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SECTION TIT  SADONG RIVER BASIN (SARAWAK)

CHAPTER 1  OUTLINE OF RIVER BASIN -

The'Sadong.fivef basin ié'aituated in the ‘western patrt of Sarawak,

or lat, 1° - ] 30" N and long 110° - 111°E. It is ‘a relatively small
river with abouL 3, 6&0 km? of drainage area and about 180 km of main

river length.

The river basin is nearly tfianguiar—shaﬁedmaBOUt 70 km from east

to west and about’ 85 km from south to north. -
1.1 Natural Environment

Starting at the confluence of the Kedup River and the Kayan

River flow1ng out of the southwestern mountain dibtrict and the
.-Krang River: flowing in the eastern plain, the Sadong River winds
its "w'ay' tht.'(..‘r;ugh'-'an ailﬁvia-l plain_ and '_flof-rs' 'iri't(')':the _'So_uf_h. Chiﬁa'

Sea. ' The Indonesian border with a chain of 600 to 1000 m
-mountaiﬂs:forms the divide'of this ‘river basin, which is

relatively flat.

Frdm,Taoah'Puteh iocated 109'km frbﬁ the fiver;mooph,ithe

river meandels merkedly dovm to the mouth ' it is also up to this

f_ po1nL that’ tidal- waves affect the water level, The grades'of=the

Kedup Rlver and the Kayan River meeting each,other at about 10 km
~upstream from Serlan, 129 km from the river—mouth ‘are 1/3, 500 |
_'and 1/570 respeetlvely. In the middle -and lower reaches, the‘

;;Sadong River is a- primltlve river overgrown on both shores with -

'mangroves.- in the rainy season from December ‘to February, he f:

river often overflows,acomblned with the-klng tldes.;

The climate of thlS ‘area 1s a troplcal cllmate of high _

' temperatures and much rain, and the ralny séason of Northeast _
_As1an monsoon 1asts from November flll March 55 per cent of the--'
yearly rainfall occurs durlng this ralny season, when rlce can be

grown without irrigation._
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1.2 [-SocioecoﬁomiohEnvironment
1.2.1 Population within River Basin

The populatlon of thle river baeln conslete of 2,200 in

downtown Serlan, about 54, 000 in the upper reaches 1nc1ud1ng

:berlan, 630 in Simynjan 51tuated at.a dowustream polnt and about
31,000 in the lowcr reachee 1nclud1ng Slmunjan. The total is
therefore estimated to-be about 85, OOO people . The population

den81ty throughout the river basim is about 234 people/km2
1.2.2 .Agriculture

Pfincipal agricultﬂfal products in this fiver:basiﬁ;are
paddy, rubber, pepper and coconuts Emphaeis is pattieuierly
'zplaced on. the productlon of ‘paddy. Namely, there'afe soch irri—
;gatlon plans as the Sadon Middle Reaches Irr1gat10n Plan Raya
ﬂPayang Irrlgatlon Plan and Sadonn—Krang Paddy Plan The pepper,

?sulted for culle tlon on the h1lls, is-also an 1mportant

ﬁp:oduc; of thlsvr;ver;baeln..QTherenls a‘network of roads around
Serian, and.land use is advanced at Sadong and the surrounding

middle reaches area.
.1.2.3... TFlood Damage . = -

Aceofding'to.the flooa reeord' the flood in: January, 1976
- was the largest since the commencement of observatlon The
.observatlon data, falrly well xrecorded at Serlan, ehow that the-
'hroad was coveredﬂby_about 2- feet of water -and the max1mum

ﬂlnundatlon reached . about 6 feet. And Serian, Tabakana and Tanah

.. Putoh suffered. great damaoe from ‘this flood.

In 1977 t00; Serlan was 1nundated by the Water of 4 to 5
feet deep, the losses of graln, cattle and propertles estlmated
to have amounted to M$464 000
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CHAPTER 2 TARGET AREA OF FLOOD FORECASTiNG ANb HARNING

2.1 Target Area of Flood Forecasting and Warning

Based on the dlstrlbutlon of populatlon end assets, aud’ socio-

'econom1c characteristlcs, such as 1and utlliaation both the

existrng and the future, the area stated below of the Sadong river
basin is proposed to be the target area taking hydrometeorolog1cal

and topograph1ca1 and run—off data into conslderatlon
The’ flood 1nundat10n areas along the Sadang river caused by
the biggest fldod’ ever recorded (January 1976), where major
'“kampung, such as Tebakang, Serian, Tanah Puteh Sebamban
and Gedong are looated o '

2.2 Flood Forecasting Points '

Representative locatlons for flood forecastlng selected for

_the above target area are as follows"'
. Serlan
_ Gedong f-
2.3 : Fiood_Warnieg Points_
- The major flood warnlng p01nts selected for the above target_
:areas are as rollows.
:=Tebakang, Serianj”TahahfPuteﬁ;aSebambah,and~Gedohg

Gedong whlch has ‘not had serlous flood effects as. to be

de51gnated a warnlng p01nt may suffer from remarkable effect

caused by future basin development (increased runoff) and - river
.,jimprovement,work (increased. £1ood propagation;tlme)e For this .
reaSOH,—Cedoﬁg'ooght~t0‘Berineluded-iﬂ?wareing:points;f This
' axpected future flooding could be 111ustrated as the diagram shown -
;:below.. As may be observed,_c01ncidenee probablllty of sprlng tidee

'Qand peak flood discharge is expected to increese substanclally.
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2.4 Location of Telemetry Stations

_ Aioug the Sa&ong river, a 'relatively'large ﬁumbeﬁ of hydro-
_loglcal observation statlons both ordlnary and recording are
.located,_and considerable volume of observatlon data aré already
accumulated. Therefore, telemetry observatlon statlons are to
be elther of converted.existing ordinafy“stations or new tele-

meterized stations located in ‘the neighborhood of the existing.

2.4.1 7;'RainfelljGauging‘Stations .j

-In locating telemetry rainfall gauging stétions, it is re-
qulred to d1v1de the entire subject river ba31n into area where
Lhe ralnfall characterlstlcs are a}most Lhe same, and to located

one station in each area.

In 1ocatlng rainfall gauglng statlons, 1t 1s requlred to
confirm easy maintenance and admlnlstration and undisturbed
telecommunlcatlon“based.onfthe available data {See Chapter 3

FLOQD'FORECASTING) and the findinge of the field reconnaigsance.

2.4,2 - Water Levei<CaugiuguStatidusfl*

" Actual ‘locations-of the water level gauging stations are

=.:to be-detetmihed;with.due"regard-to the following criteriaﬁ

= Avallablllty of river etage data ‘with high cor1elat10n

L ©Cto ‘that® of above—mentloned forecasrlng points; which
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facilitate accurate forecasting. In addition to this,

“enoegh time lag for forecasting should be secured.

- Close to existing gauging station so as to use existing

data_effectively
~'Easy operation and maintenance irrespective of water level
- Undisturbed telecommunication

Based on the preliminary study and field reconnaissance,
the layout of location of water level stations is proposed as

shown in Table 1 and Fig. ‘1.

'From.fhe'findiﬁge'of.feconneissaﬁee'survey; it was found
dlfflcult to 1ocate the Gedong stdtlon along: the main course of
the rlver as de51red therefore, the- exlstlng Gedoncr station is
1ocated ‘at about 300 meters up- stream from the confluence of -

the main rlver ‘and the Batang Krang, as a substitute.

With regard to praetieally acceptable_loca;ion for telemetry -

station, Chaoter 5 FACTLITIES, and the APPENDIX may be referred.
2.4.3 Seieetion'of Discﬁarge Gauging Points

_'Fof a 1onger'term.aﬁd:higher accuracy in flood forecesting,
it is desirable to use data of forecast of flow dlscharge based

on the observed ralnfall.

- In flow dlscharge observatlon, hydrograph of water—level
-and discharge at. maJor observatlon p01nts may have to be ob-'
‘tained. Hence, it is proposed that observatlon of flow dlseharge

- be condueted to prepare the hydrograph requ1red

The 51tes mentloned below are selected as su1table for flow :

'dlscharge observatlon',‘.

Sltes . .. River
Krusin  --—--—  Kayan
Meringgu =-——— Kedup
Serian = ————- Sadong’



2.4.4 Expansion Program for Future Location Plan of

Observation Station Network

Telemetry Observation Station

- For improved eccureey-and extended time 1ag of flood

forecasting, it’ is recommended to conduct flood fore~-
casting by’ predictlng dlscharge from rainfall, In
this run-off prediction, however, an expanded rainfall

gauging network is required.

The locations for such erpandeddtelemetry system would
be the sites of recording reingeoges prbposed after4
words. Moreover, it is highly recommended to install
telemetry equipments of both lalnfall and waterlevel
compatlble type at Kra81n and Merlnggu which for the.
time belng only uses the waterlevel telemetry
functlon This would facllltate very much the future

expan810n and be economical in the’ long run.

- In this proposal the area subject to'flood forecast-
1ng and wvarning is 1imited to the main rlver courge of
' Sadong River and its adjacent land The river basi
of Betang Krang, the right Lrlbutary, has a relatively
developed road system and future accumulatlon of
populatlon and property could be expend from future
-development. The flood forecastlng and warning system

for that area woold_by them be highly demanded.
' Water level geuging stetion at:Gedong,'oﬁ'the other
'hand, would be desirable to be newly installed on the ‘

main rlver course Judging from - ‘river gradient and

“the w1dth of river of Gedong, however, the existlng

_gauge on Batang Krang would repreeent very well the
water level of the main rlver course. Tt 1is. dEblrdble
to make use of the exrstlng fac111ty from finan01al

point of view as well.
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The daté cdlleéted.ét Gedong 1s indispeusable to the

forecast df Gpper reaches since marked effect.of tidai level

is observed. Moreover, to increase the forecasting

accuracy at this: 1ocatlon, a  comprehensive flood forecaQtlng
" and warnlng syqtem of Betang Krang basin tcgether with the

main river course of Sadong is hlghl] demanded.

From the reasons stéted abpve as'well'as the analysis of
available hydrological data, the‘following‘rainfall gauging

stations are proposed for future telemeterization:

° Balai Ringin

® Bedup

 Rainfall Recorder Station

-~ Presently,'there are only 10 to 15-fainfa11 gauges and 5
water 1eVél.gauges insfaliéd in’the upper reaches bf_SadQng
'iRiﬁér._ It is highly recommended, thérefore, to increaSé by

. far the ‘number of recordlng—type gauglng stations not only

1§}} . .
L _ . to ra1se the accuracy of flood - forecastlng but also Lo

-provlde fundamental ‘data required for the future rlver

--develdpment-plan;

Sifing plans for raingaugas are to be made’ out - s0 that a
gquge'cduld be installed in each dividéd section of the
target basin having uniform rainfall characteristics. It is
genérally'ﬁnderétood Jhbwever :that these patterns of
'characterlstlc rainfall are dlfflcult to detect. . To solve:
thlb problem the Japanese. Englneerlng Standard for Rlver and
Sabo has de81gnated that one ralngauge be placed in. everj

50 km2 area.

Another example is the AMEDAS* system cperated by Japan

'-Meteorologlcal Agency which collects ralnfall data of .
segmented area separated.by grids 17 km apart., (Segment

AreaE'Approx. 300 km2)
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For the siting of water 1ével'géuges, 10cétions assumed
.important.fbr rivef management as well as river imﬁrovement
. program are to be selected. .For eéxample the gaugeS'may be
" placed at confluence of tributaries with main rilver; upper
and lower reaches.of‘rivei structures such as gates and
weirs, bottleneck of river chénnel, and in the'vicinity of
lakes, inner basin, éStuafy and other locations as may

cause phenomenal hydrological effects,

In the Sadong River Basin, suitable locations for water
level gauges are to be selected after caréfuliy feviewing
the existing conditions of the river system as well as
socio—-economic features of the'érea représented by the stage
of economic.growth and the distribution of population and

properties.

Fig. 2.3 shows the proposed locations considered nécessary_
after.this.étudy; They are selected after hydrological
study as well as 1ocational'conditions_which would .affect
very mﬁch,the construction and maintenancé. “The number is
to be increased:as soon as the sﬁrrounding conditidﬁs are

improved to estahlish a thorough rainfall gauging network.

I1I-10




Table 2.1 Hydrological Observation Stations

Station :River Basin ~ Classification Remarks
1. Tebedu ' ZXayan . R (Rainfall) for upper reaches
rainfall of Kayan
River
2. Mongkos  Kedup R ~ for upper reaches
: ' rainfall of Kedup
River
3. Krusin Kayan | W (Watef level}

[R,D (Discharge)]

4, Meringgu Kedup . W (R,D)
5. Seriah.' Sadong - R,W (D) Flood forecasting
. . peint
6. Gedong Sadong W _ : FlOQd forecasting
7. Enséngei Sadong - W . for tidal level
- L ' observation
(8. Balai  Krang = (R) ' " for upper reaches
’ Ringin) R rainfall of Krang
: River (future
program)
(9. Bedup) Kedup o ] {(R) . ' for upper reaches

rainfall of Kedup
_River (future
program)

_Stationsiin paranthesis are to be installed_in fﬁture for
incorporation with the proposed system to achieve increased

forecasting accuracy.
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2.5 Relay Station and Flood Forecasting Center
2.5.1 Relay Station

A relay station is requ1red to send the collected hydro-

1oglca1 data from observatlon stations to flood foreoastlng

center. From the field survey conducted the T.V._statlon
a top of Mt. Serap1 be]onglngﬂx)Telecommuniéation Depertment
would prov1de excellent loeatlon for the proposed telemetry
system from economy as well as’ operatlon and malntenance

.p01ntsof view.
2.5.2 - .Flood Forecasting Center

- This Center_analyses.all the-detaasent from the ob-

servation stations for making flood forecasting and warning.

