intake located abo¥
¥ miles upstream of Kota Tingai.



The nominal capacity of the existing PUB
intake and treatment works is 30 mgd and the pos-
sible future maximum abstraction, under the 1;62
Agreement, is 250 mgd (Section 2.2.2).
sent the largest present and potential future abs-
tractions on the river.

4,7.2 Natural River Flows at PUB Intake.

The catchment area draining to the intake is
approximately 600 square miles, Natural river flows
at the intake have been estimated from the record
of daily flows at Rantau Panjang and have been sum-
marised in the form of a flow: duration curve
(Figure 4.11) for:-

a) Water Years 1963/64 to 1969/70
b) VWater Year 1964/65

The water year 1964/65 s the lonigt period
of sustained low flows in the above period. The
average and minimum da flows at the intake for
the period 1963/64 to 1969/70 are estimated at
1236 mgd and 83 mgd respectively. The avengu

and minimum daily flows for the water year 1964/65
are estimated at 777 mgd and 110 mgd respectively.

FIGURE 4.1

ESTIMATED FLOW, DURATION CURVES AT PUB INTAKE ON SJOHOR
: v 1400

-

Average Fiow 1236 mpd

Woter Yoor: October o Septembar
inclusive

% 0%  eo%  sow sow 70% 0% S0% jo0%
Par Cent time Indicoted Flow Escesded

473 Present River Abstractions (1970).

intaxg's, Fre0ent abstractions at and above the PUB

a

13 %?gﬂl As :tatod in Section 4.7.1tthil
mgd and abstractions represen

*Xports from the g:tchunt.

b

iz)at es w The JKR operate ;ozstcr supply
La; catchment serving a ’
coyang layang, Rengam and FLDA Kulai Complex (under

Struction - 4
in on - 1970)., The total demand on these
n;:‘g'hi’ approximately 1.14 mgd (Figure 2.1).
e Tinggi demand (0.42 mgd) results in a cor-
8inge € reduction in flow :i the PUB intake
downgt DY Teturn flow from the area served occurs
3 hta,k“" thereof, The areas served gz the other
all yisrs: ¥hose combined demand is 0.72 mgd, &re
thig g the catchment area. A {ropncrtion of
emand will therefore return to the river.

8 A new sugar estate, adja-

These repre-

cent to part of the Kulai/Eota Tinggl road has been
established within the catchment area. The owners
have made application to construct a processing
factory on the estate in the near future. The
exact location of the source of water for the fac-
tory has not yet been decided but it will cer-
tainly be within the catchment of the S. Johor.
One proposal has been the S. Kelapa Orang, a tri-
butary of the S. Johor, about 6 miles upstream of
Kota Tinggi. The owners have stated to the State
Engineer that the total initial water demand will
be 7.0 mgd; of this total 6.7 mgd will be used for
cooling and recirculation and 0.3 mgd will be used
for processing and domestic consumption.

The nett abstraction from the catchment can
therefore be taken as 0.3 mgd approximately.
d) There are minor private abstractions by estates
and otlaers. These are insignificant and have been
ignored.

4.7.4 Probable Maximum Future Abstractions
Year .

The probable maximum future abstractions at
and above the PUB intake are:-

a) W Under the assumptions made in
Section 3. e maximum abstraction rate of 250
mgd, provided for by the 1962 Agreement, could be
required by about 1995.

b) JER-Johor State

The combined maximum demand of Ieyn.:g
Rengam and FLDA Kulai Complex is estimated at 4
mgd .

The future demands of Johor Baharu, Pontian,
Industrial Area and Port may have to be met from
the S. Johor. (Section 4.2.3). If the Tebrau
barrage is constructed the maximum demand on the
g. Johor would be 30 mgd; if the barrage is not
constructed then the maximum demand would be 65
mgd. These abstractions represent exports from
the catchment.

The future demand of EKota T i have to
be met from the S. Johor. (Bection 4. i2) T
maximum demand is estimated at 2.8 mgd and abstrac~-
tions represent exports from the catchment above
the PUB intake.

c)

fact

No information is available on whether this

’ will be a:;:ndod beyond its planned initial
capacity or not. r this study it is assumed that
{t will not and that the water demand will remain

constant up to the year 2000.

d) Project Developments

Proposed Villages T13-125 hﬁﬂ‘c 4.5) are
located ﬁtm the catchment. i'hn maximum
demand , includ agricultural processing factories,
is estimated at 3.6 mgd (Appendices B-11 and B=13).

As it is probable that thca '111:11 :g: ge more

one oil palm nursery operating g
}:;];r oatchnnl:t at any one gm, maximum irrigation
demand has been taken as 0.6 mgd. (Sections 3.5.6
and 4.3)

Maximum abstractions due to Project develop-
ment within the catchment are therefore estimated
at 4.2 mgd. A proportion of this demand will
retum to the utogent

a)

About 220 square miles of the catchment area
is outside the Project Area (Section 4.7.1); of
this total 160 square miles is at present deve-
loped for agriculture. The demands of FLDA EKulai
Complex and the sugar factory have already been
included; other present abstractions are negligi-
ble. As the area is outside the Project Area, no
development proposals have been formulated under

.
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this study. It is not poseible to
additional water using enterprises (if any) will ]
be established in the future, For this

future additional water abastractions have been
assumed to be negligible,

e) Summary of abstractions
The estimated rate of build up of abstractions
to the above meximum values is shown in Table 4.7.

TAELE 4.7 Estimated Maximum Rate of Build up of
Abstractions on S. Johor.

ict what

Abstractions - MGD

Area of Supply 1970 1980 1990 2000
1.
m 1) 30 90 190 250
2. Johor State
a) Johor Baharu, MY 85 27 65
Pontian and (F1) (F41) (N41) (30)
Industrial Area
b) Kota Tinggi 0i4: 0.8 - 1.5 2.8
¢) layang m’;'fn 0.7 1.6 7448 4.0
Rengam and A
Kulal Complex
d) Project deve- Nil 1.9 5.3 4,2
lopments
) Eulai 0. : : .
e e At < (I 0.3
Total (2) 1.4 6.5 33.6 76.3
(1.4) (4.0) T6.6) (41.3)

Total (1) + (2) 31.4 96, 223.6 :
(31.4) tg4.3) {192.5) éé?.%;

Hotes (1) PUB maximum abstraction by 1995

(Section 3,%3)

::.;uurt;bulategl for 2(a) is for
e of Tebrau barrage
constructed, g & e

Values in brackets
are applicable if Tebrau

is constructed (Section 4.2,3)

Values tabulated for 2(c) and 2

(4) ignore return flow to catch-
ment.

Return flows from supply areas Layang Layang
:.ents flm been 1;3;'31“ ‘:: gt gl .
as the
amall compared o the total combinad b ey TY

combined
being considered, at any point in th:?!tmtions

4.7.5 Other Demands on the 8. Johor,

In addition to the reduc
stream abstractions,
traction at the PUB
factors,

These are:=

gg The effects of saline intrusion

The effects of
Fidds changes in catchment

c) The effects of upstream pollution,
a) Saline intrusion

The salinity study of the
(Section 1.8,2) shows {ht

the PUB intake during low
two alternative methods of

(11)

(141)

tions caused b -
the flow available for apin
intake may be limited by other

Johor estuary
8alt water can reach
river flows. There are

preventing saline intrusion,

i allow on averi: 1 Lver S3oY
= oF 190 neiggt".o pass the intake (Section
1.8.2).

(11) By constructing a tidal gated barrage
downstream of the intake.

b) Change in Catchment Cover

Land clearance and associated developments
will alter the variability of river flows.
particular importance will be the further lowerim
of low river flows (Section 1.3.1. ).

At present about 64 percent of the whole
catchmmlt:raraa is jungle covered., Maximum pos-
sible development area is approximately 76 90:'
cent of the catchment area. This assumes tha
the catchment to dam site A on the S. Linssiu‘t
(Section 4.7.8) will be left as jungle and th
no land above 20 degree slope will be develop!:l
for agriculture, Figure 4.12 shows an eetimof
land clearance programme. This takes account
Project proposals and assumes that other areas,
capable of ioulture development, within the
catchment will be cleared by 1985.

FIGURE 4.12
ESTIMATED LAND CLEARANCE P”O”u”

'oo

!

i

%

B

Area within PA, encleded
from Prejoct developmont propesshc

Voar

e

Though land clearance is likely to increas
the average run-off (Section 1.4.2 ) the 1’1}’{::”
will oceur during the flood periods and lo¥
characteristics will be little affected.
¢) Ihe effects of upstream pollution -

During low river flows the S. Johor Bf.:;’:d
Panjang is presently polluted, beyond recomm fac-
International standards for water supply, Bt/
tory effluents and also by tin mining efflue ord
(Section 1.7). PFuture tin mining activities
not known but organic pollution may be expe o of
%o become worse dus to the increased discharg

factory effluents, unless measures are taken
counteract it,

lution could be

w -
A possible method of reducing i
bi diluting effluents with ""’gol
luted water, which would be released from ups
storage. It should be noted that under this

tem pollution in the tributaries between the f¥
tories and the main river channel downstrean

the storage, would not be prevented.
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Based on Project proposals and making
allowance for some expansion of existing factories,
the volume of effluent which will eventually be
discharged into the catchment will probably be
about 1 mgd, with BODm ranging from 1000

(rubber factories) to 20,000
The dilution requirement'wo

{Fﬂ
pn (palm oil mills).
be enormous and in

the United Kingdom for instance a dilution ratio
of 500 to 1 might be called far by the appropriate

Authority.

This would be a very expensive and less

satisfactory method of preventing pollution com-
pared to biologically treating effluents at source
as recommended in Section 1.7.2 and is not discus-

sed further in this report.

4,7.6 Supplies available for Abstraction at PUB
Intake 1970-2000 with no Storage provided
in Catohment of 8. Johor and no Gated
barrage provided downstream of the intake.

o Data of historical river flows in the Projsct
a cover too short a period for a frequency ana-
]t-.;:is to be made of the variability of flows in

S. Johor but the indications are that the

Reduced Availability of Water for
with no Regulation Storage

drought of the water year 1964/65, which has the
longest gariod of sustained low flows in the periad
of recard (1963/64 to 1969/70) (Section 4.7.2), has
a grobahility of recurring once in 30 years approxi-
mately. The data for 1964/65 have therefore been
used as the basis for low flow conditions that
might occur in the future fram 1970 to 2000. During
this period the supplies available for abstraction
at the PUB intake could be affected by three factors:
maintenance of minimum flow downstream of the intake
for control of saline intrusion, effect on river
flows of projected increases in jungle clearance of
the catchment and effect of projected upstream abs-
tractions. BEach of these effects in a year such

as 1964/65 on the supplies available for abstraction
and on river flows ie shown on Figures 1, 2 and 3 in
Appendix C-31.

The effects will be additive and give an indi-
cation of the number of days, in a year such as
1964/65, when various rates of abstraction would
not be fully practicable at the PUB intake because
of the factors considered above. For the projec-
ted maximum rate of build-up of abstractions
(Table 4.7) number of days for the years 1970,

the
1980, 1990 and 2000 are given in Table 4.8.

TAELE 4.8

Abstraction at PUB Intake For Water Year 1964/65
rovided on 8, Johor

and no Tidal ovided Downstream of Intake.
Year Assumed Cause of reduction in No. of
PUB availability of water Days
Abstraction Affected
Rate (mgd)
1970 30 mgd Low natural river flowe il
Saline intrusion 5
Change in catchment cover Nil
Abstractions by Johor State Nil
Total 5
1980 d Low natural river flows Nil
P pe Saline intrusions 30
e in catchment cover
Abstractions by Johor State Nil
Total 35
1 1 Tow natural river flows 28
o sy Saline intrusions 60
Change in catchment cover 30
Abstractions by Johor State 20
Total 138
2000 2 Low natural river flows 62
ey Saline intrusion 60
e in catchment cover 35
Abstractions by Johor State 35
Total 192
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The days when full abstraction would not be
racticable could be significant to the PUB, sinces
she would imply restrictions in pmging.
reatrictions could be obviated, or at least reduced,
by provision of re, tory storage in the catchment
or a combination regulation and a tidal barrage
downstream of the PUB intake., Alternatively, the
PUB could meet occasional deficiencies of supply by
other means, such as the provision of desalination
t or by higher rates of abstraction when river
ows permitted and additional carry-over storage
Singapore. These alternatives are outside the
Terms of Reference and have not been studied.

4.7.7T The R tion Storage Required by the
Year 5%? .

Taking the present (1970) catchment conditions
(negligible upstream abstractions and catchment
cover as described in Section 2.2.2) as a starting
H.‘mt. the volume of storage required to regulate

ows at the PUB intake in the future depends
upon:-

(1) The

3 level of abstraction at the intake

The method of repulsion of saline intru-

sion

(iii) The necessity (from an engineering point
of view) to offset the effects on the
variability of natural river flows of:-

a) Any future changes in catchment
cover

b) Any future significant upstream
abstractions from the catchment
by Johor State,

Item (1) depends upon the present Agreement
(1962) and possibly future arrangements between
Malaysian Authorities and Singapore. The alterna-
tive methods of dealing with Item (ii) are given
in Section 4.7.5. The legal necessity of Item
(111) depends upon interpretation of the present
Agreement. Future arrangements between Malaysian
Authorities and Singzors have not been specified
to the Consultants legal interpretation of the
1962 Agreement is outside the Terms of Reference,

In the circumstances an evaluation has been
made of the volumes of storage required for diffe-
rent PUB abstractions in the range 30 mgd to 250
mgd for the following combinations of catchment
cover conditions and upstream abstractions by Johor

State.

Catchment Upstream absfractions

—Sover by Johor State

As 1970 Nil

As 1985 onwards

(maximum deve- Nil

lopment)

As 1985 onwardas 41 mgd

As 1985 onwards 76 mgd
Projected changes in catchment cover are shown
Figure 4.12. Abstractions of 41 mgd by Johor St:to

allow for 30 mgd exported to Johor Baharu area;
approximately 3 mgd exported to Kota Tinggi; and
approximately 8 mgd abstracted to meet demands
within the catchment area; abstractions of 76 mgd
by Johor State allow for 65 mgd exported to Johor

f’?ﬁm area plus 3 mgd and 8 mgd as above. (Table

The storage an is is based on Figure 1,6
and the results are shown in P es | and 2 in
Appendix C-32, Figure | (Appendix C-32) ig appli-
cable when saline intrusion is prevented by cona-
truction of a gated bar downstream of the in-
take; Figure 2 (Appendix 0-32) igs applicable when

saline intrusion is prevented by allowing, on
average, 100 of river water to pass the intake
(Section 4.7.5). These curves assume that the PUB
have first right to the water in the 5. Johor.

The storage required varies considerably and
values are summarized in Table 4.9.

There are inevitably operating losses asso=
ciated with regulation reservoirs. Stored water
may be lost by evaporation from the reservoir sg
face and possible seepage through, under or ard
the dam., Released water may be lost by evapora=
tion from the river surface, percolation into atr:-
ta between the reservoir and the abstraction pﬂil‘:
and operational inability to time release correctly.
In adﬂtion compensation water may have to be pro-
vided, when the reservoir is not making regulation
releases or spilling, in order to maintain reasona-
ble conditions in the downstream river channels.
These losses are difficult to estimate aystm-{ol
tically, For the economic study (Section 4.7.
an allowance of 15 percent of the required r
tion storage has been added to cover them all.

For the particular case of the estimated na:i
mum rate of increase of abstractions, the storag
required through time from 1970 to 2000 is shown
in Appendix C-33.

4.7.8 The Potential Dam Sites.

A study of the 1 inch to 1 mile and 1 in -
25000 contoured maps has shown that the topogﬂp
is suitable for dam sites located at the gri
references given in Table 4,.10.

The catchments to dam sites D and E on the 4
3. Pengeli are very small. These sites woulﬂJﬂgor
be worth exploiting for regulation of the 8. mozd
and are not considered further. Dam sites A
C on the S, Pengeli are located about + mile f}'::;‘
each other on the same tributary and are there ts
elternatives. The valley profile at each site
similar and costs would therefore be similar. .
dam site C has the slightly smaller catchment are
it is not discussed further.

The locations of the remaining sites are ¢
shown in Figure 4.13. Preliminary estimates ot
elevation/storage relationship and capital coﬂb:d
of construction with various dam heights have e
made. Details, and the basis of the estimates, »
given in Appendices C-34 to C-39. The relati:ilon
ship between the capital cost of dam construc
and the corresponding storage for each site is
plotted in Appendix 5—40‘

Dam sites on the S. Johor, S. Semangar "“d.lg;
Linggiu have been visited by an engineering geo
glet; dem sites on the S, Pengeli have not. o

iminary geological appraisals, based on a study
of existing geological maps and surface field

inspections where undertaken, are included in
Appendix D.

There may be additional costs, or bermri‘.:l."‘1

associated with the dam sites. These are discus
below.

@) §. Pengell and 8. Lingziu Sites.

The catchments draining to the sites on the
8. Pmﬁon end §. Linggiu are at present juwgle
covered. There are no tin mines in operation or A
these catchments. Due to the availability of 248
ternative potential agricultural land the bonzo
foregone from not developing the land, below :
degree slope, for agriculture in each catchmen .
on iponall. FPor the S. Pengeli sites and site B
on the 8. Linggiu the benefit foregone can be h
a8 zero as there are only a few square miles oun“'
land below the 20 degree slope in these catchm 20
For site A on the 5. Linggiu the area below the
degree slope is approximately 30 square miles =
the benefit foregone is estimated at $0.3 mil-lm
If the catchment is left as jungle then this 837, oo
should be added to the estimated dam construc
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Storage Required (million gallons) - Year 2000

(2) (3) (4)

(
Assumed PUB To regulate

To offset Total To allow Total To all
faisin st river chmges da (402 for 41 met” (f)s(e) sdaivionel wpe-  (Ti3are
- absirac +
Tear 2000 cate abstrac- cover by J. State § ;“cgsir"?oﬁ:r” AEERH
E::kat PUB State to Johor
=] Baharu area
*) Beluding Seline Intrusion
132 Nil 600 600 700 1300 900 2200
1 1000 1200 2200 1000 3200 1200 4400
2£ 1900 1700 3600 1300 4900 1500 6400
o 3400 2000 5400 1700 7100 1800 8900
5200 2400 7600 2200 9800 2400 12200
¥ Including Saline Intrusion
1033 1500 1500 3000 1100 4100 1300 4400
2 3500 1900 5400 1800 7200 1600 8800
o 5300 2200 7500 2500 10000 2000 12000
b T600 2800 10400 2900 13300 2500 15800
10700 3300 14000 3200 17200 3000 20200

S ——

+30 mgd exported to Johor Baharu area.

3 mgd exported to Kota Tinggl

8 mgd to meet demands in catchment.

--'"-—___
v D Catonment Location
¥ a
(8q. 1 inch arid
Srantee Map FNo. Reference

Fenge)y

- 12.4 125 WM 739:333

g 8.4 125 WM 806:322

b 11.9 125 WM 7341340

% 4.0 125 WM 721:330
S N 125 WM 766:333
ngety

2 80.0 125 WM 923:308
e A g 125 WM 859:408
“emnngay,
\53.0 130 WM 990:111
Johoy
ey 130 WM 935:189
The y,

ety

;:;;,om,t f,‘:“m! from not mining the catchment
Suppe, upmhﬁmuted as the amount of economi-
St Tiing olu.: minerals is not known, However
n‘:'.nt. of 2 recommends prospecting in the
iu': t';htha. ’mit&s;hu;““ eites and site

e g e Projec recommen-
oyt thig preate Commiseioner of Lands and Mines

hi
ang 0&:{;“2‘:‘.:110!:“ bcl,gi:m high prio-
Ve an ear. te. re
“ctateg 1, iittle flood mitigation benefit
ther of the 3, Pengeli sites as

their catchment areas are small. It is poseible

that storage on the 8. Linggiu could have some

measure of flood mitigation benefit downstream.

However, as stated in Section 1.4.3 this cannot

:ilqugtiﬁd at present, and no benefit has been
w -

b) 8, Johor Site
The reservoir on the S, Johor would have the

additional benefit of significantly reducing
flood stages downstream, particularly at Kota
Tinggi (Section 4.6). The average annual benefit
is estimated at $45,000; discounted at 10 percent

r annum this represents a present value of

.5 million. (Section 4.6.2.3). However, the
reservoir on the 5. Johor suffers from the follo-
wing disadvantages:-

(i) About 2,500 acres of alre developed
land would be flooded. If the value of
the land is assessed at no more than
$1000 per acre (the discounted cost of
developing alternative land to the same
standard) the compensation costs would
amount to $2.5 million. (Section 4.6.2.4)

(i1) The reservoir would be at least 10
miles long and this would provide a
major constraint to access to the Johor
Tengah region.

(111) The reservoir could possibly flood some
of the existing tin mines on the lower
8. Tengkil.

(iv) Sedimentation of the reservoir would
ocour due to the discharge from the
present mining operations on the S.

Tengkil.

The costs associated with Items (4i), (1i1)

and (iv) are difficult to quantify, but even

—"-



FIGURE 4.13

REGULATION STORAGE SITES CONSIDERED
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FIGURE 4-14

ESTIMATED CAPITAL COSTS OF ALTERNATIVE RESERVOIRS CONSIDERED
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to PUB's participation ¥
vision of storage

OR

Deduct cases 13-16 fﬂft:’g
PUB, equal to savings T..
over cases 1-4 due %0 i:h;'
State's participation

sion of storage. _")

a2
PUB Shortage PUB design '
se No. Catchment Cover Johor State Abstractions Situation at Intake demand (mgd) Remarks :
1 As 1970 As 1970 (negligible) None for 1964/65 30 !
% 1 " " :% Independant cost due PU
4 L " L] 250
5 As 1985 onwards 76 mgd As under existing 30 Independant cost due o
2 : s (1970) land and 100 State's future activitis
7 = T water resource deve- 150 catchment. High abstra
2 & 2 lopments within 250 mgd by Johor State
catchment
4 A 1903 onris’ 16w None for 1964/65 30 Total Combined Costs.
Y " s . 100 Deduct cases 1-4 for oot
12 " “ . 150 Johor State, equal to 8@ .
% 3 i 250 Johor over cases 5-8 d"wd
PUB's participation in
of storage.
OR v
Deduct cases 5-8 for COSij
to PUB, equal to saving
over cases 1-4 due to iy
State's participation
g vision of storage. 3
13 As 1985 onwards 41 mgd Is-onler existin t due to ¥
" g 30 Independant cos
:; " : (1970) land and 100 statﬁ', future activitm:;
16 " . water resource deve- 150 catchment, Low abstrd
lopments within 250 mgd by Johor State.

- catchment .
8 io T Somards 41 nel None for 1964/65 30 Total combined costs:
12 3 * 100 Deduct cases 1-4 fo‘i‘ pot’
20 " " " 150 Johor State, equal ?5-“[.

% 250 to Johor over cases 13§




neglecting these the effect of the costs of Item
(1) less the benefits of downstream flood mitiga-
tion would be to increase the cost of the reser-
voir on the 8. Johor by §2 million.

¢) Bemangar Site

The reservoir would flood part of the new
Kota Tinggi/Kulai road; the cost of road realign-
ment has been included in the dam construction
costs. The reservoir would also flood about 1,000
acres of already developed land. At gpproximately
1,000 per acre this would amount to $1 million.
This sum should be added to the estimated dam cons-
truction costs, The benefit of downstream flood
pitigation would be very small as the catchment is
lov lying and its area is only 9 percent of the S.
Johor catehment (at Kota Tinggi).

t The addition of $2 million and $1 million to
] ; estimated dam construction costs of the 8.
n:k or and 5. Semangar reservoirs respectively,
“ es the total cost of these reservoirs much
gher than the S, Iinggiu and S. Pengeli sites.
S, Johor and S, Semangar sites can therefore

be rejected on ec o
cuaes . onomic grounds and are not dis

‘-7-9 Tim Barmge -

As stated in Section 4.7.5 saline intrusion
:Ioghe PUB intake could be prevented by construc-
of a tidal gated barrage downstream.

shovs o Li4Y of existing data and site visits
g hat a barrage could be constructed about +
Tooes glmstream of the intake. The b
ltn:: south of the river loop immediately down-
ning s the intake and about ¥ mile of river re-
€ would be required.

The estimated cost of the b
arrage 1s $M 4.2
Wllion.,  (Appendix C-40).

This cost 4
1 ncludes for the provision of a 24
:"sgiﬂa lock for small passenger boats and eleva-
cess during flood periods.

47,10 Roonomic Comparison of Alternatives.

The desirabilit
y of providing regulation sto-
factore the catchment of the S. Johor depends on

nade In the circumstances an is has been
mt““wur selection, with estimated capi-
“Ncht.a for the required volumes of storage
130 with various combinations of the varia-
Other peupyoed, in Section 4.7.7. Solutions for
Appendqos inations can easily be derived from
¢eés C-32, C-40 and Figure 4.14

the vz:;‘t-" cases have been analysed; details of
in Tapye', les included in each case are sumarised
tithep | 4.11, The control of saline intrusiom,
the intol, klowing 100 mgd of river water to pass
downgtree. OF Dy constructing a tidal b ®
®ach gggq OF Phe intake, is also considered in

'%omgz‘(“ -4 indicate the volume and cost of
Pup *um“ storage/barrage combination) that the

in the ve to provide to ensure no shortages
Buch “1‘1‘113:1:3& PUB design demands, in a oar
re

1964 /6
Wil 5, under the assumptions tha
Rent :dn"h:‘u‘tﬁor land development in the catch-
Johoy Sta t future upstream abstractions by

te will remain negligible.

Cages 5.9

hamg assume that storage (or storage/
-]
°otmt.,.§g'binauon} would be provided solely to
2 Loy g1, N8 adverse effect on the availability
1954/55 w8 for abstraction, in a year such as
nax g, ' Of Projected land clearance and probable
the yeq, 3oace, UPStrean abstractions (76 med) in
Bade fyop o0 PY Johor State, Releases would be
ﬁ;h zu'i'iﬁ;‘f'1*° f;zv%t river ﬂfgu at the
elow 4/65 actual flows.
cated pyp design demands would not be ensured

would be

and shortages of water would occur at the intake
as under present (1970) land and water resource
developments within the catchment.

Cases 9-12 assume that storage (or storage/
barrage combination) would be provided to ensure
no shortages in the indicated PUB design demands,
in a year such as 1964/65, under projected land
clearance and probable maximum future upstream
abastractions (76 mgd) by Johor State,

Cases 13-16 are similar to cases 5-8 except
that probable minimum future abstractions (41
mgd) Ey Johor State have been assumed.

Cases 17-20 are similar to cases 9-12 except
that probable minimum future abstractions (41 mgd)
by Johor State have been assumed,

The costs associated with the cases consi-
dered may help to form a basis for the allocation
of costes for any future storage provided jointly
by Johor State and the PUB, Table 4.11).

atchment cover as Johor Stat
abptractions as 1970 (negligible); FPUB
esign demand 50 mgd - no shortage of

a) Regulation by storage only

Regulation storage required : 1500 mg
Allow for operating losses ete. : 200 mg
1700 mg
Linggiu Pengeli
A B A B
Cost of 4.4 3.6 2.8 2.9
storage $mn

b)

Regulation storage required Nil

and decisions outside the Terms of cReference. Cost of barrage $4.2 mn.

c) Conclusion

The most economic solution is therefore to
construct dam A on the Pengeli to give a storage
of 1700 million gallons at an estimated capital
cost of $2.8 million.

Cage 2

atchment cover & 0703 Johor -
abstractions as 1970 (negligible); FUB
water at intake.

a) Regulation by storage only

Regulation storage required : 3500 mg
Allow for operating losses ete 500 mg

4000 mg
Linggiu Pengell
A B A B
‘.9 4.6 4-‘ ‘03

Cost of storage
$on .




b) RHesulation by storage and tidal barrage

Regulation storage required 1000 mg
AMllow for operating losses etc. 200 mg
1200 mg
/ Linggiu Pengell
A B A B
Cost of storage $mn. 4.3 3.4 2.8 2.8
Cost of barrage $mn. 4.2 4.2 4.2 4.2
Total cost $mn 8,5 1.6 7.0 17.0

c) Conclusion

The moat economic solution therefore is to
construct dam A on the Pengeli to give a storage

of 4000 million gallons at an estimated capital
cost of $4.1 million,

Case 3

atchment cov ag 12/0; Johor State abs
iractions as 1970 (negligible ); PUB desig

a) Regulation by storage only
Regulation storage required H

5300 mg
Allow for operating lossee eto.,

800 mg

6100 mg

Linggiu Pengeli

A B A B

Coat of ltﬂl‘.‘. $on . 5.3 5.3 5.5

b) Regulation by storage and tidal barrage
Regulation storage required H

1900 mg
Alow for operating losses etc. 300 mg
2200 mg

Linggiu Pengeli

A B A B

Cost of storage $mn, 4.5 3.8

3.2 3.4
Cost of barrage $mn. 2 A2 4.2 4.2
Total cost $mn 8.7 8.0 7.4 7.6
) Conclugion
S The cost of the required s of 6100 mil-

ons is the same for dam sites A
the u and dam site A on the Pongou?m'r:nn
estimated capital cost is $5.3 million.

Regulation storage required 10700 mg
Allow for operating losses etc. 1600 mg
12300 mg

Linggiu Pengell

A B A B

Cost of storage $mn. 6.3 7.2 =~ -

b) Regulation by storage and tidal barrage

5200 mg
800 mg

—_—

6000 mg

Regulation stor required
Allow for opemmg losses ete.

Pengeli___

Linggiu

A B A B

Cost of storage $mn.
Cost of barrage $mn.

e 2 L
4.2 4.2 4.2 -

9.5 9.5 9.5 -

Total cost $mn

¢) Conclusion

The most economic scheme is therefore to
construct dam A on the Linggiu to glive a ntoras
of 12300 million ?llona at an estimated capit
cost of $6.3 million.

axinum in Year 20001 PUD deoian demas

Regulation storage required : 2900 mg
Allow for operating losses etc. : 400 mg
3300 mg
Linggiu Pengell
A B L
Cost of storage $an 4.7 4.2 3.7 42




b) Regulation by storage and t

Regulation storage required : 2200 mg
Alov for operating loses ete. : 300 mg
2500 mg
Linggiu Pengell Regulation storage required : 6700 mg
AMlow T :
5 s 5 5 ow for operating losses etc. : 1000 mg
7700 mg
Cost of storage $mn 4.6 3.9 3.3 35
Cost of barrage $un 4.2 4.2 4.2 4.2 Idngglu _ Pengell
Total cost $mn 8.8 B31esaTibs Tal 2 : > s
e) Conclusion Cost of storage $mn 5.6 5.8 6.4 -
The most economic soluti
on therefore is to
gg“;;&czigﬂoi oﬁlfhﬂ Pengeli to give a storage b) Regulation S
cost of $3.7 ni]_%ion?na at an estimated capital Regulation storage required : 4500 mg
Allow for operating losses etc. ! 700 mg
5200 mg

Linggiu Pengeli

A B A B
Alov Im Moregs' required : 5300 mg Cost of storage $mn 5.1 4.9 47 =
or operating losses etc. : 800 mg Cost of barrage $mn 4.2 4.2 e %
6100 mg
Total cost $mn 9.3 9.1 8.3 =
Linggiu Pengell
c) Conclusion
A B A B The most economic solution therefore is to
construct dam A on the Iinggiu to give a storage
Cost of ; of 7700 million gallons at an estimated capital
storage $mn 5.5 B8R cost of $5.6 million.
¥ egulation by
Re : =
mg':&:ion stnra,ge required s 34m ng
or operating losses etec. @ 500 mé
IS 4. A - L A W
3900 mg
a) Mn_u.lw
Linggiu Pengell Regulation storage required + 9500 mg
Milow for operating losses etc. @ 1400 mg
B ——
ST 10900 mg
Coat
Coat Sttty 4.9 4.6 4.1 4E —
Linggiu eng
o barrage $un 4.2 4.2 4.2 42
%o A B A B
L oot tm 9.1 8.8 8.3 9.0

¢)

The
8124 o 008t of the required storage of 6100
% the Lgmon' is the glne for dam sites A and B
® eatimg .d“ and dam site A on the Pengell.
capital cost is $5.7 million.

- 45 -



Regulation storage required

g
:

Mlow for operating losses etc. : 1000 mg
' 8000 mg
Linggin Pengeli
A B A B
Cost of storage $mn 50 . 5.9 6,5 =
Cost of barrage $mn 4.2 4.2 4.2 =
Total cost $mn 9:9 10.1 10.7 =

) Conclusions

The most economic solution therefore is to

give a storage
of 10900 million lons at an estimated capital

construct dam A on the Linggiu to

cost of $6.1 on,

axintm 1n Year 20007; PUS desien &

a) Regulation by gtorage only

Regulation storage required t 4400 mg
Allow for operating losses etc. : 700 mg
5100 mg

Linggiu Pengeli

A B A B

Cost of etorage $mn 5.1 4.9 4,7 -

b) Regulation by storage and tidal barrage
Regulation storage required : 2200 mg
Allow for operating losses etc.

