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PREFACE

ey 1espouse Lo a request. by the bovexnment of Thailand, the
:-Govexnment oF Japau decidcd Lo take up a study on the Flood borecasting -
and Warning onjecL in Lhe Mae KlOng RiVeL Basian’ aud the. Japan IuLer e

x‘nﬂtionﬂl Coopexation Ageucy carried out Lhc study.

_ NOLing that the project has a vital bearing on the deve]opméut
_and liVelihOOd of Lhe inhabitdnts in the Maec Klong ‘River Basin which is
densely popu]ated and the granary of Lhe counLry, the Ageucy diepatched
L a study team conqisted of 7 experts and hcaded by Mi, Shigeo. Nakanishi
wﬂter Management Officer, River Planning Diviqion, R{ver Bureat, Ministly

_of Construction, from November‘a t6 Décember 17, 1977,

 fhe étudy team:héld'diséussioﬁs“oufthé'prdjéct with the Thal autho-
_ritiﬁs concérﬁed aﬁd‘ébllectéd 1nforﬁa£ibn and data aﬁd-cdnducted field
surveys for the plamning of thc flood forecasting and warning system. -
.Baacd on Lhese surveyq, and Laking account of advice and views rondered
| "Dy COmpeLent authoxities of various Thai GOVPrnmenL depaerean, the
:.Leam conducLed ie]ated studies aftel teturning to Japan aud has compiled this

'1eport.;'

T sincercly hope. that this report will contribute to the socio-
: enonomic devclopment in the Mae Klong River Basin and to the enhancew'

mend of the ftiendly 1eJaLions beLween the Lwo countries.

1 wOuld_liké‘to take this'Opportunity to express my hearfelt appre-
- ciatlon to all the authorities concerned in Thailand of thelr whole-

hearted assistance rendered td the study Leam,

Auguét 1978
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President
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CUAPTER' 1. GENERAL

11 Incrod&¢tion

.ﬂhe upper roacheq of the Maoklong 11v01 are covcled dcnqely with Llopical
- ain f01esLs, wiLh cu]LivaLed Tand ha1d1y found except along its. banks.

"On Lhe oLhet hand 1Ls lower basin area downstream of Kanchanaburi 1s'an

"}extenaiva plain bealing a high pOpu]aLLon dens{ly and known as one of

Thailand’s granaty ZONES, | H0wev01, this area has been frequonLly a[flicth
 _cd WiLh hcavy flood damages in Lhe pasL on acaount of copious xatn fa11lng ‘

':LhIOUghouL the basin.

“The Macklong River Basin Flood FOfecastiug ana'wafning Projoét' for which
Cthe pleeent sulvey was cOnducLed s one of the pilot flood foreCasLing
,pxojocts selevted aL Lhc Fifst meeting of PGAbP/NMO Typhoou Commtttee
he]d 1n Bangkok in December ]968, and aualysis of past flood 'data has
'been conducted for Lhe project jointly by Roya] Irtigation DepartanL and

Heteorolbgicwi Depqxtmcnt of Thai government.

'Tb“cooﬁérate in the {mpleméhtatidnkof this project, the Japanese gpovern-
Cment qonL a ple]iminary su1voy Eean comprising Lhe fol]owing Lhrce members

to Thwi]and from Pebruaty 6 Lo 19 1975.

ikééunori'NAKAd - ”-Leadef; river engineer
| Tombnami FYJII Hydfalogiét :

-KazﬁhikQ.TAKAYAHA 'Téiécbmﬁunicétion expert

Wich an all-out cooperation offered by Thal govermment, the preliminary
survey team conducted a reconnalssarce survey of the Macklong river and
its two tfihutaries, the Khwae Yail and the Khwae Noi, and also collected
past’ rocords of meteorological, hydrologic and hydraulic observations,
analytical fldod forecasting dafa, and - information on the existing state
of telecommunication systems., After careful cxamination of these data
and the findings of iLs 1e00nnaisqanoe survey, the team presented the

fo!]owing c0mmcnt5 and 1ecommondﬂLions.



Commqnts and Recommondations of Japancse Pteliminaxy Survey Team Lor
Naeklcng River Basin Flood F01ecasLiug P1oject (Peb 619, 1975)

Comment s

-§urveys for the fldod fofeéaqtiug écheme.of thé Maeklohg-rtbef bagin have
beon actively conducted for move than Len yoals by Lhe That goveinment '
.agencios and 109, and Lhero have been proposcd more . than faux differenL
forecasting sybtems 1n the past. Ohsorvatjon staLions ate not‘suffivient—
ly dnstalled; buL eon“ideting the [acL that Lhoir iRQLa]]aLion and main-
tepance entails substantial dif[iculy because of the basin 8 geoglaphical
condition and sparse populaLion, it may bo said that Lhey are faix]y well
cdusolidated. DaLa.collectiou andrquaqggment.at these sLations 1s con-
ducted smoothly, and appiication of goftware technlques fot run~0ff anal~
ysis and flood routing using Lhe collectcd data has alleady enteicd the
stage of p1acLical opcration. The Leam was infoxmed LhaL even. Lrja] '
flood. forscasting was actually undertaken using the data of a number of

observation stations to which communjcation means vere. availab]o.-

1t appears, however, that this trial forxecasting did not plOdUCG very
good 1esu1r for want of a well 01gan14ed observation systcm and gatis-
Factory communication means and Lhe resultant Lack of gmooth data trans-
migston, (For these reasons, Lhe Thai governmenL evincod great enthusl-
asm for the cousolidation aud.improvemeut qflqbseryaLion equipment and
comunication facilities. The.present survey was thbrefore conducted
with stress placed on the sLudy of the obserVation network and communi-
cation facilities which are indispensable for'flood‘forecasting and’
warning) '

Recommendat ions:

On the stfcngth of the findings of the survey, Che following recomienda-

tions are made,

(1) Responaibility for cach stage of Tlood forecagtipg and warning should

be madc;clear.k

(2) There are many diquicLs whcre ohsetvaLLon BLaLIonq ale fouud cloae

Lo cach othér. DeLoxminaLion qhou]d he mado as to which omganizau



tion's stations ara to be used in such districts.