The Center ‘'would be a v1tal organ for sendlng out in

_formatlons of expected floods, the flood warnlng as’ well as
'evacustlon procedures, Exper1enced engineers with enough
knowledge of hydro—meteorology are to be asslgned for the

~task,

It 15 desirable, therefore, to place the Center w1th1n_
the D.I, D, Headquarters Since the space aqa}lable at the
Headquarters 1s llmlted the'Center is to.be plsced'in a
bulldlng to be newly constructed at D I.D. Blatawa Depot..
-Elther publlc telephone or exclu51ve telephone 1ink may be
used for_communlcatlon between the Center ‘and the Head—

_ quarters.--
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3.1

3.1

.1 Rainfall Data

CHAPTER 3  FLOOD FORECASTING

Hydrological Data

Rainfall Gauging Stations

There are nine rainfall gauging stations in the upper
reaches of Sadong and Krang rivers as shown in Fig. 3.1.
Most of the stations are equipped with a reinfall'recorder,

and observation has commenced since 1960.

) :Arrangement'df Data

Daily ralnfall data recorded at each statlon are complled 2%?

in "Sarawak Hydrologlcal Year Book”- Dally fainfall data in

3.1

major [loods experienced from 1963 to 1976 are summarized in

the preliminaly'Sufveﬁ reﬁorf. Hourly rainfall data are quoted

from "Flood Investigation Report Batang Sadong and B. Krang,

Feb. 1974, as given in Tig. 3.2.

.2 Water Level Data

Water Lével Cauging Stations’

'Wdtef ie#elzgéuéiﬁgﬁstafibﬁe at Serian and Bedup have been

in operatlon since olden rlmes, both of which are equ1pped with

a water 1evel recorder llke the Gedong statlon. The Kru31n and
Merlnggu statlons have been 1nsta11ed in 1977 to eollect hydro-

logical data requ1red for the constructlon of two flood

_control dams. At these statlous, observation is done at’ 6 10

and-18:3o déily_and at the three-hour interval in a flood,

III-14
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The stetions at Tanah Puteh and Sebemban were washed away by the
flood in 1976.

- Arrangement of Data

‘In the same way as_the:faihfall data, water level data at

Serian and Bedup are compiled ineﬁse:awak Hydrological Year

Book" . Besides; data recorded in floods are available Water
- level data in yearly major floode collected at Ser1an from
1963 to 1975 are summarized in the prellmlnary survey report
The water level data at Serlan, Gedong, Tanah Puteh Sebemban

in the flood of February, 1974 are: presented in Table 3.2.

.'3;2' ’ Hfd?ologicai Eﬁamination of Telemetry Station Lecation-
.3.2.1 . Rainfall Gauging Stations.

' Siting Criteria.

8 Thefrainfelifgeﬁgieé-ffelemeerj) steﬁieﬁsfis'to 10cateds

..in such p051t10ns that the ralnfall characterlstlcs in the
target rlver b381n area ‘can . be acqulred wlth aceuracy For
this purpose, surveys and analyses should be conducted based

on the avallable hydrologlcal data.
The ]ocatlon of ralnfall statlons to be equlpped w1th a tele—'*
_ meter 15 determined after a careful study on the’ available

data.

o B “;-'“Leeatione

Based on the ralnfall data well- arranged since 1970,
'1sohyeta1 1ines are obtalned from the total ralnfall in the
~major floods. “The ralnfall aistribution is shown in Plg. 3. 3

Thoughfthe accuracy_of ;sohyetal 1ines is reletlvely iow

TI1-17



" Regional” Rainfall Characteristic {Average of Main Floods During 1970 - 1975)

"Fig. 3.3

S

5
. A
i 5
. g A ]
o Y . 3
5§ _ ‘g
i B i e
. 1
I+~ ~l A

SO
XK
55

85
KR5GS
Sietolel

=

ty_ﬁi‘.j/._
anah Puteh
CX

v,
y,

&S

R

A
Sebamban

%
&
o
‘0

A,

3 8%
s A B

Ensengei |



due to iﬁsuffieient data,'lt is estimated tﬁaf'the ﬁiddle
reaches in the v1cin1ty of Serlan and Narok suffer from heavy
ralnfall durlng a flood, and that hi]ly 1ands of Tebede, Muara
Mongkos and Barai R1ng1 have a relatively small ralnfall

Tebakang, Merang and Bedup have the intermedlate ralnfall be-

tween the above two’ groups

In the first:hanﬂ, Serian can be nowinated as a site for
rainfall'telemetry'station,'beeause Serian is located at the
center of the heavy ralnfall dlstrlct Secondary, Tebede and

Mongkos in the upper reaches are selected

The ralnfall in the 1ntermed1ate ralnfall dlstrlct can
be estimated from the rainfall data of Serlan and Tebede/Mongkos

on the ground that’ 1ts ralnfall shows 1ntermedlate between those

at Serldn and Tebede/Mongkos. As a matter'of course, 1t ‘is

"preferable to 1nstall stations in ' the 1ntermed1ate ra1nfall

3.2.:

dlstrlct in the near future
2 - Water Level Gauging Ststion'e

‘The ‘points performing watef‘level observation are Serian, .

Krusin end Merlnggu along Sadong rlver, Gedona and Bedup along

. _Krang river.

‘The exlsting water level gauglng stdtlons 1n the Sadong

_rlver system are schenatlcally presented in Flg 3.1. Water
'level gauges shall be placed at such a place’ that the water

levels at warnlng p01nts can- be estlmated The filood warning’

'_points w1ll be placed at Tebakang, Serlan, lanah Puteh, Sebamban:

,'and Gedoug.

The relative position of these water level gauging

-stations ‘and the target area’ for flood forecastlng ‘and warnlng-

'could be 1llustrated as follows

I11I-19



_ lhe water, leve]s at- rebakang and Serlan can bo forecasr
by that at Krusin in the upper reacheq and those at Kruqin and
Meringgu respectJvely. Flood f01ocaqting at Tanah Puteh and
Sebamban in the lower reaches of Serlan, both of Whlch are
subject to tldal 1nfluenco, can be made, Judglng from ‘the water
levels at Serian and Gedong Gedong is so ‘gubject to tldal
influence that a statlon has to be placed at hnssengel near
the estuary to faollltate flood forecastlng from the relatlon

- of water levels at Fnssengel and Serian.

With due con51derat10n for the above, the fo}]ow1ng

locations were se]ected for'watér level gauglng statlon.

Krusin, Meringgu, Serian, Gedong, Ensengei

For malutenance and examlnatJon of the proposed water
level telemeter 1and transportatlon 1s_avallab1e for_Serlan,
Kru51n and Gedong, and boats can be uged to go to Meriﬁggu
and Ensenggei. '

For details, photographs and’ skatches are compiled in

Appendix.

Krusin

i
Tebakang
./'

s
”Setianr

& watér Level Gaoging Station
0O wérning Point '

. Ensengedl
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3.3 " Flood Forecasting Methods
3.3.1 Flood Forecasting Méthods

Principal flood forecasting methods used today are as

follows:

Table 3.1 Classification of Flood Forecasting Method

Input - o Ou;put.: . Forecasting Process

Water level or | Water level or '_Chénoei fiow ‘condition
discharge . .dlscharge - L :

. Water level or. | Water Tevel or | Residual bégin.run—off
discharge and . | discharge ' to channel flow
basin rainfall e S

‘Basin rainfall | Discharge - | Run~off from basin

3.3.2 . Classification by Calculation HMethod

Correlation Method (correlation chart, coaxial corre-
latlon chart, correlatlon formula) ' :

. Using the exlstlng hydrologlcal data, the output factors
(water level or dlscharge) of the forecastlng po:nt are
prOJected through correlatlon analysis of the input factors
(water 1evel dlscharge or ralnfall) avallable at the data—
¢6llection point, taklng ‘the flood travel time between tnese:

 p01ntS into con51deration. _

} The oatput factors at the forecastlng point are deter-"

'mlned approx1mately by processxng the 1nput 1nformat1on _
gathered duriqg floods u51ng quantltatively*processed corre-
lacion charts or correction formulas._ In some cases, the

-prediction accuracy oould be lmproved by includlng as auxlliary
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parameters the water level (discharge) of major tr;butaries
and the ralnfall in the residual bas1n area between the data-

collection point and the forecastlng p01nt.

o In u51ng this method, either. the water. levcl-(diseharge)
versus water level (dlscharge) correlatlon or rainfall versus

water level correlatlon 15 generally employed : ' : :ﬁ?

- Water Level (dlscharge) Versus Water Level (dlscharge)
Correlatlon

In the marn stream channel of a large river, water 1eve1
forecastlng for a downstream p01nt ‘¢ould be made on
_the basis of the water level (dlscharge) correlation
-and the flood travel time between- the two points.
This w1dely used method of “flood forecasting can also
be applled to ‘the dam, whleh ‘has a. relatlvely long
upstream channel exten31on (catchment area of more than
-‘500 kmz) In many cases, the: predlctlon aof flow _
condltlons with hlgher accuracy may be p0551b1e by
' 1ntroduc1ng auxlllary parameters prepared w1th attent:on ' W
to the hydrological characterlstlcs of the river ba51n |
(e.g:, causes qf-rainfall Talnfall dlstributlon,

tributary runeff).

“The veloclty of f]ood wave in the river channel is
estlmated to” be 10 20 km/hr in the upper and middle -
reaches and 5 10 km/hr in the mlddle ‘and lower reaches

.-Thls would serve as the basis of ferecastlng tlme«lag
__Raiufeli Versus WaterfLeeel (diechargel borreletion“.

In this method whlch has . also heen used widely,- the

Trunoff and the hour when it w111 take effect are pre-

dicted by means of correlation dlagram and simple.

correlatlon formulas. Though it 1s generally low -
“”:in accuracy to the above correlatlon method (a), rt N
© counld’ be both convenlent ‘and’ effective when advaece ;

Zferecastlng rs required.
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‘The ooexial coffelafion"method3is the developed type
of correlatlon nethod in which the.rhnoff'phenomeﬂon
is evaluated u51ng euch auxiliary parametere as, rainh_
fall- and ‘various. other condltlons of the river basin.
This ‘method could be fairly accurate ‘with the adequate

choice of parameters: -and reliable’ statistical data.

Runoff Analysls (runoff function method tank mode method

" unit hydrograph)-

In this'me;hod,‘the'foﬁoff'charectefietiCS”inLchefbaSin

area upstream of the foiecasfing point are conﬁefted'into'

constants for the runoff calculation formulas by analyz1ng
‘the existing hydrologlca] data (rainfall and dlscharge)

" Then, at the time of floodlng, the avallable rainfall data is

put to computatlon w1th ‘the runoff calculation formula to

.predict the dlscharge at the forecastlng p01nt S

r1"hie‘lrll'ethod when compared with the correlation method

_feature much 1onger time- lag of forecasting and an 1mproved

predictlon accuracy. Particularlv when a flood runoff is

supposed to be affected by flood control facllltles, it is

kdesirable_that the predictions be made using a seéries of

Tenoff analyeis_mo&elslpfepared befdcehaod;

When thls calculation method is to be employed dlschargew'

:gauging at the forecasting polnt and one on two addltlonal
'rainfall gauging ‘stations at géach’ mejor trlbutary would be

rqulred Furthermore, complex computatlon of some sopnlsti—:

cated"funoff.calculeplon models would call_for.the use:of

© electronic computer.
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3.3.2 Proposal of Flood Foreccasting Method

The corrélation method- for flood forecasting is recommended
as an initial step of thé flood forecasting System operation,
view of the existing hydrological data, the number and location
of probgsed-telemetryrstations, the flood information available

and required forecasting time-ldg.

However, the future increase in population and properties
within thé_warning area would require an improved prediction
accuracy and longer forecasting time-lag and moreover the
inétallation_of flood control structure In the basin area
would make it necessary -to switch to the runoff analysis for

~ flood forecasting.

As preparapqry'steps for the switchover to the runoff
calculation method, therefore, it would be necessary to gather
and apélyze the hydrological data, conduct discharge observa-

"tion and longitudihal and cfoss—sectioﬁal surveying of the

river channel, and to increase and telemetrize the rainfall

gauping stations.
3.4 Preparation of Flood Fo;ecasting"MQdels
3.4.1 Flood Forecasting Models

_ The fellowing tabie shows thé proposed flood foreeas;ing
modéls_for the_ sadong . ‘river basin. Wiph the'accﬁmuléfion
of hydfqlbgiﬁalrdata, hoﬁeVer, it would be necessary to
continue to examine and aﬁaIyZe the vali&ity of\foredaéting

models, particularly the correctness of correlation, the

A,

necessity of parameters and. the forecast accuracy.