300 mg

2500 mg
Linggiu Pengeli
A B A B
Cost of storage $mn 4.5 3.9 3.3 3.5
Cost of barrage $mn 42 4.2 4.2 4.2
Total cost $mm 8.7 8.4 7.5 7.7

) Conclusion

The most economic solution therefore is to

construct dam A on the

Pengeli to give a
of 5100 million gallons at an ntiﬂtoﬂ o:ptﬁ:ga

cost of $4.7 million.

a) Regulation by storage only

na

Regulation storage required : 8800 mg
Mlow for operating losses etc. 1300 mg
10100 mg

Linggiu Pengeli

|
A B A B l

Cost of storage $mn

6.0 6.5 = e

b) tion e and tidal b

4400 mg
700 mg

——

5100 mg

Regulation storage required
Allow for operating losses etc. :

.

—

Iinggiu

Pengell

7 SN Y ST

Cost of storage $mn 5.1
Cost of barrage $mn

4.9 4.7 =
4-2 4-2 "2 o

Total cost $mn

9.5 9.1 8,9 =

¢) Conclusion

The most economic solution therefere 18 ::.
construct dam A on the Linggiu to give a '“im
of 10100 million gallons at an estimated cap
cost of $6.0 million.

Regulation storage required ¢ 12000 mé
: 1800 mg
Allow for operating losses etc.

Regulation storage required ¢ 6400 mg
Allow for operating losses etec, : 1000 m&8
7400 mg
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Linggiu Pengeli

A B A B

Cost of storage $mn
Cost of barrage $mn

5.5 9.0 SCBIRuR s
4.2 4.2 °4,2 =

Total cost $mn 9.7 9.9 10.4 =~

®) Senclusion

The most economic solution is the
refore to
Egn%gggt mgislnignon 3}_1{6 Lin%giu to give a storage
ons
pote g g milléi;on. at an estimated capital

£ oV e as 198 ds:
exinup 1n Year 200011 PUB design demand

®) Resulation by storage only

:;fulation storage required : 20200 mg
ov for operating losses etc. : 3000 mg
23200 mg

Linggiu Pengeli

A B A B

Cost of storage Sun 8.1 10.4 = =

b)

ation by storage @
R
umm‘:"’n storage required ¢ 12200 mg
or operating losses etc. : 1800 mg
14000 mg
Linggiu Pengell
A B A B
c
cm °f storage $mn Gl s T e
%% of barrage $mn 4.2 4.2
Total cost $mn 0.8 11.9 = =
*) Conclugton
The
MMt‘g:: economic solution is therefore to
:f 23200 Ii].lj.l on the u to Ec a storage
o8t of $5.1 .??_123‘“" at an estimated capital

a) Regulation by gtorage only
Regulation storage required : 2600 mg
Allow for operating losses etec. @ 400 mg
3000 mg
Linggiu Pengeli

A B A B

Cost of storage $mn 4,7 4.1

b)
Regulation storage required 1 1300 mg
Allow for operating losses etc, 200 mg
1500 mg
Linggiu Pengeli

A B A B

Cost of storage $mn 4.3 3.4 2.8 2.9
Cost of barrage $mn 4.2 4.2 4.2 4.2
Total cost $mn 8.8 E TN T

c) Conclusion

The most economic solution therefore is to
construct dam A on the Pengeli to give a stor:fc
of 3000 million gallons at an estimated capit
coat of $3.6 million.

ghiroge SATAA- ~ L= .L; W ELLYLS ~

minimum in Year 2000); PUB deslgn del
0 med - water shortages at intal
nder present land and wal regoure

a) Regulation by storage only

Regulation storage required : 3700 mg

Allow for operating losses etc. : 500 mg
P
4200 mg

Linggiu  Pengeli

A B A B

Cost of storage $mn 5,0 4.7 4.2 4.9
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b) Cage 16 1 wardg: J
Regulation storage required : 2200 mg 3 Li s
Mlow for operating losses etc, : 300 mg e le
2500 ng e .
a) Regwlation by storage only
Linggiu Pengeli Regulation storage required : 6500 mg
Mlow for operating losses etc., : 1000 mg
A B A B o
7500 mg
Coast of storage $mn 4,6 3.9 3.3 3.5
Cost of barrage $mn L R R MRS O TR B Linggiu  Pengell
A B A B
Total coat $mn 8.8 8.1 .5 1.7 s
¢) Conclusion

The most economic solution therefore is to
construct dam A on the Pengeli to give a storage L .
g;zzgg ﬁgiﬁlﬁﬂ?m at an estimated capital Regulation storage required . 4600 mg

Mlow for operating losses etc. : T00 mg
Case 15 Catchment cover as 1985 onwards: Joho 5300 mg
State abstractions 41 mad [probabie
W mEd aLe ang :;:_'.._ b 1
mder present 1and snd waler resoicos Linggiu  Pengell
developments in catchment.
A | B
a) Regulation by storage only 2}
Regulation storage required i 4700 mg Cost of Storage $mn £.2 5.0 #4:9 =%
Alow for o t e
ow for operating losses ete 700 mg Cost of barrage $mn 4.2 4.2 4.2 =
5400 mg e
Total cost $mn 9.4 9.2 9.1 -
Linggiu Pengeli

c) Conclusion

The most economic solution therefore 1’,::.
construct dam A on the Linggiu to give a 8t0

r d capi
Cost of storage $mn 5.2 5.0 4.9 - goazsgg ‘:‘%J.-%i:rillgiﬂoi?m BERE ree
b) gegulation by storage s A a g gﬁlﬂ ]I : 08 =H
E chmen ove A8 - L =
state batract -l.-"‘ |_mgd probable
Regulation storage required  : 3000 mg T s T oD PN P on!
Mlow for operating losses etc. : 500 mg 0_ngd ghortage of water at NUSKS’
3500 mg a) Regulation by storage only
Regulation storage required 1 4100 mg
Linggiu  Pengell Allow operating losses etc. : 600 mg
A B A B I st
—
Cost of storage $mn 4.8 4.2 3.8 4.4 Linggiu P‘“E&i—-—
Cost of barrage $mn 4.2 4.2 4.2 4.2 TSI B R
——
Total cost $mn 9.0 8.4 8.0 8.6 Cost of storage $mn 5.1 4.8 4.5 5.2
—
) Conclusions

b) Remulation by storage and tidal barrage
The most economic solution therefore is to ; g

o Regulation storage requirea : 1300 =g
allons at
8 at an estimated capita Allow for operating losses etc. : 200 mg

——

1500 mg




Iinggiu  Pengeli

A B A B

Cost of storage $mn 4,3 3.4 2,8 2.9
Cost of barrage $mn 4,2 4.2 4.2 4.2
Total cost $mn B ST Ty

¢) Conclusion

The most economic solution therefore is to

zgnzggo;i‘]il“io: 031’13 Pengeli to give a storage
gallons at an estimated it

cost of $4,5 million. o

8) a by st e

Regulation storage required  :
Mlow for operating losses etc.:

Oost af storage $mn 5.7 5.9 6.6 =
b) _
R
h'::iltion storage required : 3200 mg
for operating losses etc. : 500 mg
3700 mg
Linggiu Pengell
A B A B
Coat
3 of .tﬂrage $mn 4.9 4.4 4.0 4.5
ost
°f barrage $mn 4.2 4.2 4.2 4.2
Total cost $mn 9.1 8.6 8,2 8.7
*) Concugion

°°ﬂlt!r1}::t.§:: economic solution therefore is to
of 8300 A on the Iinggiu to give a storage
Coat op ion gallons at an estimated capital
ss.? uuion.

fage 19 :

a) -
Re, Ltorage only
t::‘:im storage required :
OF operating losses etc. ¢

10000 mg
1500 mg

11500 mg

Coat of storage $mn 62 N0 = £
b) arrag

Regulation storage required : 4900 mg
Mlow for operating losses etc. H T00 mg
5600 mg

Linggiu Pengeli

A B A B

Cost of storage $mn 5.2 -5.0 5.4 -

Cost of barrage $mn el A2 Ha2 - 42

Total cost $mn 9.4 9.2 9.3 4.2

c) Conclusion

The most economic solution therefore is to
construct dam A on the Linggiu to ﬁe a storage
of 11500 million fallm at an estimated capital
cost of $6.2 million.

a)

Regulation storage required |
Allow for operating losses etoc. !

17200 mg
2600 mg

19800 mg

Linggiu  Pengell

A B A B

Coat of storage $m 7.6 9.5

b)m_hx_ﬂnnn—!ﬂw

Regulation storage required : 9800 mg
Allow for operating losses etc. :+ 1500 mg
11300 mg

Linggiu Pengeli

A B A B

Cost of storage $mn
Cost of barrage $mn

Total cost $mn
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c) Conclusion

The most economic aalutionttha{erom ts to

uct dam A on the Linggiu to give a storage
ggn?;raoo million gallons at an estimated capital
cost of $7.6 million.

4.7.11 Geperal Conclusions

1. It is possible to regulate flows at the PUB
J.nta.kepﬁp to 250 mgd., taking into account
all other maximum demands likely to be placed
on the catchment by the year 2000, by the pro-
vision of storage of approximately 23000 mil-
lion gallons. The most economical dam site to
provide this storage is located on the S.
Linggiu at map reference WM 923:308 (dam site
A). The dam would be approximately 55 feet
high above stream bank level and the total
capital cost is estimated at $8.1 million.

2, TFor lesser degrees of regulation requiring
storage in the range million gallons to
23000 million gallons dam A on the S, Linggiu
remains the most economical.

3. For lesser degrees of regulation reg:imms
storage up to 6000 million gallons A on
the 5. Pengeli, at map reference WM 739:333
would be the most economic,

4. Within the range of demands coneidered the
repulsion of saline intrusion at the PUB
ntaka can more economically be accomplished
by providing storage rather than by the cons-
truction of a tidal barrage downstream,

Conclusions 1 and 2 will have to be reviewed
in the light of the results of the recommended
mineral prospecting in the catchments of the S,
Linggiu, If the value of the mineral potential
is zero or if exploitation of any mineral resources

stomfu is needed then the opportunity cost of each
dam site to mining should be evaluated and inclu-

ded in the economic comparison of alternatives
(Section 4.7.10),

The exact date that storage will be needed
cannot be decided at present, This will depend

ugon factors such as future abstraction ¢ it;
at the PUB intake, rest ~g o

ricted pumping time that
the PUB may be prepared to accept, and the date
when the Johor Baharu area will be supplied from
the 5, Johor, Based on the latter a reasonable
estimate of the earliest date would be 1978/79,

The land development plan all f -
truction of dam A onp::a 8. 14 S i, ras

nggiu, The plan
allows for the whole of the 8. Tinggiu utghnen:ho
above the dam being excluded from agriculture deve-
lopment and remaining as jungle, This decision is
based on the fact that the opportunity cost to
;ﬁ;%uzt:r:x 1: ::dnhym:lh:' metim t:i?.a) and wowld
cee remen cos
viding a comparable reservoir in a 4 -

catchment, e
Certain further studies will be
prove the technical feasibili i et

of the
dam. These are discussed in Ct{aptcr s.pmponed




CHAPTER 5

EURTHER STUDIES

5.1 Introduction

@ The proposed schemes have been based on exis-
- Ig maps supplemented by very limited field data.
tg’ozﬁer to prove the technical feasibility of
oht:i.e schemes, prepare preliminary designs and to
L more refined costs it will be necessary to
;ﬁ'ﬂ out further investigations and studies.
8¢ can be broadly classified as follows:=

1) Hydrological

2) Topographical surveys

3) Site investigations

4) land utilization surveys
5) Raw water quality survey
6) Groundwater Studies

2 Evdrological

As stated in Cha

pter 1 the Project hydrologi-
Jip "EYoTk has been handed over A et e
Vith permenec Sidered imperative that the network,
¥ith the nn?‘t improvements as discussed and agreed
¥ithout intes should be operated and maintained
years afte d tions for a considerable number of
exact ltng:hh ¢learance has taken place. The
8 this wi1) 3r time cannot be decided at present
fravn at g par P ord On what conclusions can be
the data coflarticular date from the analysis of
Section 1 g ooted up to that date, As stated in
interval g° h“SUlﬂr data reviews at six monthly
{mportant ;0“%5 be carried out. It will be very
for the netyery o LoLneer/Hydrologist responsible
*he state of to have up to date information on

:‘t the catchments draining to the

loped ang ho:’ti°m- i.e. how much has been deve-
much is jungle at any point in time.

T
fﬂllouzsgfalﬂiﬁ of the data will give the

a
] K}n-e refined conclusions of the effects

oI jungle clearance on run
~of-river flows
fup, 3 Fange of catchment sizes. This in
titin;iﬂ- give a pounder basis for the
} future, Tun-of-river intakes in the
b) More yer
ined conclusions on general storage/
Yield relationships, which wfl]. enable more

accurate egtimat
ne es of the stor require-
nts at the proposed reumi.:sato go made.

¢) Prequenc
ies of flood
3 ood discharges and the
r:r"'}nofhnood discharge to sb: allowed
the apillvad:eis:dogilI.j oi oy wsueh ‘:
a version arr 8
Connected v{tl': the proposed dams.

#1hlg 47, RPOTtaNCE 0f amalysing, as soon as pos-

:.“"‘ u(|g7,§°1°810a1 datiyzoﬁ;etad during :ohn

reg 2 Tesultg drought is emphasized (Section 1.9)

n&nnt to ﬂ‘:: :-:1 a?l{'fa may gn imdiato/
Te ~of-river yiel t

& lationshipg adopted in ‘{h;u n;ﬁrtt E5g

5’31‘
(a)

In
Hong mMnm ground surve
ye will be required
tites op pmm"d Pipeline routes, and at the
takes, pumping stations,
&nd terminal storage.

Vater Supply Sonemes

(b) Kluang Water Supply (Section 4.2.1)

It will probably be necessary to survey seve-
ral routes to establish the most economic align=-
ment of the transfer pipeline from the Eahang
reservoir to the catchment of the S. Semberong
Kechil, and to locate the pumping station. Addi-
tional survey will also be required at the site
of the new (under comstruction 1970) treatment
works and terminal storage, which are recommended
for expansion, to obtain the most economic layout
of the additional works.

(¢) Kota Tinggi Water Supply (Section 4.2.2)
Straight forward survey as outlined in (a)
above is all that will be required for this scheme.

(a)

Notes on the selection of pipeline route from
the S. Johor to the Johor Baharu area are given
in Appendix C-19. As stated in that Appendix it
is considered that it will be necessary to survey both
pipeline routes in order to establish the most eco-
nomic pipeline alignment and location of intale.
The remaining surveys associated with thies scheme

should be straight forward.
(e) Rroject Village Supplies (Section 4.2.4)

It will be necessary to carry out the required
surveys as soon as land clearance commences. The
proposed locations of terminal sto are very
tentative, The detailed siting of ages must
ensure that there is ground reasonably close and
at a suitable elevation to locate terminal storage
so that adequate pressures can be maintained in
the reticulation system.

5,3,2 Reservoir Area and Dam Sites
(a) Reservoir Areas

Contour surveys of the pro{ued reservoir
areas are required to produce e evation/cngw:lty
curves, which in turn gives the basis for deciding
the conservation level and dam height required to
impound the required quantity of water as deter-
mined from 5.2 (b). Surveys oou]dtmba.bly best
be carried out by aerial survey meé 8. Accuracy
of survey should be such that a contoured plan, with
vertical intervals not greater than 5 feet can be
produced, Concurrent ground surveys would also be
necessary to establish required control and to tg:o-
vide any additional data necessary to achieve
required contour interval.

(v) Dem Sites

Contour surveys of dam site
establish more accurate volume of f material
required and to prepare grc].m.nm layouts for
the dam heights derived from (a) above. Ground
gurveys would be suitable and the accuracy of the
survey should be such that contoured plans with a
vertical interval of not more than two feet can
be produced, Ground surveys will also be required
at all possible borrow areas to establish umes
of fill available for dam construction.

5.4 Site Investigations

5.4,1 Water Supply Schemes.

It will be necessary to take borings and exca-
vate trial pits at ﬂ.us“md locations of all
structures. Borings trial pits may also be
required along the routes of the larger diameter

s are required to
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ipelines e.g. from the 8. Johor to Johor Baharu,
ga.g.p}.ing n.ndsa. certain amount of soil testing in
a so0il mechanics laboratory may be necessary,

5.4.2 Reservoir Areas and Dam Sites

A comprehensive site investigation involving
deep drillings, borings, trial pits and extensive
laboratory testing of soil samples will be neces-
sary, At dam sites these are necessary to estab-
lish the extent of alluvium, the strength of foun-
dations and abutments and to give information to
decide the type of cut off required. At borrow
areas these are necessary to establish the strength
and consolidation characteristics of f£i11 material.

stigation be necess on the reser-
o i o e kelihood of

voir perimeters to
leakage and the possible extent of any required

grouting.
It is important that investigations of this
nature are carried out under the close supervision

of an engineering geologist or engineer with wide
experience in the work.

5.5 land Utilization Surveve

These will be required to establish possible
compensation costs in certain instances, Compen~
sation costs be an important factor to be

considered in the selection of pipeline route from
the 8. Johor to Johor Baharu,

Surveys in reservoir areas should also be
carried out so that more accurate estimates of
reservoir site clearance can be established,

5.6

Further sampling and laboratory analysis of
raw water should be carried out at the locations
of the proposed water supply intakes. This will
enable the most economic chemical treatment and

size of individual co nents of the treatment
worke to be detorminoa'?o oeem

5.7 Qroundwater Studies

Review Group 1 at the
Project Report amsked that ¢
should include

"Recommendations for Further Studies to be
conducted on the Groundwater Potential"®,

It is emphasized that the groundwater st
carried out under the Project has been based :lay
existing general geological maps and a short field
visit by an engineering geologist, The conclusions

from this limited study on groundwater (A ndix D
are therefore very tentativf.l Wopndix )

This study indicated that the most promis
areas having water potential for dnelop::gt
are the Pengeli sands and Panti sandstones in Johor
Tengah. The raised beaches on the east coast of

entation of Draft
€ Master Plan Report

Tanjong Tang may also have potential, The

§emﬁ o are nott%ytlog:tod west of the §,
engeli, an area not to developed Project
proposals. » L

In Johor Tengah only villages T1 to 76 and T16
to T21 are located within or close to the estimated
outerop area of the Panti sandstones formations,
In Tanjong Penggerang only the initial
velopment area and village P13 are loca
the raised sand beaches.

The yield of boreholes in the Panti sandstones
may be in the range 0.1 - 0.2 mgd. For village
group T1-T6, 6-12 boreholes would be required to
meet the ultimate demandd of approximately 1.2 mgd;
for village group T6 to T21, 1;—26 boreholes would
be required to meet the ultimate demand of appro-
ximately 2.6 mgd, The yield of wells in the raised
sand beaches may be in the range 0.2-0,4 mgd, For
the initial tourist develo ment and village P13
either 1 or 2 wells would ';I;a required to meet the
ultimate demand of approximately 0.4 mgd,

The table below gives a broad indication
as to the savings which might be achieved should
adequate groundwater supplies be identified.

To determine whether these estimated sav-
ings are possible the following investigations
would have to be carried out.

i) When the final village locations have been

( decided, carry out further examinations :{
geological sections and surface geologic
mapping., These will give guidance on the
requirements for drilling and/or geophysi-
cal investigations.

In the Panti sandstones exploratory drill-
ing would involve say three holes at vil-

e group T to T6 and three holes at i
v ge group T16 to T21. A certain amoun
of geophysical survey, using resistivity
and/or seismic techniques, as appropriate,
may be required also. The cost of the
three holes at each village group would
probably be about $100,000. Intermediate
pump tests during drilling and a full com-
pletion pump test would be required. If 35
the drilling was successful then these ho.
could be reamed out and completed as pro-
duction wells.

(1ii)At tg:lfaised sand beaches . dgtgggdtg“’
logi ophysical survey to de
o:gerop g:ag,w and the thickness and exten-
sions underground, beneath other deposits,
of the sands, would be required., If the
survey was favourable than say nine hor;-
holes, on a grid, for pump testing .-:,cn.u.r
be sunk around one outcrop., The cost O
the nine holes would probably be about
$150,000.

Water quality surveys to assess any neces-
sary treatment,

Assess the results of the 1mreetigatiom!1d
at each site, estimate the long term yie .
and cost of groundwater supplies, Compar
coste with the costs of surface water
schemes,

If groundwater coste are favourable then
driﬂ more holes or wells if and as required
and prepare water supply schemes.

The Government will have to decide Hhsthg
the cost of the investigations are warrantedund_
relation to the uncertainty of obtaining gro

(11)

(iv)

(v)

(vi)

water and hence the savings,

Estimated Costs & Savings
$ ion Cost
g Surface Range of e of
Water Groundwater possible
Supply Supply Savings ;
0
Village T1-16 2.77(a) 2.3-1.5 0.47-1.2; ¥
Village T16-T21  4.50(b) 4.5-3.0 0 =15
Initial Tourist , o
Development and  1.20(c) 0.8-0.5 0.5 0.
illage P13,

(a)
(v)

(e)

See Appendix C-21.

Proportionate cost of village group T13=
T21 - See Appendix C-23.

Proportionate cost of village group P7 -
P16 ~ See Appendix C-27.

-52 -







APPENDIX A-1

RIVER GAUGING STATION HISTORY 70 28,2.71
OE S. Mupor at M32}
GRID REFERENCE : N 248-178 CATCHMENT AREA: 8.4 square miles.

1) From Johor Baharu to M32} on the Kota Tinggi/Mersing road.

2) Entrance is through a rubber plantation on the right hand side of the road, where 4
or 5 huts can be seen.

3)  Walk for about 2 to 3 minutes along track from the huts to the recorder.

4) The road is sealed and a car can be used for transport.

CURRENT METER MEASUREMENTS :
1) 42 measurements during period 27.12.69 to 24.1.71.
2) Range of discharge measured; 3.8 c/s to 235 o/s.

LISCHARGE cowTROL

1) Channel control - not tidal.
2) Bed is sandy, but fairly firm and generally stable.

M '

1) 6 £t. x & inch water pipe with 1 ft. x 1 ft. concrete slab near the Tecorder.

2) Value on top of pipei= 27.63 0.D. = 6.5 ft. on gauge.

SL9T0RY ERMARKS
1) Stick gauge installed 6,12.69 - still in place Feb. 1971 (rangs O - 10,00 ft.)

2) Recorder (Negretti & Zambra pressure bulb, 0-20 ft.) installed 20.12.69 - still
in place Feb. 1971.

3) Mo Problems encountered with the recorder, apart from occassional deflation of bulb.

4) ulﬂmnnuumﬂfmwmmmwmm'
5) Measurements were taken of the suspended sediment load during 1970.

6)  Future flow measurements should be normally taken at least once monthly g
least once weekly during dry periods.

T Ruture instrunentation should be wet-well/float type capable of operation in o
Tange 0 to 10 ft. gauge height.

the lower side
8) Vegotation cover 1s mainly jungle with very small percentage Tubber on
of the catchment around the recorder.

working oxder.
9 The Station was handed over to the DID as from 28.2.71, in situ, and in
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Surface scharge 0. of Ris Defixiy
::-' o Width mﬁ P Ve?o::ty aimiéut o "‘ﬁﬁ* gertmal mﬁ‘is ﬂ‘
Positions Sectiona gr“um
(Feet) (sq. ft.) (¥ps) (Feet) (Cusecs) (R, ForsS) |
1 27.12.69 1.5 42.8 0.84 2.69 £ 2,.48 8 ¥ '
2 29.12.69 17.0 4.8 0.79 2.61 3 2, 8 1 ¥ .
3 3.1.70 16.5 34.2 0.73 2.19 25 19:48 10 s 1
4 4.1.70 17.0 32.9 0.69 2,04 23 2, o8 10 P }
5 6.1.70 19.0 65.5 0.99 3.76 65 .2, 8 12 R e
6 6.0.70  19.0 61.7 0.96 3.83 59 2, .8 12 s L]
1 7.1.70 35.5 128 1.81 6.15 231 .2, 8 22 s t |
8 7.1.70 %.5 130 1.81 6.13 235 2, 8 23 ¥ : |
9 10.1.70 21.0 81.0 1.14 4.43 92 2,8 13 F :
10 10.1.70 21.0 80.4 1.07 4.37 86 2y B 13 F :
1" 19.1.70 11.5 42.9 0.7 2.45 3N 25 4B 1 E 1 ?
12 24.1.70 17.0 34.2 0.59 1.86 20 25 o8 16 8 s
13 25.1.70  Measurement gbandoned - meter not functioning correctly
14 31.1.70 16.5 30.5 0.47 1.66 14 2, a8 16 R :
15 10.2.70 17.0 42.9 0.67 2.3% 29 o2y i 16 F 1
16 12.2.70 17.0 35.6 0.53 1.90 19 2, o8 16 5 :
17 22.2.70 15.5 24.1 0.36 1.24 8.7 iy oD 9 8 .
18 28.2.70 14.0 21.5 0.27 1.00 5.9 2y 8 9 8 il
19 3.3.70 14.0 19.7 0.24 0.91 4.8 2, 8 13 & : '
20 7.3.70 14.0 18.4 0.21 0.82 3.8 225 2B 12 R |
21 14.3.70 14.5 20.1 0.24 0.89 4.8 2, .8 14 8 2
22 19.3.70 16.0 27.6 0.46 1.43 13 250 10 F :
23 21.3.70 14.0 19.9 0.28 0.92 5.5 2, 8 13 5 :
24 28.3.70 18.0 57.1 o.77 * 3.17 44 o2, 4B 17 F ‘
25 4.4.70 15.0 24.2 0.38 1.18 9.3 2y 48 14 8 g
2 19.4.70 16.0 29.0 0.43 1.39 12 2, .8 15 ’ \
27 26.4.70 15.0 26.0 0.41 1.33 1 o | 14 F i
8 3.5.70 16.0 28.5 0.44 1.48 12 2, .8 15 ’ |
2 17.5.70 17.5 53.2 0.74 2.90 39 .2, .8 11 F ‘
30 31.5.70 17.0 32.9 0.49 1.7 16 .2, B 15 s i
3. 5.7.70 28.0 115 1.66 5.69 191 2, 8 13 . 1
3 5.7.70 21.5 12 1.62 5.52 181 .2, 8 13 P y
3 6.7.70 0.5 83.3 1.07 4.34 89 o2, o8 20 P y
34 6.7.70 20.0 8.2 1.13 4.13 88 6 13 R |
35 23.8.70 16.0 24.7 0.27 1.10 6.6 «2; 8 15 e §
» 25.10.70 18.5 58 0.95 3.44 55 .2, 8 16 R '
k1 13.12.70 17.5 47 0.68 2,58 32 2B 11 ] 1
k] 20.12.70 20,5 Bo 1.10 4.36 88 .2, B 13 ¥ ;
e
# am aso 54.7 :':: g i et * : :
42 24.1.7 17.5 43‘4 o. > = s . . ;
# .52 2.18 22 2, 48 1 i//
- Due to rounding of figures for publication the caloulation
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APPENDIX A-4

Day Dec. Jan., Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Ja
! 498 150 5.2 134 1.3 167.0 467 8.5 10.0 103.0 18.1  95.3 1584
$ %0 153 49 M6 T 64T 418 T2 8.9 140.0  24.0  47.0 204
3 4.2 123 ' 49 16 106 350 B4 7.2 7.0 90.6 17.0 3.8 2004
* Bad| 0T T TR T 008 1T 6.5 15,8 161 - 930 1540
5 2805 16.3 4.8 T.6 111 21.9 193,0 1341 6.3 80.7 16.3 44.6 L
6 45.4 31.8 4.8 9.1 16.3 20.7 88,7 1.3 7.7 118.0 4.5 3.1 240
T 119.0  174.0 4.2 272 14,2 19.0 55.7 12,2 1.1 79.9 2.2 29.0 1820
8 140.0 93.4 4.0 38.6 46.2 45.4 45.9 52.9 7.8 1.9 65.4 34.5 1240
S . B0 M1 35 3.8 168 406 UD 141.0 6.8 8.0 35.0 26.8 1040
s TR BT O O A B 8 W0 9 3.6 04 M L
&
n 56.3 21.9 3.0 14.2 47.3 23.3 23.5 23.3 14.2 34.3 29.4 84.6 614
12 59.6 18.8 2.8 10,3 17.7 18.1 23 " Na 7.8 28.3 19.2 43.3 62 ,r
13 56.9 16.5 7.0 8.5 12.8 158 19.2 14.8 6.2, 24.4 16,0  33.1 56.i
14 64.8 15.0 4.7 10.4 9.7 13.4 17.5 12.2 7.0 20,3 24.4 27.9 @ |
i
16 3 8.6 128 31 60,6 48,9 17.0 15,5 20,3 e 18.4 17.0 22.7 40:: [
17 334 12.2 8.8 21.6  40.1 191 139 155 17.0 13.8 16.5 21.3 JTJ !
18 29.4 12,2 4341 12,3 19,0 17.2 179  15.1 3.2 21.1 16.0  26.6 b
19 28, 11,5 10,9 %9 163 12,5 18,3  11.3 231 5.9 163  42.9 4
20 51.5 25.5 9.7 5.5 10.4 26.3 10.9 21,9 8.7 14.5 34.3 25.0  74.6 kD]
!
21 44.9 22.5 9.3 4.7 16.0 15.0 1.1 16.1 T3 12.7 37.9 61.5 38.6 21«1 i
22 39.1 20.7 8.7 4.5 1.0 1, 15.0  14.0 T4 1Al #8499 32.7 25::
23 34.5 19.0 8.1 4.8 #. 12,9 28,5 12.2 8.9 125 28.5 .5 43.3 E‘ﬁ
24 .3 17.2 7.6 215 2001 33.6  14.2 127 39.3 25.4 26.3 9.9 29.0 23.,
’, 3‘013 17-9 703 45-7 12-3 le‘ 27.4 12.7 32.9 125.0 ‘5'4 32.9 27.0 25-
26 30.3 21.9 6.9 14.7 9.3 38-3 63.7 1.3 21.3 69.3 4.0 7.9 20.7 34':
27 40,9 25.7 6.1 23.2 7.9 51.5 39.3 10.7 3.0 28.3 2.5 141.0 29.9 ﬁ'g
28 36.4 21.3 5.9 42.9 10.1 35.2 26.1 10.0 29,0 17.4 20,7 56.3 33.6 ’:’3 !
d, B e et TN 99 M BT ST NE TR we 79 16.1
30 26.1 14.2 - 1.8 10.4 19.4 Nn.7 10.3 14.7 56.0 3.3 9.0 76.6 1 1!
o Bl AN SN [ RN S e Sl S o
+  MONTHLY SMuRTES
:; :b:- 1364 648 348 535 805 918 1019 €89 597 1461 1052 1329 z
! na s o (0 LS TS Y R »4
s ..;. 23.8 12,5 6.1 96 141 165 17.8 12.0 10,8 25,5 19,0 23.2 .1
= u. :.24 2.7 133 202 300 364 392 REL- BN Se . iae ls.e 10.“
’) '.‘o «03 2.86 1.54 2.3 3.56 4.06 4.50 3.04 2.64 6.46 4.‘5 5.81 ‘;“
u 210 1283 689 1059 1594 1818 2018 1364 1182 2893 2083 2631 _/
Aemal "'llim Calendar Year 1970
’; 2908 Conversion factors used:-
e o8] B —
ousecs per 8q. mile 3'5 = 8.4 8q.
. runoff inches «J0 One inch Tunoff - aore-feet
in it One acre-foot - mﬁmoo daym
m—% One M.G.D. 508 8 Gupes duye
Notes= N.i. = not sveil”
=55 - L




APPENDIX A-5

RIVER GAUGING STATION HISTORY TO 28.2,71
HUE : S. Permandi at M27%
GRID REFERENCE WN 197-107 CATCHMENT AREA t: 9,1 sqs miles
ACCESS  +
1) From Johor Baharu to M27} (just outside Kota Tinggi) on the Kota Tinggl/Mersing Road.
2) Station is about 100 yds from the main road, on the left hand side when going in the
direction of Mersing.
3) Tere is a small foot bridge about 10 ft. from the recorder.
4) The road is sealed and a car can be used for transport.

mgmmmsmmm t

1)
2)

48 measurements during period 20.12.69 to 24.1.71.
Range of discharge measured; 4.3 o/s to 218 o/s.

BISCHARGE CONTROL. 1

1)
2)

Channel control = not tidal

Bed is sandy, and is moveable.

BN Jangs

1)
2)

6£t x & inoh water pipe with 1 ft. x 1 ft. conorete slab near the recorder.
Value on top of pipe t= 14.94 0.D. = 8 ft. on gauge.

HLSToRY/REMARs

1)
2)

3)
4)

5)
6)

7

8)
9)

Stick gauge installed 7.12.69 - still in place February 1971 (range 0-10,00 ft.)

Recorder (Negretti & Zambra pressure bulb, 0-20 ft.) installed 20.12.69 - still
in place, Pebruary 1971.

Yo problems encountered with the recorder, apart from occasional deflation of the bulb.

Low flows were measured by wading, about 100 ft. upstream of the recorder. High flows
were measured by rods, from the foot-bridge near the recorder.

Measurements were also taken of the suspended sediment load during 1970.

Future flow measurements should normally be taken at least fortnightly, and at least
weekly during dry periods.

Puture instrumentation should be wet-well/float type, oapable of operation in the range
0 = 10 ft. gauge height.

Vegetation cover is mainly mature rubber with some oil-palm,
The station was handed over to the DID as from 28.2.71, in situ, and in working order.

7



APPENDIX A-6
5. AT

m&bl:hntluhnohlnpdl more measurements needed to confirm this.

Dus to rounding
the quoted

ofﬂmufumnuumthulcuhuqafum
mmnwv-qmmmu,ummmrmam.

.
Meas, Date  Surface Cross-Section Mean Gauge  Discharge  Current No. of Rising Doty
No. Width Avea Velooity  Height Meter Vertical Falling Batin
Positions Sectioms or Oarve b
Stationary |
(Foot)  (Sq. ft.) (Fps)  (Feet)  (Cuseos) arabiiol
1 20.12.69  19.0 28.4 1. 1.81 1 1]
2 20,12,69  19.0 28.7 Herd 1.80 :n - 9 : '
3 27.12.69  18.0 23.0 1.40 1.57 32 .2, .8 8 ¥ '
4 3..70 16,5 1.5 1.42 0.89 16 s 10 ¥ :
5 4 .1.70 17.0 11.8 1.26 0.86 15 2, .8 16 8 : ’
6 4 .1.70 17.0 12.1 1.30 0.86 16 2, .8 10 8 :
7 6 .1.70  20.0 44.8 1.43 2.57 64 2, 8 12 R '
8 6.1.70  20.0 42.9 1145 2.59 62 .2, .8 11 ¥ :
9 7.4.70  23.0 99.7 1.76 5.15 175 2, .8 13 R :
10 7..70 255 121.0 1.80 5.99 218 2, .8 13 B :
P 101,70 19.0 39.4 1.46 2.43 57 2, .8 1 ¥ :
12 17.1.70  18.0 23.3 1.39 1.41 32 2, .8 17 R :
13 19.1.70 16.5 17.9 1.50 1.16 27 .2, .8 10 8 :
+14 24.1.70 16.5 12.8 1.09 0.80 14 ‘2' 8 16 8 :
45 25.1.70  17.0 12.4 1.04 0.77 13 & i 16 s :
+16 31.1.70 17.0 12.8 0.91 0.77 12 2 8 16 R :
17 1.4.70 1700 12.8 1.23 0.77 16 "l 16 5 H
18 10.2.70 17.5 26.7 1.45 1.66 39 2, .8 16 8 i
19 12.2.70 18.0 21.8 1.46 1.30 32 2 8 1 ¥ .
+20 21,270  16.0 1.1 0.93 0.58 10 Tl " E !
+21 22,2.70 16.0 10.3 o. 0.55 8.8 2, .8 % 8 l
22 23.2,70  15.0 9.6 1.09 0.50 10 o s :
23 28.2.70 15.0 8.2 0.94 0.39 7.1 6 5 8 |
24 Ditto 14.5 8.4 1.05 0.39 ; 6 4 8 1
25 3 .3,70 15.0 1.4 0.79 0.34 5.9 6 A ] {|
26 743,70 145 6.5 0.69 0.30 4.5 ‘6 i s ]
27 14.3.70  15.0 7.6 0.68 0.30 5.2 6 i s 1
28 19.3.70  15.0 8.8 0.82 0.39 7.2 ' % S g
29 21.3.70  15.0 6.9 0.63 0.28 4.3 6 A s 1
30 28.3.70 16.0 12.5 1.16 0.67 * : br r 1
A 4 .4.70 16.0 9.5 1.09 0.48 10 € 2 R i
2 19.4.70 16.5 12.5 1.26 0.75 16 < - 8 1
33 26.4.70 15.5 8.9 1.24 0.51 1 - 3 s ]
34 3 .5.70 15.0 8.4 1.10 0.42 9.3 = 1 F J
35 17.5.70 18.0 3.2 1.48 1.86 4o sy " ¥ !
mgg ? ;;g 2;.:5: 175.0 1.32 6.98 231 ':: .8 :; ¥ ;
. ¥ 154.0 1. 5 gy
38 6 .7.70 18.0 71.9 1.;2 ggg 2:3 258 '2 v )
39 6.7.70  18.0 69.8 1.46 3.47 102 2, .8 1 R ’
40 23.8.70 16.0 12.0 1.25 0. 15 0 5 5 3
4 15.11.70 15,5 26.0 1.61 1.60 42 2 's.a < ¥ |
42 22.11.70  16.5 41.0 1.61 2.40 66 2, 8 4 ¥ |
4 13.12.70 16,0 35.0 1.54 2,02 54 2 8 44 ¥ )
1; 2::;3 13.;) 60.0 1.63 1.59 98 2 8 :? ? i
a2, 14. 17.3 e A B ’
:6 10.1 n .3 40.0 1.$ 2.90 7 z."a 10 : i'*{
o g 24.0 e |
< Y i SRS L R SOk : "
s . . o2, 8 14 8 _4_/
Hotes (1-) = meter used for these measurements was faulty; hence ignore Velocity and Discharge.
(:) long grass fouled the meter propellor; true discharge greater than that shown.

-8 o
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1969 1970 o |
Day Dec. Jan.  Feb.  March April May June  July  August Sept. Oot. Nov Dec. o |
1 21.0 16.8 62 10, 9.1  244.0  54.1 8.9 16.7 120.0 25.4 125.0 246
2 18.6 139 6.0 14.5 7.9 84.4 52.1 10,1 16.1 250.0  30.7  T4e9 0
3 6.6 11,1 6.0  11.0 8.4 59,3 6245 11.3 | 43.00 95.1 22,3 662 3100
4 15.4 12,0 6.2 8.9 7.0 47.8 119.0 2.2 12.0 69.3 20.3 T8.2 1824
5 4.8  13.0 5.0 16.4 29.8  45.3 321.0 161  13.0 90,1 17.5  52.7 e
6 B 4.6 43 125 28,7  48.6 106.0 16.4 15.6 94.6 28.5  50.1 i
7 180.0 211.7 5.3 27.0 374 50.9 82.8 13.3 13.3 83.5 28.5 48.6 20
8 122,0  85.0 5.3  30.4 9.7 109.4 68.7 90.1 10.8 T1.8 4.4 39:9 ‘ﬁ':
9 147.0  51.0 44 2.9  %.6  89.1 57.0 201.0 10.8 S57.6 28.7 45.8 108
10 703 40.6 44 180 43.8  €0.2  46.9 50.6 10.8  50.3 26.8  T4s9 e
1 54.8  35.9 2,2 13.0 #1.0 46.4 41.6 40.2 10.8 46.1 25.4  93.7 ﬁ::

12 2.7 35 67 153 21,0 37.7 4.6 349 104 405 20.9  60.8
13 413 8.7 8.6 1.8 230 2.3 N8 285 1.3 6.0 240 553 i
14 4.5 248 4.8 167 203 30,1 29.3 23,7 27.9 32.9 24.0 51.4 ﬂ:a
15 28 2.4 40 460 210 203 2.2 9.4 265 28,7 285 41,0 ;
16 3.0 20,6 101 56.1 46,6 26.8 22.3 2.6 15.0 33.8 39.7 354 ‘:j
17 30.8 19.2 142 27.3 524 245 21.2  29.3 53.0 34.1  54.0 341 %)
18 27.5 18,9  13.7 20,0 3.8 22,3 23.4 29.8 43.3 3.5 42.5  34.3 | q
19 25.8 15.5 TsT 16.1 279 18.4 23 22.6 27.0  44.7 46,1 43.0 9:5 |
20 37.7 23.8 12.0 Je3 . M 265 16,7 21,2 18,6 23T M6 3.6 9 . {
2 366 2.8 N5 4 14T 200 167 2001 16,1 21,7  29.6  148.0  48.1 ﬁ g
22 33.8 19.7 104 4.1 19.2 15.6 31.8 20.3 15.8 20.1 25.7 65.9 40,2 5 )
2 3D 1743 . 96 4.3 25.4 385 AT 170 254 181  26.2  53.2 363 24
24 M4 16.8 9.8 186 16,1  39.9 31.3  15.0 4.9 55.8 24,0 50.7 M 4
25 35,2 16.1 9.8 21.2 12,6 3N 326 145 26,5 183.0 59.0 47.5 335
1
% 3NS5 26 T2 1.3 96 65.9 6.3 13.9  27.6 106.0 33.2  69.6  30.7 m
21 36.6 a1 5.0 16 8.9  68.7 27.6 12.2  3B.0 52,4 28,5 129.0 6.3 o
28 3.6 25.0 5.0 16.1 9.8 54.4 374 122 270 408 5.1 58.2 18.8 )
3y 288 204 = 1040 153 394 350 125 237 360 24,2 45.8 %3 |
: 26.2 18.5 - 98 156 3.5 61.4 12,2 22,0 37.7 29.0 50.7 B4.6 &
23.6 16.6 - 15.8 - 844 9.8 18.4 -  19.8 - 544
0 wa w
= oo 1303 795 261 561 1125 1470 1404 1005 952 1709 1370 1671 o
o «A. 42,0 28,4 8.4 18,7 36.3 49.0 45.3 WA HNT B 45.7 539 i
%) ¢ 22,7  15.3 45 104 19.6 26.5 24.5 17.5 17.1  29.8 24.7 291 108 |
. '.‘. 4.62 312  0.92 2.05 3.99 5.3 4.98 3.5% 3.48 6.05 5.02 5.92 ¥
o ‘- 2432 3.25  1.07 229 459 6.00 5.73 4.0 3.89 6.98 5.59 6.82 o
Ske 2580 1574 517 1111 2228 2919 2780 1990 1885 3384 2713 332/
Al Sumnarys Calendar Year 1970
A) Total
3 Moan cusecn 1366 .
M.C.D ’
) x 20,12 Catchment Area = 9,1 sq. miles
~ Mean cusecs per 8q. mile 5;:?5 g inch mﬂrm = 485 .gn-rnt
?) Total runoff in acwecfeet One M.G.D, L s - e
- 58 - Notei- N.A, = N0t &




APPENDIX A-9
RIVER GAUGING STATION HISTORY T0 2.&:2:1]

TOE S. Linggiu at Road Bridge
1D REFERENCE WM 924-255 CATCHMENT AREA : 112 sq. miles
ACCESS ¢

1)
2)

3)
4)
5)

From Kulai, then through Fraser Estate.

Keep following the "main" roed when travelling through Fraser Estate and ignore "minor" forks.
Do this regardless of what apparent direction these roads appear to take.

Cross S. Sayong, S. Pengelli, then travel for another 7 miles to S. Linggiu.
Recorder is about 50 ft. upstream of the road bridge, and is on the left bank,

From Fraser Estate the road is unsealed. It is mainly a logging road, and a landrover is
required for transport.

2)

38 measurements were done during the period 14.1.70 to 17.2.71.
Range of discharge measured; 83 c/am to 1420 o/a.

w ]

1)

Channel Control - bed is sandy but stable.

m_-m 1

1)
2)
3)

6 ft. x % inch waterpipe with 1 f£t. x 1 ft. conorete slab about 10 ft. from the recorder.

Value on top of pipe = 13.34 gauge height based on 0-6,66 staff - (see note 1 below).
TEM - not tied to 0.D.

w:

1)

2)
3)
4)

5)
6)

1)

8)

8) Stick gauge ingtalled on 7.1.70. It was raised 2 ft. on 21.1.70 - still in place
Feb., 1971, and TBM values given above, corrvespond to this latter position -
(Two sections;
M.“ ﬁo
and 6,66-13.33 ft.

b) On 17.2.71 there was found to be a datum difference between these two sections, such

that "reading on top stick - 0.12 = reading on bottom stick"., This was not oorrected

and the THM value is based on the bottom stick (0-6.66), as all recorder charts were set from this stick.
Recorder (Negretti & Zambra pressure bulb, 0-20 ft.) was installed 7.1.70 - still in place Feb. 1971.

Apart from occassional deflation of the bulb no problems were encountered with the recorder.

%) low flows measured by wading 811 measurements were done at &
b) Medium flows measured from a boat using wading rods Q&“:"gﬁhﬁmﬁy?
©) High flows measured from & boat using a winch &ukontmthoﬂdﬂbmkm

hm-mmtnchmldbomnlmtmmmth.

Pature instrumentation should be a Leupold & Stevens float type with a wet-well, capable of
Operation in the range 0 to 25 ft. gauge height, and installed on the right bapk near the bridge. (because
of access difficulties to the left bank during flood periods)

"Ohtl.oncmzh1&pmm.l‘wh. There are tin mining operations in progress on the 5. Tempenis,
upstream of the present gauge.

The station was handed over to the DID as frem 28.2.71, in situ, and in working order.

- 59 -



APPENDIX A-10

Discharge  Current Fo. of Rising Deficki
‘h:..l. Date  Surfase mguon '.mw mt M‘.:fm ;::S::-l ndlulcins o::‘."l
Stationary
(Feet) (sq. £t.) (Fps) (Peet) (Cusecs) (R, ¥ or 8)
“ 14.1.70 9 245 1.98 4.55 485 5 13 R : |
42 14.1.70 79 261 1.89 4.56 495 5 14 B 1
+3 21.1.70 80 195 1.53 3.67 299 2, 8 15 r :
+4 21.1.70 80 197 1.51 3.64 297 e B 15 F 1
5 28.1.70 80 235 1.66 413 M 2, 8 15 r .
6 28.1.70 82 253 1.49 4.08 378 2, 8 16 ¥ il
7 4.2.70 80 169 1.30 2,99 220 2, .8 15 3 ;
8 4.2.70 80 169 1.28 2,99 216 2, .8 15 8 :
9 11.2.70 8o 211 1.68 3.87 355 o2, 8 15 F ;
10 22.2.70 ] 109 1.22 2.56 133 a2y B 14 ¥ :
1" 25,2.70 i 110 1.10 2.42 121 o208 15 § 1
12 25.2.70 7 109 1.15 2.42 125 Tl 14 5 :
13 4.3.70 75 92 1.06 2.23 98 .2, .8 14 8 i
14 11.3.70 76 88 0.94 2.01 83 2 14 8 i
15 22.3.70 m 127 1,07 2.52 1% 2, a8 15 R ‘
16 25.3.70 8 257 1.57 4.26 403 .2, 8 15 R g
17 8.4.70 80 427 2.15 6.54 920 wlyieh 15 R i
18 18.4.70 8o 424 2.46 7.68 1045 oyud 16 F .
19 19.4.70 79 299 2.56 5.82 765 .6 15 F 1 '
20 22.4.70 81 227 1.83 4.20 415 2, .8 16 3 g
21 29.4.70 80 267 2.05 4.89 547 «2, 8 15 R i
22 3.5.70 7 335 2.30 6.2 70 2, 8 14 ’ i
23 7.5.70 78 373 2.4 6.70 873 2, 8 14 ¥ ’
24 8.5.70 4 512 2.78 8.53 1420 .6 14 R !
25 10.5.70 76 365 2.61 7.00 953 2, 8 14 8 {
2% 11.5.70 76 3n 2.25 6.2 700 9, 8 14 ’ '
27 19.8.70 17 120 1.07 2.48 128 allpiab 15 8 4
28 7.10.70 7 218 1.53 3.9 333 2, .8 14 ¥ 1
29 27.10.70 i 135 1.00 2.54 135 ay B 14 8 A
30 4.11.70 78 176 1.24 3.21 218 2, B 15 F y
N 11.11.70 78 268 1.82 4.85 487 8y 15 L '
32 9.12.70 78 208 1.50 .79 313 2, 8 15 4 ' |
13 20.12.70 75 265 1.74 4.69 462 24D 14 R 1|
34 21.12.70 79 231 1.51 4.04 349 2, 15 L4 1|
3 30.12.70 8 23 1.55 4.18 366 .2, .8 15 R il
3% 12.0.71 i 362 2.28 7.03 826 .2, .8 14 y 0|
n 20.1.71 80 229 1.45 4.2 33 o2 oB 15 r 1!
_’. 17.2.71 ] 154 1.13 34 174 % 1" L’/
it + - Gauge Heights quoted for these measurements to the

® -

same datum as all other measurements. (See Station History
Possibly the rating has changed; more measurements needed to confimm this.

Due to rounding of f
from the

charge f1gure

igures for publication the calculation of discharge
Wmnnlwmwmmwmtlyﬂthhur
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APPENDIX A-12

1970 1971
Day Jan. Peb, March April  May June  July Aug.  Sept. Oot Nov.  Dec. Jan.
1 515 217 101 298 876 991 261 145 195 295 184 617 1,660
2 490" 318 9 43 61 75 200 135 157 407 231 560 4,830
3 465' 2471 10 w9 M 2 29 1 130 651 243 449 7,900
4 MO 23 9T 3 635 40 2B = 4 691 241 530 5,600
5 525" 207 8 32 583 47 701 8 107 5 22 453 3,050
6 640* 220 83 297 883 %6 695 M9 109 48 198 356 3,030
7 880 447 82 M 85 34 B 29 12 403 325 324 3,998
8 1,146 846 81 687 1,37 298 303 1B 156 98 1,058 us 2,676
9 998 874 80 1,1% 1,196 291 22 191 20 75 1,20 4 2,030
T e, i SRR SR R T S S S SO 1,560
1 543 346 W 483 784 | 34 28 N0 w4 42 S13 74 1,136
12 M9 286 % 405 B U8y B0l U 1M A0 4z s 961
13 it b ) USSR I YRR AR R 334 283 788
ST W O e RS S e TS ey s 65
e TS SO I N N0 08 e gk e 30 5%
AR AR BT a0 s s e as 201 225 301 o
oo e o s ter R R TR E Y O SR S S (R bl
ISR ATNSE. S L NERAN (A s e g -t o 592 225 454
el o B B e AR ST S TR R SO S0 A ol
R B A 6 ok 198 N s i 242 415 L
21 PO MDA Wiy T ek s 3 420 3%
2 ool A L R B SO T e 148 731 292 36
23 240 135 180 8oz 366 256 187 169 130 147 853 238 426
24 6. IN o ows oAl am doser Ulges R Tiles 198 687 205 376
25 U R T IS R PO e R e 556 310 34
26 i L AU B S i TR il N, 183 530 334 a1
27 M3 107 219 602 849 237 151 288 183 142 554 27 332
28 B 04 m5 6T M 27 163 265 175 144 429 282 301
29 291 - IS W B s e a6 276
0 28 - S el M T TN e 213
3 27 - 00 - 1,088 - M 286 265 823 210
:;‘ W02 7,988 5,99 22,95 22,262 9,516 7,149 6,709 6,715 10,607 16,597 11,419 46,533
B . N W ew o 24 M2 553 %8 1,501
:; 244 139 104 414 388 m 125 17 121 185 299 199 81
404 2.9 1.2 6.8 641 283 2,06 1.93 2.00 3.05 4.94 3.29 13.40
B) 465 238 199 761 .38 345 231 2.2 2,23 352 550  3.79 15.43
Y) 21,762 14,232 11,872 45,453 44,019 18,842 14,155 13,284 13,296 21,002 32,862 22, 610 92,13 __~
Anmual Summary: Calenday Year 1970
3}‘ e Gy 1 Conversion factors used:-
€) wm.G.n. } 209 Catchment area = 112 sq. mile
:i Ton Ousecs Per Sq. Mile 3.45 One inch runoff = 5973 acre-feet
wx :: m “.T, h m M = 1. " “i"
_Tota , acre-feet 279449 One M.G.D. = 1.85




APPENDIX A-13
RIVER GAUGING STATION HISTORY TO 28,2.T1

BAE 1 S. Sebol at Road Bridge
GRID REFERENCE : WM 892-231 CATCHMENT AREA : 8.6 8q. miles
ACCESS

1) From Kulai, then through Fraser Estate.

2) Keep following the "main" road when travelling through Fraser Estate and ignore "minor"
forks. Do this regardless of what apparent direction these roads appear to take.

3) Cross S. Sayong, S. Pengelli then for another 4-5 miles to 5. Sebol.

4) There are two wooden bridges about % mile apart, both over approx. the same size channel.
The Sebol is the second (i.e. closest of the two to Linggiu).

5) Recorder is about 100-150 f£t. downstream of the bridge, on the right bank.
6) From Fraser Estate the road is unsealed. It is mainly a logging road, eand a landrover
is required for transport.
QURRENT METER MEASUREMENTS
1) 23 measurements were made during the period 10.5.70 to 17.2.71.
2) Range of discharge measured; 3.5 o/s to 558 ¢/s.

DISCRARGE CQVTROL, ©

1)  Channel control - bed is sandy but fairly stable.

m:
1) 6 f%. x % inoh waterpipe with 1 ft. x 1 ft. conorete slab about 3 ft. from the recorder.
2) Value on top of pipe; 9.07 gauge height.
3) TBM - not tied to 0.D.

ELITORY /REMARKS :
1) Stick gmuge wes installed on 9.5.70 - still in place Feb, 1971 (range 0-10.00 £t.)

2) Recorder (Negretti & Zambra pressure bulb 0-10 ft.) installed 20.5.70 and removed 1.7.704
then reinstalled on 23.9.70 = still in place Feb. 1971,

3) Rats chewed through the tubing on ame occasion - apart from that, the only trouble was
with occasional deflation of the bulb.

4) lﬂmlnwwumlelqmbndp.tﬂnmmuh. High

5) Future flow measurements should normally be done at least monthly, and at least weekly
during low flow times.

6) Future instrumentation should be a wet-well/float type, capable of operation in the range
0=15 ft, gauge height.

7)  Vegetation is 100 percent jungle.
8) The station was handed over to the DID as from 28,2.71, in situ, and in working order.



APPENDIX A-14

Neas, Date  Surface Cross-Section Mean Gauge  Discharge  Current No. of Rising Definka
Yo. Width Area Velocity  Height : o::::zn . ";ﬁiiii‘is Fa;tms o::‘;
Stationary
(Feet) (sq. ft.) (¥pe) (Feet)  (Cusecs) (R, Pors)
1 10.5.70 15.5 74.2 0.67 4.73 49.7 o2y o8 14 F !
2 20.5.70 15.0 58.0 0.54 3.71 31.3 6 7 R :
3 9.6.70 15.5 47.8 0.31 2.95 14.8 2.8 9 8 T
4 17.6.70 15.0 56..4 0.50 3.58 28.2 02, 8 14 5 1
5 15.7.70 15.0 41.6 0.18 2.51 7.8 25 o8 14 8 :
6 22.7.70 15.0 44.9 0.27 2.76 1.9 2,8 14 F
7 29.7.70 15.5 43.7 0.27 2.63 17 2,58 9 R
8 5.8.70 15.5 45.0 0.27 2.80 12.3 . 9 R
9 12.8.70 15.5 50.8 0.38 3.12 19.5 2y o 14 3
10 19.8.70 15.0 43.0 0.20 2.63 8.6 o2y 4B 14 3
1 9.9.70 15.0 40,0 0.15 2.46 5.9 2l 14 S
12 23.9.70 15.0 40,0 0.20 2.47 7.8 27 48 14 ¥
13 25.11.70 16.0 59.0 0.54 3.75 32.0 i, 8 14 ¥
14 9.12.70 15.0 51.0 0.47 3.44 24.0 2y if 13 F
15 16.12.70 15.5 51.0 0.42 3.30 21.2 22, B 13 8
16 22.12.70 15.0 44,0 0.29 2.88 12.8 2, 8 9 s
17 23.12.70 15.0 41.5 0.24 2.76 10.1 250 9 5
18 30.12.70 15.5 7.4 0.74 4.58 52.8 o2 B 15 R
19 B T 80 214 1.89 9.75 406 .6 10 R
20 3.7 400 335 1.66 10.86 558 2, 8 21 ¥
21 441 400 160 1.80 8.97 288 o2y 8 9 R
22 12,1.71 13.4 72.0 0.71 4.7 51,1 2, 8 7 o
23 17.2.71 5.3 4.9 0.71 2.13 3.5 6 10 »

s
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APPENDIX A-16

S. SEBOL AT ROAD IRITGE |
MEAN DAILY DISCHARGE IN CUSECS, CALCULATED BY THE PROJECT FROM 20,5.1970 TO 31.1,71 |
1970 197
Day Jan. Feb. March April May June July Aug. Sept. Oot. Nov. Dec. Jan,
1 O Y Sy T I VR e 59 Wike —sBillat = Aoke 180~ 2152 24:6 96.0
2 I'=x " " " " Kaks | @ " " 18.4 26.6  26.3 267.0
3 - " " n n L] " n " 2.1 237  29.4 524.0
4 " " " " " " " " " 39.5 22.4 48.0 291.0
5 . " " " " " " " " 33.9 20,0  49.7 178.0
6 " " " " " n " " " 29.7 20,5 33.7 181.0
7 " " " " " " " " " 25.5 20.3 11.9 280.0
8 " " L " " " n n " 23.4 23.1 29.7 157.0
9 " " " " " 14.6 " " " 25.3 22.4 24.5 122.0
10 » " " n " 16.6 n n " 28.2 19.6  20.5 83.0
L]
1" " " " " " 33.5 " " " 29.5 18.2 18.4 62.0
12 " » . - . 52.5 v " " 28.6 19.8 16.9 3.8
13 * 3 " " . (5 ¢ " » 24.7 144 17.3 44.0
14 " I 5 " " 25.3 " " 1.2 134 29.2 38.3
15 " " " " " 21.4 v " " 18,2 11,5 28,0 33.9
16 " o < " - M3 " " " 5.1 131 24.4 30.1
17 " " " " " 25,2 " " " 13.3 18.9 17.3 27.0
18 N o " " n 8.9 " " 13,30 22 167 24.5
19 E o " " " 16,7 " " " 10.4 36,0 22.4 2341
20 - » e " 21,8 11810 » " " 9.2 63.8 20.5 20,9
21 " " " " 42,0 19,3 " " 8.6 50.2  17.8 18,5
22 " " " " 3B.7 176 " " 10.6 41.6  14.6 16.5
23 " " " " 28,0 18,7 v " 65 5.3 IS5 1Y 15.5
24 " » " . 3%.4 16.0 n " 76 - 20.7 . 3.9 15.3 13.7
25 " " " " 136.0 13,3 " 13.9 23.0 29.0 59.9 13.0
2% " " " " 129.0 12,2 n " 11.0 19,1 28.8 91.0 149
27 " " " » 6.4 12,4 " 9.5 14.8 37.7 55.4 14.4
28 " " " " 54.8  10.6 v " M7 13,7 3.7  54.8 12.8
29 » " " " 455 1.0 " 1.2 16,9 280 43.5 1o
30 g : " » 9.0 157 " " 1.5 2.9 (237 45.7 10.1
3 " " " " 34.3 - " " - 2,2 - 48.7 8.8
)t 641 797 988 2671 |
» 20 % - 8 |
% M 14 16 4
i 2,32 3.02  3.60 10,00
E) 2.77 3.44 4.27 11.54
») 1269 1578 1956 588 ___—~
Annual Summary: Calender Year 1970
+
3 R e Conversion factors used:-
$ — N.A. Catohment area « 8.6 8q. miles
2 w&ﬂu per sq. mile N.A. One inch runoff = 458 acre-feet
,mm:m N.A, One more foot = 1,98x Cusec days
acre-feet N.A. One M.G.D. = 1,85 Cusec days

4 Notes- N.A. = Not &

-

1
>



APPENDIX A-17
RIVER GAUGING STATION HISTORY TO 28.2,71

NAE - 5. Pengeli at Road Bridge
GRID REFERENCE : WM B47-195 CATCHMENT AREA 1 57 8q. miles
ACCESS :

1)  From Kulai, then through Fraser Estate.

2) Keep following the "main" road when travelling through Fraser Estate and ignore
"minor" forks. Do this regardless of what apparent direction these roads
appear to take.

3) Cross 5. Sayong and drive about 2 miles to S. Pengeld

4) TRecorder is on the left bank, (about 20 ft. from the road) on a bend in the river,
which is about 100 ft. along the road from the bridge.

5) From Fraser Estate the road is unsealed. It is mainly a logging road, and a landrover
is required for transport.
m—ﬂw :
1) 22 measurements were done during the period 28.1,70 to 22.12.70.
2) Range of discharge measured; 30 c/s to 303 ¢/s.

DISCHARGE CONTROL

1) Channel control - sandy but stable bed.

BENCH MARKS :
1) 6 £t. x % inch water pipe with 1 ft. x 1 ft. concrete slab near the recorder.
2) Value on top of the pipe; 11.62 gauge height.
3) TM . not tied to 0.D.

ELSTORY /ReMARKs +
1) Stick gauge was installed on 22.2.70 - still in place February 1971 (range 0-10,00 ft.)

2)  Recorder (Negretti & Zambra pressure bulb, 0-20 ft.) was installed 22.2,70 and removed on
7.1.71 after the flooding in Jamary 1971, It was reinstalled on 12.1.71 - still in
Place February 1971.

3) N trouble was encountered with the recorder apart from complete submergence in Jamary
1971 flood, and occassional deflation of the bulb.

4) A1l measurements were done by wading, for which 7 ft. gauge height is the limit. At this
height it can be done, but with some difficulty due to the depth and velocity. The
measuring section is about 50 ft. upstream of the road bridge.

5) Tuture measurements should normally be done monthly; and weekly during dry times.

6) Future instrumentation should be Leupold and Stevens float type with wet-well, ocapable of
operation in range 0 - 20 ft. gauge height.