<
i
k3
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Table 3.2  Flood Forecasting Model

Forecaéting Forecast Inpﬁt Apolicati
Model 7 Point Tactors ppication
_Modei 5-1. Serian . Krusin and - : Basic model for water
_ Meringgu : level prediction of
(Water level Water levels “Serian (Short term

water level) forecasting)

Model §-2 Serian  Tebedu and Water levels at Krusin

iigoqq: . (Krusin) Mongkos and Meringgu are’
(Rainfall ~(Meringgu) - Rainfall : estimated ‘using rain-

water level,
water level -
water level)

~fall data of Tebedu

and Mongkos. o
By Model S-1, the water
level -at Serian can be-
forecast. Long term

.. forecasting is possible

“though its accuracy is =
not high. . In the future,
the accuracy can -be
improved by incotrporat-
ing. rainfall data at
‘Krusin and Meringgu
into the forecasting
model. ‘

{Long term forecasting)

Model S-3 Serian Mongkos, o . Back~up model in case
. Tebedu and : _~o0f lack of water level
(Rainfall - . B ' i
: . Serian © data at Krusin and
water lewvel) ] . \ .
rainfall Meringgu.

Long term forecasting is’
. possible in -spite of
poor accuracy.

Model G-1 Gedong  Serian water o Forecasting is basedion
©  level, En- : ~the water level records.
sengei tidal ~Actually, Serian water
level _ . “le&vel forecast by the
' © . above model and ‘thé’
corresponding water |
‘levels at Ensengeil
will be used. =
Long term forecasting
.is possible, though -
the accuracy is low.

(Natef-level -
water level)
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Fig. 3.4  Flood Forecasting Model '
(Sadong River Basin)

Model §-2

T ]
| Mongkos (R} Tebedu (R) |
N A
I Rainfall an_d Water Level Rainfall and Water Level I o _N_Io_cln—l Si_’_% o .
| Corrclation Correlation | I T *'I %
l | Mongkos (R)  Tebedu (R) i
| Lo | |
: Mode! §-1 } : , - |

ko ———— ey . . - |
l Meripggu(H) - i(rusi!n(H) l i Rainfg;i?i ;:fia:)l:r Level |3 Sexian (R) I
! . Water Level Correlation . = | : - J : :
I ' I_ — _J
| |
| l

R I V7 Y X R

| Water Level Correlation

o Rainfall Ganging Station

& Water Level Gauging Station

4 Flood Forecasting Point |

_ Gedong(H) ﬂ

Water Level Correlation

VAN - - -
Ensengei Hy ] §-
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In any model, further analysis and study on the items

below are required as the data are accumulated,

H

Improvement of forecasting model

Adjustment of co-relation in a model

~ Incorporation of sub-parameéter

1

Comprehension of forecasting accuracy
3.4.2 Proceduies for Preparing Flood Forecasting Models

Forécasting Model S$-1 (Krusin and Meringgu Water

Levels into Serian Water level)

The water level at Serian is predicted from the water
levels at Krusin and Meringgu, using the correlation chart

which is shown in a simpiifiéd form below.

The correlation charts are to be prepared by the following

o " procedure:

- Based on the results of diécharge measurement, calculated
Tlow velocity of floods, and water level correlation of
three points, fiood travel time.tll between Krusin and
Serian and tl9 between Meringgu and Serian are estimated,
The shorter one'df the ,above two flood times is regafded
as the flood travel time tl. _

- Taking into:consideration.éach_flood travel time;
water level_data summarized as‘below.are'plotted on'

the figure.

Mefinggu W.L.~

Krusin W.L.H

"H,L.: Waterilévei '

Serian W.L. Ht+tl



Time

Krusin
Water level

Meringpu -
Water level

- The water level correlation curve with a parameter of

Meringgu water level is drawn by either interpolation or

LW N =

KH (t - tly)
¥H (1 - tll)
KB (2 - tll)

extrapolation,

In_ case of tl2 ' tl1

casting hour t shall be;

Krusin water level

Meringgu water level:

In case that a seribus error of forecast values estimated from
the above correlation appears due to run-off from the residual
basin‘of;the three point, a telemetry water level station shall
be placed at the main tributary in the residual.basin, and other-

wise a telemetry rainfall station shall be installed at the important

MH (b ~ £13)
MB (1 - tlz)
M (2 - t12)

for example, input data at the fore-

Kit
ME [t - (tl2

places in order to compensate the error.

Krusin W.L.

Serian W.I.

Meringgu W.L.

- tl.)

1

Serian

Water level

Shc
SH1
SH2

Rainfall in the residual basin
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Forecasting Model S-2 (Tebedu Rainfall into Krusin

Water Level and Mongkos Rainfall into Meringgu

Water Level, Krusin and Meringgu Water Levels into

Serian Water Level)

Krusin and Meringgu water levels are estimated from Tebedu

e and Mongkos rainfall data, and further Serian water level is

e B

forecast using the forecasting Model S-1.

Correlation diagram between rainfall and water level is
prepared after estimating Krusin and Meringgu water levels as
shown below. The water level at the place in question and rain
intensity,;t during the time which controls flood run-off are

ugsed ‘as input data.

W.L. of ForecaStIPoint;gt N

Rainfall

W.L. at Forecasting Peint H(t + tll)
{ Krusin or Meringgu )
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_x (em) + v (6enel) k... e +ore
r n

v : Rainfall duration which verifies a flood run—off.

The flood travel time"tl™andthe above'n"are determined after

a study on the existing and newly collected data.

The correlation diagram is prepared in the same way as the

forecasting model 5-1.°

~ Forecasting Model §-3 (Tebedu, Mbngkos and Serian Rainfall

Pata into Serian Water Level

A correlation.between rainfall and water level is prepared
from the rainfall data of three stations to forecast:the'Seriah
water level. The flood travel time tl and H(t+tl) are forecast

from the average rainfall intensity ¥t and water level Ht at the

.forecasting point.

Serian W.L. at "¢"

infall

asin

Avera

Serian W.L. H(t+tl)
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Average rainfall in the basin Rt

Tebedu'Rt + Mongkos Rt + Serian Rt
3 .

Average rainfall intensity in the basin rt

R (ten) + R (en=1) + vuvev.. +RE
n

whére; n & Rainfall duration which verifies flood run—off.

n and t1 (flood travel time) are determiﬁed'after a study

on the hydrological data.

Forecasting Model G-1 (Serian and Ehéengei:Wétér-Levels

into Gedong

The water 1eve1 forecast for Gedong, Wthh 15 subject to

the 1nf1uence of t1da1 waves, is made on the ba51s of the water

1evels at Serlan and Ensengel as follows"

Gedong A(E) (r+tly) -

.Gec‘.long AH_(t):'(tftlz')

Ensengej Ht . Serian Ht

Gedonig £ (t + tl1) = Gedong H(t) c,edong H(t) ...'....-(3-1)

s

o Correlatlon betweeu Ensengel Water Level and Gedong

~Water Level

11131



" The ecorrelation between the Ensengei water level and the

Gedong water level may be represented as follows:

The correlation chatrt must be prepared based on the
correlation between the Ensengei Water level and Gedong
water level determined from normal time data, as shown

above.

- Correlation between Serian Water Level and Gedong

Water Level

At normal time, it could be assimed that.ﬁo correlation

exists between the water levels at Serian and Gedong

because of the éﬁﬁefsediﬁg-effgcts of.the.tidél'wavgs.
_At'flood—betiod; however,'the incfeasgd discharge will
marked1y3affect-the'Wafer level., The“cérrelétion-ﬁetwen
the water levels at Serian and Gedong is to be estéblished
by determining the watér level rise at Gedong due to the
flood discharge:is to be examined for its cbrreépondenée
with the water level at Serian for preparatidn'bf_corre-

tation diagram.

It is possibie to calculate the water level at Géﬂoﬁg

during a flood from formula (3-1).

f— L S

i

ey




3.5 Verification of Flood Forecasting Models
3.5.1 Preparation of Torecasting Formula

Al though the data colliected at the project site are

cinsufficient to prepare a correlation diagram, diagrams: at

the following piaces are prepared as a trial and their accuracy

igs reviewed.

-Correlatlon between the average total rainfall

in the basin and Serian peak water level

Based on the hydrologlcal data of major f1oods from 1963

to 1975 a correlation dlagram is prepared

' Follow1ng Lable presents tHe averdge Lotal ralnfall accumulated

from ‘the beglnnlng and the’ correbpondlng Serlan water level.

Table 3.3 Correlation between Serian water level

and-average rainfall

' ~ _Sériah;?éak' . o
YEAR water level s - Average

" C MSL:(m)‘ ' ' i Ralnfall (mm)
1963 dan. | 9.3 o1 37,4
1965 Mar. | 8.5 | . 151.8
1966 Jan. | 8.09 1455
1967 Mar. | 8.09 . . S 127.0
1968 Jan. 8.8 . 319
1969 Dec. o 9.060 b 3286
1970 Jan. | 8.26 - . . 201.3
1970 Feb. | 8.38 . 30L.1
1972 Jan. | 815 .. -115.2
1573 Dec. |~ 8.74 i 3643
1974°Feb. | - 9.41 . 380.1
1975 Feb. | 2936 150.5
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The diagram using the data in the Table is given in-Tig. 3.5.

and Serian water level

Average.daily.raiﬁfall of the experienced major floods

and Serian daily water level are studied in the following

process Lo prepare a correlation diagram.

- Average daily rainfall in the basin is algebraically
obtained. o

- Serian daily water_level'and average rainfall in the
basin are summarized in a table.

~ Judging from the relation between rainfall and Serian
water level, flood Efavel time is considered 20 to 30
houts. In this case the flood travel time is assumed
at.one_day.‘f_

- The storage capacity of the channel is so great due to

sluggish grédient that water level'forecaéting'from the
rainfall data is considered to vary by the initial water
level. _ '

- A dlagram with a vertical axis of daily rainfall and a
horizontal axis of water_lével {one day latef) is
.prepared as Belbﬁ. The éxistiﬂg fiood déta:are plotted
in the diagfam. Serian water level (at the same time) is

also put down at the corresponding plotted points.

. .. ) ’ . Iy H
Hy () Hy () Ha(t)3§r13n (t)

Rave (t)

t: day

“Serian H(t+1)
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- Reading'the values of the plottéd points, Serian water

levels (at the same time) are drawn in the figure.

Correlation between Krusin water level and

Serian water level

Serian water level is forecast from the water levels at
Meringgu of Kedup river and Krusin of Kagan river. The water
level at Meringgue has to be estimated from the: correlation

diagram between Krusin water level and Serian water level.

~ The time lag between the time of peak Krusin water
level and that of peak Serian water level is considered

"to be 12 hours on an average:

- Cdrréspondehce betWeen-K:usin water level and Serian
water level at 12 hours later is studied as shown below

(January to February, 1977).

" T1=L2hour—__
i
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The water levels at Krusin and Serian are plotted in
‘a flgure, in which a relation curve is drawn as shown in

Fig.

3.5.2 Verificatidn'of_Corrélation-Diagram'Aécuracj'

The accuracy of correlation diagram prepared in 2.5.1 is

verified using the data of the experienced floods.

‘Correlation between the average daily rainfall and

and Serian water level

The data of Eloods in 1963; 1974 and 1975 are reviewed by
the method described in 3.5.1. Based on these data, Serian water
level {one day later) is estimated'ffom the correiation diagram

between the average daily rainfall and Serian water level (at

the same time) as shown in Fig. 3.5..

Correlation between Krusin water level and’

Serian water level

Based on the data of the flood in February of 1977, the

accuracy is verified. 'The resulis are shown in Fig;3.7 and 3.8.

.The above verificétion'results show high accuracy in Fig.

3.9. It is possible'to'imﬁrove-thé accuracy by the data to be

_collected in the future.
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Tig. 3.6 Correlation of Water Level between Krusin and Serian (1)

' (B'efore Peak Water Level)
10 > .

Krusin Water Level

s e @®

o S : ®
Kmsm : / .
{m) S ® /

2 3 4 s el 7 8 9
Serian Water Level

——= Serian H (m)
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Correlation of Water'Level between

Fig, 3.7 : :
& Krugin and Serian (2)
- (After Peak Water Level)
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" Serian Water Level
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“Fig, 3.9 Forecasting for Serian Water Level
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CHAPTER 4  TELECOMMUNICATION SYSTEM . .

4.1 Qutline

This survey has been conducted in accordance with the
telemetry system plan recommended in the preliminary survey

report.