7)  Vegetation cover is 100 percent jungle.
8) e station was handed over to the DID as from 28.2,71, in situ, and in working order.

o B



APPENDIX A-18

R R SRR il R e s xS
Positions Sections o tfm Curve B
(Peet) (sq. ft.) (Fps) (Peet)  (Cusecs) (R, 7 or8) |
1 28.1.70 39 124 0.75 433 9 .6 13 8 !
2 4.2.70 39 103 0.78 3.96 81 2. 12 ] 1
3 11.2.70 39 140 0.86 5.06 120 .2, .8 12 s :
4 22.2.70 3 8 1.1 365 54 .2, .8 17 5 !
5 24.2.70 36 46 1.08 3.56 50 2, .8 17 8 ;
6 24.2.70 36 46 1.08 3.56 49 2, o8 17 8 :
7 25.2.70 36 45 1.07 3.53 48 #2, 8 17 8 '
8 4.3.70 35 37 1.05 .33 39 2, .8 16 ¥ ‘
9 4.3.70 Measurement abandoned =- meter not functioning
10 11.3.70 35 30 1.00 3.08 30 By 48 17 8 :
11 16.3.70 35 40 1.13 3.43 45 2, 8 17 ¥ :
12 20.3.70 49 182 1.52 6.88 271 o2, 8 " F :
13 22,3.70 42 113 1.19 5.20 134 w2y .0 19 8 1
14 25.3.70 41 92 1.19 4.72 110 Fy 5 13 E :
15 8.4.70 46 163 1.46 6.26 239 2,58 18 F :
16 29.4.70 50 202 1.50 7.07 303 o2, B 18 R :
17 15.7.70 40 106 1.15 4.88 122 2, o8 16 8 ;
18 22.7.70 44 135 1.21 5.44 164 2, 8 14 R :
19 19.8.70 4 98 1.09 4.66 107 2, 8 19 8 :
20 9.9.70 39 80 1.03 4.16 82 2, 8 15 8 ;
21 21.10.70 39 16 1.12 4.16 85 A 14 8 :
22 22.12.70 42 99

1.32 4.90 3 2, 8 12 8 ‘/

- 66 -
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APPENDIX A-20
AT ROAD BRIDGE

1970 bl
Day Jan. Feb.  March April May June  July  Aug.  Sept. Oct. Nov.  Dec. Jan.
1 4 110 400 185 161 136 90 134 127 395 438
2 42 158 330 147 136 130 83 163 198 324 1020
3 43 145 310 144 165 30 4 M2 25 298 2110
4 42 134 290 127 198 266 68 294 200 234 2550
5 4 10 M 1T Wl e ™ 243 153 19 2030
6 ¥ 122 251 114 545 222 80 223 136 169 2070
7 % 151 292 108 81 182 89 178 133 159 2060
8 3% 215 413 99 266 163 87 176 235 160 1380
9 % 281 460 100 214 194 % 182 356 148 900
10 B B M 19 20 20 7 159 242 141 640
1 3 40 303 293 18y 226 90 160 184 126 491
12 0 237 258 256 487 227 80 117 156 126 393
13 27T 24 170 1% g 2 .48 1% 125 357
14 86 20 21 140 4y 151 110 139 125 186 n
15 5% 20 190 121 449 16 130 129 15 197 2m
16 T 36 200 127 109 43 8 103 122 174 252
17 165 354 187 125 107 122 72 93 121 141 235
18 §9 3 % 10 1y s 95 8 117 127 218
19 5% %3 209 q01 139 105 85 84 34 161 198
20 284 7 289 106 132 95 76 81 380 162 192
21 o BN R G B 86 75 80 307 135 m
2 133 308 208 123 qss 80 70 103 402 128 166
23 WD W W e NN e s 160
24 54 106 41 ¥ 109 123 40 60 137 523 143 159
25 W T W W s 9 59 129 449 352 150
2% 47 N 4R 2 1y gy 9% 64 112 32 3y 155
27 46 NN W 66 9% 291 304 155
28 46 B2 188 110 g4 101 64 87 259 294 bk
29 126 294 176 408 18 105 86 140 214 237 134
30 126 460 164 139 15 12 3 69 199 oy 13
3 118 167 154 98 W . 268 127
¢ MY Sheuarss
s W24 %00 06 39 smy 458 2458 46% 1316 6322 20,445
> o T e B B T R 150 244 204 &0
s SO W R g 8 132 10 1
%) 193 484 465 233 3.4 2.56 144 263 428 .38 11.58
n 223 539 534 2.5 398 294 160 3@ 4 42 13.32
— ST82_ 16,394 16,248 7871 10,800 S946 4361 9119 14,486 12,518 40481 -
)" Total Cugec e 5
B :::nu-... Mok Ws-
4 N.A. Catohment area i
: Mean Cugeo '.:n 8q. mi :4. : inch runofs : % .qnuuol;:.t
I inches oA, acre foot - 4
'___W Tunoff in acre-feet N.A. One M.G.D, - Ié’?‘ Mma:um
Note:~ N.A, w Not Available
- 67 =




APPENDIX A-21

RIVER GAUGING STATION HISTORY TO 28.2,71

BAME S. Sayong (Lower) at Road Bridge
GRID REFERENCE : WM 826 - 178 CATCHMENT AREA & 166 8q. miles
ACCESS +

1) From Kulai, then through Fraser Estate.

2) Keep following the "main" road when travelling through Fraser Estate and ignore "minor" forks.
Do this regardless of what apparent direction these roads appear to take,

3) 5. Sayeng is about 7 miles from the Fraser Estate main buildings.
4) Recorder is about 100-150 £t. downstream of the bridge and is on the left bank.

5) From Fraser Estate the road is unsealed. It is mainly & logging road, and a Landrover is
required for transport.

SURRENT METER VEASUREMENTS 1
1) 21 measurenents were done during the period 24.2.70 to 18.1.71.
2) Range of discharge measured; 49 o/s to 7270¢/s.

bis CONTROL

1) Channel control - partly controlled by the bridge which is constructed over probably six
collapsed bridges, all of which are still in place under the latest one.

2) Ded is sandy/muddy - fairly stable,
m;m [
1) 6 ft. x & inch waterpipe with 1 ft. x 1 ft. concrete slab about 3 ft. from recorder.
2) Value on top of pipe, 13,20 gauge height.
3) T - not tied to 0.D.
mm :
DU M St T (o B )t ey et v
of water at that time. It was reinstalled 10.6.70 to new position, and also lowered again.
b) No TEM was established when the first gauge was damaged, and the only datun oheck on this first

gauge is by discharge measurement comparison. From this it appears that gauge A and the
third gauge C were at the same datum. m'motthamBmLzOtt.MM.

¢) Hence:-
Gauge (A) 16.3.70 - 9.5.70 - datum assumed by discharge measurements
to be same as (C).
Gauge (B) 9.5.70 = 9.6.70 - datum established by survey:
Gauge (B) + 5.20 ft. = gauge (C)
Gauge (C) 10.6.70 = to date (Feb. 1971) = datum established by survey:
same as TEM described above (Under
Bench Marks).
?)  Beconter was installed 16.3.70 (Negretti & Zambra pressure bulb, range 0-20 £t.). It was removed
147.70, for use elsewhere, and it was reinstalled 21,10,70 = still there February, 1971.
3)

&‘mmumth.mmm-hwhddmbynmlingohmt. During the January,
191 floods the instrument was partly submerged. Apart from this the only problem was with
9ccassional deflation of the pressure bulb.

4) “‘mm-unmm.butuu;wmm.mmmwm.u.mﬂm
300 ft. upstream of the bridge.
5)

Putre ingtrunentation should be a Leupold & Stevens float type with a wet-well, capable of operation
in range 0-30 ft. Gauge Height.

Puture measurements should be done at least once per month.
Yegetation cover is approximately 34 percent developed with Rubber/0il Palm; 66 percent Jungle.
8) h-utm...wmwﬂum-mza.zm, in situ, and in working order.

6)
7



AFPPENDIX A-22

o R - -~y )
Positions Sectioms Stlt::nll?

(Foot)  (Sq. £5.)  (Pps)  (Peet)  (Cusecs) nred)
; 24.2.70 a2 180 0.61 3.10 110 2, .8 16 ¥ '
2 24.2.70 42 183 0.59 3.10 107 .2, .8 16 ¥ !
3 4.3.70 45 184 0.45 2.94 82 .2, .8 16 ¥ !
4 11.3.70 @2 148 0.33 2.19 > B 15 A ;
5 16.3.70 44 194 0.69 3.40 133 2, .8 15 5 1
3 20.3.70 50 238 0.99 4.57 235 R o8 9 r 1
1 25.3.70 50 245 1.07 4.88 262 2, 8 18 F ‘
8 8.4.70 65 469 1.60 9.68 751 +2, 8 1 R ;
9 8.4.70 70 591 1.59 9.73 940 .2, .8 19 B :
10 15.4.70 57 423 1.44 1.72 610 2, +8 2 R ;
1 22.4.70 65 698 1.94 11.62 1353 24 xeB; 22 5 ;
12 Ditto 65 676 2.30 11.39 1554 .6 1" r ‘
13 9.12.70 57 351 1.27 6.51 47 22,8 13 r 1
14 16.12.70 67 515 1.55 8.60 800 2y o2, 12 ¥ 1
15 21.12.70 58 385 1.48 7.60 571 +2; 4B 14 R :
16 22.12,70 56 359 1.37 6.95 492 2, .8 13 r 1
17 23.12.70 55 326 1.41 6.65 458 D 13 F :
18 6.0.71 2220 8655 0.84 17.70 7270 Surf. 16 y 1
+9 13.1.7 66 540 1.51 10.95 814 2 8 12 s 1
+20 13.1.7 66 548 1.53 10,88 837 W2y 8 12 F :

21 «te
18.1.71 56 344 1.48 7.43 510 &8 10 R S

Hote:= + - m-mmmmmmt-mmmrem-om

measurements f -
weggnen I?l;::.thun oot in error probably the depth counter

-69_
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APPENDIX A 23

S.SAYONG ( Lower) AT ROAD BRIDE
RATING CURVE No,|

Net reliot{le — dept§ measurements /

are mord than | fodt in errof — e /
(depth clounter probably nof|set

correctly) /
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APPENDIX A-24

1970 1971
Day Jan. Feb., March April May June  July Aug,  Sept. Oct. Nov. Dec. Jan.
1 952  N.A. 530 N.A.  N.A.2  N.A.  N.A. 474 412 865
2 968 - 587 " " n " 452 695 1300
3 543 " 524 " " " " 536 an 3250
4 610 n 575 " " " " 546 744 5750
5 431 " 472 " " " " 444 699 5600
6 459 689 44 v ’ g . 4% 509 4550
7 736  N.A. 400 " " " " 548 415 3850
3 92 v 4 v " " " 509 450 3400
9 Nhe 1315 374 " " " 484 463 2850
10 n 1232 505 " " " " 464 442 2150
1 " 899 657 " " " " 395 330 1550
12 " 624 531 " " " " 312 463 1280
13 » 515 364 " " " 265 687 1160
14 " 490 308 " " " " 312 549 975
15 602 612 261 " " " " 267 692 810
16 683 723 M4 v " " " 219 13 100
17 22 2 88 413 » " " " N 125 630
18 333 750 905 349 v " " " 470 672 566
19 %2 643 1064 276 = " " " 59 619 13
20 20 695 1232 273 " " " 665 615 490
21 167 1128 1362 416 " " " 286 761 582 448
22 20 1279 12717 M4 » " " 490 2220 516 400
23 314 WA, 1122 266 » " " 568 2800 475 400
24 235 " 92 T " " " 707 1950 468 3713
25 e S o SR T » " 660 1520 11 33
26 219 . 970 229 " " n 610 1264 765 352
27 W .. 886 274 v " " 466 102 113 350
28 48 » 83 e " . " ¥ 798 705 305
29 629 . 781 250 " " " 361 619 638 271
3 726  » 698 601 n " " 500 483 622 263
3 8712 - 602 " " " 589 23 692 245
+
MONTHLY SUMMARIES
A 1,672 22,272 18,612 45,988
:; ) U2 600 1,483
1) "e 0 324 801 ;
5 2.34 4.46  3.61 8.9
2.61 4.98  4.16 10.28
) 23,110 4,098 36,851  91.05% __~
Annual Summary: Calendar Year 1970
B el Caase daye g Conversion factors used:-
B) Mean Cusecs N.A.
C) M.G.D. N.A, Catchment area = 166 8q. miles
D) Mean Cusecs per Sq. mile F.A. One inch runoff = 3 aore-feet
lg Total runoff in inches N.h. One mcre foot = 1.98x Cusec days
F) Total runoff in acre-feet N.h. One M.G.D. = 1.85 Cusec days
Notet= N.A. = Not availshl®



APPENDIX A-25

RIVER GING STATION HIS 0

RAME : 5. Bayong at layang layang.
GRID REFERENCE s WM 656-201 CATCHMENT AREA @ 38 sq. miles.
ACCESS :

1) Turn off the Johor Baharu-Ayer Hitam road at M 35, then drive 9 miles to layang layang.

2) Drive through layang layang to the JKR water supply intake compound, just before the
concrete bridge over the S. Sayong.

3) Reocorder is installed on one of the access wells on the intake pipeline.
4) '™e rcad is sealed most of the way, and a ocar can be used for transport.

CURRENT MPTER MEASUREMENTS +
1) 56 measurements were done during period 18,1.70 to 13.2.71.
2) Range of discharge measured; 8 o/s to 552 o/s.

DISCEARGE CONTROL +
1)  Mainly chamnel control. The rating is contirmously being lowered due to settling down
after a large oxbow, 100 ft. below intake, was completely cut through during Dec. 1969
flood. At low flows this eroding oxbow seoction acts as a partial weir, which drowned
out at approximately 5.6 ft. gauge height.

2) Bed is sandy and changes frequently due to the above conditions.

ZENCH WARKS

1) Bench Mark is established on the bottom step beside the pump house (on the downstream
oorner of the step).

2) Value, 9.19 gauge height, which corresponds to 75.89 0.D.

m& :
1) Stick gauge was installed 20.11.69 - still in place Feb. 1971 (range 0 - 13.33 ft.).
2) a) Recorder (Lea) installed 21.12.69 and removed 16.5.70 (could not find the reason why

clocks stopped all the time - instrument also damaged slightly during cleaning operations
at the Intake).

b) Recorder (Munro) installed 16.5.70 - still in place February, 1971.

3)  Apart from olock trouble (which cocurred nowhere else) the main trouble was with rough
handling of float & counter-weight during cleaning operations by labourers from the
Intake staff.

4) Wnile pumping, the level in the sccess well drops sbout 0.1 ft. dus to the hydraulio gradient,
and care must be taken to correct all measurement cards after examination of the recorder
oharts, The rate of pumping is a maximm of approximately 1.5 o/s, however this is only
taken for 3 to 4 hours/day, and no allowance has been made, or need be made for this, under
present conditions, The measuring section is about 150 ft. downstream of the gauge.

5) Measurements were taken of the suspended sediment load during 1970.

6) Future measurements should be made weekly until the charmel through the oxbow has stabilised.

7) Instrupentation is adequate for the future, if omoe weekly maintenance is available.

8) Vegetation cover is 100 percent developed with rubber/oil palm.

9) The station was handed over to the DID as from 28.2,71, in situ, and in working order.

-



APPENDIX A-26

8. SAYONG é’l‘ M;m gxm

Meas . Date Surface  Cross-Section Mean Gauge Discharge Current No.of Rising
No. Width Area Velocity  Height Meter Vertical Falling
Positions Sections or
Stationary
2 (Peet) (sq. ft.) (Ppa) (Feet) (Cusecs) (R, F or §)
1 18.1.70
2 25.1.70 gg g.!i :gg g = e " -
3 29.1.70 30 3 ;i o 3 A by s
3 291,10 2 1 1.22 4.53 38 2, o8 14 s
5 2.2.70 29 2 et o 3‘3’ e 28 :
: . o2a s 28 s
? :g:g:;g gg gé 1.28 4.87 65 +2, o8 22 8
I 15290 " % 1411 4.29 29 2, .8 18 8
< 24.2.70 24 - 1.04 4.15 23 o2y o8 13 8
10 28.2.70 24 " o 3% :g s s g
" Rax, : ¥ ; 15 s
i 53}3 g’;’ 13 3.97 3.84 14 % 22 s
13 10.3.70 20 10 0.3 e " 6 e 2
A $7.3.90 9 4 . 3.64 8 6 19 i
- it 5 X 1.36 4.28 41 6 14 5
54 gt 4 - 1.21 4.19 37 2, .8 18 F
17 31.3.70 37 166 o Lo A - < g 8
18 14.4.70 37 109 :'52 ;;-4; 1322 2" 8 br 2
1 s . - - - 1
» 23‘;.;3 gI 14 1.46 6.02 166 20 18 5
o 12.3.70 54 - 1.36 4.86 85 o2, 48 16 R
22 23.5.70 3% 153 R o n sgord 4 8
23 18.7.70 3 12 i P o ye o 1 5
& - . 3 R 18
b= s.s.;g g}f 1;2 1.39 5.77 158 it 17 F
i 1.8 70 i o 1.35 5.11 116 w2yt 16 F
27 5.9 % = 5 1.31 5.41 128 308 17 r
28 19.9.70 34 65 i e o Soid % -
29 30.9.70 & 268 3-18 4.52 17 2548 16 ¥
30 6.10,70 35 93 1‘72 e 25 3 = :
31 8.10.70 3% 92 2 ] O i a 5
32 oo % ° :32 5.18 122 LY 1 8
3 13.10.70 36 9% 1'3 g8 » oo o8 " :
34 17.10,70 3 51 1.1 s = e ok - -
35 20.10.70 3 & 1-22 4.24 58 2, 8 1 ]
Pe 24,1070 % & 5 4.57 82 2.8 1 ¥
% 26.10.70 % 87 o~ 4 . i % ;
37 3.11.70 34 65 i i #2023 i g
38 7.11.70 34 i {5 5 1 s | 2 ;
39 14.11.70 33 47 1206 i i ¥e o 1 H
10 12.11.70 s 23 -6 3.95 50 2, o8 12 8
41 17.11.70 34 78 129 s " 4y H
42 2.11.70 25 226 % o A 22 . :
43 21.11.70 45 230 s oy = o 4 ’
44 8.12.70 37 142 oy 2.80 390 2, 8 17 4
45 8.12.70 39 145 Soie i 45 $o.e8 v R
46 12.12.70 38 158 g e - s & “ .
ﬂ 15.12.70 38 177 1.19 6.37 187 «2, .8 11 F
15.12.70 38 178 1ed4 6.99 2, .8 1 R
A9 15.12.70 38 176 g~ 164 — v 8 . ;
50 9.1.70 % 1.38 6.97 244 oy 11 4
51 16.1.71 37 161 s b 52 ; oo ’
52 234°7 s 5 0.92 5.57 148 o2y o8 17 b4
5 - 2 = 0.67 4.73 92 25 12 8
5 - 0.60 4.73 83 2, . 12 .
37 13 :
55 13.2.71 kx) 0.44 4.1 50 2, 08 1" 8

*
Note: wmum@.xnmnmuumy

hmuﬂmtemlmu the calculati
mmmmmmnhwqm i3
exactly with the discharge figure above,
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APPENDIX A-28

1970 197
ik Jan. Feb. March April May June July Aug.  Sept. Oct. Nov. Dec. Jan.
1 165 N 14.2 250 141 310 137 157 46 137 93 122 279
2 159 34 12.8 187 119 334 95 126 90 151 110 216 505
3 147 32 12.8 143 11 241 109 123 66 185 83 338 1250
4 148 3 14.5 116 106 184 112 137 47 206 66 241 1400
g 13.3 98 100 155 i a - T 180 82 145 1051
6 212 56 12.6 106 13 140 92 148 40 133 112 115 885
7 210 174 12.6 191 159 127 88 139 81 132 91 139 955
8 166 218 13.0 223 159 117 9% 129 69 119 94 172 76
9 152 153 11.6 218 124 132 88 183 45 99 87 153 602
10 126 61 10.5 188 87 136 88 222 43 90 84 115 436
" 109 47 10.5 130 7 12 81 B4 42 131 52 157 288
12 104 9 13.0 150 é1 98 14 466 35 153 40 214 234
13 129 3H5.5 13 203 69 86 63 320 32 125 M 209 203
14 182 2.5 117 183 7 78 55 182 42 110 42 235 179
o SIS W M e so Toe g 8 12 26) o
16 125 2.5 53 199 137 84 46 125 50 69 81 215 148
17 90 25.0 43 197 2176 125 57 110 53 64 110 168 134
18 86 23.8 46 153 512 110 186 102 122 64 200 168 122
19 93 2.6 % 163 498 73 193 95 88 101 261 161 17
20 " 24 27 187 442 65 150 88 ™ 88 294 151 110
21 64 19.0 22 211 418 75 101 83 51 67 466 118 101
2 57 184 22 210 335 58 13 70 136 63 818 110 91
23 5  18.4 21 261 273 51 263 76 289 89 742 102 9
UUES NS T b w8 2% L% e 88 555 101 8
25 46 16,6 27 319 30 s 176 8 163 13 320 106 83
26 9 166 29 39 401 123 17 82 116 10 216 95 86
27 5 16,0 151 245 410 9%5 197 8 85 % 2056 150 81
28 a1 154 oM 183 36 55 170 % 68 54 190 169 68
29 4 458 175 227 5% 139 65 209 8 146 127 60
30 37 297 17 180 130 172 69 216 98 118 124 54
kL k] s 175 - 189 4 - 104 - 143 49
O TR s o B4 S A oM 3k sem  sou 1069
B) 108 45 74 195 217 17 126 140 92 108 195 162 5
c) 8 24 40 105 117 63 68 N e 58 105 87 186
») 8% 149 1.6 54 s 308 3.3 36 242 2,85 5.5  4.28 9.01
x) <R Aol o T R R P 5,74 4.93 10.45
P 6650 2510 4511 14606 13347 6987 TIST 8614 5466 6660 n,624 9983 a1~

Armual Summary: Calendar Year 1970

12" Total Cusec days

B hnm “'1*323

D) Mean Ehou 3

E) Total Per aq. mile 3.47

Oonversion faotors used:-
Catohment area = 38 sq. miles
One inoh runoff = 2026 acre feet
One acre foot = 1,98x ocusec
One M.G.D. - 1.55 cusec

-3 -




S. Kahang (Upper) at Road Bridge.

GRID REFERENCE : WM 626-527 CATCHMENT AREA : 27 sq. miles.

ACCESS 1
1)
2)
3)
4)

From Kluang along Mersing road, and turn off to the right at M 80,

Drive about 4 miles to a wooden bridge.

Recorder is about 100 ft. before the bridge, on the left bank, about 20 ft. in from the road.
The road is unsealed but in good condition, and a car can be used for transport.

CURRENT METER MEASUREMENTS t

1)
2)

28 measurements were done during the period 25.1.70 to 30.1.71.
Range of discharge measured; 25 o/s to 341 o/s.

DISCHARGE CONTROL +

1)

Channel control = bed sandy but stable.

EENGH MARKS 1

1)
2)
3)

6 ft. x & inch waterpipe with 1 ft. x 1 ft. concrete slab about 15 ft. from recorder.
Value on top of pipe, 7.43 gauge height, which corresponds to 110.56 0.D.
The inscription on the concrete slab looks more 1like "71.3", however it is in fact "7.43".

HISTORY/RRMARIS +

1)
2)
3)
4)
5)
6)

1))
8)

Stick gauge installed 18,3.70 - still in place February, 1971 (range 0-13.33 ft.).
Recorder (Negretti & Zambra pressure bulb, 0-20 ft.) installed 18.3.70.

Only trouble with the recorder, was occasional deflation of bulb.

All measurements were done by wading rods, from the upetream side of the wooden bridge.
Future measurements should be done at least monthly.

Future instrumentation should be wet-well/float type, capable of operation in the range
0-15 ft. gauge height.

Vegetation cover is 100 percent Jungle.
The station was handed over to the DID as from 28,2.71, in situ, and in working order.

- P4 w



APPENDIX A-30

o ool e g v.mt; mt . teter v veritent Talling E‘E
Positions  Sections .
(Poot)  (Sq. f%.) (Fpa)  (Peet)  (Cuseocs) (8, ¥ or 5)
| 25.1.70 16.5 49.7 1.26 2.44 63 2, 8 12 A '
2 23.2.70 18.0 42.0 0.89 1.92 37 2, o8 8 L '
3 2.3.70 16.0 37.5 0.70 1.60 % 2, .8 10 x !
4 8.3.70 16.5 40.4 0.66 1.72 27 My B 15 8 ;
5 18.3.70 24.0 103 2.00 4.99 206 .6 12 R !
6 18.3.70 24,0 105 2,00 5.05 210 .6 1" R :
7 18.3.70 24.0 106 1.97 5.10 209 6 1" R 1
8 18.3.70 24.0 106 2,00 5.18 212 . 1 3 :
9 18.3.70 24.0 122 2.04 5.41 249 .6 12 R :
10 22.3.70 16.0 42,7 0.97 1.96 41 2, 8 10 8 1
1 22,3.70 16.0 42.5 0.95 1.96 40 2548 9 8 1
12 29.3.70 16.0 451 1.08 2.22 49 2, B8 12 4 :
13 5.4.70 16.0 38.2 0.79 1.70 30 2y o8 14 8 :
14 12.4.70 16.0 42.5 0.93 2,00 40 2, 8 1 5 1
15 18.4.70 16.5 59.5 1.51 3.00 90 .- 14 L :
16 25.4.70 20.5 67.1 1.48 3.41 99 2, 8 15 L4 :
17 2.5.70 17.0 60.8 1.28 3.00 78 o2y o8 13 R 1
18 23.5.70 16.5 43.9 0.98 2.10 43 2, o8 12 s ;
19 30.5.70 17.5 55.4 1.24 2.68 68 2, 8 12 4 ;
20 18.7.70 17.5 55.0 1.23 2.64 68 a8 15 s :
21 12.9.70 16.0 37.0 0.67 1.61 25 2538 12 5 :
22 14.11.70 17.0 48.0 1.17 2.49 56 2, .8 10 ¥ ;
23 211,70 20,5 7.0 1476 4.08 135 2y b 12 X 1
2% 5120 17.0 56.0 31 2™ Mn 2, .8 10 . 1
25 122,70 16,5 4.0 1.09 2.23 50 2, o8, 10 - :
2% 9.1.71 28,5 162 2.10 7.6 1 2, 8 13 ¥ :
n 16.1.m 25.5 96.0 1.70 4.59 163 25 By 15 ’ :
L 30.1.7 17.0 61.0 1.41 3.14 85 R 10 ¥ ol
t=  Due
T IRt
-T5 -




APPENDIX A 3I

S. KAHANG (Upper) AT ROAD BRIDGE

RATING CURVE No.l

GAUGE HMEIOHT {(TfTeer )
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APPENDIX A-32

1970 1971
o Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. Jan.
1 M 62 5 e 48 28 187 50 92 523
2 39 9 59 92 54 28 109 48 123 1265
3 3 6 52 %5 60 26 103 47 93 1460
4 3 62 48 81 68 24 104 44 92 964
5 30 154 42 85 63 28 84 40 73 48
6 40 107 4 72 73 2% 77 38 65 1010
7 8 104 38 63 55 26 76 M é1 977
8 a1 79 37 62 42 27 91 241 59 560
9 63 65 42 58 40 3% 87 183 57 395
10 50 61 4 52 44 48 8 101 55 336
H £ 58 62 48 42 30° 79 84 51 290
12 45 56 42 42 9 2 7 7 52 21
13 68 55 4 38 44 74 64 60 50 240
14 87 51 4 38 3% 75 66 62 84 214
15 6 46 ¥ W a s 57 74 62 188
16 105 52 m ¥ 46 30 49 3 53 m
17 137 68 54 36 40 58 8 203 49 164
18 83 63 4 64 35 49 50 260 48 149
19 129 84 87 42 66 2 ad 75 350 84 140
20 é1 66 63 52 80 28 55 52 234 62 136
21 a7 66 60 61 10 25 4 2 151 54 125
2 LA e RS | A et ) (e TR PO L
23 40 156 a4 4 97 61 191 46 123 46 160
24 ¥ 150 60 % 5 9 101 671 109 41 133
25 4 16 63 61 64 64 14T 144 92 7 "9
26 38 79 52 48 64 47 168 74 88 53 124
27 34 65 54 4 64 “ 105 6 100 75 116
28 57 70 56 4 56 3 89 46 81 64 102
29 52 64 74 66 56 3 150 'n 172 57 %
30 42 64 64 200 52 4 150 68 6 118 90
kY et o r 3 % 3 = 51 = 185 8
MONTHLY SUMMARIES
)t 2133 2079 1626 2121 1440 1982 2343 3343 2185 11,465
B) 7 67 54 68 46 66 75 111 70 39
¢) e S TR e B R e - 199
D) 262 248 2,00 251 1,70 244 277 401 2.59 13.66
E) 293 285 223 291 1.97 2.72  3.22 4.59  3.00 15.76
r) 4223 4116 3219 4199 2851 3924 4639 6619 4326 22,70 _
Anmal Summary: Calendar Year 1970
A Cusec :
2 Nean Cusecs = :'i Conversion factors used:-
3 M.C.D N.A. Catchment area = 27 sq. mile
‘MMp‘:w“ N.A. g::imh?mfr - 14;aommtut
) Total Tunoff inches N.A. acre foot - 1. Cusec days
?) Total runoff in scre-feet N.A. One M.G.D, = 1.85 Cusec days
Sl Foter= M., = Hot swd




APPENDIX A-33

S ON HIS! T0

HAME + S. Johor at Kg. Rantau Panjang.
GRID FEVERRNCE : WM 984-153 CATCEMENT AREA : 40 sq. miles
ACCESS +

1) Turn off the Kulai to Kota Tinggi Road, near the S. Semangar.
2) Drive past the FLDA Pukit Besar palm-oil mill.

3) Then ask directions from local residents, as there are many turns and deviations which are
not possible to simply describe.

4) The recorder is om the right bank.

5) The road is mainly sealed, however the last 3 or 4 miles the road is unsealed and is only
passable to Landrovers in wet weathex.

CURRENT METER MEASUREMENTS :
1)  Approximately 200 measurements were made by the DID from 4.4.62 to 18.2.T1.
2) 19 measurements were made by the Project from 12.3.70 to 28.2.71.
3) Bange of discharge measured by the DID; 131 /s to 12,548 o/s’.
4) Range of discharge measured by the Project; 206 o/s to 3977 ofs.
5) Thnwmﬂnat&memmmhﬂobyi&?(l)mmt1%7-m403°/lh545¢/0.

*This figure was calculated by the Project, from surface velocity measurements taken by the DID.
DISCEARGE CONTROL:
1) Channel control - bed is sandy/muddy but fairly stable.

2) From measurements taken to date there is no evidence to suggest that the rating changes, and it
appears that there is only one rating curve applicable for the period of record.
BENCH MARKS:

1) 2 inch steel pipe, with 1 ft. x 1 ft. comorete slab, about 150 feet upstream of the recarder, (om
the Right Bank by the river side of the road) - established by DID survey.

2) Value on top of pipe (quoted by DID), 33.37 0.D. This was checked, by Praject survey, from Kota
Tinggl police station Bench Mark, to be 33.18 0.D. (lblol.nt. total of closing errors in 15
miles was 1.08 ft.).

3) Project survey on 4.8.70 (from the 27.7 mark on the non-vertical stick gauge) gave the level on
the top of the 2 inch pipe as 33.33 feet gauge height.

M‘Lﬂ (because orthelengthnttinthntthialhummmmmﬂ;m,mmnm
only to some salient points, and are not intended to present a complete history)

1) a) Stick gauge installed by the DID on right bank jetty during 1962.

b) It was removed on 7.8.63 by the DID, to its present (Feb. 1971) location and the gauge datum
changed so that "the first gauge readings + 6.95 = present gauge readings".

¢) The gauge was moved closer to the bank in Sept. 1967 and the datum unchanged.
d) The gauge was knocked off vertical by the 67/68 floods and is at present (Feb. 1971) not
vertical,
2) a) Recorder (Kent float type) installed by DID on 7.8.63 - removed on 4.7.67.
b) Recorder (Leupold & Stevens float type) installed by B & P (M) en 4.7.67.

¢) The Leupold & Stevens instrument was flooded in Dec. 1967 and was reinstalled by the DID to
its present (Feb. 19T1) level in Jan. 1968.

d) The station was maintained jointly by the DID and B & P () from July to October 1967,
otherwise solely by DID.

3) Problems encountered with the recorder have been disoussed with the DID Research Station at Ampang.
4) a) DID measurements were done by wading, or from a bank operated ocableway.

b) Promt-mummwum.am.mtm.mum

¢) B &P (M) measurements were done by wading.

5) In the future, mmhmldhmatmtmﬁh.aﬂuwmmm“
made for intensive gauging during dry periods.