Tn dealing with the telecommunication network of the
telemetry system, consideration was given to the following

points cited in the preliminary survey report:
~ The network is to incorporate any usable facilities of

the Telecommunication Department
- A VHF radio network is to be established in view of the
stability, reliability and economy of the system

- The network is .to be capable of accommodatihg future

extension program

The telecommunication network of the telemetry system

consists of the following stations:

4.1.1 Master antrdl Station
The Haster'Cpntrol'Stétion is-to:be located_in-the DID' '

'Office of Bintawain the outskirts of Kuching where the

Flood Forecasting Center is also proposed to pe located.
4.1.2 ' Relay Station

'_Two_can&idatg locations were originally proposed for
relay station. One is Mt. Serapi and another is a mountain

near Serian. Ht.-Serapi_was selécted;thfoﬁghjfigld sufvéy and

‘ analjéis conducted, Following are the principal reasons:
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~ The Teleéommunication Department has its T.V. station
on Mt. Serapi. Structures, towéf, access read and
power supply are already cStablishéd thus providing a

financial advantage by avoided hewly construction

~ Although remote from Sadong river basin, it is

“advantageous because it commands open vista to all

statibn

- It will easily accommodate future extensions of the

telemetry system
4.1.3 - Observation Stations

— Rainfall gauging stations

Tebedu
Mongkos
Balai Ringin (in the future)

Bedup (in the. future) -

- Water level gauging stétions
Krusin
Meringgu
- Gedong
Enseﬁgei'

Kéyan (in the future)

~ Rainfall & water leﬁeL.gaugiqg_stations'
' Serian

Tebakang (in the future)

Figfa;l shqws.the'telecbmmdnication network of the tele—

metry system.
The-field sufvey,'fadio_wave pfdpagaEibq'teSt’and'cifcuit

'desigﬁ_have been‘COﬁducted tdidetermine wﬁeEher the proposed:

telemetry system is suitable for fhe”fibod'forecasting purpose.
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Fig.- 4 b3 Telecommunlcatlon Network

( Sadong Rlver BdSLn )
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4.2

Radio Wave Propagation Test and Noise and Interference

Test

S 4.2.1 Radio Wave Propagation Test

The radio wave prdpagation test included the measurement
of the receiving power and direction of arriving waves as well
as the actual communidétion tests. . The circuit loss of the
tested span was Calculated, andfthe'stébility of arfiving &aﬁes

was tested. The test itéms;therefore covered the receiving

. power, the fluctuation in receiving power caused by different

positidn and direction of the antenna equipment, and the quality

of communication.

- As shown in Fig. 4;2,=the radid Wavé pfopagation teéts
were cdﬁdugted between Mt. Serapi and Bintawa'and_be;weéh _
M. Seréﬁi and the individual propbéed sitesnf§f*observatipn
stations, Table 4.2 and Fig. 4.3 show the equipmentrdnd instru-
ments used in the tests. The frequency used in these radio

wave propagation tests was:70.525 MHz.
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‘The following tabte shows the test reSﬁltsf

Table 4.1 Result of Propagation Test

(Sadong, River Basin)

span | Distance | TTepemieting | Kesolving | S
Mt.Serapi - Tebedu 66.31m | . 8.7W | 90 dBm | 35 db
W _ Kayan 58.4 9.3 | -85.5 | 39
" - Krusin 66.3 8.8 | -102.5 22
A - Tebakang 63.7 91 | -w010 . | 24
T -~ Mongkos 82.7 o 9.0 | f96;5 27

" Mertnggu | 71.0 8.8 | -88.5 36.5
L ~ Balai Ringin|. '85.0 8.8 | -ors 32.5
"o ZBedwp | 7330 | 88 ~93.5 31.5
" Serian 'iééfs e '975' R T T IRV T IR N e 3
"~ Gedong | 66.5 | 8.4 775 |43
" - Ensengei 53,1 9.5 _ -78.5 44
" - Bintawa _21.5 9.4 | -55.5 45
_Remarks; At every location: Aﬁtenna - 3.Eiement YAGI Type
Antenna Heighf “ 10m
Cable — 5D-2V, 16

{2:.'2. .

TTI=46



4.2.2 Noise and intéerference Test

The noise and interference test of about 10 minutes
duration was conducted at each proposed station location.
The noise level was so. low in all cases that special concern

in this aspect is not necessary in the circuit design..
Interference from T.V.'tfénSmission at Mt. Serapi_was

not detécted as expectéd. Other interference was not

- present.
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Fig. 4.2 Radio Wave _Prapagétibn Test Nétwork

. (Sadong River Basin)

Mt., Serapi _ .
. . - 2' l Bintawa ) ké

-53'
<4 g
&

Ensengei

O Gedoung

O {Balai Ringin)

krusin ()~ (Bedup) @
Meringgu
. Tebedu o

Mo.'n gkos

( ) : Future Construction Plan
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Tabhle 4.2  Equipment and Instruments used in

Radio Wave Prépagation Test

(Sadong River Basin)

.Description_oﬁ.quds Rating _ Quantity
1 Radio Equipment CRI“OG,.70.525 MHz, 10 W 4 sets
2 | Antenna B-Eiement Yagi 3 sets
3 | Field Strehgth Meter - M-3216, 25~250:EH2'; 2 sets
4 Power Metgr GM.TyPe, 70 MMZ:Band, 15 W 3 Sets:.
D " zggrginal Type,_?O Mﬁz.Band,. 3 sots
6 QuasifPeakaMeﬁef:. | MH 33A. 1 set
7 .Pen.Reéb?dér o VP 6723 A 1 set
8 'S/N'Heésuéiﬁg'Inéfrument KCD-1 :3 éetsr
9 Stbraée Battéry .12fV; 40 AH - jzsets:'
10 | Engine Generator EM 300, 300w | 1 Qét '
{11 | charger Input AC 100 - 115 V adi
Output- DC 15V, 8 A
12 Voitage Regulator ' Input. 220V i‘set
- Output 0 - 230 V, 10 A. ‘
13 | Band“Pass Filter 70.5 Miz - 1 set
14 | Coaxial Cable 5D - 2V, 15m 3 sets
15 | Tester TL ~ 700 3 sats |
16 .T°°1f$¢£iﬁ j3 éets'
.17  Spérés'&JAcéeSSOfies-- '1;ééF-'
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Fig.4.3 D.isc'ription of the Eqﬁi;ﬁment of 'Radio Wave Propagation Test

Relay Station
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4.3 Cireuit Désign

The desk circult desipgn to be examined by the radio propa—
gation test was £1rqt made using 1/50,000 topopraphical maps,
and the propagation loss (free space loss addltlon 105%*) was
calculated Then the dlfference between this desk dos1gn value

and the actual propagatlon logs measured 1n the test was used as

the compensation leue.ln deslgnlng the actual operation citcuit,.

The design'of‘the operation circuit'wés Se‘cdnducted as to
secure 30 dB or more of standard S/N and 0 dB or more of margin
relative. to threshold 1eve1 at fading. The serv1ce frequency
assumed in the de51gn work was 70 MHz band

% Additional loss cbﬁsists df:diffractioﬁ'ldss and topee

‘graphy coefficient. This coefficient was estimated
according to the conditions of the propagation path.

4.3.1 Desk Circuit Design

~ Profile maps of propagatlon paths were prepared uelng
1/50,000 topographlcal maps, and the additional loss of

each path was calculaLed

-~ Based on the: additlonal 1oss thus obtalned the trans-
mlttlng power and. the type of -antenna. equlpment, the '

desk circuit was designed.
‘The standards S/N is calculated_by-the'foiloWing formula:

‘Standard S/% (dB) = Tranemitting pewer'(dBm):
.+e1fansmfttingrantenqaHgaih_(dB)
L+ Reeéiﬁing aetenﬁa gain (dB)
. Feeder loss (dB)‘ .

Free space loss (dB)**

oy

'Parallel rece1v1ng branch loss (3 5 dB)#*

Additlonal loss (dB)**

Rec91v1ng noise power {- 115 dBm)**

- 1I1-51



4.3.2

4 S/N improvement factor. (l? dB) %

"+ Parallel receiving combining galn

(3dB) **

For example, the standard S/N between Mt. Serapl and

Serlan is ecalculated as follows'

Transmittxng power = 30 dBm (iw)

Transmitting antenna baln =8 dB (3 ElemenL YAGI)

Receiving antenna gain = 11 dB (S_Element TAGL)
Feeder loss = 2 dB (10D-2V, SO'm)

. Free space loss

Additional loss

it

23 dB*%

Standard 8/N
' +12 + 3
45,2 dB

4

105.3 dB (62.8 km)#*

30+ 8411 - 2 - 3.5 - 105.3 - 23 = (~115)

* Parallel receiving for combined gain'

%% Calculations are shown in APPE&DIX

- The results of desk circuit design are shown in Table 4.4.

Calculation of Compensation Value

—~ The COmpensation'Value 0f'pr0pagati0n loss is calculated

by the follou1ng formu]a, using the transmittlng power,

antenna equlpment performance used in the radio wave

_propagatlon test and the actual measurement of recelving

power:

Compénsation value (dB) =

I11I-52

Transmlttlng power (dBm)

4

T

I 1 [

1

Transmlttlng antenna gain (da®)
Rece;v1ng_an;enna gain (dB)

Feedér’ioés (dB) -

'Frée space loés'(dB)

Addltlonal loss (dB) -

Measured receiving power (dBm)

4




TFor example, the compensatidn value of propagation loss

between Mt. Serapi and Serian is calculated as follows:

Traﬁemitting power = 39.7 dBm (9.3W)

Transmiﬁting antenna gain = S.O_dB (3 Element YAGI)
Reeeiviﬁg antenna gain = 8.0 dB (3 Flement YAGI)
Feeder loss = 3.2 dB (5D-2V, 32'm)

Free space loss = 105.3 dB (62.8 km)

Additional loss = 23 dB

It

Measured feceiving power = ~81 dBm

39.7 + 8. 0 - 8.0 - 3.2 - 105.3:
- 23 - ( 81)
5.2 dB

Compensation value

— The compensation values calculated for individual spens

are shown in Table 4.5.

4.3.3 Circuit'Desigh_

- Baseéd oun the compensation value of propagation loss
mentioned above, the transmitting. power, and the type
of antenna equipment, the opsrational circuit was

-designed.

The, receivxng power, the standard S/N and the margln rela-
tive to threshold level at fading are derlved hy the following

formula respectively:

Receiving power (dBm) Transmlttlng power (dBm)

+ Transm1tt1ng antenna galn (dB)

4 Rece1v1ng antenna gain (dB)
- Feeder lossg . (dB)

:4 Para11e1 receiving branch loss
(3.5 dB) :

- Free,space»loes (dB)'
~ Additional loss (dB)

- Compeneation value (dB)
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Standard /N (dB) = Receiving power (dBm)
' —~ Recelving n01sc power ( 115. dBm}
+ §/N improvement factor (12 dB)

+ Parallel . receiving combining gain
(3 dB)

Margln relative to threshold Ievel at fading (dB)
= Receiving power (dBm)
~ Threshold level (—106 dBm) _
- Féding'loés-(dB) (O;lldB/km x distance)

For example, the rece1v1ng power, standard S/N .and margin
relative to threshold level at fadlng for the span between

Mt. Serapi and Serian are calculated as follows:

Transmitting pbwér = 30 dBm (lw) _

' Transmlttlng antenna gain = 8 dB (3 Elément YAGI)
Rece1v1ng antenna gain = 11 dB (5 Element YAGI)
Feeder lqss = 2 dB (10D- 2V, 50 m)

Free space loss = 105.3 dB (62.8 km)
Additional loss = 23 dB
cpmpéﬁsation value = 5.2 @B

Fading loss = 0.1 x 62.8 = 6.3 dB'

Receiving power = 30 + 8 + 11 - 2 - 3.5 - 105.3 - 23 - 5.2
= ~90 dBm

Standard S/N = =90 — (~115) + 12 + 3 = 40 dB

Margin relative to threshold level at fading
= -90 - (-106) - 6.3
= 9.7 dB

Flg. 4.4 shows. the horlzontal dlrection characterlstic :
: pattern of the 5~element Yagl antenna equlpment used 1n the
. design work. The- results of c1rcu1t de51gn are shown in Table

4.3 and 4.6 the-summary of which appears next.

III-54
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.Table 4.3 Summary of Cireuit Design

- Transmltting : _ Antenna Reeeiving Standard | Margin at
Station Power - Antenna - Hedght Power: S/N Fading
Tebedu 3W____ | 5 EL Yagi| 10 m | 92.4 dBm| 37.6 dB| 7.2 dB
Kayan | 1= : 3 EL Yagij = 10 -95.5 . 34.5 4,7 ‘
| Krusin - 10 5 EL Yapil- 10 -98.:5 | 31.5 0.9
Tebakang . 10 5 EL Yagij 10 -97.1 32.9 2.5
Mongkos 10 3 EL Yagij 10 1 ~95.8 34,2 1.9:
Meringgu = - 3 3 EL Yagil 10 ~-92.6 37.4 6.3
Balai Ringin} 10 ‘3 EL Yagi 10 - 1 -90.3 38.7 7.2
Bedup . 3 5 EL Yagi 100 -94.4 | 35.6 4.3
Serian 1 -3 EL Yagi] .. 10 =90.0 . 40.0 .9.7
Gedong ' 1 3 EL Yagi 10 . -86.6 - | 43.4 12.7
Ensengei 1 3 EL Yagi 10 ~89.6 40.4 11.1
Bintawa L 3 EL Yagi|. 10 .| -69.5 - 60.5 34.3
‘Mt. Serapi 10 5 EL Yagi 30 - - .
Mt. Serapi's antenna equlpment is dlrected toward Bedup
(139° from 1orth)
As it is clear from the above table,_the standard S/N for
every span is over 30 dB and the margln relatlve Lo threshold
1eve1 at fadlng is above 0.dB for all span. Therefore es—
tablishment of good circuits could be expected.
4.3.4 :_ Service Frequencies
Two frequencies of the 70 MHz band are requlred to manage
lthis telemetry system These two frequenc1es are to be set
fapart by more than 2 MHz to av01d 1nLerferencp at the relay
'statlon
Aside frbm the abOveHﬁentiened intérference, 1nveet1gatlon
e _ _'1s to be made 1nto the mutual 1nterference between these
N EEE '_frequencles and the frequency currently in use- by the Tele—

'commanlcatlon Department at Mt. Serapl.

Fig.4_5'_shows the‘relay system of this telecommunieation

.~ network.
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‘Fig.4.4 Horizontal-Direction Characteristic
5 Element Yagi Antenuna
( Sadong Riyer Basin )
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4;4 - 8iting Conditions of Stations
4.4.1 Master Control Station

Bintawa's D,I1.D Office has an unobstructed vista in the
direction of Mt. Serapi, thus providing a good radio propaga-—
tion path. "However,'the antenna equipment should be 10 m or

higher so-as to clear structures and trees in the path.

Although the noise level seems to be the higheét of

all the statioms, it may not require any special attentiom.

 The. locatlon being subgect to 1nundation, the telecommuni-

cation equlpment should be installed upstairs.
4.4.2 Mt. Sefépi REléy Station

Mt. Serapi-is.a‘glo.m high-mnuntain situated:. some 20 km
west of Kuching. 'it'ia mérkédly higher'than'other:mountaihs
: arodnd it. Commanding an open v1sta in the dlrectlon of"
Kuchlng and the- Sadong rlver basin, it is most suitably: located
for a relay station._.Be81des, there is a TV;trangmlttlng
station of the TeiéComj1Dépt 'with its'structure,'stéel tower,
_access road and pOWer. Making use of these fac111t1es offers

a great advantage in comstruction and mamntenance.'
4.4.3 +  Tebedu Rainfall. Gauging Station

: Thls statlon w1th its ralnfall gauge 1nstalled is

 1ocated some. 30 km southwest of Serian. About 90 ma- way from
the gauge is a. 45 m trlangular tower belonglng to the Telecom.
Dept. Thus, ‘the constructlon cost w111 be greatly reduced if

the station is installed near it and the tower uged.

1T7-61



hoblh

4.4.5

4.4.6

Kayan Water Level Gauging Station (Puture Program)

This station 1s 1oéated about: 8 km north of Tebedu and
near a Bridge crossing the Kayan River. There is a small open
flat land on the left: bank but a nearby hill obstructs the
vista in the direction of Mt. Serapl ~ Therefore, the antenna

should be so located as to avoid the hill.
.Krusiu Water.Levél Gauging Station

“This station 1s located about 5 km south of Tébakang and
near a bridge crossing the Kayan River. Since there are ibts
of trees growing along the'rivér, somé of thém will have to be
felled. The right bank, in particular, .opens out in- the
direction of Mt. Serapi and has some flat land, providing a

possible site for the station.

Tabakang Ralnfall & Water Level Gauglng Station
' (Future Program)

This_site.is on the right bénk of the Sadong River

facing stores in the' town of Tebékang.' Trees on the bank are

447

rather tall but scattered here and there, and there is a flat
land nearby-opening in-the direction of Mt Serapl. To~
cross the river to the right bank, however, a boat is to be

used without any usable access road.
Mongkos Rainfall Gauging Station

'This-statioﬁ, with a rainfall'gaqge'currently installed,

is  located about 2 6 km south of Serian, There is an. open

area mear a store and the site around the rainfall gaugeé is

flat. encugh to accommodate a station.
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4.04.8 _ Meringgu Water Level Gauging Station

This station is located about 12 km south of Serian.
Without any access road, a boat is to be used from Tabakang or

Serian.

. There is a 10 m x 10 m clearlng on the rlght bank

providing a ‘suitable site for the station.
4.4.9 Balai Ringin Rainféli.Gaugihg'Staticn(?uture Program)

- This® statlon, with a ralnfdll gauge currently 1nstalled
is located some 25 km southeast of Serian. There 1s a rela~
tively wide open space a1ound, and therefore the 51te can be
chosen e351ly. Wlth a well—malntained road running from
Serlan, it ‘is very advantageous from the maintenance p01nt of

Vlew

4.4,10 Bedup Rainfall Gauging.Stétion

This statién is located ‘about 10.km.southeast'of Serian
and midway to Balai Ringiﬂ; There ére alreédy-a:rainfall
gaﬁge and water level gauge installed there. Withjthe_Sefian
road running across the plaée, it is very advantageous from

the maintenance point of view.
4.4.11 Serian Rainfall & Water Level Gauging Station
The ex1st1ng station on the rlght bank of the Sadong

Rlver and just out31de the center of Serlan could be made use

: of.- Being on the road, it prov1des convenlence for the mainte-

nance operatlon ‘But with the max1mum past water level
reachlng the upper water level gauge ‘room of the station, the
:equipment may have to be ‘installed with due con51derat10n
glven to this fact. The trees near the statlon, which might
hinder the performauce of the ralnfall gauge ‘and solar cells,

:should be cut down.
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4,4,12 Gedong Water Level Gauging Station

This station is located some 15 km northeast_of'Serian.
Without any access'roqd,_about 10 minuteé of boat ride‘ffom
the Gedong's DID pier'is ﬁeceééitated. A water level gauge
is already there installed on the right bank. fhére is an

open flat land in the neighborhood, providing a possiblé site

for the station.
4,4.13 Ensengei Water Level Gauging Station

The station is located some 20 km upstream from the river
- mouth of the Sadong; 'Witﬁout any access road, this location,
too, requires the gSe of a boat_from Gedong. A waper leve1
gaugé is already there installed on the_left bank. There is
.an open_flét aréa in its neighborhood,.providing a ﬁossible

site for the station.
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4.5

Proposed Telemetry System

As already mentioned, it is considered- possible that a
fairly adequate telecommunication circuit is es;abiished for
the flood forecasting and warning system in the Sadong river
basin. The following is the outline of the proposed telemetry

system.

4.5.1 Master Control Station

The Master Control Station performs supervision and
control of the telemetry system, which includes Ehe‘balls to
observatlon statlons, superv1slon of the operatlon of relay
station and tynewrlter print-out of hydrologlcal data sent

from observation stations. In addition, it is to have a

:functlon of computlng at' least the hourly ralnfalls and in-

dicating ‘the hydrologlcal Condltlons thus obtained of the

Entlre-b351n_area on-the display unit, . To provide for the

protection against lightning hazdrds, the antenna equipment

is to be equipped with a coaxial arrester.

The space required for the telecommunication equipment

of the Master Control Stétibn will Be'about 20 m?.

4.5.2 Relay Stations

The Relay Statlon, ‘ag well as the Mastek Control Statlon,
is the mainstay of the telemetzy sysrem. tr‘l'lerefor:e thlS is to
be equ1pped-w1th two' transmitters and receivers. To protect
the equ1pment from lightning entering “from the antenna equlp—

ment, thls is to be equ1pped with & coax1al ‘arrester,
‘Electric pbﬁér is available from the-Mt"Serapi"station

of the Telecom. Dept. However, at the tlme of commercial

power failure,- power is to be supplled to the relay equ1pment
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from the DG power supply combining rectifier and a storage

battery.

_The space required for the telecommunication equipments
to be installed at the relay station within Mt. Serapi TV
sﬁatidn of Telecommunication Department is to be about

1m (W) xIm @D x2m (H).

4,5.3 Observation Stations

‘Upon reception of a call Signal from the Master Control
Station, a_obsetvatidn station will automatieélly read the
'hydfological data and encode them into pulse signals for

transmission to the Master Control Station.

A long distance between the water level gauge and the
telemetry equipment at a water level gauging station tends to
invite lightning damage. In such cases, some cauntermeasurGS-

are to be taken to cope with lightning hazards. To provide

for the protection_against such 1ightning.entering from the

antenna equipment, a coaxial arrester is to be installed.
As for the power source, it is desirable that each
station be supplied with DC power by the combination of

solar cells and a storage battery.

The‘space::equired for a observation station will be

abput-ZAS mx 2.5 m.

4.5.4 Future Program’

This proposal does.not iﬁclude the telemetry station
at Kayan; Tebakéng, Balai~Ringin and Bedup, which may be
1ncorporated 1n the system as soon as telemetry equlpments

.are attached: to the ex1at1ng recording gauges ..
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'_Fig. 4.6 shows the configuration of the proposed telemetry
system, Fig. 4.7 shows the telecommunication network of the

proposed  telemetry system.
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Fig. 4.7
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5.1

L1

CHAPTER 5 FACILITIES

Design of Gauging Facilities

Selection of Gauges

Rainfall Gauge

The rainféll gauges most commonly used are recording rain
gauges.  They come in such types as tipping-bucket type, tank
type and weight measure'fypé, according to the seﬁsor'coﬁfigun'
rations. For ready telemeterization, the'récordingmtype

tripping-bucket rain gauges are recommended for this system.

Water Level Gauge

Table 5.1 shows the type of water level gauges, In
selecting the gauges for the system, the following conditions

need to be taken into account: : ' @
~ Instrumental features : MAnalogue or digital, easy
' reading
- Environmental conditions : Waves, riverbed fluctuation

- - Data processing method  : Necessity of manual
operation.

~ Cost : Cost including installation
' and maintenance

1) Existing Gauging Facilities (Ensengei, Gedong, Serilan)

In the-proposed telemetry stations of Ensengei, Gedong

and Serian, recording waterlevel gauges of either British or

German make are already installed.

The equlpments could be converted for 1ncorporat1ng the

fac111ty 1nto system network by making use of the mechanical
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torque produced by gears inside the fecorder unit. Conversion work,
however, 1ls subject to thorough study by experts for its possibility.
If the conversion of equipments proves to be either very difficult
or costly, the exdsting water level gauges af above-mentioned three
locations'are to be replaced by equipments gpecially made for tele-

metry, so that total system quallty is obtalned At any rate, float

.type gauges are to be employed using the existing facility as much

as ppssible. At_Ensengel, a float- less type water level gauge is

recommended due to limited installation space.
2) Newly Tnstallation (Krusin, Meringgu)

For the water level gauges to be newly installed at Krusin and
Merlnggu bubble type water level gauges are recommended, based on

the f1nd1ngs of field gurvey as stated below: .

- Ease of Equlpment Installation
Topographlcally dlsadvantageous location of the stations
does not allow the tramsport of a large quantlty of con-
struction materials. Also in view of the river shape it
is difficult to comstruct, operate and maintain large-scale

facilities, such . as a Stilling'well.

—'Wide-Renge_of Water Level Gauging -

" The water level to be méasdfed at the gauging_points'varies
gfeetly (1arge'diffefeﬁce‘befween minimum and maximom watef
1evels). Therefore if the float'type water level gauge-is
employed, construction of the stilling well would be ﬁery
difficult in terms of both the technical and the financial

‘matter.-
‘- Riverbed Fluctuation

m.The riverbeds at the gauglng polnts are supposed to be

T:fluctuatlng greatly S is ‘therefore necessary to
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select the fécilitiés capable of coping with such '

riverbéd fluctuatioﬁa

- Experience
Slnce the existing water level’ gauglng stations along

the K1nabatangan River have been using the ‘bubble type

.gauges, the employment of the same type of gauges for
the proposed system will be of convenlence_for

operation and maintenance.

Discharge Measurement FEquipment

~ For usual diseharge measarement, current meter is uqed
durlng low water and float durlng hlgh water period. For
higher accuracy, however, current water with selection
positions for high and low veloéity is recommended for use

even during high water period.

Table 5.1 Types and Featufeslof Water Level Gauges _ o

a. Float type This type of-wétér level’gaﬁge requires
a stilling well for waveless water level
measurement anﬂ-a horizontal conduit (or
side hole)-to lead water to it. ‘In this
‘gauging system,. a fioét is in the stil-
ling well and a wire leading from the
float hangS'from_ghe_pulley. Aé the
water'level-goes:up-and'down,'thefwire
‘moves up or dowﬁ to turn the pﬁlley;
which in turn moveé the pen -of the fe~_

corder.

b{_PrESSUfQ : With these water 1evel gauges, the
::prer. ' ‘pressureusen51tive part is posltioned in

B :the water and the stllling well is not -
necessary._ There are water pressure

type and bubble . type
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b. Presgsure -

type - .
(cont'd)

(i) _Watef pressﬁre type'
The water pressure Is measured by the
.breSSurensensitive part in a bell-
"~ shaped protective container in.the
wvater. ' ' _ '
The measurements are brought to the
recordef by‘méaﬁs'éf.two.pipes for
_temperature compensatlon. The
recorder w1th a 40-day roll of paper

'can_be put in a watertight container.