6) Possible improvements to the instrusentation have been discussed with the DID Research

7)  Vegetati mm1wommuu-m-tmhhhﬂw‘*3wm
uu:;:bm.um1hh,na65mto1swhﬂm

8) e station remained under DID control w*m‘lﬂ“m*-m
control. :




APPENDIX A-34

Moas., Date Surface Cross-Section Mean Discharge  Current ¥o. of Rising
¥o. Width Area Velooity  Height hl.lmcu mﬁ :;mnc o:““"h
?::t; or §)
(Peet)  (Sq. ft.) (Fps) (Foet) (Cusecs) —_—
1 12.3.70 139 197 1.05 9.60 206 o2, 8 28 ] L
2 14.3.70 140 I 1.44 10.90 534 .2, 8 28 8 !
3 7.4.70 14 126 2,02 13.53 1465 e | 29 R ’
4 11.4.70 142 1037 2.23 15.65 2318 2, 8 29 B :
5 11.4.70 142 941 221  15.50 2140 .2, 8 20 s y
6 21.4.70 145 949 2.18 15.10 2067 2, .8 29 8 :
7 23.4.70 152 1372 2.42 18.00 3315 2; B8 29 8 :
8 23.4.70 150 1330 2.40 18.05 3189 o2y A8 29 8 !
9 24.4.70 158 1500 2.48 18.67 3121 2,. 8 30 R :
10 24.4.70 158 1516 2.49 18.75 3769 2y o8 30 R ¢
1 25.4.70 160 1570 2.33 19,37 3 2, B kil R ‘
12 8.5.70 147 1258 2.41 17.45 3033 2, 8 29 R '
13 9.5.70 152 1405 2.36 18.43 3320 .2, .8 29 R :
14 20.8.70 141 454 1.73 11,50 86 .6 26 s !
15 25.8.70 138 475 1.76 11.80 836 2, 0 26 5 '
16 29.8.70 135 429 1.54 11.43 662 .2, .8 2 8 '
17 2.9.70 140 429 1.54 11.30 659 2, 8 27 8 :
18 18.2.71 143 49 1.38 10.80 481 25748 27 8 ;
19 182 138 330 144 10.80 4 2, .8 27 . ____'__,

- 78 -
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- Jan.  Peb. Mavoh  April May June July  Aug.  Sept.  Oot, Nov.  Deo.
1 2000 1160 13400 1195 3850 985 880 1270 608 510 950 105
2 2000 1055 12700 1125 4000 950 1020 1700 880 478 985 672
3 1700 880 10600 1335 4340 950 1020 1530 1440 446 105 575
4 1510 1090 8480 1300 4060 1020 985 1370 1740 446 950 4T8
5 1370 1475 6540 1405 4550 1020 845 1160. 1660 810 810 415
6 1265 1810 4500 1300 4935 950 880 1055 1510 1550 705 360
7 1265 1740 3030 1090 4500 1055 1125 915 1890 1370 608 no
8 1160 1405 2420 985 3900 810 133 810 2760 915 1020 30
9 1020 1230 2380 1230 4120 5 1510 705 2900 672 1405 266

10 880 1055 2150 1660 4715 705 1405 640 2540 515 1055 245

1 880 985 2580 2460 4935 740 1160 575 2070 478 740 266

12 740 1055 5500 2850 4660 985 1125 575 1810 446 672 %0

13 705 1230 8000 3120 4120 1090 1125 640 1700 575 575 335

14 640 1550 9610 175 3420 845 1335 672 1440 575 542 510

15 740 1440 9080 U0 2900 740 1230 740 1195 608 510 740

16 915 1160 7750 3080 2580 608 1370 175 1020 1440 478 672

17 1300 950 6050 3170 2260 542 1960 640 1195 2540 608 705

18 2110 845 4660 2850 1960 640 1660 575 1590 2340 640 672

19 2620 845 BT 2540 1740 612 1770 575 1850 1960 542 640

20 2670 740 2900 2420 1590 640 2500 640 1890 1810 478 740

21 2580 1705 2580 2460 1440 M5 2940 608 1630 1810 M6 1680

2 2420 15 2500 2580 1265 640 2540 542 1265 1475 415 5400

23 2500 845 2380 2450 1195 915 2500 640 1090 1300 ¥7 TS

24 2850 1020 2150 2500 1160 810 2620 640 985 1550 387 8500

25 2760 1550 1890 2580 1090 740 2340 542 810 1590 ¥o T3

2 2420 2460 1630 2620 985 640 2110 510 985 1440 ¥0 M2

27 2110 3800 1475 3080 915 608 2800 542 985 1230 415 8600

28 1740 6200 1770 3740 810 575 2990 446 740 1090 542 8700

29 1440 9900 1740 %30 740 510 2620 415 608 1055 740 1500
30 1230 1510 BB 672 575 2150 415 542 1020 740 6350
3 1160 1335 915 1870 510 1020 7900

MORTHLY SUMMARIES
L

A) 50700 50955 146865  TI3TS 84322 23510 53720 23372 43328 35124 20120 87780
:’ 1635 1757 418 2319 2120 784 1733 54 1444 1133 6m 28
'; 84 950  25%1 1286 1470 424 93 408 ® 62 %3 15%
“ 372 3.9 1077 5.1 618 1,78 394 1.7 3.28 2,58 1.53 6.M
5N 428 430 12,39 6.2 T2 1,98 453 197 366 2.9 1,70 T

00386 100891 290793 141323 166958 46570 106366 46277 85789 69546 39838 173804
_ ANNUAL SUMMARY: CALENIER YEAR 1964
T —
B) e cusees 2 b el Couversion Factors Used:-
g aﬂm- per mile 1011 Catchment area - 440 8q. miles
: M:.hdtln;:;hu 58, 2 :m:::ff -z;‘ggnmrultn'
Total Runoff o aore = 1,98 x Cusec
h _—— M ’m‘1 “ Ioﬂ. . - 1.“




APPENDIX A-3T7

w 1%5

Jan, Feb. March April May June July Aug. Sept. Oot. Nov. Dec.
1 9750 360 335 287 1125 950 510 335 510 510 3800 3900
2 925 387 30 542 1475 845 510 387 446 1020 3320 3120
3 U 415 266 542 1550 810 415 740 446 1335 3520 2580
4 550 360 245 478 1440 950 %0 1510 446 1195 3740 2420
5 475 135 245 608 1300 950 360 1300 542 915 575 2300
6 315 335 245 915 1195 810 310 1020 640 740 2940 2110
1 2580 335 225 950 1230 705 287 1125 640 m 2580 1890
& 285 415 225 M5 1265 640 225 985 608 880 2380 1890
9 1890 446 225 575 1660 608 208 ] 575 915 2220 1960
10 1660 387 266 575 2110 510 176 880 510 1020 1920 2110
" 1510 335 225 640 2300 478 575 1090 387 140 1700 2260
12 1405 446 25 915 2110 M6 1230 1090 310 1440 1550 2110
13 1265 1265 208 985 2000 446 910 950 310 1405 1590 2110
" 1125 1335 192 950 1850 415 575 1090 287 1630 1960 2220
15 1090 985 176 1300 1740 BT 415 1160 245 1700 2460 2300
16 1020 880 176 1265 1630 387 15 1160 287 1590 2500 2670
n 95 740 163 1055 1740 575 310 95 608 1475 210 3120
18 810 1705 151 985 2220 845 287 810 640 1440 2050 3420
L4 40 810 151 1020 2185 880 287 1055 542 1550 2580 3120
i 612 575 151 1125 2150 640 287 1160 575 1300 2340 2420
L 640 478 192 1195 2260 510 266 985 612 1300 2110 2000
2 515 415 335 1510 2030 446 225 880 845 1810 2110 1850
8 42 446 360 1510 1890 387 225 950 672 1850 2070 1920
% 478 608 387 1550 1850 446 266 1265 446 1700 2110 2000
b M6 608 266 1265 1660 608 287 1160 45 2000 2220 2110
" 415 705 208 1160 1475 608 266 950 360 2340 2540 2620
. 45 se 266 1020 1335 510 %0 810 si2 2620 2800 2760
» #5415 225 1125 1370 #/7 30 4O M 2990 3270 2540
s 387 245 1160 1440 335 266 ™5 705 3470 3740 2300
= %0 310 985 1265 a8 287 705 542 4120 3850 2030
. 360 245 1055 310 542 4285 1850

+

MONTHLY SUMMARIES
Y 6330 16068 7444 28967 51905 17992 11640 29299 15528 52760 79035 74010
ol 2043 574 240 966 1674 600 E1 s ] 945 518 1702 2635 2387
i o4 310 130 522 905 24 203 511 280 920 1424 1290
%) 464 1,30 0,55 2.20 3,80 1,% 085 2.5 1.8 389 5.9 543
®) 5.4 1.% 0.63 2.44 4,38 1.52 0.98 2.47 1.31 445 6,67 6,25
" 125393 31815 14739 57355 102772 35624 23047 58012 30745 104465 156529 146540
o ANNUAL SUMMARY: CALENDER YEAR 1965
) Mmm Days : Conversion Feotors Used:-
N = memmem 1 o R
N e sl el e sore foot = 138  Gusee e

Total Runoff in acre feet 887036 One M.G.D. = 1,85 Cusecs Day®
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- Jan.  Feb. March  April May  June  July  Aug. Sept. Oct. Nov.  Dec.
1 4000 440 148 4500 1660 1700 840 1200 540 510 2300 1645
2 10000 480 142 M“75 1850 1610 900 1160 580 484 2580 1482
3 23800 400 137 3685 1850 1490 930 1100 545 810 2340 1400
4 22000 600 132 2990 1760 1400 930 1050 505 1350 2670 1300
5 20000 670 127 2380 1660 2080 900 1020 460 1660 2710 1200
6 14000 540 123 2110 1680 2400 870 1020 420 1510 2440 1500
1 9000 410 18 1920 1660 2200 840 1020 395 1180 2300 1600
8 5000 385 125 1770 1650 2080 800 950 375 1195 2500 1500
9 4900 355 110 1550 1570 1980 90 880 %3 1335 2560 1600
10 4600 335 250 1335 1680 1600 1000 820 350 1280 2380 2420
1 4400 318 560 1300 1370 1300 1070 760 340 1610 2150 2300
12 3500 300 500 1530 1230 1195 1140 720 330 2280 1810 2100
13 27150 283 420 1830 1335 1160 1080 700 325 3030 1550 2300
14 2200 270 795 1610 1460 1530 1050 700 320 3120 1405 2400
15 2000 255 2592 1320 1720 1910 1020 900 1003 2460 1350 2280
16 1800 243 3470 1140 2030 1720 1000 1450 1506 1810 2455 2110
17 1600 233 3345 1040 2480 1610 1090 1400 1550 1440 3120 3000
18 1430 225 2699 933 3013 1405 1500 1150 1390 1180 575 3550
19 1300 218 1870 1070 2870 1230 1520 1050 1003 1020 4060 3080
20 1160 210 1405 1265 2340 1110 1600 1000 747 908 3630 2460
2 1055 20 1055 1300 2130 985 1700 940 1034 821 2940 2000
2 9%8 195 880 1265 1760 863 1600 980 1590 740 2340 1630
23 880 188 845 1140 1680 823 1470 890 1830 863 1890 1363
24 3 182 1800 1020 1530 933 1350 800 1405 1110 1550 1195
25 0 175 3850 1210 1370 950 1240 T30 1040 1440 1980 1055
% 640 170 5280 1350 1300 960 1140 700 845 1680 1940 968
27 600 165 6600 1300 1260 1000 1100 660 950 1830 1905 1195
28 565 158 6300 1230 1250 980 1080 620 a5 1850 1940 1340
2 5% 152 5000 1160 1500 900 1060 600 705 1890 2050 1600
3 500 4521 1160 1950 870 1010 580 575 1980 1928 1600
n 470 4660 1850 1000 560 1960 1680

MONTHLY SUMMARIES
A umS BTST 59865 51588 54448 41974  UTI0 28110 23956 46336  ToMB 56854
:% g:‘r‘ 302 1931 1720 1756 1399 1120 907 19 1498 2M5 184
D) 10.79 o b Shen 9 - - - v 1- 8 e i
', g :l" 4439 3.9 3.99 3.18 2.55 2.06 1.82 3.40 5.33 4.17
1) 81;” 1';; 11:;:53 RO AR w0 bR . 48 0y 2.2 300 5.4 4.80
102144 107807 83108 68766 55658 47433 gyp45 139289 11257
ANNUAL SUMMARY: CALENDER YEAR 1968
A)* Total Cuses
B e e a1 —Conversion Faotors Used:-
: &.‘.m mile 17 Catchment area - 440 8q miles
BE) Total Runoff h.knu 51,76 One inch runoff = 23466 acre feet
Total Rmnoff in acre foot 12357 One acre foot = 1,98 x Cuseo Dy
One M.G.D. = 1,85 Cusec Day
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Dy 1969
T e e e Wy Jew g b - Sepke Ot Tev.  Tee.
SRS 910 241 705 1390 1460 1125 548 3950 880 1850 1378
2 2015 618 266 558 1300 1960 985 494 3445 758 1700 1510
3 2010 548 305 47 1755 2162 1300 558 2963 723 1610 1860
é 5% 510 256 o 2102 2520 1353 558 2520 915 1475 2860
3. 1% a2 a7 6t -ewel. M AMG. - .. TP 280 130 250
€ 0 an 197 j60 60 I0EE TERNLEE TS A0 TTaeo’l 139 nos
1 243 52 187 1050 2130 3575 2320 672 2110 1125 1300 2050
5 B g8 v Uheo T aBLNRE SRS ST SUe T V.
) 2110 558 170 720 2150 2150 1890 5% 1550 1250 1250 2540
00 e s 162 ;0 770 10 2150 8§10 1310 130 100 &0
" 152 614 156 570 1740 1503 2110 494 1265 1280 1020 22600
? 1290 542 150 480 1761 1672 2015 526 1178 153 1070 22800
13 1125 441 147 %0 1390 1810 1862 863 1073 1830 968 18000
" 108 376 222 90 1148 2018 1756 1125 985 2320 950 13500
15 1003 428 206 s60 1013 2018 1538 13% 880 2580 1070 10400
L 108 567 195 g0 1188 2316 13T 140 793 2620 1090 7800
" 125 468 217 520 1013 2220 1388  15%0 758 2710 1790 5450
B 120 4 195 6o 1048 1908 1237 2005 863 3080 2185 4910
i 1342 335 188 900 1055 1590 1360 2420 880 2960 2020 5440
. 1220 337 180 1200 1440 1339 1610 2500 810 3050 1700 5440
o 985 365 172 1100 2110 1708 1550 2693 1013 3050 1460 5110
® 845 33 165 1300 2560 2252 1482 33% 1070 3370 1390 4340
o ™8 277 160 1950 2440 2150 1258 3445 1370 4120 1660 3520
M o g sed  isoo 1se0 S ABECUENE AN O
2 €1 4z s .iaco 1980 AMS 5 MBS G SNERS S ER - 10R ~O0
- 681 421 287 1300 1475 1167 845 %0 1180 4420 1550 2240
a m 299 585 1400 1420 1041 758 3370 1280 2940 1350 2110
® 1083 249 575 1040 1440 102 689 4148 1090 2420 1195 1850
= 1188 570 1530 1350 1055 656 3928 985 2170 1140 1760
» 1300 1143 1882 1188 1232 601 4088 933 2000 1090 1650
4 "2 918 1153 591 4203 1960 1570
MONTHLY SUMMARIES
VT s v2em 9103 29005 50819 58618 43895  6ON 45669 69951 42483 17453
1336 460 294 967 1639 1954 W6 1932 1522 2256 416 5595
4 T2 249 159 523 B8 1056 765 1055 823 1219 765 3024
- 3.04 1,05 0.67 2.20 3.3 44 32 444 3.46 513 2 1M
®) 349 1.09 0.71 2.45 4.29 4.95 3.70 5.11 3,85 5.90 3.58  14.64
n 82000 25491 18024 57430 100622 116064 86912 119812 90425 138503 84116 343437
_-""-———
1w
_ Conversion Factors Used:-
» '::1 m Days sa;r;%s‘ Fac :
C) M.G.D. 937 Catohment area - 440 8q. miles
: Mean Cusecsper sq. mile 3.94 One inch runoff = 23466 acre feet
3 Total runoff in inches 53.82 One sore foot e 1,98 x Cuseo days
Total runoff in acre feet 1262836 One M.G.D. = 1,85 Cusec day

- B84 -
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- 85 =

1970 Rl

= Jan. Feb. March  April May June July  Aug. Sept. Oot. Bove s s
1 1490 631 310 1540 3520 2220 1475 1500 745 1280 1230 1800 -
2 1440 852 299 1680 2500 1920 1410 1300 650 1605 1180 1920 510
3 115 7193 287 1870 2170 1760 1240 1040 580 2290 1390 1950 w5
4 1245 624 219 1510 1950 1610 1330 1270 9 o 1% 19 =

5 1160 591 2710 1250 1910 1430 1780 1395 460 2780 1250 1680 e

6 1335 675 258 1140 2110 1290 210 1610 585 230 140 1400 MM

7 1720 1535 245 1460 2410 1180 1810 1370 660 1840 1280 1200 10820

8 2130 2640 235 1805 3000 1120 1430 1180 705 2010 2360 1290 -

9 205 2895 25 210 U 10 12% 1110 630 2120 2550 1320 e
10 1920 2520 217 2700 3420 1180 1265 1450 615 1760 2100 1300 Lo
11 1610 1760 208 2260 3060 1640 1130 1750 640 1820 1650 1120 s
e SR RS TR 0 W 1700 s 193 1090 1300 we
13 1320 950 277 2000 1830 1330 850 1640 650 1770 1150 1450 U0
14 1530 828 486 1940 1650 1080 760 1560 1045 1500 1030 1600 e
15 1850 723 446 1840 1670 940 690 1440 1110 1330 940 1640 ™
16 1890 650 322 2490 1890 970 640 1240 1230 1120 940 1600 -

17 1630 581 530 3000 2090 1060 620 1060 1310 960 1045 1500 e

18 1320 532 1360 2800 2220 990 580 940 1490 840 1217 1310 1%
19 1210 500 1700 2280 2500 880 740 820 1420 810 2650 1430 e
20 1195 462 IR M 80 40 M i 8o 3030 160 s
21 1070 446 782 2130 2740 1070 1300 650 1040 754 2460 1640 e
2 %0 415 618 2570 25710 1090 1200 €20 80 90 2500 1350 1
23 863 387 716 3330 2210 930 1100 740 860 1230 3020 1300 i
24 810 360 689 3760 1970 860 2000 1060 985 1290 3550 1200 o
25 723 347 672 3980 2290 M 1500 835 1060 1270 4700 1920 -
26 M2 335 782 3500 2650 880 1300 740 930 1370 3800 2090 -
27 765 330 656 2840 2470 980 1000 910 810 1125 3100 1900 ul:
P T R an o W e @ s s sco 188 i
29 193 1335 2750 2230 830 1220 740 1065 965 1900 1770 e
30 685 1350 3960 2170 1190 1130 910 1250 1230 1500 1670 »
k)l 608 1510 2100 1350 800 1420 2040 -

MONTHLY SUMMARIES
‘

:; 3?:7; PN UM TG M) %75 980, 0 %% i coes  490a0 "":
5 - 3 890 637 2395 2391 1191 1222 1128 880 1490 2009 1581 ‘:,,
M : 242 344 1295 1292 644 661 610 476 805 1086 855 2‘,
.} s'x 2‘10 1,45 50“ 5-43 2.M 2.78 2.5‘ 2.00 3.39 4.57 3.59 3‘¢
') Ts;ss 49;32 3;;:; ‘0? 6-25 3.02 3.20 2.95 2.23 3.90 5.09 4.14 2;0;03

142253 146744 70755 15002 69260  s2262 o 119358 97060
91454 9 i S
ANNUAL SUMMARY: CALENDER YEAR 1970

A)* Total Cusec

%) damn Cusece e a4 —Conversion Factors Used:-

D) Mean t.hngm . mile e Catchment area = 440 nq. miles

E) Total Runotr ta tnines R Qea tnch nmnett - zygg sore fost

1n Sade acre - 1.98 x Cusec
__""1 Runoft feet 103135 One M.G.D, =  1.85 Cusec day
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i HUNDREDTHS O

idopted Project Grid Frequency Project

Hame Reference  of suimn el 1970 s
Bz: 2.3 reading No. Jan. Feb. Mar. Apr. May June July Aug. Sept. Oot. Nov. Dec. Total Jan. Feb.
antlumﬂ810-130 Daily TRI 603 391 1205 1041 1087 826 1057 421 893 930 848 1002 10304 629 288
hﬁim Wi 826-273 Memthly TR2 825 418 1231 1136 522 560 507 439 662 620 83 1388 9174 820 W
Ungglu Tn Mine WM 936-246 Weekly TR3 1180 433 T4 1159 736 188 625 806 808 920 1239 83 9644 W WM
Tota

&gﬁh W 093-216 Daily TR4 1016 332 412 1357 1096 637 494 2001 2260 901 1903 793 13202 922 172
Mithojmg WM 996-450 Weekly TR 1038 216 647 1508 759 274 300 554 880 978 1272 1155 9581 1353 605
™ A WM 142-380 Daily TR6 867 228 728 1372 1049 252 457 1040 644 629 1155 1461 9882 1376 540
"‘,‘“"“ WM 984-154 Daily TR7 421 730 838 2601 1356 839 513 B30 1225 853 1151 1165 12522 773 520
lowr

w’““]m WM 847-195 Weekly  TRB 3% 104 T8 1105 120 525 824 8§06 1259 702 B12 W 707 39
.""'”"* W 940-325 Weekly'  TRY 1230 1123 99 618 83 NR NR MR 79 NR 1025 308
"' 0
n.,‘ lemu W427-331  Weekly' PRI 492 329 1146 1244 346 729 758 418 836 1594 976 1930 10798 1688 352

4

h’ W 349-280 Weekly PRz 884 370 1247 855 594 403 494 ST7 1243 1068 1115 1907 10757 1806 324
3 Seluyut W 297-153  Weekly PR3 1179 MR ————(Station abandoned - replaced by PR6) ——— MR

k""’“ ¥S 487-869 Momthly® PRA 159 288 866 993 909 342 64B 606 592 1301 1528 IR 1480 424
h:“n Techil W 476-228 wWeekly  PRS 1625 372 450 551 235 1060 265 238 1024 859 928 1022 8629 1690 263
“‘“‘ N 284-148  Weekly  PR6 42 WR R 1098 634 573 615 T4 ST 321 1223 NR 1534 648
“35“"""“ WS 536-905 Monthly  PR7 146 630 828 1058 844 398 B850 570 748 1263 1590 NR 1531 354
9 VN 248-225 Weekly  PRS 355 695 807 1413 1263 1397 NR 1452 412
im:«; W06 Weetly |78y 1828 ® W W
?\1‘20}113 Weekly  PR1O 148 MR MR 412

NR = No record available, or not possible to estimate total
from portion of the record available.

XXXX = Hecord incomplete for the momth; JXOUX is the estimated
rainfall.

"'-lt.-lhtl_tbulmllwm—pﬂn
daily gauge. Where the daily readings were incorrect,
the weekly or monthly values from the storage gauge were
used to complete the monthly totals shown in the table.

- Bt -
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JER Supply Assumed Future Population B.W.D.(mgd) Estimated To be
Area Supply Area Classification (thousands) Year Yield of ?ource included

1957 Year 2000 ( in etud
Cenaua 2000 hot d
Johor District of J.B, Urban 89.8 7%92.6 23.6 1961 Agreement 18.0
Baharu (ex. M. Sedenak) Rural 22,3 97.0 3.9 1962 Agreement 5.0
and Pekan Nenas Scattered 47.1 206.0 4.1 (from PUB) (a)
Distriet of Pontian) :
31.6 18 = 23 Yes
Pontian Diatrict of Pontian Urban 8.5 37.2 2.2 S. Pontian Besar 5.3
(ex. Pekan Nenaa) Rural 4.3 18,8 0.8 Deduct Bukit Batu
Scattered 79.2 346.0 6.9 demand 1.3
9.9 4.0 Yen
Simpang  Mukims Ulu Benut Urban -
Rengam and Machap plus Rural 2.7 1.8 0.47
Machap L.C. Scattered 1.5 6.6 0.13
0.60 4.3 No
Bukit Mukim Sedenak Urban
Batu (District of J.B) Rural 6.1 26.8 1.08
Scattered 2.9 12.6 0.25
1.33 1.7 No
Ruang Mukim Kluang (except Urban 3.2 136.; 8.2 8. Me bol 0.8
part of Machap L.C.) Rural 4.5 19. 0.8 3. 8. chil 3.2
Scattered 15.5 67.9 1.4
—— 1004 4-0 Yoo
Kota Mukim Kota Tinggi Urban 7.5 32,7 1.96
Tngg1 i Rural 0.8 4.3 0.05
Scattered 9.2 40.1 0.80
2.81 0.2 Yeon
Rengan Mukim Rengam (ex= Urban -
cluding part of Rural 3.2 14.0 0.56
Machap L.C.) Scattered 10.6 46.3 0.93
1.49 0.4 No (bv)
layang-  Mukim laya 1us Urban - 8. 8 2.1
layang  PIDA Tak u?.‘?znfm Rural 2.3 10.0 0D, | Deust Nehees
Seattered 3.8 16.6 0.33 Yield 0.4
- 0.73 1.7 No
El-m Kwlai FIDA Villages plus Villages - 12,0 0.48
3}' Llex gﬂll 0il processing Factory 0.28
actory 0.76 149 No
PLDA
er  FLDA Villages plus Villages - 15.0 0.60
Tvar U/ Mukin Johore Lime Rural 1.0 4.4 0418
Seattered 2.4 10.5 0.21
— 0.99(e) 1.3 No
PIDA Bukit Fiph
Villages plus Villages - 7.0 0.28
"Ping U/F Rg. Sedils Besar RAL 2.7 11.8 0.47
m____ 0.75 1.3 No
Southern Coast of Rural 3.1 13,6 0.54 No
u’?""" Penggerang Scattered (say) 3.0 13.1 0. (under in-
- vestigation
0.80 Not known
E__
FTE:
o B'HOD d’not.a 8 if the total
’ stimted water demand. pressure by year 2000 (urcmg
2, ?;tu.t.a water demand hn::d on 3% ocompound scattered population is connect ) the doﬁ.oi-n’;!
tecase in population from 1957 Census and can easily be made up from the S S and
Vater allocation in year 2000 of:= take where the yield is estimated at 4.3 mgd.
Urban 60 day the future demand only 0.6 mgd.
Rural 40 wdw 6. (o) Assumes no palm oil processing factory.
%R Scattered 20 gph/day 7. U/C denotes under construction.
4 (n).umm'x:” industry is included. A 8. U/P denotes under planning.
8 Kong intake., Yield = 0.2 mgd.
oh 1s Wﬁlo.

5|
(v) Although the Rengam supply may come under 4



APPENDIX B-2

J.K.R. SUPPLY AREA

STATE OF
s JOHOR JOHOR BAHARU KLUANG  KOTA TINGGI  PONTIAN
1953 7.2 2.18 0.77 0.19
1954 7.8 2.32 0.86 0.19 0.26
1955 8.53 2.53 1.14 0.23 0.31
1956 9.68 2.75 1.34 0.26 0.43
1957 10.39 2.79 1.50 0.27 0.43
1958 10.96 3.01 1.51 0.29 0.44
1959 10.88 3.01 1.51 0.28 0.48
1960 11.64 3.19 1.77 0.28 0.542
1961 12.10 3.50% 1.86 0.30 0.56
1962 12,75 3.78 1.76 0.30 0.57
1963 13.42 4.14 1.90 0.32 0.67
1964 14.45 4.49° 2,03 0.32 0.75
1965 15.92 5.19 2.02 0.33 0.87
1966 17,09 5.543 2.17 0.3368 0.91
1967 18.17 5.88 2.22 0.38 0.95
1968 19.84 6.62° 2,47 0.39 0.80
1969 21.44 6,941 2.50 0.42 0.84
’1‘95’-;‘_’{;;;‘ 97 130 66 50 0
HOTES:
a) Kg. Pulai, Scudai, Saleng, e) Pandan, Plentong added.

Serai and Kulai added, Yy
b) Ulu Choh added. N AIE0A Tuseh added
¢) Kulai FLDA added. € ¥

d) G. Patah added. h) EKukup added.

APPENDIX B-3

Percent increase Betimated Water Demand (mgd)
Supply every 10 years Demand mgd 1969
Area from 1969 1979 1989 1999
Johor Baharu 100 6.94 13.9 27.8 55.6
T0 6.94 11.8 20.1 34.2
Kluang 100 2.50 5.0 10.0 20.0
66 2.50 4,2 6.9 11.4
Kota Tinggi 100 0.42 0.84 1.68 3.36
50 0.42 0.63 0.94 1.41
!m 100 0,84 1.68 5036 6.72
5 0.84 1.47 2.56 4.48




APPERDIX B-4

JOHOR BAHARU, KLUANG, KOTA TINGGI AND PONTIAN WATER SUPPLY AREAS
—_— e ey A i A PUNI AN WATER SUPPLY AREAS,

FUTURE WATER DEMAND BAS CENSUS AND 3% PERCENT PER ANNUM INCREASE IN POPULATIO
Year 1980 Year 1990 Year 2000
Population Supplied Popu- Water EWD Popu- Water EWD Popu- Water EWD
Classification 1957 Cemsus 1969  lation Allo- (mgd) lation Allo- (mgd) lation Allo- (mgd )
(Thousands) (Thou=  cation (Thou- cation (Thou- cation
sands) gph/day sands) gph/day eands) day
{E0R BAHARU AREA
Trban (a) 89.8 Yes 197.7 50 9.88 278.6 55 15,32 392.6 60  23.56
fural (b) 22,3 Mostly  49.3 30 1.48  69.0 35 2.42 97,0 40 3,88
Smttered 47.1 No 103.5 10 1.04 146.0 15  2.19 206.0 20 4.12
12,40 19.95 31.56
Industry 20% 2.48 3.98 6.31
WML E¥D (mgd) 14,88 23.91 37.87
LOANG AREA
Trban (o) 31.2 Yes 68.6 50  3.43  96.7 55  5.32 136.3 60 8,18
hral (4) 4.5 Mostly 9.9 30 0.30  14.0 35  0.49 19.7 40 0.79
Soattered 15.5 No 34.2 10 0.3  48.1 15 0.72 67.9 20 1.36
4.07 6.53 10,33
Industry 20% 0.81 1.31 2.07
NUL BVD (mgd) 4.88 7.84 12,40
INGGT AREA
e (o) 7.5 Yee 16.5 50 0.83  23.2 55  1.27 32,7 60  1.96
o (2) 0.3 Yes 0.7 30 0,02 0.9 35 0.05 1.3 40  0.05
Ittereq 9.2 No 20.2 10 0.20 28.5 15  0.42  40.1 20  0.80
1.05 1.12 2;81
Butry 208 0.21 0.34 0.56
UL BVD (ngd) 1,26 2.06 3.37
*ha (g) 8.5 Yoo 18,7 50 0.94  26.4 55  1.45 37.2 60 2,23
:w‘l (h} 4.3 No 9.5 30 0.28 13.3 35 o.“ 18.8 40 0.75
s 79.2 o 174.0 10 1.74 246.0 15 3.69 346.0 20 6.9
2.96 5.60 e
Bustry o0 0.60 1,12 1.98
MWD (ngy) 3.56 6.72 11.88
\
LB
L (a) Includes Johor Baharu town, Kulai and Pekan Nenas. 2. ﬂn denotes Estimated Water
(®) Includes P, Putah, Masai Plentong, Ban Poo, Ke. -
Tebrau, Pandan, Scudai, Lima Kedai, Gelang Patah,
Sulong, 8 , Saleng, Senai, Ulu Tiram, Kg
Pulai and Ulu Choh. .
:“) Includes Kluang town.
d)

(o)
()
(g)
(h)

Includes Kg. Gajah, Kg. Paya and Sri lalang.
Includes Kota Tinggi town.
Includes Kg. Batu 4.
Includes Pontian Kechil,

Includes Benut L.C., Ayer Baloi T.C., and Permas,
Kechil

-93 -
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APPENDIX BS

J K R JOHOR BAHARU SUPPLY
ESTIMATED FUTURE DEMAND(M-G-D)

50

40

3oL

10|-

Design demand Curve

OICID

4.

I I
1970 1980 1980 2000

Yeor

Curve (1) based on 100 percent increase every 10 years
from 1969 (Appendix B-3)

Curve (2) based on 70 percent increase every 10 years
from 1969 (Appendix B-3)

Curve (3) based on 3% percent increase in population
from 1957 Census and area of supply extending over
District of Johor Baharu (except M. Sedenak) plus
Pekan Nenas (District of Pontian). Norminal allowance
for industry included and all scattered population is
assumed to be supplied. (Appendix B-4)

Curve (4) is as Curve (3) but only 50 percent of
scattered population is assumed connected.

- 94 -
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APPENDIX B 6

J K R KLUANG SUPPLY
ESTIMATED FUTURE DEMAND (M:G'D)

. T
1960 1970 1980 1990 2000

1. Curve (1) based on 100 percent increase every 10 years
from 1969 (Appendix B-3)

2. Curve (2) based on 66 percent increase every 10 years
from 1969 (Appendix B=3)

3. Curve (3) based on 3% percent increase in population
from 1957 Census and area of supply extending over the
Mukim Kluang. Norminal allowance for industry included
and all scattered population is assumed to be supplied

(Appendix B-4)
4, Curve (4) is as Curve (3) but only 50 percent of

scattered population is assumed connected.
5. Curve (5) based on 5.3 percent increase in population

in Kluang Town plus 3% percent increase in remainder
of Mukim Kluang but only 50 percent of scattered

population connected. The 5.3 percent increase is
based on estimated population of Kluang town of 61000

in 1970 (given by A.D.0.) and population given in 1957
Census,

S . o
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APPENDIX B7

JKR PONTIAN SUPPLY
ESTIMATED FUTURE DEMAND (M-G-D-)

Curve (1) based on 100 percent increase every 10 years
from 1969 (Appendix B-3)

Curve (2) based on 75 percent increase every 10 years
from 1969 (Appendix B-3)

Curve (3) based on 3% percent increase in population
from 1957 Census and area of supply extending over
the District of Pontian (except Pekan Nenas), Norminal
allowance for industry included and- all scattered
population is assumed to be supplied (Appendix B-4)
Curve (4) is as curve (3) but only 50 percent of
scattered population is assumed connected.

S Bh
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APPENDIX B 8

J KR KOTA TINGGI SUPPLY
ESTIMATED FUTURE DEMAND (M-GD-)

1970 1980 1990 2000

Year

curve (1) based on 100 percent increased every 10 years
from 1969 (Appendix B-3)

Curve (2) based on 50 percent increase every 10 years
from 1969 (Appendix B-3)

Curve (3) based on 3+ percent increase in population
from 1967 Census and area of supply extending over
Mukim Kota Tinggi. Norminal allowance for industry
included and all scattered population is assumed to be
supplied (Appendix B-4)

Curve (4) is as Curve (3) but only 50 percent of
scattered population is assumed connected.