(ii) Bubble type _
A very small amount of gas is sent
- out from a pipe openlng in the water,
'When:the gas pressdrénbaianées with
tﬁé.ﬁatef.bfes$ure,:the_water level
' éan:bg'déﬁermiﬁed-by;measuring'the

gas prassure.

c. Sénéor
pole type

With this type of water level gauge, the

~ sensor poile is'lOWQred siowly until it

reaches the wéter.surface and'the puliay
rotations requiréd'ére:déteCted electri-
éally In the other type, “the water
surface is always followed Wlth one of

the sensor poles.kept in contact Wlth_the

water and the other kept;épart from it.

d. Reed
- switch
type

This water lévei gauge has a pipe .

standlng in the water which 1nc0rp0rates

-reed sw1tches placed at 1ntervals of l cm.

As a magnet attached to a float moves up’

and down w1th1n the pipe ~the: reed

: switches qpen or close, 1ndica;1ng the

'wate:;ie#el. ' This water lévei-gaugé

features the recording qf.limitléss
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d. Reed height range, {(cm minimum reading, print-

itel . ' .
i;Pe9l- out or cassette tape type and 3-month long
(cont'd) = recording peried at 10-min. interval.
5,1.2 Design of Cauging Facilities

el

Sitiﬁg of Station Housings
1) Rainfall gduging stations

It is desirable that the area projected in this
system be divided as such the rainfalls over respective '
areas are about equal to one another and one rainfall
gauglng statlon 1ocated in each area. Actual siting of
the statlons, however, should be made accordlng to the

:f0110W1ng criteria:.

~ Availability of easy access to station for operation

and maintenance of gauges and other equipment:

-~ No hazard:from winds and other factors that would

affect observation data

- Avallablllty of place w1th enough lot space for

'“hou81ng (mlnlmum 10m x 10m)
- No possibility of inundation

_—.AValldblll*y of good radlo wave propagation paths

« for telemetry

o

For ease of operation and‘maintenance, the existing

R
K

ralnfall gauge in Serlan is to be transferred to the site
of water "level gauglng well - 'S0 ‘that the gauge could be

mounted on Lop of the roof.
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Appendix shows the proposed 51teq of

the rainfall. gauglng statlons in the Sadong river basin

selected according to the above criterla by the field

- survey team.

2) Water level gauging stations

Water level gauging stations are to be located in
areas considered necessary for .the flood forecasting -
purpose. Actual siting of the stations, however, should

be made according to the followiﬁg“triteria:

- Lasy operation and maintenance of gauges and

other equipment
- Littie‘iivorbed fiuotuaﬁion
.?-Sofe oboervation.ﬁuriﬁg.flood
m_Possibility of observation do;iog'iow—water
period
- Protection from flood.ﬁazafds,'such as waves and

driftwood

—_Avallabllity of good radlo wave, propagatlon paths

for telemetry

Appendlx shows the proposed 31tes of

the water 1evel gauglng stations in _the Sadong rlver;

~ basin selected accordxng to the above crlterla by the

Ifleld survey team,.

As to the Tebakang rainfall‘and water‘levelugooging

: statlon prosed in the prellmlnary survey report published
.by JICA in March, 1979, s excluded from this proposal
since the location of the station would be too close to .

_'both Krusin:(é'km'ffom Tébakang).and Serian (9_km “from- .
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Tebakang). In addition to the above fact, construction
cost of Tebékang station would be very expensive since

it is to be plaéed in the flood plain.

All water level gauging stations are Lo be equipped

with ordinary staff gauges.

3)  Housing

‘Each telemetry station is to have a housing for
the hydrological gauging equipment and telecommunication

equipment.

- All housing but the existing Serian water level
well structure are to be'ngwly'built of reinforced
concrete struéture:of'Z.Sm X 2:5m;floqr space consider-
ed suitable for thé'placement of the various devicés to

be housed.

The equipmént'héuSing needs to bé located whére it
is safe from inuﬁdation,-i.e., the housing floor level
must be detefmiﬁed giving sufficient clearance from the
maximum water level expected. Where.there is a stout
levee dgainst flooding, the housing 1s to be set up on
the bank. In locations where the bank does not Bave
enough levee free-board, it must be constructed on top

of a steel tower of about 10 m.

At Gedong, for example,; the levee height is not
enough:to'prdtect the facilities. All housing and

equipments are therefore proposed to be ﬁléced on-a

steel tower structure 10m in height.
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5.1.3 Designing of'Relay'Station

Equipments requifed-fqr_relay'befween the observatien
stations and flood forecésting center are 'to be iInstalled
within Telecommunication Department Mt. Serapi T.V. Station.
Total space fequifedffor this installation would be Im x 1m

.gﬁ_ and 2m high providéd'that gléctricity_(including_emergehqy
- power during commercial-powef failure) is SUppliéd by the
Department. The survey team would épﬁréciatefvefy mu#h that
p.I.D., Sarawak}:furthéf:discuSS_thé matter related to the
above-mentioned use of bﬁilding‘Space with the Telecomﬁﬁuiw

cation Department.
5.1.4 Flood Forecasting Center

'The flood forecasting center is to be placed within the

‘building to be newly constructed in-D.I.D. Bittawa Depot area.

GEER
i
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5.2

Design of Telemetry Féciiities

Teleﬁetfy stations proposed for the flood forecasting and

warning system are classified and listed as follows:

. 'Table 5.2 Telemetry Stations.

Classification

Station Quantity

Master Control Station KﬁchiﬁgS(Bintawa Depot) 1
‘Relay Station Ht; Serapi 1
Rainfall Gauging Station | Tebedu, Hongkos - 2
Water—-level Gauging Krusin, Meringgu, 4
Station = . . S Gedong, Eusengeti -
Water-level and Rainfall [ _ .

- Serian 1

Gauging Station -

Each'facilities of télemetry'station classified are

stated in the following sections.

- Further, representative specifications of telemetry

facilities and example of capacity calculation for solar

cell and storage battery are described in’Appeﬁdix.'
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5.2.1 Master Control Station Eqﬁipmeﬁt

Composition

The master control station consists of the following equipment.

- Telemetry equipment for comtrol (éontaining radio equipment)

- Operétiﬁgiconsole

-~ Typewriter. and typwriter staﬁd

- Dispiéy unit

- Antenna equipment (with coaxiaihrfestér}
~ Clock |

- Power supply equipment

Yagi antenna

Display unit

| Telemetry - . equipment
-

Coaxial

artrestexr| . u_EEFfa-

'Typewfiter‘andl '

typew?iter stand ' pperating éonsblg

Master Control Statioh"Equipmeﬁt:comﬁdsition

TII-79



Telemetry Equlpment

This equipment is a sheet iron bay type Having exterior
dimen51ons of approx1mately 2, 350 mm x 520 min X 250 ‘mm. . A modem
unit, calling control unit, rece1vlng control unlt, prlnting control
unlt time control unit, radio equipment, power supply.unit, and

test panel are housed in this bay. Each unit dis of.plug~in type for

convenlent inspection, except. the power Supply unit and test panel.

The block diagram of the telemetry equipment for master control

station is_given below,

Antenna

Calling T 1| ] Redio | |
control [ Modem *t equipment
: unit : —
o Time ' : Y
Clock control > —— _._t
unit | | Receiving | | Printing - o
iy ™ -cOntrol conirel > - Typewriter
1 Test . unit unit
. Power _ -1]0 : Operating
DC 24V (+ supply | ™ iﬁter¢aée > console
ground) - unit . ) .
Power e Coe
supply " TELEMETRY EQUIBMENT
eG. - : _

Telemetry'EqUipment for Master Control Station

Block Diagraﬁ
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~ Operating Unit

Operating unit is a console type and has the following

functions:

Operation items and display items

~ Calling time interval setting
. Manﬁal measﬁfement'(all_or individual calling'cqntrol)
m'Gauging.étation épération'display and receiviag failure
-diépiaj .
- Measufed'value digital display
- Relay statiOn start, stop, switching control
- Relay station status display _
- Equipméﬁt;ope:ation[aﬁd sthtus“display
- Alérmféqﬁﬁaiﬁg7at a-failuré'éhd.stopping
~ Voice'ébmmuﬁidation:by'handsep:énd speaker

~ Volume control

' - 41'_t_ m D e . Operating panel
(e S — T~ N Ny :
[ 1 S W

Exterior View of Operating Console’
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Typewriter

A 24 inches platen.typewrifef is used. Standard

printing speed and character size are as follows:

Printing.spéed: 250ms/char or less

Character size: 12 chars/inch

The typewriter is normally housed in a typewriter stand

such as that shown below for duétprdofing and soundproofing.

NI

(b) Exterior view of t?ﬁewritéf:stéﬁﬁ
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Display Unit ' _ L .
collected data by a wall-mount

 This unit diSPIaYS.the
type numerical display. .Water—level rising, failing or

_abhbrﬁal water-level, etc. may aiSo-be:displayed. A display
unit is not always necessary, but ‘has many advantages such as:

- Data can be grasped simultaneously by a large number of

persons, ‘ _
- Status in river basins can be grasped at a glance.

~ Back-up whéﬁ trouble occurs at the typewriter.

[ S——— Y sn— —
e
C 7]
C—"'h"“‘—]
| SNSRI "
?“*_—"H;gf::' =
L 'j!“ T
| A |
| M |
¢ g ;

Wall-mount type: |

 ;.Ek£éridr_View'of Dispi&? Unit
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5.,2.2 Relay Station Equipment

The relay station equipment has the following two main

functions;

— Relay between master control station and each gauging station

= Remote control and self-check of fela&'station

Composition

The relay station équipment_cdnsists of the following:

~ Relay equipment (containing radio equipment) _

— Antenna equipment (transmitting, receiving, 1 each, with

coaxial arrester)

-~ Power supply equipment

Transmitting antenna  Receiving antenna

" Coaxial

Coaxial _
arrester arrester
Relay
equipment _ ) |
== 8 DC power supply

o o | equipment . .._
o : V{i“ ( built-in alkaline

storage battery )

= AC pdwer'supply

.Relay"Statibn:Eqﬁipment CbmpoSition _..
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The block diagram of the relay equipment is given below.

-_Aﬁ;énna
{Receiving antenna)

“T7 I .
Relay .
: : “control )
Distributor ’ ~unit -

N Antenna
(Transmitting antenna)

| R Moo 1 .| Tx No. 1
R¥ No. 2 . Tx HNo. 2J
Test. Remote’ Status
panel [ | changeover Teturn
unic . unit
I N & g'Powér
DC 12V ~supply
(~ ground) .uﬁit o : : o
~ Power ' RELAY EQUIPMENT
supply
eq. . .

% Parallel receiving for combined gain.

Relay Eqﬁipment'Blpck Diagram
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2.3

Rainfall Gauging Station Equipment

Composition

The rainfall gauging station equipment consists of the  follow-

ing equipment:

Telemetry equipment (containing radio equipment)

Rainfall gauging equipment

1

f

Power supply equipment

Anteunna equipment (with coaxial arrester)

Yagi antenna

Coaxial
avrester Solar cell
{12v, W)
Distributlon
board for
Rainfall gauge | Telemetry || - solar cell

equipment

Alkaline storage battery
(12V ,40AH)

Rainfall Gauging Station Equipment Composition
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Telemetry Equipment

This is the main part of the gauging station equipment,
and includes a modem, transmitting and receiving control unit,
input interface and power'supply.unit.

All circuits are accommodated on plug-in printed circuit

boards for convenient inspection,
Since the'insfallation site_is_unménnéd and frequently
humid, a moistureproof construction must be amply considered.

“The block diagram of the gauging station equipment is given

below.
' Antenna
AN
Raingague - o Transmitt- :
. (Water in:22¥;ce | ing control [ . Modem [ e ﬁiqio.t =
B level gauge) ‘ unit - i quipmen
: .
Additional ___
information _ :
Receiving
—  control
unit
. . -t  Power
pC 12V | - supply
(_ ground) ” ." = unit . .
'Power i : ' TELEMETRY EQUIPMENT
supply )
eq.

‘Telemetry Equipment Block Diagram
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2.4 Water Level Gauging Station Equipment

Compos{tion

The water level géuging_station'equipment consists of the
following:

- Telemetry equipment {containing radio equipment)

- Water level gauging equipment

- Power supply equipment '

- Anténna equipmient (With:coaxial arrester) -

'Yagi aptenna

Coaxial

arrester Solar cell
(12v, W)
Distribh;ion
board for
Water level gauge Telemetry - solar cell
equipment o

Alkaline storage battery
4o (12v, 40AH)

Water Level Gauging Station Equipment_Compoéition

17188




5.2.5 Rainfall and Water Level Gauging Station Equipment

Composition
The rainfall and water level gauging station equipment censists

of the follbwiﬂg:

Télemetry equiﬁment (dontaining radio equipment)

H

Rainfall gauging equipment

-1

Water level gauging equipment

Power sﬁpply equipment

Antenna equipment (with coaxial arrester)

Yagi antenna

Coaxial _ | : o
arrester L Solar cell

(12v, W)

= ~ :

Distribution

board fer

Rainfall gauge - ‘Telemetry N solar cell

—— equipment : '

Water lavel_gauge' e ' .
: . : : =)

Alkaline storage battery
(12V, 40AH)

" Rainfall and Water Level Gavging Station Equipment =

Composifion
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5.3 System Component

5.3.1 Civil Work
Fable 5.3 ‘Flood Forecasting and Waruing-Systeﬁ Facilities in Sadong River
Housin - hqu1pmeut .Tower :
No.| Station & ‘ Water | Float Current [ for Staff | Access
Space |Antenna | Rainfallj Level |Dropper | Meter - Housing| gauge
m m set type set  set m m set
1 FrC 20 m2 5 - - —— 1 —_ - —
Bintawa
2 | Relay St. (1) (3)
' Mt. Serap] - - - - - - - -
_ (Height 2m) : .
3 Tebedu ) (3 (4)
: 2.5%2.5 - - - - - - - -~
4 Mongkos . S (&)
2.5x2.51 .10 - - - - - - -
5 | Keusin | 2.5x2.5| .10 - | Bubble - - - 10 -
6 Meringgu | 2.5x2.5 10 - Bubble 1 - - 10 1
7 | Gedong | 2.5x2.5| 10 - | Float - - 10 10 1
8 Serian (2) _ () |
- .10 - Float - - - 10 -
9 Ensengei | 2.5x2.5) 10 - Float - - - 10 1

(1) Only equipmént for telecommunication will be instéliéd-at the Mt.

(2) Ex1st1ng hou59 will be used ag the Serian Station.

(3) Exlstlng telecom

antenna pole w1ll be used -ag Anteunna of Statlou

,(L)Fx1stlng ralnfall gauge will be modzfled

Serapi Statiom.

'(5) New ‘Water Level Gau e Shall be provided because reconstructlon of ex1sLlng
g
gauge costs expensive.
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CHAPTER 6  OPERATION AND MATINTENANCE

6.1 o Hydrological Observation Facilities

6.1.1 Maintenance of Hydrologicel.Gauging quipmeht

To conduct the hydrologléal obserVation with accuracy,
it is essentiai to maintaic the'geuging:equiﬁment in perfect
order. For this purpose, it is desirable that one'maintenance
man be appointed for each telemetry station who carries out

weekly inspection and maintenance.

' ih.this regular inspectioo he is'to'reﬁair'troublee and
supply conisumables without fail in accordance with the 1nspec—
tion manual,x In dddltlon he w111 be required to- perform a '
thorough inspection and maintenance of equipment and facili-

.ties before the rainy season and after each flood. - Refer to

' APPENDIX for_tﬁe-derails of assignmerits.
6.1.2 Discharge :Obsexrvations

‘Discharge observations are 'to be'conducted with the
pUrpose=of establishing water level-discharge correlation

formula at’ respective telemetry points.

Dlscharge measurements are" to be taken for both low and =
='h:'Lgh water stages at various timings and frequencies. The _
greater the frequency of observatlon, the hlgher the accuracy
:Wlll be w1th whlch the correlation between the: water level

and dlscharge could be determlned 'The observation personnel

are to. sLand by partlcularly for the very infrequent hlgh

water 1evel observation.
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6.1.3

Observation personnel recommended to be assigned to

station are HR

 Low water-level observation _ Lo :
(current meter) o 2 - 3 men/group

ngh water~1evel observation _ :
(fleat drop) S 7.+ 10 men/group

‘When the high water— 1evel observatjon lasts 1ong, two or

three groups of observation personnel will be requlred . These

observatlon personnel will have to be' trained beforehand using
the dlscharge observatlon manual ' Also, the CrDbS sectlonal

surveying of the river at- the dlscharge ob“ervatlon p01nts

are to be conducted perlodically (2 - 3 times" per year - before
'and_after a- rainy season) to observe_rlverbed fluctnatlon. ﬂ_
;Ahotﬁer”aorvéying'is recommended-immediate“foiioning'a-1ar§e
‘flood for observ1ng riverbed fluctuatlon. Refer to'APPENDIX

- for descriptlon of a531gnment5.

Arrangement”Of'ObserVation'Data '

Observatlon data are ‘to be arranged after ample accountlng :

and then offered as b351e data for statistleal as Well as-

hydrologlcal analyses.

The basic data are to be kept on file for a Iong perlod

of time. B
‘Maintenance of TelecommUnication“Syetem
For the flood forecastlng and warning system to funetlon

efflciently, 1t is essential’ ‘that, the telemetry equipmenta and

all. other equlpment used in the system are always maintained in:

a. perfect order and the maintenance personnel are always
'-etatloned ready and tralned For hlgher techniques. It is also.

_very 1mportant that the budget enough for the adequate maintenance

and’ operation is approprlated

- 111-93



The necessary maintenance personnel include one aUPEr-

visor engineer, one englneer and two electrical Lechn1c1ans.

They are stationed at the Master Control Station and

Monitoring Station and are assigned to perform such functions

as the preparation and .execution of:maintenance plan, regular
check plan,_impfovement'plan, repairfplan,lparts'and”ﬁatErialsj
supply plan, gauges’ repalr plan, etc. They alsoxhave'to repaif
troubles when they have arisen and maintain palts, expendables '

and gauges in good repalr

The equipment to be used in. this system are generally

designed to withstand about 10 years of use.. Therefore the

' equlpment 1enewal ‘plan should also be taken into account

Though it depends on the years of serv1ce after the start of

system operatlon, the maintenance cost will be about 5 % of

the 1nsta11atlon cost at 1east‘__1n addltlon,_about M3175 -per

_m11e rental charge of 9—year_wili have to be paid for the ?ublic

6.3

6.3.1

telephone use.
_Opefation_of-Elood'Eofecasting and-Werning System
Functions of Flood Forecesting;Center‘

ThejFlood‘Forecasting'Center in the proposed flood .

foreécasting and warning system will perform the following

functions:

.— Lollectlon of rainfall and water level data sent from

telemetry sLatlons

= Short term flood forecast based on hydrologlcal obser—

vation data collected

._ Longmterm predlctlon of flooding, based on
above—mentloned short term flood forecast and meteoro~
loglcal forecasts by Lhe meteorological serv1ces.——Th&s
1ong-term prospect will be conveyed to the Flood .
Control Center. (FCC)
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Reporting of current and éxpected conditions of

it

flooding to agencies concerned

Research.of imprbﬁiﬁg prediction mefhﬁddlogy

Mainténance and management of equipments at

telemetry stations

Training of personnel
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6.3.2

6.3.3

Personnel Organization

“'I'he following persannel are to be stationed at the_flood

Forecasting Center for the smooth performance of their respective

functions:
Hydrology Chief 1
engineer
Supervisor 1
Engineer 2
Telecommini—~ Supervisor 1
cation
engineer Engineer 1
Technician 2

Assignment of Parsonnel

Number of Peﬁsonnel

For the efficient management of the system, the above-
mentioned personnel, namely,'fonr hYdrology'Engineérs and four
telecommunication engineers are required to be assigned before

the system goes into operation.

Training Program

Since it is most desirable that the personnel'are_fully

experienced in their respective fields, trainees .(at least

one hydrology engineer and one telecommunication engineer) are

- to be chosen and sent for training at some agency that has enough

experlence with advanced flood fOIEC&Stng and . warnlng. Yor

training components, refer to APPENDIX

On-the-job Trainigg

On’ completlon of the construction of the system, on—the—
job traning for operatlon and malntenance is to be necessary to
hold an education and tralning se551on for Lhe duration provided
by. civil englneerxng consultants durlng a rainy ‘season (3 to &

months)
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_ The staff to be assigned for operation and maintenance

of the gystem (Chief -1, Supervisor-2, Engineer~3 Technician-2)
does not necessarily be stationed at the flood forecasting center.
The common pool of personnel may be used provided they are -fully
aware of the nature of the flood forecasting and warning sytem.

For detailed items of assignment, refer to APPENDIX.

6.3.4 Budget for Operation of Flood Forccastlng and Warnjng
System .

In order to malnLain all the gauges and equlpment used in
the food forecastlng and warning system in perfect order and
contlnue studies and make improvements for the efficient operation
of the system,.it will_be=ncce55ary to have a sufficient number
of mainfenance'nersonnel and a study program fcr:adnenced
techniques, . At the”same time, however, it is very important to
have an independent budget appropriated for the necegsary main-

tenance and operation of the system.

. While maintenance cost for equipment wi]l vary with the

years in service after installatlon,'about five per cent of the

initial. installatlon cost is to be appropriated for thlS purpose.

6.4 Flood Warning System

6.4.1 OIganization of Flood Warning System

"The Drainage,anﬁ_Irrigation-Department (D.1.D.) of Sarawak
is the direct administrator of this flood: forecasti‘ng and Wa'rning
system'- Therefore, the Flood Forecastlng Center w111 be incorporated

in the organization of branches under it.

“In the existing flood forecastlng and warnlng mechanlsm,

.the p.I.D. has been taking charge of flood forecasting and the
-Flood Control Center (FCC) of each state has_lssued orders_for
.evacnetion and relief operaticns; Hence,;the propbsed'flood'_.
forecasting and warnlng system’ wi]l have to be 1ncorporated in’
‘either the: exlsting or already planned flood dlsaster rellef

control machinery.
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“Fig, 6.1 Conception of Flood Warﬁihg System

Telephoné _ _ :
D.I.D. Hq. = e N Floo&;beécég?ihg Center
Forecasting
To report forecasting and .| ‘Telemetering
warning - B I '
Flood Control Center ' Rainfall Observation Station

Water Level Observation Station

Warning

Agency Concerne&_l

On the flood:forecastihg and wérning system already
established in Peninsular MalaYSia, the warning system is beiﬂg

operated as shown on ‘the flow chart 6f Fig, 6.2 . It-is desir-

able that the same system be established as early ‘as possib]e

in the state of Sabah.
6.4.2  Methodology of Flood Warning System

There is no éstablished methodology for a flood warhing
system, for there are varlety of methods suitable for dlfferent
‘characteristics of the river basin such as populatlon and

.:,property dlstrlbutlon and the traffic network, as well as
'the~organizétion of the flqod forecasting and warning system

to be adopted.

. In many cases, however, .residents are warned of the [lood

prospect in . the following wayé;
~ The Flood Control Center contacts the concerned admln—

lfglstratlve agenc1es, which in turn,warn the r351dent5

“1in each communlty through‘thelr respectlve organlzatlons.
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Fig.6.3  FLOW CIART OF PROCEDURE FOR
' REAL-TIME- OFERATIONS

D.1.D. HC Heather
' Flood <: : . . Advisory/leavy [:::::]..Artivn{lon
Forecastlng : by _ =224 pata rotlect!sn
: HHS ) and Trans=i<s0n
Centra . e and Tranamiaglon
":> !! B ' ol rvre-aﬁt
A Halayaian 2 Transmizaion of
N B Ined Haend
a Control Centte Floed Harning
N
\ g
)
s Stata |
E Control Centre . [W
\ .
b
N :
™ Dlatriet
: Control Centre
N VRN
N
: — 7y D.1.D. State A D.1.D. District
L L A O G T S, office [Krzz Offfce
Recelves and o Collect and
Trenamits Data Tranemit Data
to D.I.D. MG for of
Contralised Collect Data
~ Porecast and Propere
or 'Forecaat

Recelves Natn
and Prepares
Forecast
or

Recelves Forecast

from Districes

‘Tasue - Issue. |1 - Tssue - ] imeue | Call
P:pli-;nary . Hrat Subsequent ?inal N oft
Flood o i {Renewal) ) .
Waming : Mapning Warning Warning Operation
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- Alarm installations (sireuns, gpeakers, f}ashlights, etc.)

set up in the target area warn the residents by wmeans

of sound or light signals,

~ Patrol vehicles and bosts are used to wern the residents

in the target area by voice, sound or light means.

~ Chiefs of major vilieges or the branch offices of

administrative agencies are provided with radio receivers -

through which the flood warning is conveyed In this

case, either a general broadcast network, or a newly

establlshed radio network for exclusive -use in flood

warning could be used.

Construction cost estimate of warning systems mentioned in

the above three plans are as follows:

Type

Construction Cost{Incl.Consultancy Fee)

WérninggApparatus

Radio Receiver-

Pa®rol Vehicle and Boetf

812,000
430,000
180,000

s

For detalled items of the above plans, refer to Appendix The

cost mentloned above are of eproxlmate estlmate which are to be

throughly examined after extenslve radio test and population

distribution survey for selectlon of approprlate receiver equip-

ments. Above figures are meant for reference only.

6.5

6.5.1

" Organization and Position in Administrative Offices

Organization of Flood Forecasting Center

A number of experlenced englneers as well as a sum of

'expenses for management would be requlred to optimlze the =

' :funetlon of the £lood forecasting and warnlng eystem.

--Therefore, ir is recommended that the Flood Forecastina Center

be set up as a part of: Government Agency ‘and provided an

independent personnel a551gnnent program and budget._ The-S

survey ‘team would appreciate that Malay31an Government further

'investigate the above~ment10ned recommendation for its v1ab111ty

'Iii—roz




Manégement Section
Hydrology Secktion
F¥C Teleconmunication Section

Planning Section

1

}_

1

F Research Section
. .

1 .