Curve (5) is based on estimated population of Kota
Tinggi town of 8300 in 1970 (given by D.0) and 45
percent increase in population to year 2000. In
addition 3%+ percent increase in population in re=
inder of Mukim Eoth Mngsl but emiy SO SRS
the scattered population connected.




D P d State

Total area to be developed 5000 acres
Factory area 2000-3000 acres
Rate of development 100 acres/year
Workers per acre 15

Family size 5

Service population
(percentage of workers' families) 40

Year 1980 1990 2000
1 Industrial area developed (acres) 1,000 2,000 3,000
2 Industrial water demand (mgd) 3-5 6-10 9-15
3. Number of workers 15,000 30,000 45,000
4. Workers' families 75,000 150,000 225,000
5e Service population 30,000 60,000 90,000
6. Total population 105,000 210,000 315,000
i Water allocation gph/day 40-50 45-55 50-60
8. Domestic demand (mgd) 4.2-5.3 9.4=11.6 15,8-18.9
9. Total demand (mgd) (2+8) 7.2=10.3 15.4-21.6 24.8-33.9

10, Design demand (mgd) 8 18 30

Note: Range of industrial water demand is based on
3 mgd/1000 acres (similar to Petaling Jaya, Selangor) and
5 mgd/1000 acres (similar to Jurong, Singapore).

APPENDIX B-10

Description Water Demand
Allocation gallons/
gph/day day
INITIAL 1. 1000 tourist b
TETELOTRE ur eds 120 120,000
2. 4000 resident population 40 160, 000
including service 3
Total 280,000
1%% 1. 40,000 tourist beds 150 6,000,000
DEVEIOPMENT 2. 60,000 resident population 50 3,000, 000
including service b
Total 9,000,000




APPENDIX B-11

JOHOR TENGAH

PROJECT VILLAGES
ESTIMATED FUTURE WATER DEMAND

reserve villages

not be required.

T6 is the

T4, T9 and T16 are master villages.

nucleus village for the
ar Tengah).

possible new town (Band

influx of

in thousands of gallons/da;

Per capita assumption at time of
pulation assumed

20 gallons day.

Per capita
population

\

EWD denotes estimated water demand

ion at time of maximum

40 gallons/day.

-”-

as follows:=~

“lfnow. g::gr{;.:::gt Influx of Population Probable Maximum Population
Area Year Number E.W.D. Year Number E.W.D.
. 1 Bt. Jelati 1982 2900 58 1997 4600 184
2, 2 S. Yong 1982 2400 48 1997 3800 152
7. 3 8, Kahang )
P. Hijau %1976 800 16 1991 1600 64
Kg. Gajah
Toh  Eatang Tiaay dior 2200 44 1992 5500 220
S. Dengar )
LS Ulu Dengar 1988 1500 30 2003 2400 96
T, 6 Kahang Barat 1976 2000 40 1991 3300 132
.17 G. Lambak 1974 1500 30 1974 1500 60
7.8 5. Mengkibol
3. Semberong (pars) iwaz 2000 40 1997 3200 128
.9 S. Semberong (part)
Semberong Tengah §1gao 2500 50 1995 4800 192
Bt. lawiang
T.10 Ulu Belitong 1980 2900 58 1995 4600 184
.11 Semberong Kiri (part) 1986 2000 40 2001 3200 128
T.12 Semberong Kiri (part) 1986 1000 20 2001 1600 64
.13 Ulu Pengeli 1978 3100 62 1993 4900 196
T.14 Batu Tengkat 1979 2700 54 1994 4300 172
T.15 Ulu Chenas 1979 1500 30 1994 2400 96
T.16 Ulu Sebol
Pengeli Kechil 1974 3000 60 2000 20000 1000
T17 Pengeli Timor 1974 3000 60 1989 5100 204
T.18 S. Sebol 1975 1900 38 1990 3200 128
.19 1984 1500 30 1999 2400 96
1.20 S. Jengeli 1985 1500 30 2000 2400 96
.21 1986 700 14 2001 1200 48
T.22 Lubok Ajal 1978 2500 50 1993 3900 156
T.23 S. Lebak 1979 2900 58 1994 4600 184
T.24 8. Kachur 1980 1100 22 1995 1800 72
.25 Sisek 1975 2500 50 1990 4000 160
e ——
Total B.W.D. 4,212
—
B gomowomg Mo mman T ORHSYERAD RISl

Year ?opulltm IJ.D-
1974 3000 60
1975 4250

1980 6250 163
1985 10200

1990 12900 490
2000 20000 1000




APPENDIX B-12

IANJONG PENGGERANG
PROJECT VILLAGES
ESTIMATED WA
Village  Associated Influx of Population Probable Maximum Population
No. Development
Area Year Number B.W.D. Year Number B.W.D.
P Kayu Mati 1978 1000 20 1993 1600 64
P2 Bt. Wah Ha 1977 2600 52 1992 4200 168
P3 §. Wah Ha 1977 3500 70 1992 5500 220
P4 Bt. Baster 1980 3000 60 1995 4500 180
PS5 Kr. Lo Heng Timor 1981 3400 68 1996 5400 216
P6 Kr. Lo Heng Barat 1978 1700 34 1993 2700 108
P17 Papan Timor 1974 3200 64 1989 5100 204
P8 S. Pa
e i 1976 700 14 1991 1100 44
Ulu Papan
P9 5. Mas 1974 3200 64 1989 5100 204
P10 8. Semenchu 1973 3400 68 1988 5400 216
P11 8. Chemenarah 1976 3300 66 1991 5600 224
P12 Bt. Adela 1975 2500 50 1990 4000 160
P13 8. Merang Besar
i 1977 2100 42 1992 3400 136
Bt. Tuatau
P14 Bt Sening 1975 3800 76 1990 6200 248
P15 Bt. Tunggal 1976 1500 30 1991 2400 96
P16 Bt. Kledang 1976 3000 60 1991 4800 192
Total E.W.D. 2,680
HNOTES:

1. P1 and P8 are reserve villages and will probably
not be required. 4

2. P3, P11 and P14 are master villages.

3. 211 is the nucleus village for the possible new
own.,

4. E.W.D. denotes estimated water demand in thousands
of gallons/day.

5. Per capita consumption at time of maximum population
assumed as 40 gallons/day.

= 100 -




APPENDIX B-13

AGRICUL! PROCESSING FACT:

ESTIMATED FUTURE WATER DEMAND

Palm 041 Mills

Rubber Factories

Tapioca Factories

of gallons/day, during peak harvesting month.

- 101 -

Village Year Mill EWD Village Year Factory EWD Village Year Fact
Location Capacity Location Capacity Location c,;agﬁy w0
ton f£fb/hr tons/day tons/day
dohor T16 1978 20 120 P*T7 1982 10 9 T16 1975 40 80
tengah 1980 25 150 1990 20 180 1978 60 120
1984 30 180 1980 100 200
1982 130 260
T16 1980 20 120 T9 1990 10 90 1985 150 300
1982 30 180 1995 20 180
1984 40 240 2000 30 270
T 4 1979 10 60 T 19 1990 10 90
1981 25 150 1995 20 180
1985 40 240
1986 50 300
T10 1982 20 120
1983 40 240
1985 45 270
T 9 1984 10 60
1990 30 180
T19 1985 10 60
1990 25 150
\""-l-..__
:qm P 3 1980 25 150 P11 1982 20 180
1982 50 300 1965 40 360
1992 70 630
P14 1978 30 180
1980 50 300
NOTE: B,W.D. denotes estimated water demand in thousands









Yield of

Estimated Future Demand &

Present Sourcea

APPENDIX C-1

KLUANG WATER SUPPLY AREA
PHASING OF ALT ERNATIVES

" i
a
g
20 }
Common to all
Alternatives
LA [S. Semberong Kechil ! 6mgd 3mg
catchment developed
for agriculture.
10 + 9.80mgd 1991 1991
Demand
6mgd 3mg
L1
5 i 4.80mad _ Yield of %93&30@%5 1272 - 1%
S. Mengkibol . e
phased out Upstream “3“21.0%?1 o%mag;h{dl
—_— - approximavely | Mengkibdl
1970 1980 1990 2000 [Preatment Wis| Bulk
e | rmton
DLt glorag
[toT. Starage |(12 hours))
--"‘--—-__
Mternative 1|[Alternative 2 Alternative 34 Alternative 3B Alternative 4
Intake on g Remd.rg 3 Reservoir on 3. Kahang + Reservoir on S.Kahang|| Reservoir in 8.

. heng + direc £ fer b ing int 4+t srem hil
Jemberong.. S Aaberons FelLIP A8, AES0, 8 ||t Rageter 4] oo reng Has
— au | [to mi
“gd |15.8mga ([ 13,6 [ 6mga || 6mgd | 13.6 |6med |12mgd || 13.8 | 6mea |12mgd || 13.6 | 6med |12med

mgd mgd mgd mgd
-;_9.31__ 1991 || 1991 1991 1991 1991
+Sngd 7.6mgd || 7. emgd émgd bmgd bmad
1981 | 108 1981
98 1981 | 1981 1981 1981 1978 | 1978 1981 1978 | 1978 1978 {1978
?Il’“’-mw Intaki Dam Intake+ Dam ¥ + (R,
Iﬂmﬂ? Raw + [R.W P,8} % .
top ,n_:'lfater on 3.8. ﬁcoh‘ﬂ :
‘Via| p.8, Kechil po'F
"-—.____________—_-
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APPERDIX

C=2

WATER

PROGRAMME OF I EXPEND
(All Costs in Thousand Dollars)

CIVIL ENGINEERING WORK

1.
2-
3.

4,
5.
6.

Site Investigation
Intake on 8. Semberong - Endau

Raw Water Pumping Station
(8. Semberong - Endau)

Raw Water Pipelines to Treatment Works
Treatment Works
Treated Water Pumping Station

Treated Water Pipelines to Terminal
Storage

Bulk Terminal Storage
Access Road

Add 10% contingencies

Add 8% engineering

Sub-total (1)

BLANT AND EQUIPMENT

1.
2.

3.
4.

Intake Equipment (S, Semberong - Endau)

Raw Water Pumping Equipment
(S. Semberong - Endau)

Treated Water Pumping Equipment
Treatment Works Plant

Add 5% contingencies

Add 8% engineering

Sub-total (2)
TOTAL (1) + (2)
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INTAKE ON S. SEMBERONG -

(Alte

tive

)

0

Year of Commissioning

1978 1981 1991
76 92 -
207
245

2304 1760
1170 1170
110 110
620 620
96
1976 2944 3660
197 294 366
2173 3238 4026
174 259 322
2347 3497 4348
70
263 265
222 222
800 800
1022 333 1287
51 17 64
1073 350 1327
86 28 106
1159 378 1433
3506 3875 5781




1yl ITAL BAFPSHKD] e
(A1l Costs in Thousand Dollars)

CIVIL ENGINEERING WORKS

1. B8ite Investigation

2. Dam on S, Kahang
3. Raw Water Pipelines to Treatment Works
4

Treatment Works
5. Treated Water Pumping Station

6. Treated Water Pipelines to Terminal
Storage

7. Bulk Terminal Storage
8. Access Roads

Add 10% contingencies

Add 8% engineering
Sub-total (1)

PLANT AND EQUIPMENT

1. Raw Water Pumping Equipment (S. Kahang)
2. Treated Water Pumping Equipment
3. Treatment Works Plant

Add 5% contingencies

Add 8% engineering
Sub-total (2)

TOTAL (1) + (2)

- §04 =

STORAGE ON §. EAEANG - DIRECT
SUPPLY 70 TREATMENT WORKS
(Alternative 2)

Year of Commissioning

1978 1981 1991
76 250 -
- 2560 -
- 2325 2023

1170 - 1170

110 - 110
620 - 620

4“ -
1976 5579 3923
198 558 392

2174 6137 4315
174 491 345

2348 6628 4660
= 209 199

222 222

800 800

1022 209 1221
51 10 66

1073 219 1287
86 18 103

1159 237 1390

3507 6865 6050




APPENDIX C-4
KLUANG WATER SUPPLY AREA

PROGRAMME OF CAPITAL EXPENDITURE REGUIATORY STORAGE ON 8. KAHANG
(A1) Costs in Thousand Dollars) ~ WATER TRANSFER BY PUMPING
(Alternativ )

Year of Commissioning

CIVIL ENGINEERING WORK 1978 1981 1991
1. Site Investingation 93 165 e
2., Intake on S. Semberong Kechil 180 £
3. Raw Water Pump Station -
(S. Semberong Kechil) 221
4. Raw Water Pipelines to Treatment Works 227 227
5. Treatment Works
1170 1170
6. Treated Water Pumping Station
7. Treated Water Pipelines to Terminal 110 110
Storage
8, Bulk Terminal Storage 620 620
9., Dam on S, Eahang 2350
10 Raw Water Pipelines from S. EKahang to 403 352
S. Semberong Kechil Catchment
11 Acceas Roads 444
2627 3362 2479
Add 10% contingencies 263 336 248
2890 3698 2727
Add 8% engineering 2%2 296 218
Sub-total (1) 3122 3994 2945
PLANT AND EQUIPMENT
1, Intake Equipment (S. Semberong Kechil) 60
2. Raw Water Pumping Equipment (3.Semberong
Kechil) 1% e
3. Treated Water Pumping Equipment 222 222
4., Treatment Works Plant 800 800
5. Raw Water Pumping Equipment (S, Kahang) 200 191
1182 200 1313
Add 5% contingencies 59 10 66
1241 210 1379
Add 8% engineering 99 17 110
Sub-total (2) 1340 227 1489
TOTAL (1) + (2) 4462 4221 4434




ELUANG VATER SUPPLY AREA
OF CAPIT RE
(ALl Costs in Thousand Dollars)
Year of Commissioning
CIVIL ENGINEERING WORKS 1978 1981 1991
1. Site Investigation 93 438
2, Intake on 5. Semberong Kechil 180
3. Raw Water Pumping Station
(8. Semberong Kechil) 27
4. Raw Water Pipeline to Treatment Works 227 227
5. Treatment W
eatment Works 1170 1170
6. Treated Water Pumping Station
T. Treated Water Pipeline to Terminal Storage 110 110
8. Bulk Terminal Storage 620 620
9. Dam in S, Kahang 2350
10 Tunnel from S, Kahang to S. Semberong 4800
Kechil catchment
11 Access Roads 444

2627 8032 2127

Add 10% contingencies 263 803 213

2890 8835 2340

Add 8% contingencies 232 707 187

Sub-total (1) 3122 9542 2527

ELANT AND EQUIPMENT
!+ Intake Bquipment (S. Semberong Kechil) 60
2. Raw Water Pumping Bquipment (g; cg;l-i}nﬂw 100 100
3. Treated Water Pumping Equipment AR =
4. Treatment Works Plant -~ A%
5. Tunnel Control Gates 2
1182 20 1122
59 1 56
kdd 5% contingencies
1241 2N
99 2 94

Add 8% engineering

Sub-total (2) ek
4462 9565 3799

TOTAL (1) + (2)
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REGULATORY STORAGE ON 5. SEMBERONG
KIRI.  (Alte ive 4)

Year of Commissioning

CIVIL BNGI | 1978 1981 1991
1. Site Investigation 93 276
2. Intake (3. Semberong Kechil) 180
- i e
4. Raw Water Pipeline to Treatment Works 227 227
5., Treatment Works
6. Treated Water Pumping Station i i
7. Treated Water Pipelines to Terminal

Storage 110 110
8. Bulk Terminal Storage 620 620
9., Dam on. 5. Semberong Kiri 4600
10 Access Road 120

2627 4996 2127
Add 10% contingencies 263 500 213

2890 5496 2340
Add 8% engineering 2351 440 187

Sub-total (1) 3121 5936 2527

PLANT AND BQUIPMENT

1. Intake Equipment (5. Semberong Kechil) 60
2. Raw Water Pumping Equipment (B.gxbir}-ong 100 100
%, Treated Water Pumping Equipment 222 222
4., Treatment Works Flant 800 800
1182 1122
Add 5% contingencies 59 56
1241 1178
Add 8% engineering 99 94
Sub-total (2) 1340 1272
TOML (1) + (2) 4461 5936 3799

RO -



APPENDIX C-T
C COMPARISON OF ALTERNATIVES

ANG WATER SUPPLY
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APPENDIX C-8
DAM ON 5. EAHANG
LOCATION: 1" Map No. 124
Grid Reference WM, 625,516
CATCHMENT AREA: 24.4 aquare miles

TECHNICAL DATA:
Assumed stream bank level (MSL) 115
Dam height (feet): Crest level (MSL) 45:160 3F5:150 30:145 25:140

Maximum depth of water (faet}: Conservation %9“'3';5 ¥5:150 25: 140 20:135 15:130

Reservoir area (acres) 1000 650 500 350
Estimated storage (million gallons) 4200 2000 1100 600
Adopted Crest width (feet) 20

Adopted embankment slopes 1 in 4

Estimated crest length (feet) 1340 1240 1180 1080
Bulk excavation (cubic yards x 1000) 84 60 48 36
Embankment £1i11 above 0.G.L. (cubic yards x 1000) 267 148 110 70

ESTIMATED CAPITAL COST

Million Dollars

1. Reservoir clearance 0.24 0.16 0.13 0.10
2, BExcavation and embankment 1.91 1.22 0.93  0.65
3. Spillway and diversion 1.25 1.20 1.15 1.10
4. Cut off and grouting 0.50 0.40 0.35 0.30

3.90 2.98 2.56 2.15
5. B8ite investigation 0.23 0.18 0.15 0.13

6. Access to site 0.44 0.44 0.44 0.44

4.57 3.60 3.16 2.72
Contingencies 10% 0.46 0.36 0.32 0.27

Engineering &% 5.08  3.96 3.48 2.9
0.40 0.32 0.28 0.24

TOTAL Million Dollars 5.43 4,28 3.76 3.23

HOTES:
1. Btream bank level and reservoir areas estimated from existing 1" maps.
2. Bxcavation and embankment fill estimated from site survey by clinometer.
3. Bite visited by engineering geologist.
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APPENDIX C-9
LOCATION: 1" Map No. 124
Grid Reference WM, 608.417
18,3 equare miles

Assumed stream bank level (MSL) 120

Dam height (feet): Crest level (ML) 35:155 25:145
Maximum depth of water (feet): Conservation level (MSL) 25:145 15:135
Reservoir area (acres) 1000 : 600
Estimated etorage (million gallons) 3200 1000
Adopted crest width (feet) 20

Adopted embankment slopes 11in 4
Betimated crest length (feet) 3400 3100
Bulk excavation (cubic yards x 1000) 200 139
Embankment £i11 above 0.G.L. (cubic yards x 1000) 596 318

TIMATED CAPIT COoST
Million Dollars

1. Reservoir clearance 0.24 0.16
2, Excavation and embankment 4.40 2.55
3, Spillway and diversion 1.10 1.05
4, Cut off and grouting 0.90 0.80
6.64 4.56

5. Site investigation 0.40 0.217
6. Access to site 0.12 0.12
7.16 4.95

7. Contingencies 10% 0.72 0.50
2 7.88 5.45

8. BEngineering 8% 0.63 0.44
8.51 5.89

TOTAL Million Dollars

-
1. Stream bank level and reservoir areas estimated from existing 1" maps.
2. Excavation and embankment £ill estimated from survey by clinometer.
3, Dam site has not been visited bY engineering geologist.
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APPENDIX C-~10

T SUP,
PHASING QP ALTERNATIVES
Alternative 1 Alternative 2
Intake on S, Johor Dam on S. Pelepah
2,6mgd | 1.3mgd| 1.%mgd 2.6mgd|1.15mgd|1.15mgd

i

1990 | 1990

1990 | 1990 i
Demand .65mgd| . 65mgd
1.3mgd | .65mgd |
1 1

s %3 | 1 19804

-65mgd 2

Yield of 1970 Source (0.2mgd) 1972 | 1972 | 1972 1912 197
T T T ____..--""‘
1970 1980 1990 2000 ntake [Raw Dem |Treat- |Terminal| PAPE
Year Water + ment |Jtorage 1ined

* Works
+

(gfﬂl starege | s
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(Alternative 1)

Year of Commissioning

1L, ENGINEER L 1972 1981 1990
1. 8ite Investigation 41 - -
2. Intake 29 = -
3. Raw Water Pumping Station (S. Johor) 40 - 40
4. Raw Water Pipelines to Treatment Works 9 9 1
5. Treatment Works
6. Treated Water Pumping Station } 229 L ¥4
7. Treated Water Pipelines 90 90 105
8. Bulk Terminal Storage 208 208 330
9. Access Road 84
Add 10% contingencies 31 527 846
3 53 85
Add B% engineering 580 931
64 46 T4
Sub-total (1) 868 626 1005
PLANT AND EQUIPMENT
1. Intake Equipment 13
2. Raw Water Pumping BEquipment 39 39 64
3. Treated Water Pumping Equipment 55 55 90
4. Treatment Works Plant 115 115 220
Add 5% contingencies 222 209 374
1 10 19
Add 8% engineering 233 219 393
1" 18 3
Sub-total (2) 244 237 424
1112 863 1429

T0TAL (1) + (2)
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INEERING W

Site Investigation
Raw Water Pipeline to Treatment Works
Treatment Works (no sedimentation)

Treated Water Pipelines to Terminal
Storage

Bulk Terminal Storage
Dam on 5. Pelepah
Access road

Add 10% contingencies

Add 8% engineering

Sub-total (1)

ELANT AND EQUIPMENT

1'

Treatment Works Plant (no sedimentation)

Add 5% contingencies

Add 8% engineering
Sub=-total (2)

TOTAL (1) + (2)
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RESERVOIR ON §. PELEPAH

(Alternative 2)

Year of Commissioning

1972 1983 1990
170 16
663 -
80 100
3 -
208 208 300
2520
300
3198 970 400
320 97 40
3518 1067 440
281 87 35
3799 1154 475
100 175
100 15
5 9
105 184
8 15
- 113 199
3799 1267 674




Alternative 1 Alternative 2

o Capital Additional Capital Additiomal
Invested  Operating Invested Operating
Costs Costs
1972 1112 3799
53
74
1975 45
76 58 6
T 60 6
78 61 6
79 863 63 6
1980 65 6
81 5] 1267 6
82 75 6
83 T8 9
84 80 10
1985 82 10
86 85 1"
87 88 1
88 1429 91 674 12
89 94 12
1990 106 17
91 11 18
92 116 19
93 120 20
94 125 21
1995 130 22
96 135 23
97 141 24
98 146 25
99 152 26
2000 157 o1
%m 00:::_“. n.?.f 5% 3509 5% 5069
1’.1’..1 “amﬁ 108 2453 10% . 4551
oL LG 15% 1939 15% 4269
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APPENDIX C - 14

DAM OF 9. PELEPAH
LOCATION: 1" Map 126
Orid Reference WN. 089,220
CATCHMENT AREA: 2.8 square miles
TECHNICAL AREA:

Assumed Stream bank level (MSL)

Dam height (feet): Crest level (ms1)

Maximum depth of water (feet): Conservation Level (MSL)
Reservoir area (acres)

Estimated Storage (million gallons)

Adopted crest width (feet)

Adopted embankment slopes

Estimated crest length (feet)

Bulk excavation (cubic yards x 1000)

Embankment £ill above 0.@.L. (cubic yards x 1000)

CAPITAL COST

1. Reservoir clearance

2. BExcavation and embankment
3. Spillway and diversion
4, Cut off and grouting

5. Site investigation

6. Access to site

7. Contingencies 10%

8. BEngineering 6%

TOTAL Million Dollars

1. Stream bank level and reservoir area estimated from existing 1" maps.
2. Bxoavation and embankment f£ill estimated from survey by clinometer.

380
70/450
60/440
26

200

20
11in 4
710

52

262

Million

0.01
1.T
0.60
0.20

2,52
0.15
0.30

2.97
0.30

3.27
0.26

3.53

3. Dam site has not been visited by engineering geologist.
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Estimated Future Demand and Yield of Present Sources

APPENDIX C=15

100
FLOW DIAGRAM
o Demand Total Sources + Phase
To{ B4 & D ]
ita 1 [tan| FainerL.
ot 05| 8|30 | 47| PUB20  gorcres-65 |soure =55
a
E'ro %&t 7 .rmzs Port
JB 42 JB 20.
P 4 9
1992/93
i 55 [4.8|m.92a3| PUB-20 - New - 35 New - 20
1 Port] 1.9
4.8
o 2. IR . 8
4
1 g2
- Yew = 15 Few - 15
s0F 35 12.9/3.3018 Soarce
7 6.3
" | Tield of 1970 sources, TBI0. 1 syl B0 7 .y
(19.6 ngd) s e T e ] 2111.8]7.012.2] TRHE, PUR-20
e e 4 [Pipeline
Pontian intake from PUB
phased out. mains to
10f port
capacity
Pontian JB  Port | Tmed
1.8 ii2.8.. 7.0
1950 1960 1870 1980 1990 2000
Year NS - New Jource
S Aternative 1 Alternative 2
Intake on S, Johor Reservoir on S, Tebrau and intake on 8. Johor
200
30 mgd 30 30 30 30
8. Johor » ap s B. er 8. J:ﬂr S. Jﬁr
1992/93 1992 /93 1992/93 | 1992/9% | 1992/93
20 mgd 20 20 35 mgd 20 mgd
S. Johor s i nbr:u'l Tebrau Tebrau
Reservoir reservoir reservoir
1985/86 1965/86
15 1
E e R
reservolr
1978/79 1978/79 | 1978/79 | 1978/79
imgd Portianl 7 Zﬁ " mi“ :n
Bngd pe) | Pipel o
2 maine 16 mgd 1961
et 12) to Port L. g5
Agreements| Area Agreements
1973 od vater |
— [Intake +treated water
Sor pouting| Tatake e
+ terminal|equipment Wor +
me
Starage 'D ¥ oiral storege
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CIVIL ENGINEERING WORK

1.
2.
3.
4.
5.
6.

7.
a'

Site Investigations

Vater Intake

Raw Water Pumping Station

Raw Water Pipeline

Treatment Works & Pumping Station

Treated Water Pipelines to Terminal
Reservoirs

Bulk Terminal Storage
Access Roads

Add 10% contingencies

Add 8% engineering

Sub-total (1)

ELANT AND BQUIPMENT

1.
2.

3.
4,

Intake Equipment
Raw Water Pumping BEquipment

Treatment Works Plant
Treated Water Pumping Equipment

Add 5% contingencies

Add 8% engineering
Sub-total (2)

TOTAL (1) + (2)
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INTAKE ON S. JOHOR

(Alternative 1)

Year of Commissioning

1973 1978/79 1985/86  1992/93
0.05 0.61 - -
- 0-53 - 0.‘5
- 0.28 0.32 0.39
- 0.09 0.10 0.13
- 2.69 3.14 3.50
3.65 11.72 13.81 17.31
1.42 3.08 2.90 4.83
0.06 0.18 - .
5.18 19.18 20,27 26.61
0.52 1.92 2.03 2.66
5.70 21.10 22,30 29.27
0.46 1.69 1.78 2.34
6.16 22.79 24.08 31 .61
- 0.18 - 0.15
- 0.49 0.47 0.59
- 1.72 1.91 20‘”
' 0036 0.39 0.44
2.75 2.77 3.18
0.14 0.14 0.16
2.89 2.9 3.34
0.23 0.23 0.27
.12 .14 3.61
6.16 25.91 27.22 35.22




CIVIL BNGIHEERING WORKS

1.
2.
3.
4.
5
6.

?'
a.
9.

8ite Investigations

Baw Water Intake

Raw Water Pumping Station

Raw Water Pipeline

Treatment Works & Pumping Station

Treated Water Pipelines to Terminal
Reservoir

Bulk Terminal Storage

Access Roads

Specific Cost for Water Supply
(Tebra:

ebrau
Scheme)

Add 10% contingencies

Add 8% engineering

Sub-total (1)

ELANT EQUIPMENT

1.
2,

3.
4,

Allow for Intake Equipment
Raw Water Pumping Equipment

Treatment Works Plant
Treated Water Pumping Equipment

Add 5% contingencies

Add 8% engineering
Sub-total (2)

TOm™AL (1) + (2)

Year of Commissioning

1975 1975 1978/79 1985/86 1992/93
0.05 0.34 0.27
ex 0.05 - 0.45
e 005" 0.38 0.39
- 0.13 0.15 0.13
- 2,96 3.45 3.50
3.65 5.94 6.49 17.51
1.42 2.44 2.25 4.83%
0.06 0.41 - 0.18
- 1 Io’ * - - —
5,18 1.03 12,61 12.72 27.06
0.52 0.10 1.26 1.27 2.
5.70 1.13 13.87 13.99 29.T7
0.46 0.09 1.1 1.12 2.%58
6,16 1.22 14.98 15.11 32.15
- 0.05 - 0.15
0.46 0.29 0.80
1.72 1.91 2,00
0.47 0.55 0.44
2.70 2.75 3.39
0.14 0.14 0.17
2.“ z.” "“
0.23 0.23 0.28
3,07 3.12 3.84
6.16 1,22 18,05  18.23 3.9

T
% Peasibility Report by Binnie and Partmers (Malaysia)

Specific Cost to Water Supply $Millions
. g}a clearance of reservoir 0.37
» uent canal 0.66

Total $ 1.03 millions
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APPERDIX ¢ - 18

Alternative 1

Alternative 2

Tear
-
72 6.16 7.38%
s 0.01 0,01
74 0.01 0.01
1975 0.01 0.01
76 25,91 0.01 18.05 0.01
7 0.01 0.01
78 0.01 0.01
79 0.21 0.20
1980 0.30 0.27
81 0.43 0.39
82 0.55 0.49
a3 27.22 0,67 18,23 0.59
84 0.81 0.72
1985 0,94 0.82
“ 1.'7 1005
a7 1.30 1.18
88 1.47 1.33
89 1.58 1.44
1990 35.22 1.75 35.99 1.59
91 1.90 1.72
92 2,05 1.86
93 2.34 2.16
9% 2.51 2.34
1995 2. 2.52
96 2.93 2,77
97 3.15 2,97
98 3.39 3.24
99 3.64 3.43
2000 3.90 3.72
mm:;ﬁm n-:: 5% 72.55 5% 61.24
1972 to 2000 at 10% 45,72 10% 38,07
e B 15% 32,43 15% 27.03
+
1. Phase 1 pipelines 6.16
2, Specific oost to Water
: ply of Tebrau Barrage 1.22
T.38

o319 m




APPENDIX C-19

TION O ROUTE 8
IERMINAL STORAGE (point C) AND IQCATION OF INTAKE

Possible pipeline routes from the 8,
Johor to Johor Baharu are largely dictated
by the presence of the military firing
range, gituated north-west of Ulu Tiram.

It would be imprudent to lay a major pipe-
line in this area which is subject to

firing hazard and possibly littered with
ammunition. The pipeline route would
therefore have to be located west of the
firing range or g through the eastern

edge of it, keep as close as possible

to the main Johor Baharu/Kota Tinggi road.
The latter is the route of the PUB pipe-

line in this area. This restriction on
pipeline routes in turn dictates the economic
location of intakes on the S, Johor. For

the western route the shortest pipeline
length is given by locating the intake near
Kg, Semangar just downstream of the confluence
of the B. Johor and S. Semangar. For the
eastern route the shortest piepline length

is given by locating the intake near the
existing PUB intake.

Under this study no detailed survey of
these routes has been carried out. For the
economic analysis we have adopted the west-
ern route, with the intake at Kg. Semangar,
for the following reasons:-

8) The pipeline length is marginally
shorter.

b) The pumping lead (and hence pumping
costs) voafd be slightly less as
Kg. Semangar is about 7-8 miles up-
stream of the PUB intake.

¢) With the present state of development,
land mcquisition costs and compen-
sation for damge to plantations would
likely be less. However this condi-
tion could alter in time as further
land development takes place.

d) The intake would be less liable to be
subject to saline intrusion, unless
independant measures were taken to
prevent saline intrusion at the PUB
intake.

An important consideration in the selection
of pipeline route is ease of access for constru-
ction and subsequent maintenance. In this respect
the eastern route would be ferable as it would
Bever be further than 2/3 8 from the main
Johor Baharu/Kota Tinggi road. With the present
state of land development access to the western
route is restricted over several miles; however
this can be expected to improve as further land
development takes place.

It is considered essential therefore that

for future studies it would be necessary to survey
both pipeline routes in order to evaluate items
(8) %0 (c) in more detail together with the

eible relative economies due to detailed pipe-
ine design. An economic ¢ son of these
factors could then be made with ease of access
for each route nearer the time of construction.




Year of b -
Village Implementation pouiic Pactories Total

™ 1982 .184 - -184
T2 1982 152 - .152
3 1976 .064 - .064
4 1977 .220 .300* .520
5 1988 .096 - .096
6 1976 32 - 132

Total 1,148 mgd

*Paln 011 mi11

Year of Commissioning

Civi) Egineering Work 1976 1977 1982 1308

75 g T4 L 5

1. Site investigation 5 11 6 6 2

2. Intake . ;' 5 15 5 5 7

3. Raw water pumping station 5 6 18 8 1 4

4. Raw water pipelines 5 5 8 5 5 2

5. Treatment orks and trested 45 70 190 85 75 %
water pum atation

g. ;rutod nggpipelinu 55 35 80 852 ;g 23

. erminal s v}

el ey % 63 123 60 60 60

209 271 6 309 288 242

10% contingencies 1 27 %57 31 29 4

2 2 62 40 317 266

8% engineering ?g 22 53 3'2‘;\' 25 21

Total (1) 248 322 674 367 342 287

1. Intake equipment 2 2 3 R -

2. Raw water pumping equipment 10 4 2 16 15 )2

3. a:.q‘.é:.::?; pumping 20 28 & 98T 98- kY

4. Treatment plant 16 24 90 33 28 18

77 57

5% contingencies 4% sg 183 Bg 2 2

51 T 192 89 179 59

8% engineering I 15 § & 5

Total (2) 55 1M 207 96 85 64

Total (1) + (2) 303 399 881 463 427 351
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INDIVIDUAL VILLAGE SCHEMES GROUP SCHEME

Capital Operating Costs Total Capital  Operating Total
Tear Invested " o ns na 15 76 mTotay OoSte Invested Costs Costs
1972 - i R AR s -
;2 - - - - - - - -
702 A A At e 2 1,021 - 1,021
75 881 e e~ 881 "482 - :
76 - = 11 - = 12 23 23 14 14
mn wsow $1-12 = 89 35 22 22
;g - - 11 1;.2’ - 43 - 5% 35 26 26
- « 11 12 - Y2 35 35 33 33
19%0 890 - - 11 13 - 12 3 926 79 36 755
81 - =18 1% & 19, B0 50 4 4
82 12 12 4820 | powif o084 81 54 54
83 12 12 1820 = ‘19" 8% 81 56 56
84 15 12 18 21 - 20 84 84 154 59 213
85 13 12 18 21 = 20 .84 84 66 66
gﬁ 350 13 1% S5 ST 450 392 T 463
7 20 20 25::%0 ' -7 122 122 75 75
ga 21 20 25 30 11 28 13 135 81 81
1993 21 20 25 31 11 28 136 136 83 83
% 21 21 26 31 11 29 139 139 87 87
22 21 26 32 11 30 142 182 89 89
92 29 28 26795 129 50 158 91 91
33 30 29 26 33 18 30 166 166 93 93
4 %0 29 26 33 18 30 166 166 95 95
% 31 30 26 18 30 168 168 98
3‘? 34 30 26 33 19 30 169 169 100 100
% 32 30 26 33 19 30 170 170 102 102
3 32 30 26 33 27 30 178 178 104 104
2000 32 30 26 33 27 30 178 178 105 105
52 % A6 %27 W 1m 178 107 107
Present value of 5%
3.67 5% 3.16
Total coets from 1974 10% 2.76 10% 2.49
d‘ 2000 at annual
iscount rates of 15% 2.28 15% 2.12

At all discount rates the Group scheme
is more attractive than individual schemes.

NOTES:~

1. Table 1 is based on Appendices B-11 and B-13

2. Capital costs for separate village schemes assume
that each village would have its own intake treat-
ment works, terminal storage and that the average
distance from the intakes to the villages is 2 miles.

3. For capital cost of group scheme see Appendix c-21.

4., Operating costs based on Appendix C=28.

5. The figures given for present value take into account
all capital costs of construction and site investiga-

tions, and annual operation i.e. zmr for pumping,
labour, chemicals and annual maintenance up to the
perimeter of the village. Land acquisition, costs,
compensation coets and the cost of the reticulation
system within the village are excluded.



APPENDIX g-21
JOHOR TENGAH - VIBLAGE GROUP T1-T6

PROGRAMME OF CAPITAL EXPENDITURE INTAKE ON S, KAFANG
(A11 coasts in Thousand Dollara)

Year of Commissioning

Civi) Engineering Work W8 1917 age 1966 1900
1. Site investigation 18 5 9 - 3
2. Intake 20
3. Raw water pumping station 35
4. Raw water pipelines 35
5. Treatment Works and treated water 130 130 130
pumping station
6. Treated water pipelines 284(a) 162(b) 275(e) - 50(d)
7. Terminal storage 50(e) 95(£)  130(g)  130(h) 80(4)
8. Access roads 120 40
698 262 584 130 263
10% contingencies 69 26 8 13 26
761 288 592 143 289
8% engineering 61 23 47 " a3
Total(1) 822 311 639 154 312
Plant and Equipment
1. Intake equipment 5
2, Raw water pumping equipment 50
3. Treated water pumping equipment 50(a) 150(b)
4. Treatment plant 70 70 70
175 150 70 - L
5% contingencies 9 5 4 4
184 158 74 - 4
8% engineering 15 13 6 v 6
Total (2) 199 17 80 - 80
Total(1) & (2) 1021 482 79 154 392

Hotes:~
a) Treatment Works to T3 and T6
b) Treatment works to T4
c) From terminal storage commanding T4 and 75 to ™ and T2
d) Prom terminal storage commanding T4 and TS5 t0 15
@) 98000 gallons commanding T3 and 76
) 210,000 gallons commanding T4 and 15
g) (1) 168000 gallons commanding T1 and T2
(11) Expansion of (e) to 196,000 gallona
h) Expansion of (f) to 516,000 gallons
i) Expansion of g(i) to 336,000 gallons.

=-12% -



TROSANE OF CAPITAL EXPENDITURE

(i1 costs in thousand dollars)

Year of Commissioning

Feahat i 1 M 2o,

From z'mm -2 e ‘ﬁ'&m 79 to T11 and T2
e storage ¢ (+] .

On line to 79, T10, T™1 and 12,

One line to T11 and T2,

?0 000 %lou commanding T7.
1) 64 gallons commanding T8.
(11) 136,000 gallons commanding T9.
(411) 272,000 gallons commanding T10,
1) Ex ion of (g) to 130,000 gallons.
96,000 p.lim commanding T11 and Ti2.
(14) Expansion of h(i) to 128,000 gallons.
(111) Expansion of ? *u) to 360,000 ;
1) to &306

R Mo M0 o'P

k) (i) Expansion of 2 >
(11 nﬁ’xuuorhu)to4

gallons.
111) Bxpansion of §(1) to 192,000 p
1}( l:pcnl:.zm o?k?u t:’i 540,& mﬂf‘.
* Denotes cost of temporary supplies to reserve village 17.

- 124 =

4] Engineering Work 1974 1980 1982 1986 1990 2000
!v Bite investigation 4 40 1 14 4 1
1, Intake 2 30
3 Run water pumping station 5% 50
{ Run water pipelines 1t 40
- 5 Treatment Works and treated water 270 270
Pumping station
§. Treated water pipelines 39(a) 1085(b) 18(e)  303(d)
T. Booster stations 40(e) 8(2)
% Terminal storage 15(g)  220(n) 50(1)  120(3)  210(k) 35(1)
% Aocess roads 120 60
196 1835 69 715 214 36
10% contingencies 20 184 7 72 21 4
216 2019 76 787 235 40
& engineering 17 161 6 63 19 3
Total(1) 233 2180 82 850 254 43
Baat and Bousppent
:' Intake equipment 8
3' %a¥ vater pumping equipment 15* 65
" ted vater pumping equipment 130
. Treatnent plant 140 140
* Booster pumps 130 15
% 15 473 - 165
Sontingencies 1 24 - 8
- 16 497 173
®gineering 1 40 14
Total(2) 17 537 187
Total(1) & (2) 250 2717 82 1037 254 43
NOTES: -



PROGR E
(A1l costs

P CAPITAL EXPENDITURE
in Thousand Dollars)

Year of Commissioning
* 1974 1978 1980 1984 1990
Civil Engineering Work
1. Site investigation 36 12 - 15
2, Intake 40
3. Raw water pumping station 87
4. Raw water pipelines 52
5. Treatment works and treated 400 400
water pumping station
6. Treated water pipelince 371 (a) 491 (1) - 345(c) =
7. Terminal storage 320(d)  105(e) 75(£)  425(g)  115(h)
8. Access roads 120 60 - - -
1426 668 75 1385 115
10% contingencies 143 67 7 139 12
1569 135 82 1524 127
8% engineering 125 59 6 122 10
Total(1) 1694 794 88 1646 137
Plant and Equipment
1. Intake equipment 10
2. Raw water pumping equipment 120
3. Treated water pumping equipment 215(a) 105(b) - 120(e) -
4. Treatment plant 240 240
585 105 - 360 -
5% contingencies 30 5 2 18 -
615 110 - 378 =
8% engineering 49 9 - 30 4
Total(2) 664 119 - 408 -
Total(1) & (2) 2358 913 a8 2054 137
NOTES:~

a) Treatment works to T16, T17 and T18.
b) Treatment works to T13, ™4 and T15.
¢) Treatment works to 9, T20, T21,
d) (ﬁ} 820,000 gallons comman b o

ding T16.
166,000 gallona commanding T17 and T18,

) i w)mo -
e {.‘Ei Prsed ﬁm commanding T15

Expansion of d
(111) Expansion of e
(iv) Expansion of e

Expansion of g(i) o 484,000 gallons,

i

h)

-12’-

1; -~ ;65006000 e
+] .
ii) to sﬁa.oogmgmm:m.

ons commanding T13 and T14,
f) Expansion of d(41) to 332,000 gallons,

g) (ﬁ.i 220,000 ga.ucm; command T19, T20 and T21.
ons.



APPENDIX C-24

Year of Commissioning

aand 1978 1979 1980 1984 1986
1. Site investigation 12 B 2
2, Intake 10
3. Raw water pumping station 15
4. Raw water pipelines 8
5. Treatment works and treated 100 100
water pumping station
6. Treated water pipelines 184(a) 33(b) 78(e)
7. Termminal storage go(d) 20(e) 80(z) 20(g)
8, Access roads 80 40
489 95 80 180 20
10% contingencies 49 10 8 18 2
538 105 88 198 22
8% engineering 43 8 7 16 2
Total(1) 581 13 95 214 24
Blant and Equipment
1. Intake equipment 4
2, Raw water pumping equipment : 35
3. Treated water pumping equipment 5 25
4. Treatment plant 40 40
154 25 40
5% contingencies 8 2 2
162 27 42
8% engineering 13 2 2
Total(2) 175 29 - 44 s
Total(1) & (2) 756 142 95 258 24
NOTES:-

a) Treatment works to T22

b) Prom terminal storage commanding T22 and 123, to T23
¢) Treatment worke to T24.

a) 170,000 gallons commanding T22 and 123,

e) 36,000 gallons commanding T24.

£) Expension of (d) to 340,000 gallons.

g) Expansion of (e) to 72,000 gallons.
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CIVIL ENGINEERING WORK

1-
2-

4.
5.

6.

Site Investigation

Intake

Extension Raw Water Pumping Station
Raw Water Pipeline

Treatment Worke and Treated Water
Pumping Station

Treated Water Pipeline
Terminal Storage
Access Road

10% Contingencies

8%t Engineering

T0TAL (1)

ELANT AND EQUIPMENT

t.
2.
3.
4.

Intake Equipment

Raw Water Pumping Equipment
Treated Water Pumping Equipment
Treatment Plant

5% Contingencies

8% Engineering
TOTAL (2)

TOTAL (1) + (2)

- 127 -

Year of Commisaioning

1975

40

138
75
24

292
29

321
26

347

‘-9'-4?'«8"6'&31'

438




PROGRAMME OF CAPITAL EXPENDITURE INTAKE O S. SEDILI KECHIL
(11 costa in Thousand Dollars)

Year of Commissioning

Gvi] Engineering Work 1977 1978 1980 1981 1984 1986
1, Site investigation 24 7 2 - = -
2, Intake 20

3. Raw water pumping station 40

4. Raw water pipelines 14

5. Treatment Works & treated water 250 160

pumping station

6. Treated water pipelines 423(a) 189(b) 104(e) 12(a)
7. Booster station 10(e)
8. Terminal storage 195(f)  140(g) - - 130(h) 55(1)
9. Access road. 120
1088 346 106 12 290 55
10% contingencies 109 35 11 1 30 5
1197 381 “s 13 320 60
8% engineering 96 31 9 1 26 5
Total(1) 1293 412 126 14 346 65
Blant and Equipment
!+ Intake equipment 5
2. Raw vater pumping equipment 65
3. Treated water pumping equipment 50(a) 170(b)
4 Treatment plant 140 70
5 Booster pumping equipment 20
260 190 70
5% contingencies 13 10 4
273 200 T4
8% engineering 22 16 6
Total(2) 295 216 - - 80 *
Total(1) & (2) 1568 628 126 14 426 65

NOTES:~

a) Treatment Works to P2 and P}

b) Treatment Works to P6, from terminal storage
commanding P2 to P,

¢) Prom terminal storage commanding P3 and P4, to P4
d) From terminal storage to P5.
e) m line to P6,
f) ; gallons omnd:ln& rs and P4.
(11 84, 600 ;-J.lm commanding P2
2 all ommanding !1.
505000 y “.:-e'mm P5.
(11.1. 54,000 gnlm commanding P6.
mmu:[u) toi 68,000 gallons.
11) Bxpansion of g(i) to 64 oéogu.m-
(iu! Expansion of gli11 100. gallons.
i) Expansion of g(11) to 216,000 gallons.



RAMME OF CAPITAL EXPENDITURE
(A1l costs in Thousand Dollars)

NG _PENGGERANG - VILL E
plus Initial Tourist Development

GE
ave

ARD D S

Year of Commissioning

i - W 1974 1975 1976 1977 1980 1983 1992
1. B8ite investigation 40 23 7 153 6 “
2. Intake 40
3. Raw water pumping station 80
4. Raw water pipelines 52
5. Treatment works and treated 400 400
water pumping station
6, Treated water pipelines 712(a) 667(b) 294(e) 160(a)
7. Booster stations 16(e) 45(f) 10(g)
8. Terminal storage 155(h) 378(1)  20(3) 320(k) 190(1) 100(m)
9, Access roads 80 80 20 120
10. Dam on 8, Lebam 2410
1575 1193 351 2843 726 194 100
10% contingencies 158 120 35 284 73 19 10
1733 1313 386 3927 799 213 110
8% engineering 139 105 31 254 64 17 8
Total(1) 1872 1418 4117 3384 863 230 118
Elant and Equipment
1. Intake equipment 10
2. Raw water pumping equipment 120
3. Treated water pumping equipment 75 210
4, Treatment plant 250 250
5. Booster pumps 55 100 15
510 310 15 250
5% contingencies 26 16 1 13
536 326 16 263
8% engineering 43 26 2 21
Total(2) 579 352 18 284
Total (1) & (2) 2451 1770 435 3381 1147 230 118
NOTES:-

a) Treatment works to P7, P9 and P10.

b) Treatment works to P12, P14 and initial tourist
development.

¢) From terminal storage to P8, from terminal storage

to P11, from terminal storage to P16, from
terminal storage commanding P14 and P16 to P15,

d) From terminal storage to P13,
e) On line to P7, P8 and P10.
£) (1) On line to P14 and P16.
(11) On line to P13 and initial tourist development.
g) On line to P15.
102, ommand :
5 (i(.i 2‘5’3,883 :ﬁm gomnd;z ?’?’, P8 and P10.
i) (1) 80,000 gallons commanding P12,

(i1) 328,000 gallons commanding P14 and P16.
(411) 58,000 gallons commanding P11
t

(iv) 366,000 gallons comnanding P13 and initial

ourist elopment,

§) 48000 gallons commanding P15.

k) (1) Expansion of h(i) to 204,000 gallons.
(11) Expansion ofHii) to 464,000 gallons.
(111) Bxpansion of 1{1 to 160,000 gallons.
(iv) Expansion of 1(11) to 616,000 gallons.

1) (4) Expansion of to 96,000 gallons
(iii Expansion of 1‘.;311) to 406,000 gallons.
(111) Expansion of i(iv) to 432, gallons.

m) Bxpansion of 1(ii) to 626,000 gallons.
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A - V

APPERDIX C-28

Annual Operating Costs At Maximum Demand

TANJONRG
JOHOR TENGAH PENGGERANG
T1-T6 T7-T12 T13-T21 T22-T24 125 P1-P6 FP1=-P16
1‘ M1 for wv.r 3706 5600 83v5 1603 4-3 ‘5.3 79¢2
2, Chemicals 23.0 31.0 63.0 9.0 3.5 25.4 59.5
3. Labour %6.0 51.0 36.0 21.6 - 43.5 66.0
4, Civil Maintenance 1.9 3.0 3.7 0.9 0.3 1.9 7.0
5. Bquipment Maintenance 9.3 13.0 21.0 4.4 1.6 10.4 22.0
Average Maximum Demand mgd. 1.05 1.41 2.78 0.41 0.16 1.16 2.72
Cost per 1000 gallons cents 28.0 30.0 20.4 35.0 17.7 30.0 23.5
BASIS OF QQBIB
fs PFuel for power 5 cents per WHP hour.
2, Chemicals 6 cents per 1000 gallons
3. Ilabour a) ZIreatment Works and Main Pumping Stations
Up to 0.5 mgd. $600/month/shift.
0.5 = 1.0 mgd. $750/month/shift.
1.0 = 5.0 mgd. $1000/month/shift.
b) Booster Stations $200/month/shift,
4. Civil Maintenance 0.1 percent capital cost.
5. Bquipment Maintenance 2.0 percent capital cost.

--150-



APPERDIX C-29
DAM ON 3, LEBAM

LOCATION: 1" Map No. 132

Grid Reference W3 540.873
CATCHMENT AREA: 8.2 square miles
IBCHNICAL DATA:

Asgumed stream bank level (MSL)

Dam height (feet): Crest level (MSL)

Maximum depth of water (feet): Conservation level (MSL)
Reservoir area (acres)

Betimated Storage (million gallons)

Adopted crest width (feet)
Adopted embankment slopes

Estimated crest length (feet)
Bulk excavation (cubic yards x 1000)
Embankment fill above 0,G.L. (cubic yards x 1000)

BSTIMATRD CAPITAL COST

1. Reservoir clearance

2., BExcavation and embankment
3. Spillway and diversion

4, Cut off and grouting

5., Site investigation

6. Accese to site

7. Contingencies 10%

8. Bngineering 8%
TOTAL Million Dollars

1. BStream bank level, reservoir areas, excavation
and embankment fill estimated from existing 1
inch and 1 in 25000 maps.

2. Dam site has not been surveyed or visited
engineering geologist. >

=131 -

15

45160 35:50 25:40
35:50 25:40 15:30
1000 600 300
3700 1500 450

20

1 4n 4
1520 1400 1220
119 91 T4
447 280 161

Million Dollars

0.24 0.16 0,08
3.39 2,23 1.43
0.?0 0065 0‘60
0,50 0.40 0.30
4.35 3.“ 2"1
0.29 0.21 0.15
0.12 0.12 0.12
5.24 3.TT 2,68
0.52 0.38 0.27
5.76 4.15 2.95
0.46 0.33 0.24
6,22 4.48 3.19

———————————————




Intake, pumphouse and pumps

2. Main pipeline from pumphouse to nursery
3. Spraylines, fittings and main pipeline
in nursery
10% Engineering
Capital Cost/Acre = $690
ANNUAL, OPERATING COST
1. ILabour
2. Fuel and oil
3. Maintenance (3% Capital Cost)
4, Dismantling and setting up in New Areas

Annual Operating Cost/Acre - $500

- 132 -

§ 15,000
10,000

25,000

$ 50,000
5,000

$ 55,000

$ 25,000
8,000
1,500




Mean daily discharge MGD

APPENDIX C 3l

ESTIMATED NUMBER OF DAYS WHEN ABSTRACTION AT INDICATED FLOW WOULD

NOT BE FULLY PRACTICAL DUE TO THE EFFECT OF:

SALINE INTRUSION,

CHANGES IN CATCHMENT COVER ond UPSTREAM ABSTRACTIONS BY JOHOR STATE. (Besed on Weter Year 1964/65)

Figure |. SALINE INTRUSION

Figure 2. CHANGES in CATCHMENT COVER

Figure 3. ABSTRACTIONS by JOHOR STATE

/

No.of doys offected ot indicoted flow.

No.of doys affected of indicoted
flow of relevont yeors

100 s 50 = o

No.of doys/ycor indicoted flow less than

NOTES:

nldie.- port of the naoturel

River Flow Duration Curve for 1964/68 (See Figure 4-11)
The effects of saline intrusion will enly be felt during
port of the high tide.

8
3
g}
]
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APPENDIX C 32
ALTERNATIVE STORAGE REQUIREMENTS FOR RANGE OF pPus

ABSTRACTION RATES (Based on Woter Year 1964/65)

T T T T T T

Figure |. Excluding Saline Intrusion, Figure 2. Including Saline Intrusion

200001 (i.e. Saline intrusion controlied by 1 4 (i.e Saline intrusion controlied by 20000
construction of gated berrage) allowing 100 mgd of river
water te pass intake )

E

.
°

° S
-4
1 7
© !
o
H z
3 =4
-l
3 o
T 3
u .
o
10000 | a
3
3 [us
" @
. o
1 3
. aF
2 w
[ 4

Tt o

50 100 180 200 250 ] 50 100 180 200 250
Flow 1o be ensured for obstroction ot PUB Flow to be ensured for obstrection ot PUB
intake - MGD intoke - MGD

NoTEs.

. Sterages quoted de net make allowance
for Gperating losses,

2. 41 mod obstraction by Joher Srate
gllows for 30 mgd experted to Joher
rhur- lfn‘ 3mgd exported to Koeto

i and 1o maet demands
within u!um:u’.‘

3. 38 med ovatraction by Johor State

Ore exports to Johor Baharu area in
ddition to the 30 mgd in(2) above,

- 1%4 =




Regulation Storage — Million gallons

10000

6000 [

4000 |

APPENDIX

ESTIMATED MAXIMUM

A.EXCLUDING SALINE INTRUSION

(ie Assuming downstream barrage constructed)

T

18T0 1980 1980 Year 2000

NOTES:-

Curves @ ore for PUB's estimoted moximum rate of
growth of demaond on the intoke (Section 3.3) ond
assume cofchment cover conditions remain as for I1970.

nE.-i-@ are as curves @ but allowonce is mode for
catchment cover conditions changing os Figure 4-12

+ Curves @ are as curves @ but allowance

is made for future maoximum rate of growth of
upstream abstractions by Johor State ( Table 4:-7 )

Storage quoted do not maoke allowance for operating losses.

STORAGE REQUIREMENTS

Regulation Storage —Million gallens

c 33
1970 - 20O

B. INCLUDING SALINE INTRUSION
(ie Assuming no downstream barrage constructed)

20000

18000

16000 |

14000 |

12000 [

6000

4000

2000

-

1970

Year

2000
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APPENDIX C-34

DAM A ON S, PENGELI
LOCATION: 1" Map No. 125
Grid Reference WM 739.333
CATCHMENT AREA: 12.4 square miles
TECHNICAL DATA:

Assumed stream bank level (MSL)

Dam height (feet): Crest level (MsL)
Maximum depth of water (feet): Conservation level (MSL) 60:180 50:170 30:150

Reservoir area (acres)

Estimated storage (million gallons)

Adopted crest width (feet)

Adopted embankment slopes

Estimated crest length (feet)
Bulk excavation (cubic yards x 1000)

Embankment £il1 above 0.G.L. (cubic yards x 1000)

1.
2,
3.
4,

5.
6.

7.

TIMA' T

Reservoir clearance
Excavation and embankment
Spillway and diversion
Cut off and grouting

Site investigation

Access to site

Contingencies 10%

Engineering 8%

TOTAL Million Dollars

1. Stream bank level, ressrvo

120

T0:190 60:180 40:160

1100 850 400
T000 4400 1500
20
14n 4
1300 1150 960

84 64 40
430 270 90

Million Dollars

0.26 0.20 0.10
2.79 1.83 0,80
1.00 0095 0'90
0.50 0.40 0.30
4.55 3.38 2.10
0.27 0.20 0.12
0.1 2 0.1 2 o"z
4,94 3‘70 z."
0.50 0’57 o.z‘,
5-“ ‘.o‘? 2.97
0.44 0.33 0.22
5.88 4.40 2,79

excavation and embankment f1ll

ir areas
estimated from existing 1" and 1 4n 25000 maps.

2, Dam site has not been surveyed or visited

by an engineering geologist.



APFENDIX C-35
DAM B ON 5. PENGELI

LOCATION: 1* Map No. 125

@rid Reference WM B06,322

CATCHMENT ARBA: 8.4 square miles
TECHNICAL DATA:

Assumed stream bank level (MSL)

Dam height (feet): Crest level (MSL)
Maximum depth of water (feet):

Reservoir area (acres)
Betimated storage (million gallons)

Conservation level (MSL)60:190

Adopted crest width (feet)
Adopted embankment slopes

Estimated crest length (feet)

Bulk excavation (oubic yards x 1000)
Embanikment fill above 0.G.L. (cubic yards x 1000)

7.

8.

WUT B

130
T0:200 60:190 50:180
50:180 40:170
600 450 350
4200 2700 1600

20

1 in 4

900 B850 760
78 64 42
360 240 170

CAPT cos

Million Dollars

Reservoir clearance
Excavation and embankment
Spillway and diversion
Cut off and grouting

Site investigation

Access to site

Contingencies 10%

Engineering 8%

TOTAL Million Dollars

0.14 0.10 0.08
2.39 1.67 1.23
0.80 0.75 0.70
0.40 0.30 0.20
3.73 2.82 2.2
0.22 0.17 0.13
0.12 0012 0‘12
4,07 3.11 2.46
0.41 0.31 0.25
4.48 3.42 2:T1
0.36 0.27 0.22
4.84 3,69 2.93

M
1. BStream bank level
estimated from existing 1" and 1 ih 25000 maps.

reservoir areas, excavation and embankment £ill

2. Dam site has not been surveyed or visited by an engineering geologist.
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APPENDIX C-36

DAM A ON 8. LINGGIU
LOCATION: 1" Map No. 125
Grid Reference WM 923,308
CATCHMENT AREA: 80 square miles
C DA
Assumed stream bank level (MSL) 60
Dam height (feet): Crest level (M8L) 60:120 50:110 40:100 30:90
Maximum water depth (feet): Conservation level (mMsL) 50:110 40:100 30:90 20:90
Reservoir area (acres) 5700 4200 2800 1500
Batimated storage (million gallons) 31000 17700 8200 2700
Adopted crest width (feet) 20
Adopted embankment slopes 14n4
Estimated crest length (feet) 1230 1100 990 900
Bulk excavation (cubic yards x 1000) 106 80 56 37
Embankment f£ill above 0.G.L. (cubic yards x 1000) 456 262 149 T2
IMA CAPI
Million Dollars
1. Reservoir clearance 1.32 1.00 0.70 0.40
2. Excavation and embankment 3.08 1.95 1.23 0.67
5. Spillway and diversion 2,00 1.95 1.90 1.8
4, Cut off and grouting 0.50 0.40 0.30 0.30
6.90 5.30 4.13 3.22
5. Site investigation 0.41 0.32 0.25 0.20
6. Access to site 0.18 0.18 0.18 0.18
T.49 5,80 4.56 3.60
7. Contingencies 10% 0,75 0.58 0.46  0.36
8.24 6.” 5.02 3-95
8. Engineering 8% 0,66 0.51 0,40  0.32
TOTAL Million Dollars 8.90 6,89 5.42  4.28

imated from existing 1" mape.

1. smmwlmnnmumnt
by olinometer.

2, Bxoavation and embankment £111 estimated from site survey
3, Site vieited by engineering geologist.
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APPENDIX C-37
DAM B ON 3. LINGGIU

LOCATTON: 1" Map No. 125

Grid Reference WM., 859,408
CATCHMENT ARRA:  23.6 square miles
TECHNICAT, DATA:
Apsumed stream bank level (MSL) 110
Dam height (feet): Crest level (MSL) 100:210 B80:190 60:170 40:150
Maximum depth of water (feet): Conservation level (MSL) 90:200 70:180 50:160 30:140
Reservoir area (acres) 2000 1500 900 400
Estimated storage (million gallons) 21000 11000 4800 1500
Adopted crest width (feet) 20
Adopted embankment slopes 1 in 4
Bstimated crest length (feet) 1270 1060 850 600
Bulk excavation (cubic yards x 1000) 130 90 55 26
Embankment f£111 above 0.G.L. (cubic yards x 1000) 730 390 180 60

IMA API c

Million Dollars

1. Reservoir clearance 0.44 0.34 0.20 0.10
2. BExcavation and embankment 4,67 2.62 1.37 0.52
3. Spillway anddiversion 1.50 1.40 1.30 1.20
4. Cut off and grouting 0.70 0.60 0.50 0.40

T.31 4.96 3.37 2,22
5. 8ite investigation 0.44 0.30 0.20 0.14

6. Access to site 0.48 0.48 0.48 0.48

8.23 5.74 4.05 2.84
7. Contingencies 10% 0,82 0.57 0.41 0.28

9.05 6,31  4.46  3.12
8. Engineering 8% 0.73 0.51 0.36 0.25

TOTAL Million Dollars 0%~ 6,802  4.82 3.57

OTES :
1. Stream bank level and reservoir areas estimated from existing 1" maps.
2. Excavation and embankment fill estimated from site survey by clinometer.
3. Site visited by engineering geologist.
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APPENDIX (C-38
DAM ON S5, SEMANGAR

LOCATION: 1" Map No. 130

Grid Reference WM. 990.111
CATCHMENT AREA: 53%.0 square miles
TECHNICAL DATA:

Assumed stream bank level (MSL) 40

Dam height (feet): Crest level (MSL) 50:90 40:80 30:70
Maximum depth of water (feet): Conservation level (MSL) 40:80 30:70 20:60
Reservoir area (acres) 7600 5300 3200
Estimated storage (million gallons) 35000 17700 6800
Adopted crest width (feet) 20

Adopted embankment slopes 14in 4
Estimated crest length (feet) 1900 1800 1650
Bulk excavation (cubic yards x 1000) 250 200 145
Embankment £i11 above 0.G.L. (cubic yards x 1000) 624 400 226

ESTIMATED CAPITAL COST

1. Reservoir clearance 1.66 1.20 0.72
2. BExcavation and embankment 4,86 337 2.10
3. Spillway and diversion 1.50 1.45 1.40
4. Cut off and grouting 0.70 0,60 0.50
8.72 6.62 4,72
5- Site m-ltmtim 0052 oo‘o 0.28
6. Road realignment 1.20 0.80 0.30
10.44 T.82 5.30
Te Contlngancitl 1“ 1.04 0.78 0.53
11.48 8.60 5.83
8. !m‘u‘m “ 0,92 0.69 0047
TOTAL Million Dollars 12.40 9.29 6.30

; {. Stream bank level, reservoir areas excavation and ambankment fill

e e from existing 1" and 1 in 25000 maps.
2. site has been visited by an engineering geologist but has not
n surveyed.
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APPERDIX C-39
DAM 8. JOHOR

1" Map No. 130
Grid Reference WM. 935,189

420 square miles

Assumed stream bank level (MSL)

Dam height (feet): Crest level (MSL)

Maximum depth of water (feet): Conservation level (MSL)

Reservoir area (acres)

Estimated storage (million gallons)

Adopted crest width (feet)

Adopted embankment slopes

Estimated crest length (feet)

Bulk excavation (cubic yards x 1000)

Embankment fill above 0,G.L. (cubic yards x 1000)

ESTIMATED CAPITAL COST

1. Reservoir clearance

2. Excavation and embankment

3. Spillway and diversion

4. Cut off and grouting

5. 8Site investigation

6., Access to site

7. Contingencies 10%

8. Engineering 8%

HOTE:

2.

Stream bank level, reservoir area,

TOTAL Million Dollars

estimated from 1" and 1 in 25000 maps.
been visited by engineering geologist but has not

Dam site has
been surveyed.