L Training Section

e een Organized in Future

6.5.2 Position in Administrative Offices

Flood Forecasting Center of the Sadong River
"~ in Sarawak :

The organization of the D.I.D., Sarawak is as shown below:

Fig. 6.5 D.I.D, Organization. Chart

lDirectOrI_

r——---—-1 Deputy Director
b .
N g | ;
| ' I — |
Planning &Design | |Hydrological| |Field | |Mechanical Administration
Branch - .. Branch - Branch{ |- Branch I Branch .
Hydrological | {Administration]. -FloodﬁMitigatibh
Sec¢tion : © Section | Urban Drainage Section
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The Flood Forecasting Center can be positlioned in the

above administrative organization a5 follows:

-~ Initial stage : Upon the_completiqn of the system,
the Flood Forecasting Center should be placed under - the

Hydrological Section or Fleood Mitigation Urban'Drainage

Section until its staff program, budget scheme and

- operations have been firmly established.

-~ Intermediate stage : As its procedures of operations
become firmly established and the system extended to
other river basins, the Flood Forecasting Center should
be promoted to be a Section under Hydrological Branch,

having its own persomiel and budget program.

- Final stage : It is recommended that the Flood Fore-
casting Center, with independent personnel and budget.

becomes one of the Branches of the D.I.D. or an

organization directly under the D.I1.D. Director capable

of acting as a task force.
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. CHAPTER 7  COST ESTIMATE

. 7.1 Implementing Schedule

" Conatruction of the flood forecasting center and the
system:network will gtart at ouce. Technical supervisioh for
operation and maiﬁtenance'will take a period.of one year.
Hence the system will come into operation in two and a half
vear after the commeﬁcemént of construction. Each.work

section of the implementation will cover the period as stated

below.
1. Detailed Survey of Staticn Sites . 1 month
2. Detailed Design of Civil Work 3 months

3. Detailed Design of Telecommmunication :
Facilities '2 . . S 2 months

4. Preparation of Specifications and : ‘
Bidding Documents " - 3 months

5., Telecommunication Equipment
Manufacture - 10 months

6. Equipment:Delivery ' ' 3 months

7. Telecommuniéa;ion”Equipment
Installation and Adjustment - .2 months

8. Civil Work S 13 months

9, Gauging Equipment Installation ,
and Adjustment - . 1 month

10, -On-the-job Training for Operation. N
‘and Maintenance : 12 months
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. 7.2

7.2.1

Cost Estimate
Conditions for Estimate

Project cost of the System is'estimated on conditions stated

below.

1)

ii)

iii)

iv)

v)

vi)

Prlce quoted is the standard as of February 1980 in U@ Dollars.

Contingencies are estimated at 107 of the costs of the machinery
LAY equlpment, and the fac1]rtles. The contingencies may
be used to take care of the costs of operation:and ddmlnlst"

ration as well as the technical supervision.

Station house for the te1e~ ommunlcatlon and observation
machinery and cqu1pment shall be constructed new. All pre-'
paration for procurement of project e:tee bhall be performed
by the authorltles concerned of: the Malay51an Government

The ex1st1ng Water—stage statlon houses will be ut111zed

at Serian, Gedong and Ensengei. The constructlon cost of
station houses in which the“telefcommunication_machinery are
eqoipment'are to be installed 1is incloded.in the eetimates.
All'equipment (rain geugesg eater level gauges,'tele—:

metry equipment”and.aécéSsorieS)'are to be provided by

foreign suppliers.

Installatlon and adjustment of equlpment is to be conducted

by forelgn technlcal a351stance personnel and the cost.

incurred shall be 1ncluded in the estimates.

Technical Aeeistance‘tost is to'include'overseas treining
fee for Malayalan Lechnical staff, superv151on fee for
detalled de51gn, de51gn modlflcatlons, contract and pro-
curement as well as fee to be approprlated for on—thewjob
trainlng ' Twenty percent of the total conetructlon .cast
is to be approprlated in the estlmates. The percentage of

the items would be:

Trelnlng o o 15%

Onwthe gob Trdlnlng 35%
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Detailed Design _ 30%
_Contract and Procurement - 5%

% Desipn Modification 15%

% Technical assistance 1g required in the civil works ‘phase
in case that the detailed design is modified in accordance

with the latest conditions of thé construction sites.

Fer v

vii) Cost for housing:of'thé Flood Forecasting Centef is to cover
only the floor épace required. - In other words, the Flood
'Forecasting.Center;is to- oceupy some'tooms of the building

" to be constructed for purpose other than-the proposed flood

forecasting and warning sytem.

viii) Mt. Serapi Ralay Station is to be included within the

station housing of the telecommunication department.

ix) Cost of maintenance vehicles and boats are not included in

the estimates.

x) Cost of land lot required for housing is net included in the

estimates.

xi) Technical Assistance Fee is appropriated only for foreign

personnel.

Fees to be paid.to_local consultanté for construction'superviéion,
specification writing, contract document preéparation, detailed
design as well as cost to be'incﬁrred for training“ovérseas of
Malaysian hydrblogy and telecommﬁnication staff are to be estimated

separafelyl‘

xi1) Equipments such as float &rbppers and current meters may be

excluded from this estimate when they are not necessary to be

procured anew.
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7.2;2 ~ Total Cast.

Total cost to be incurred for the implementation of the
flood forecasting and warning system in the Sadon River bagin
is as follows. Construction cost for the warning system is not

included in the estimates.

Table 7.1 Total Cost ( Sadong River Basin )

(Us$)
Observation | Flood Forecasting ' o
Item F Station _ System Total Remarks
Equipments | 100,800 367,800 1 468,600
Facilities 58,600 142,600 201,200
Sub-total | 159,400 510,400 669,800
Contingency | 15,600 51,600 67,200
Total = | 175,000 562,000 | 737,000
Consuiting Services 147,000
® Training ' -
Training Overseas . - 22,000
On-the=job Tralnlng 52,000
® Supervising - o -
Detailed Design 44,000
Contract and Procurement - 7,000
Design Modification : : 22,000

The prOJect cost has been estlmated based on the curreut prlce

as ct February,.1980 The . prlces guoted - has no inidication of

1nf1at10n rates. 51nce estimation was dlfflcult due to no deflnlte .
origin of shlpment ' In this context the 1nd1cated prlces may be’
:referred to as the 1n1tlal cost . to be 1ncurred at the commencement

of the constructlon 1mp1ementat10n.
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7.2.3 Breakdown of Construction Cost

Unit Price

Table 7.2 Unit Price of Hydrological Observation Equipment

Item Unit | Equipment Indlr?Ct Total |- Rema}ks
. Cost : .
Rainfall Gauge per 4,100 1,300 5,400 In;%udes
(new) unit gptional parts
Rainfall Gauge . : = _
(modi Fied) 2,000 1?000 3,000
Water Level o S . .
Gauge (bubble) R | 10,500 37500 - 14,000
Wéter Level " e . . S
Cauge (£loat) 5?000 | 1,500 | 6,500
Water Level ' .
Gauge (float, "o 7,000 1,500 8,500
medified) _ C i _ C
' 10w 390 150 540
Staff Cauge 15 m 570 220 790
Corrent Meter 1 per | 4 600 1,000 | 5,600 |
. unit N ) ‘
Float Dropper 32,000 4,000 36,000

Table 7.3 Unit Price of Observation and Telemetry Stations Facilities

Ttem _ Unit | Equipment’ Indirect Total +Remarks
_ i . Cost :
Tele-pole 5m | 4,500 500 5,000
10 m 9,200 900. | 10,100
Triangular PET | 13,500 5,400 | 23,900 | H=30m
Tower - { unit S : : _ _
Station Housing | per 6 QOO Housing re-
(2.5mx2.5m) gsite ? building: 600
Station Housing " ) : i 4
(20 ﬁ) _ . . 30,000 :F0r rebuilding
Station Housing o o 1
i id I . | 15,000 P
Towa?ifor : " L | i o ':15;000 
Housing o L .
CableWay  S RN A : -} 16,000
Staff Gauge i ' : S B
Support . - 12,000 .
ACCESS“Facility " . . : 1 10,000 |. Ladders and
' : o : _ ' o piers
Land Grédiﬁg B B T - :2;000 300 8q. m
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Table 7.4 TUnit Price of Telemetry Equipment

10 Kva, 220 ¥

Us$
Item ' Unit Price
Telemetry Equipment _ for:Coﬁtrdl:_ _ 41,000
I R for Rainfall Gauge with < 300
Magnetic Counter o
o for Water Level Cauge with
o . L 7,000
Protective Device o
. for Rainfall & Watexr Level o
" Gauge with Magnetic Counter, 7,500 -
Protective Device ' '
" Relay Equipment v - V-Relaj | 16,000
-Operating Unit Console:Tyﬁe 15;?00
Typewriter. 24 inches. - 16,500
Display Unit. -Wallwmount Type 32;000-
Radio Equipment 70 MHz, 10 W 2,700
5 T70 MHz, 3 W . 2,400
B 70 Miz, 1W 2,100
4 5 Element Yagi with
A“Fe““? Equipment Coaxial_Arrester SOO
T _"3'Ele1ﬁe‘nt Yagi with
% e T 700
_ _ Coaxial Arrester _ _
'Solaf Cell : 7 W, with Distribution Board _‘1;200
'Baﬁtery Charger . 24 V; 30 A ' G,OOQ
e B 12 V,°300A 4,100
‘Alkaline Storage Battery 24 v, 150 AH - 6;400:
o] 12V, 250 AH - -~ 3,300
. 3 o 12V, 40 AH 1,000
Automatic Voltage 10 KVA, 220 V 6,700
Regulatox SR . a2
N - 1 KVA, 220 V 2,300
‘Surge Absorb Transfomer

2,000
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7 2.4 Foreign and Local Currcncy A]locatlon B

Table 7.8 Currency Allocation of Hydrological Observatlon Equipment

Conversion Rate. lU"$ 2 ]M$*£20Yen

Float Drdpper

")

9,870

_ . "'1 ‘Tdtél Foreign Local
drem 1P wss) (Us$) | (M$) Remarks
~Rainfall Gauge| per. o LS S Frgn: Equipment, Shipping
{new) | unit | 5?}00 4,100 (78%) 2,730 Local: Installation;-ﬁelivery
Rainfall Cauge| . : 1 oy | Frgn: Modification,
1fall bau 2 A ; o, -

(modified) S,QOD | ,000 (67%) | 2,100 | ‘Optional Parts .-

R _ Local: Installation, Delivery
Water Level " . IR ; o Frgn: Equipment, Shippiung
‘Gauge (bubble) ' 14’009 10,950 (784) 6?405_ Local! Installation, Delivery
Water Level - Cana | - R " '

Gauge (float). 6,509. 5,100 (78%) 2,940
Water Level RS B
(float, o | e500] 6,600 (78w | 3,990 FrEnE §Ziiilcatl°“'_°p‘1°“al
$Odlfied) P  }' R i Local Installatlon, Dellvery
Staff Gauge | 10m 540 440:(807)' 7210 |“Frgn: ﬁaﬁerlal, Shlpplng
; C [ L5m 790 640 il 315 | Local: Installation, Delivery
Current Me;er pe¥ 5,600 4,900 (87%) 1,470 Frgn' Equipment, Shlpplng
unit o R 7| Local: Delivery
o 36,000 | 31,300 v

Table;7,9' Cﬁfrency Allocation of Observétion:

and Telémetry Stations Facilities

. . . Tofal,  FQ£éigﬁ ._Local' )
.Item jUnic (US3) " (Us8) M%) Remarks

Tele-pole Sm 5,000 1 1,500 kjoﬁ) 7,330 | Frgu: Equ1pment, Shlpplng

R 110m 10,100 3,000 * :16 910 | Local: Installatlon, Dellvery
Triangular  lper | 5 900 | 15 600 (65%) | 17,430 L

_ . unlt .
Station = 'ef'_ SR
| Housing gite 6,000 0 ( 0%) | 12,600 Local: Material, Shlpplng
- (215mx235m) N ' _' o Installation

Housing . : il: ; : g e 1]
Cansms 15,000 | 0 (0%) 31,500

Housing u 30,000 | © © 0 ( 0%) | 63,000 "
Tower for SR ' : ' '- ' 1‘, ) o Frgn: Tower Material
Housing(H—lOm) leQOQ 10{000 (67%) }Q,?OO Local: Foundatlon Materlal
Cableway AL ‘16,000' 0 ( 0%) | 33,600 Local: Materlal Installatlon
Staff Gauge . - " - v T o 1 1

“Support ' ?’OQO_-‘ ' 4’209.

.ACC"{SS - : f.l . A H] . -. : . "
Facility'_ _ .10,000 21?900 =

| Land Grading | " - 2,000 " 4,200 .
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Table 7.10

Currency A]location of- Total Cost

¢ %adong River 8351n )

Foreign Currency (US$)" Local Curvency (M$) : :
_ _ : : . e Remarks |.
_Itgm Observation Flood_ - Observation: ?lgod : : :
., Forecasting IR Forecasting
-8tation e - Station
System Sysatem
Equipments | 81,432 367,800 40,673 N ,%?
Facilities - 29,730 . | 123,060 237,027 e
Sub-total | 81,432 397,530 ° | 163,733 | 237,027
Contingency| = 8,568 139,470 | 16,267 23,973
Total 90,000 43?,000' 180 ooo‘ 261,000
Consulting Services 147,00@;
° Training : _ oo
Training Overseas 22,000
.On-the-job ‘Training 53, 000' -
- ° ‘Supervising
Detailed De51gn LT 44000
- Contract and : R
Procurement’ 17,0000

" Design Modification 22,000
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