- 141 -

20

50:70 40:60
40:60 30:50

9600 7700
45000 21000

20
14n 4
2150 1900
210 133
400 220

Million Dollars

1.92 1.54
3.42 1.99
3.00 2.80
1.00 0.90
9.34 T.23
0.56 0.43
0.36  0.36
10.26 8.02
1003 0.30
11.29 8.82
0.90 0'71
12.19 9053

excavation and embankment fill
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APPENDIX C-40

1. Excavation, site clearance and river closure
2. Reinforced concrete (including piling)

3. Sheet piling

4. Rip rap and turfing

5. Access roads and Drainage works

10% contingencies

8% engineering

Total (1)

Equipment
£ Gates
2, Stop logs, sluices etec.

5% contingencies

8% engineering

Total (2)

Total (1) + (2)

=142 -

$ Millions

3.44







APPENDIX D
ENGINEERING OEOLOGY

1 INTRODUOTION.

The general geology of the Project Area
including a description of the lithological ro.':'m.a-
tion present and the distribution of the solid
formations, is described in Supporting Volume 2.

Engineering geological studies have been car-
ried out to provide a preliminary assessment of:-

a) the possible sites for dams and
impounding reservoirs,

b) the groundwater resources and
their potential.

An engineering geologist visited the Project
from 19th April to 6th May and from 218t October
to 4th November 1970. The geological information
available consisted mainly of the 1 inch maps pre-
pared by Geological Survey, Ipoh.

These were studied in conjunction with the limited
groundwater data collected. Due to the short time
available only brief field visits were possible at
certain dam sites and to examine formations of
l;y‘g}-ogeoi.ggica% interest. :'i‘hs field visits involved

ace inspections only and no exploratory borings
or drillings have been carried out.

The locations of the dam sites discussed and
possible areas having groundwater potential are
shown in Figures 1 and 2 . Of the dam sites
only the Kahang, Linggiu and Lebam sites are recom=
mended for development (See Sections 4.2.1, 4.7 and
4.2.4 of main text respectively). The geological
aspects of the remaining sites are included for
completeness,

2 DAM SITES.

2.1 Sites Vigited by Geologist
a) Kahang Site (Grid Referemce WM.625.516)

A dam height of about 30 feet has been consi-
dered at this site. The alluvial flood plain is
about 500 feet wide and the abutments have moderate
8lopes generally up to 15 d es. A stream
incised into the right bank tremnds to the W.N.¥.,
oblique to the possible centre-line, and has formed
locally steeper slopes.

The existing geological
to be formed of Panti sandstones, These beds over-
lie granite which is shown outcropping about % mile
upstream from the site on the eastern valley side
and } mile upstream on the western. The boundary
between the two rock ty t¢rends E.N.E. and gra-
nite covers most of the proposed reservoir area.

Rock outcrops were not seen at the site but

it is inferred that the proposed abutments are
ﬁ &ok beds of sandstone

to high permeability.
Black, firm-stiff fissured clay-shale is ex osed
in a valley half a mile to the west and such com=
paratively weak clays may occur interbedded with
the sandstone at the site, The beds can be expeo=
ted to dip generally downstream at a flat angle.

Small banks of uniform, medium-grained quartz
sand are spread across the flo0d l;-l.‘;in in parts of
the site and the alluvium may be predominantly
sandy, Tin prospecting boreholes were sunk in 1968
about 14 miles upstream and recorded between 20 and
30 £+, of alluvium above weathered granite near the

The method of borlng and the reliability of
se records is not known but previous dam site
investigations further north in Malaya also indi-
cate that 30 ft. would be a reasonable estimate of
:halthiohul of alluvium in this stretch of the
.y-

maps show the dam gite

To avoid excessive stripping the site favours
an earth fill embankment dam which probably could
be founded on alluvium in the valley sections on
the sandstone, or its weathering products, on the
abutments. It is reasonable to assume that the
sandy alluvium would have adequate strength %o be
left in place benmeath the shoulders. To safeguard
the foundations of the dam a positive cut-off wall
may need to be constructed through the alluvium.

A borrow area to work weathered granite, sui-
table for earth fill, could almost certainly be
gpmc}jin the reservoir area within 1 mile of the

am 8 a8,

The abutments are probably formed of pervious
sandstone and allowance must be made for cement
%routing. to seal open fractures, at the dam asite.

n this rock type grout takes can be expected to
be moderate to high. Some grouting may be needed
at two low cols to the east; the col nearest the
dam site is underlain by sandstone and the other
by granite. However, the hazard of leakage through
bedrock is not considered grest because the pro-

osal is to impound about 20 ft., of water whereas
he abutments rise approximately 120 feet above
assumed stream bank level and must support a water
table well above flood plain level approaching or
even above proposed topwater level. Thus the cost
of grouting should not make the site impracticable.

The features which could upset the estimates
most at this site are the nature and depth of the
alluvium. The site inveatigation would need to
check that extensive, weak clay layers are not

resent and prove if any buried channels exist.
he investigation would also have to eatablish the
permeability of the abutments and the position of
the water table to decide the extent of grouting.

b) Lingeiu Site A (Grid Reference WM.923.3%08)

A dam height of about 55 feet has been consi-
dered at this site.

The is situated about 300 ft. downatream
from the S. Linggiu and 3, Tempenis confluence and
the alluvial flood plain is about 500 feet wide.

The aerial photusrnphn show prominent north-
gouth strike ridges o gteeply-di Iinggiu
sandstone forming the right bank of the reservoir.
The ridges 8 BV - SE towards the river at the
dam site. Similar ridges continue to the south

of the site, on a north-south trend, on the eastern
valley side but are dissected by etreams flowing
from Bt. Pachat. Volcanic rocks form the upper
slopes of Bt. Pachat.

Bedrock is exposed at the base of the left
abutment in road cuttings where there is less than
10 feet of buff clayey-silt soil above white fine-
grained sandstone which varies from fresh to mode-
rately weathered. When fresh the sandstone is
strongly cemented andegunrtzitio. Jointe are very
close to closely spac forming joint-faced pleces
2 to 4 inches across. Pieces of sandstone beneath
shallow soil are also exposed higher on the abut-
ment. Slopes on thie bank vary locally between
10 degrees and 30 degrees.

The right abutment would be the end of a sand=
stone ridge. Bedrock is not exposed on the ridge
which slopes generally between 15 degrees and 25
degrees, However, at the outside of the meander
just north of the site, white strong sandstone out-
crops on the river bank and the lower part of the
ridge is steepened to about 35 degrees.

At the site the river is confined by broad

levee-type banks some 10 to 20 feet high formed of
medium-grained sands. The alluvium should be
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essentially sandy and 30 ft. should be a reasonable
estimate of its thickness based on work at previous
sites in Malaya.

There are strong indications that the well-
cemented sandstone is not deeply weathered on the
abutments and the site may be suitable for a rock
fill or concrete dam. This would depend mainly on
the depth of the alluvium which wo
to be stripped completely to found either of these
structures on bedrock.
vium should have adequate strength to be left in
place beneath the shoulders of an earth fill dam
but a positive cut-off wall may then be needed.

The most suitable location for constructional
materials is the hill 4 mile upstream between the
S. Linggiu and 3. Tempenis. Exposures are common
on this hill of slightly and moderately weathered

acid rhyolitic tuffs beneath 2 to 4 feet of residual

soil. It should be possible to establish a quarry
on this hill as a source of rock fill or concrete

aggregates,

On most of the hills near the site weathering
does not seem to be deep and a suitable source of
residual soil for earth fill was not evident.
There are alluvial sands in the main valley which
may be suitable material to build the ahoﬂdors of
an earth fill dam.

The sandstone is broken by closely-spaced
Joints and may be expected to have a moderate per-
meability. Therefore a grout curtain would be
required at the dam site and the grout takes may
be moderately high. The right bank ridge is com-
paratively narrow for some 2,000 feet northwest
from the dam site and allowance should be made for

uting at two low cols alonﬁ it. However,
ecause the depth of impounded water would not be
great there is 1ittle risk of excessive leakage or
that seepage would cause instability on the down=
stream side of the ridge.

The alluvium would need thorough investigation

as indicated for the Kahang site. The right bank
ridge would also require special investigation of
the probable extent and effects of leakage from a
reservolir.

¢) Linggiu Site B (Grid Reference WM.B859,408)

A dam height of about 80 feet has been consi-
dered at this site. .

The site is about ten miles upstream from
site "A" at a valley constriction formed where the
river breaks through the north-south tremding out-
crops of Panti sandstones. The alluvial flood
plain is about 400 feet wide at the site.

On the left bank of the river a very thick bed

of white, moderately cemented, fine to medium=
sandstone is outcropping. Bedding is 111~
efined and joints arnoinrreg ent but the bed dips
downstream at about 12 - 150, Some half a mile
further downstream there is another outcrop which
is probably more typical having well-defined bed-
ding planes and joints at moderate to wide spacing,

The left abutment is a ridge rising to well
above proposed topwater level. Its slopes are
mainly erate but are steepened loc on the
upstream side to 359 - 400, The right abutment
has moderate slopes but does not rise far above
zrozgaod dam crest level until beyond a col Just

© the south, This col is formed by a deeply
incised stream which flows north-eastwards to the
main river and it is roughly on the line of an
E.N.E. trending fault which controls one limb of
the proposed reservoir.

The sandstone can be expected to be pervious
through well defined, intercomnecting joints and
bedd planes particularly at the right bank col
where it may be faulted. re is scope for a
considerable amount of leakage and extensive cement
grouting can be considered necessary. PFurthermore

probably have
As an alternative the allu-

because the beds dip downstream, and thin, weak
interbedded clays may be present, then le e
could cause instability on the downstream side of
the abutments.

Granite underlies the sandstone and outcrops
upetream, It should be possible to excavate resi-
dual granitic soil, suitable for earth fill, in
the reservoir area within 1} mile of the dam site.

The alluvium seems to be mainly sandy and is
probably not very thick., It should be feasible
to construct an earth fill embankment dam without
much excavation. The permeability of the sand-
stone and the position of the water table in the
abutments would probably be the main features
which would have to be determined by site investi-
gation.

d) Johor Site (Grid Reference WM.935.189).

A dam height of about 50 feet has been con-
sidered at this site.

The site is formed of granite but the rolling
fopography, the subdued relied, reddish sandy-
clayey-silt soil and absence of rock outcro
indicate deep weathering to residual soil at the
abutments. The left bank was not visited but it
is clear that both abutments have moderate slopes
rising to well above any likely top water lev
and would form suitable foundations for an earth
fill embankment.

The flood plain is some 600 feet wide and in
these lower reaches of the river the alluvium can
be expected to be much more silty than at either
of the Linggiu sites. Tin prospecting boreholes
have proved 40 feet of alluvium along this section
of the valley, However, because of the drowned
character of the coastline it is anticipated that
an even deeper buried valley could exist. ;
site investigation should concentrate on the allu-
vial section of the site to determine the depth
and nature of the alluvium.

An earth £ill dam would be the most li.keﬂ
structure at the site and residual granite so
suitable for its construction could be obtained
nearby. However the depth of excavation which
would be necessary to form a suitable foundation
and the slopes of the embankment could only be
determined from more detailed studies, Extensive
measures can be coneidered necessary to prevent
excessive leakage through the alluvium and to
protect the foundations from piping.

e) Semangar Site (Grid Reference WM.990.111)

A dam height of about 45 feet has been con=
sidered at this site.

The site is formed of granite which the topo=
SWoﬂu is weathered dupgi This is
[ d at nearby road cuttings ch show 20
$o 35 feet of residual granite soil; a mottled A
buff and reddish~brown sandy-clayey-silt, withou

any fresh rock outcrops and a gemeral scarcity of
core boulders.

The residual soil abutments have moderate
slopes rising to well above probable topwater +
level and the valley is com tively confined :‘
the dam site. Alluvial 8 and .Imp—t{l" bl

ocour on the flood plain which is about 700
feet wide. The alluvium can be expected to "ﬂt
from clay to sand layers. The site is only mg
1} miles upstream from the confluence with the 5.
Johor where a deep buried valley is suspected.
However the Semangar site is more confined than
the Johor site and the depth of alluvium may be
expected to be less.

It is clear that the foundation conditions
favour an earth 111 dam and there is plc::{"
residual granite soil nearby which would make 8
sultable constructional material. As at some O
the other sites the factor which would affect
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the dam design and the estimates is the geology of
the @lluvium, This would need detailed investiga-
tion but for preliminary estimates it is assumed
that the dam would be founded on alluvium which
contains weak layers and would require treatment
to protect the foundations and reduce leakage.

f) Seluyut Sites (Grid References WN 287.095
and WN 265.102)

Dam heights of about 25 feet have been consi-
dered at these sites. The two sites are topographi-
cally and geologically similar. The width of the
flood plain at each site is about 300 feet. The
abutments have moderate slopes and rise to well
above proposed top water level at both sites.

The geological maps show that the sites are
formed of older metasediments but rock exposures
vere not seen at either site. The beds strike
north-westwards and can be expected to dip steeply.
There are many blocks of sandstone at ground sur-
face on and around Bt. Ulu Seluyut and the Project
80il survey indicates the left bank at both sites
is probably mainly arenaceous and the right bank
mainly argillaceous.

The rivers of the area reflect the geological
structure and the upper site is on a marked north-
westerly valley alignment. Conversely at the lower
site the river is running south-west and cutting
across a watershed ridge alignment. Thus although
the sites are essentially similar the lower has
the following advantages:

i) it should be on comparatively stronger
bedrock.

ii) potential for leakage is reduced because
bedrock strikes across the site whereas
it strikes through the upper site.

5 There are sandy deposits in the river channel
ut the flood plain deposits seem to be mainly
sandy silt. From general evidence in Malaya the
glluvi\m is not expected to be very thick, say 30
eet maximum, and may be largely removed to form
8 suitable foundation. Weathering should be deep
gnough for sufficient quantities of earth fill to
: worked nearby. There may be weathered sand-

g one residual soil on the left bank which would

e a suitable constructional material.

2.2 Sites Not Visite 8

ol The following comments on the sites are based
olely on a study of the existing geological maps.

g) W’H (6rid References
.333 and WM B06,322)

H .dDan heights of about 70 feet have been consi-
hiil at these sites, These are similar sites in
b ty areas and alluvial deposits should prove to
a: bh:'u:n in their valleys. The bedrock is granite
r:Lnn:;t'.h sites and it is feasible to cost earth
h dams, allowing for a small amount of strip-
l.’tns. at them. The main feature to investigate

these sites is probably the depth of weathering.

h) Pelepah Site (Grid Reference WN 089.220)

& A dam height of about 70 feet has been consi-
x“ed at this site. The site is near the existing
ota Tinggi water supply intake. It is above the
:aterrall and outcrops of sound rock may be expec-
:-:d in the river bed. The depth of weathering to
haaidul 80il in the abutments is unknown but per-

mEB- a concrete or rock £ill dam could be built
ltrug:mt some savings compared with an earthfill

N The geological maps show the south-west abut-
. nt to be formed of metasediments and the north-
ast abutment of granite. The boundary between the
Tock types is one feature which would have to be
bt stigated in detail to determine whether it is
t1 ault and if so the extent to which the founda-
ons are weakened. This may be a factor which

would affect the choice of type of dam.

1) lebam Site (Grid Reference WS 540.873)
A dam height of about 35 feet has been consi-

dered at this site.

The geological maps show that granite forms
the western abutment and metasediments the eastern
abutment. The boundary between the two rock type
is possibly an important fault as described in
Chapter 2 in Supporting Volume 2. However the
fault should not affect the feasibility of the
gite for the following reasons:-

a) An earthfill embankment designed for
comparatively weak foundations could
be constructed.

b) Malaya is not considered a seismically
active area.

¢) Leakage along the fault could be con-
trolled by cement grouting.

The site is low along the thalweg of the
river so alluvium may be quite thick and predo-
minately silty. It should be possible to design
an earthfill dam suitable for the weak silty
alluvium foundations and to provide a positive
cut-off through the alluvium. The subdued relief
indicates that it should be possible to work resi-
dual soil suitable as earthfill near the site.

j) Semberong Kiri Site (Grid Reference WM 608.417)

A dam height of about 25 feet has been con-
sidered at this site.

The site is underlain by granite bedrock
which is sroba'bl quite deeply weathered on the
valley sides. ere should be a suitable amount
of residual soil nearby which could be worked as
earthfill for an emb nt dam.

There is a moderately wide alluvial flood
plain and this site is similar to several others
in that the alluvium would require careful inves-
tigation and is the factor which could affect most
the dam design and costs. A positive cut-off
would be required through the alluvium.

SRt apan and

Dam heights of about 25 feet have been consi-
dered at the Papan and Se pites. No dams have
been considered at the Sedili Kechil and Layau
Kiri sites but they are mentioned here for com-
pleteness.

The grid references of these sites are:-

Sedili Kechil 3 WN 394.071
Layau Kiri $ WS 400.952
Papan : W3 473.955
Sening : WS 511.820

These sites, in Tanjong Pe rang, are all
uite high along the thalweg of their rivers and
21: is reasonable to assume that the alluvium in
their vnlloE: will not exceed 30 feet thickness.

The Sedili Kechil, Layau Kiri and Sening sites are
underlain by granite and the Papan site meta~-
gediments, The relief of the areas is subdued thus

for earthfill to

weatheri should be deep en
-yl . considered that

be worked near the sites. It

an earthfill dam could be designed for these sites

allowing for some excavation of the alluvium and

:lﬁ “eirovision of a positive cut-off through the
ml

3 GROUNDWATER.
3.1

The records of several holes bored for water
supply in Johor State have been obtained from
Malayan Drillers Ltd. and Federal Drillers Ltd,
These are summarised in Table 1 and the approxi-
mate hole locations are shown on Hg:a 3. HNone
of these are in the Project Area. e inter-
retation of the drillers' logs has been needed
go compile the geological logs for the holes.

The eriteria for judging the success of bore-
holes will vary dep upon the yields required
and a cost comparison with alternative sources.

For exam for a required Iio:!.d of 0,15 mgd, bore-
holes with a specific capacity of less than 55 gr
hr per foot drawdown can be considered unsucces-
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sful. Therefore the borehole results can be sum-
marized as follows:-

Iithological for- Total Percent
pation Success
(Older alluvium 1 100
Rhyolite tuff 5 20
Shale/slate 10 70
Granite 20 25

Therefore even with this modest eriterion
for success and allowing for inadequacies in the
drillers' logs, boreholes in the granite or volca-
nic rock areas have a high probability of failure,

Chances of success appear far higher in the
netasediments as the rock is probably strong enough
for the very closely spaced cleavage fractures to
be open slightly and to yield some water. However
the specific capacities listed in Table 1 are
for the initial pump test only and experience with
boreholes sunk in metasediments further north in
¥. Malaysia, has shown that the prolonged yield may
be much less. The holes probably tap localized

eérground reservoirs which do not readily recharge
through the clayey soils developing on the argil-
laceous metasediments. Hence the yields may not be
permanent.

3.2 Gmundng&e; Potential in Project Area
*) Sranite, Volcanics and Metasediments

The results of the water well boring in sur-
rounding areas of Johor State confirm that further
consideration of underground supplies from granite
and volcanic rocks would be unjustified. The
metasediments could be considered locally for vil-
lage supplies of about 0.15 mgd but the rocks are
not very permeable and probably at least four
holes would be required to obtain this yield.
~ Mso because of doubts about recharge, surface vater
| Sources are preferable in these areas.

- ) Linggiy Sandstones

E . On lithological grounds the greatest potential

Or groundwater development from rock formations is

afforded by the Iinggiu and Panti sandstones but
none of the boreholes listed in Table 1 were
sunk into these formations. The Linggiu sandstones
:"‘ strongly fractured and may, therefore, be rea-
n“':!bl.‘r permeable. However because of their mode-

E o GIga:o steeply dipping structure individual beds

, ® a sm

~ Sommunication between beds is restricted then the

| :&iuifer may be of limited value. Thus the limited

44 dence available suggests that this unit should

}"' low priority in any future exploration.
e

This

¢
Succeas ful ormation holds considerable promise for

_ groundwater development. Argillaceous
E ot 8 are very minor and the structure of the sand-
) “020 is favourable with bedding planes typically
A inches to 4 feet spacing and sete of major
11 ¥s present. Cuestas are formed by the shallow

P and individ bed.
outerop ares. ual 8 have a comparatively large

The formation has a similar 1itholo
&y, etrue-
mm thickness (totalling some B0OO feet) to
a.hhtonu which have been studied at Sandakan,
+ These have a transmissibility varying
b‘"th. don 3,000 and 10,000 gpd/ft., depending u
.““'Mity of fracturing, and prelimin oar:
aq Buggest a recharge of 0.5 to 1.0
[& 19 mile of outecrop area,
0 1“114 then individual holes
; %0 0.25 mgd each.
d

per
If this comparison
could yield some

Pield observations of the P

the engeli sands, in

‘mfitp ngeli-Belitong area, indicate that this
(]

in general, may comprise poorly sorted

mtcrcg area and if lateral inter-
a

claeyey sands and fine gravels. If this is the case
then the clayey matrix will reduce its permeability.
This is confirmed by the borehole at Tampoi which
did not have a very good result although it was
drilled deeply into the Older Alluvium which is a
deposit similar to and probably contemporaneous

with the Pengeli sands. However the stream gauging
carried out on the S. Pengeli, as part of the
Hydrological studies, suggests that some ground-
water storage, attributable to the Pengeli sands,
may occur in the catchment. Therefore better
sorted more permeable sand and gravel beds may be
present.

e) Recent Alluvium

At present recent alluvium is the only deposit
being exploited for groundwater within the Project
Area, A considerable number of shallow, large dia-
meter dug wells are used to supply some settlements.
A study of existing wells was not undertaken, as
it would not have beengenerally relevant to any
future proposals, because the permeability and
thickness of alluvium can be expected to vary con-
siderably within the Project Area.

Recent alluvium along river valleys could pos-
8ibly provide groundwater supplies for small loecal
areas. This would apply particularly in catchments
containing sandstone and granite which would con-
tribute abundant quartz sand after erosion.

Due to shortage of time, the raised sand bea-
ches on the east coast of Tanjong Penggerang were
not visited by the engineering geologist. However
the soil maps in Supporting Volume 2 show that the
outcrop areas are quite small, with the result
that yields may also be quite small, In addition,
except for the proposed initial tourist development
and village P13 (See Figure 4.6 Chapter 4 ),
the proposed villages in Tanjong Penggerang are
remote from the outcrops. The potential for deve-
lopment of these areas for emall yields would
depend on their elevation relative to adjacent
atream levels, and on the thicknees and the exten-
sions underground, beneath other deposits, of the
sands. A geological/geophysical survey would be
regu.ired to define the outcrop area, thickness and
extension of the sands, before any exploration
borings could be considered. It should be noted
that these deposits could be similar to deposits
in other certain coastal areas of W. Malaysia,
where the sands are restricted to ribbon like
channel deposits, among silts and clays, and are
difficult and costly to locate. For example the
boreholes at Pontian Kechil and Batu Pahat (Table

) all penetrated impermeable clayey alluvium.

f) Summary

The general potential for developing rural
supplies om groundwater is summarised on Figures
1 and 2 . The areas indicated are the out-
crops of the various lithological formations and
borehole results probably would not be the same
throughout each area, To obtain best results bore-
holes would have to be sited with due regard to
the geological structure and the topography.

It is considered that the formation with the
best potential for groundwater development are
the Panti Sandstones and the P 11 sands des-
cribed as "Potential Aquifer" in Johor Tengah.

3.3 Euture Investigations

Before oposal for supplying an area
from poundw:grp:an be reliably evaluated it will
be essential to carry out more intensive investi-
gations. These should include geological and geo-
physical studies supported by a programme of
exploratory boring and pump tes ..f This would
permit an assessment of the tranemissibility and
amount of groundwater st e of the agquifer and
would indicate whether boreholes can obtain econo-
mically the amount of water required, If this
should prove favourable then a more extended water
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balance study should be made to determine the safe
yield (recharge) of the aquifer.

It is important to realise that the recharge
of an aquifer could be affected adversely, by clea-
ring the jungle cover from its catchment, in a
manner similar to surface river flows (see Chapter
1). If any groundwater resources are developed it
will be necessary to consider this aspect in rela-
tions to the assessment of the reliable yield,

o Y4



TAHLE 1

Sumpary of Borehole Records
SPECIFIC
LOCATION DATE DRILLING GBOLOGICAL LOG DISCHARGE EREAEDOWN CAPACITY REMARKS
co. QALLS FER HR 1. @.P.H. PRR F?
Fook 12.12.68 0 =275 =gandy-eilt 3,000 127 24
mfﬁfaq to 6.2.69  M.D. Itd. Gaer Hieric ;
Ismpol
Lee Rubber Faot., 12.11.60 M.D. Itd. 0 = g?' u.lx:_r alluvium 4,9% ™ 68 brackish
Pontian Eschil to 13.12.60 97" - 161" sh (black)
Lee Bubber Fact., 16.12.60 M.D. Itd. 0 = B7' clayey alluvium dry 4]
Pontian Kechil to 4.2.61 87' = 318" black shale & slate
Lee Rubber Fect., 7.2.61 0 - B8' clayey alluvi
Pontian Kechil to 28.2.61 M.D, Itd. 88' - 182" black shale Q slate 1,500 130 12 brackish
Lee Rubber Co., 28.12.60 M.D. ILtd. 0 = 85" pandy-clay & clay
Batu Pahat to 18.1.61 alluvium
85' = 121" weathered te 3,360 54 62
121" = 134" fresh te
United Rubber 22.11.62 Q. = 50° 'w alluvium
Millers Co., to 12.12.62 MN.D. Ltd. 50" - B2" wea te 1,950 b 53
Batu 82' = 95" fresh te
United Rubber 14.1.63
Millers Co., 15.1.63 M.D. Ltd. 0 - 90" alluvium over granite? 1,605 38 42 pump test
Batu Pahat record only
Kundong Bstate Oct, '64 P.D. Ltd. 0 = B82' alluvium over granite? dry 0
Kundong Estate Nov. '64 F.D. Ltd. 0 - B2' alluvium over granite? dry
Kund Estate 18.11.64 0 = 100* ung:ol alluvium
& to %1.12.64 P.D, Ltd. 100' - 138" p:flﬂl
138' =« 195' fresh te (quarts 2,060 115 18
veined)
Senai Estate 6.1.56 M.D. Itd.- 0 = 123" weathered ite
to 21.1.56 123" = 125" fresh te 2,000 45 45 iron present
Senai Village 16.7.58 M.D. Ltd, 0 = 98" weathered granite
to 26.7.58 98" = 100' fresh granite 3,500 50 70
Senai Village 5.8.58 M.D, Ltd. 0 = 58' weathered te dry 0
to 7.8.58 58' = 63' fresh granite
Kulai Village 23.5.58 M.D. Ltd. 0 = B1'6" weathered granite
to 29.5.58 81'6"~ 82' fresh granite dry
Eulai Village 2.6,58 M.D. Itd. 0 = B0' weathered te dry
to 9.6.58 B80' - 83' fresh gruﬂ.:m
Eulai Village 11.6.58 M.D. 1td. 0 = 87" veathered granite dry 4]
to 19.6.58 87' - BA'6" fresh granite
Eulai Village 27.6.58 M.D. L#d. 0' = T2' weathered granite dry o
to 2.7.58 T2' = T5' fresh te
Kulai Village 10.7.68 M.D. Itd, O = 60' veathered granite ary 0
to 13.7.68 60" - 68' fresh granite
Yong P!ﬂ, Estate
‘A .8,62 N.D. Ltd 0 = 47' sandy clay (alluvium?) 3,105 59 53
to 31.8.62 47" = 113" slate
Yong Peng Eatate H .9.62 M.D. Itd. 0 = 30' weathered shale
‘B o 8,10,62 %0' - 181" black hard shale & slate 2,385 94 25
Pamol EBatate 5.10.64 F.D. Ltd. 0 = 46' superficial clay &
to 19.10.64 elayey-sand
46' = B5' weathored tuff dry 1]
B5' - 200' rhyolite tuff
Pamol Bstate 24,10.64 F.D. Ltd. 0 = 25' superficial clay & sand
to 27.10.64 26' = 56' I-lthud turf ry o
56' - 5‘?‘6" rhyolite tuff
FPamol Batate 31.10,64 F.D. Ltd, 0 = 20' weathered rhyolite dry o
to 9.11.64 20' = 56' rhyolite
Paloh Batate Mar to Apr ¥.D. Ltd. 0 = 3%9' superficial clay &
10 ay wlow
39" = 209' weathered granite sospage e
Labis Bstate 11.8.64 P.D. Itd, 0 = 56' superficial clay &
(Cha'ah) to 4.9.64
56' - 106' black slate i? alovw (]
106' - 135' rhyoldte ) Beepage
labis BEstate 5.9, 7.D. Ita - ' superfioial
(Ch'sh) “9 g?!.“ 2 - 2?' weathered ln'::{m 7,160 52 220
61' = 114'6" black siltatons
labis Betate 17.7. P.D. Itd, 0 = ' guperficial clay 4,350 72 61
(Oha'ah 10305365 591 = 205+ hard Hack shale !
in I‘:l?. 12.:.!3 P P.D, Ltd. 0 = 60" superfioial clay & 2,500 52 48
el Ve 60" = 114" rhyolite agglomerate
1., F.D. Itd, 0 - 57' weathered te alow o
u-'::hm. ik pad 57' = 58' fresh p—g:-l seopage
known PF.D, Itd, 0 = 101" weathered te alow ]
“-'3«1"“’ e 101" = 106" fresh p-f:" Beapage
labis P.D, Itd. 0 = 110" weathered te dry 0
tare 2 110 = 144" fresh e
North - r.D. Ltd. 0 = 172' weathered granite aeepage o
Batate
Horth Labis 31.5.65 r.D. Itd. 0 = %78' weathered granite dry 4]
Batate
Voules Bstate ¥ WD, Itd. 0 = 135' superficial silty clay
m. ?33 " 135' = 141" black hard shale or 5,500 35 - 100
1' = 157" sandstone
; L n’;' Hlsck hard shale or slate
«Te +D. . 0 - 14 rficial olay 5,225 n 170
Pogah Batate 10.7.64 P.D. Ltd “'_‘ﬁ.m.u‘m. '

M.D. 1#d. ~- Malayan Drillers Ltd.
7.D. Ltd.

- Pedersl Drillers Ltd.






APPENDIX E
GLOSSARY OF TERMS

1. Run-of-River Yield

Run-of-river yield is defined as the uniform
rate at which water can be drawn from a river for
;J. specified return period of failure of river

“.

2. Return Pe

A "return period of failure of 1 year in 10
years" is defined as a failure to meet the full
supply, for a duration of no more than a few days,
during 1 year out of 10 years on the long term
average.,

5. 8 Reservoi d

Direct supply reservoir yield is defined as
the uniform rate at which water can be drawn
from the reservoir, throughout a dry period of
specified severity (return period of failure),
without depleting the contents of the reservoir
to such an extegi that withdrawal at that rate
is no longer possible.

4. e e v ract 4

The yield of a regulated river abstraction
scheme is defined as the uniform rate at which
water can be drawn from the river, throughout a
dry period of specified severity treturn period
of failure) without depleting the contents of
the upstream regulation reservoir to such an
extent that continuous withdrawal at that rate
is no longer possible.

5. DBlochemical Oxygen Demand (BOD)

Biochemical oxygen demand of water is that
depletion of oxygen in solution brought about
in the breaking down of organic matter by aerobic
bacteria. The generally accepted standard test
measures the depletion (i.e. oxygen demand) in
the dark after 5 days at 200 Centigrade and,
within its limitations, provides a fair measure
of oxidizable constituents and hence of impurity.

6. Present value

If 81 is borrowed from a bank at an interest
rate of 10 percent per annum, then the amount
owing in one year's time will be $1.1. Another
way of expressing this is to say that the 'present
value' of $1.1 receivable one year from now at an
intereast rate of 10 percent per annum is $1. Thus,
in order to calculate the present value of an
amount receivable or payable at some time in the
future, one discounts the amount by the interest
rate used. The 'discount rate' is therefore
merely the reciprocal of the interest rate, and
discounting is therefore the process of attaching
weights to future sums in order to reflect the
value of having money today rather than tomorrow.

The present value of a sum of money receiva-
ble in the future is therefore the amount dis-
counted at the interest rate used. In com
the economics of alternative water supply schemes
the present values of total costs have been cal-
culated at discount rates of 5, 10 and 15 percent
per annum. (For a further discussion of ¢
methods and principles used, see Volume 10).

7. lnternal rate of retumm.

The internal rate of return of a project is
the rate of interest or discounting rate which
when applied to the cash flows gives a present
value for the expenditures equal to the present
value of the receipts. It is referred to as the
rate of return in this volume.

8. ensitivity An

The forecast of demand for water over a
Eeriod of 30 years is necessarily very uncertain,
n certain cases the effect of differing demand
estimates in alternative or preferred solutions

have been analysed in discounted terms. This
type of analysis is commonly referred to as a
sensitivity analysis.
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