{3) _Decision shquld:be made as to which organiZation'is to exarclse

“.control over master station and monitor statious.

g(ﬁ) “An adéqﬁate.obSGrvation network should be planned. Jor this pur-

pqse,‘basic_énalysis of the data so far collected should be prompted.

(5)  Yor thbge étdtions whera obsérvers cammot be_promptly'assigued.at
'Lime ol a flood g is advisable Lhat c]f—recording equipment'bé

'installed 80 that dwta Lan be co]lvcted By - tetemetering.

{6} 'Adéqdacy of tha communicatibn system should be carefully checked .
- by prOpagation test and other means since Lhc Maeklong basin -is

mountainous .

(7) Flood: forecasting based on run»of[ calculation and [lood routing
s wade by ca]cu]ations wo1ked out on a ddily bagis at present.
When recording gauges are installed at mpsL stations, calculations
can be made on an hoﬁrly Bésié; In this case, however, the aug-
mented_ﬁblume of calculation wil) call for the introduction of a

~high-apeed caléu}ation sysltem.,

On the basia_of the above comments and recommendations, Thai government
plaﬁed‘to-prbmdtg the probosed 1mprov¢menté pertaining tb-the forecasting
- syaten and méthod of ‘data hnalyﬁis, and subsequently requested, in Janu~
ary 1977, for the diepatch of a aecond Japanese survey team for the

- preparation of a draft design of the forecaating system and for related

vadio propagation test, (o which Japanesc government acceeded,

The second sutvey_team stayed in Thailand from November 18 to December
17,. 1977 and carried out various'survay activities with the thorough
cooperation of the paztlnenL That authorities including Metcorological
Depaxtment, Royal Ilrigation Dapartment, and The Electricilky Generaling
Authovity of Thailand.



1-2 Teims of Refereuce

The Lexms of reference to the survey team as ]i ted An Lho of ficial
request for the dispatch of flood forecasting experts daLed Janwary 1977

which Thai government forwarded to Japan@se goveriment are as follqws.

(1) Hydrologiéal'analysié and survey for-telecomswnication system in-

cluding radio propagation test.

(2) PICpalaLion of a finql draft plan of the flood forecasting sysccm

based on hydrological and telecommunicatiouns survey and

(3) Design'of tha telecommunicatian nabwork. .

1-3 Tormation of Survey Team

The sumvey team was oxganidcd with a Lotal of seven expérts Lompriqing
three hydrologisLs and four telecommunication experts whose names are

listed below together with their assignment and affiliation,

fable 1 Formation of Survey Teaw

(Nanie) (Assigninenk) (Affiliétion)>
Shigeo Nakanishi T.cader, : Water Hnnagemcnt'OITicer,
Senior Hydrologist River PLanning_Division,

River Burssu,
Ministry of Construction

Razuhiko Takayama Acting leader, Seuior‘ungineer,
' Senfor telecommunica- Electricity and Telecommu-
tlon expert ~ nication bivision,

Minister's Secretariat,
Minilstry of Consgtruction

Kazunori Yoshioka Hydrologist Chick, Survey Section,
' : Numazu Work Office,
Chubu Reglonal Con-
struction Bureau,
Minlstry of Construction

-l -



N ~(Nawme)

Kenichi: Shival

' Kunio .Icliimiya 5

Etsuo Minamitake

Kaname Murakami

(Assiﬁnﬁént)'

Hydfologist

“felecommunication
expert

Tolecommunication
expert: '

Telecommunication
expert

1~4  Plan of Operation and Ttinevary

(Affiliatidu)

Chief, Watcr Managomont
Section, =

Yodo. River Dam Control
Offlce,. . '
Kinki Regional Con-
stiaction Bureaw,

Minlstry of Construction

Deputy licad of Tele-
communicalion ‘

- Seetdon,

Chubu Regional Con-
struction Bureau, :
Ministry of Counstruction

Englueer,
Teleccommundcation

. Section,

Kanto Reglonal Con-
struction Buyeau,

Hinistry of Constyuetion

¥ngineer, .
Water Regources
Development '
Public Corporation

The survey was conducted by dividing the team into two parties, the

hydrologic party and the telecommunications pavty, The former arrived

at Bangkok on November 8 and the latter on November 11, DBoth partics

left Thailand on.December 17, but the leader Nakanishi returned to Japan

on November 22 in advance of other team members,

The plan of operation was formulated as follows on November 16 in ac-

‘cordance with the aforementioned terms of reforence at a meeting of all

team members and the vepresentatives of Thaf authorities including

Meteorological Depariment, Royal Trrigation Department and the Klectricd-



ty Genexating Authority of Thailand. The itinerary of the. team showling

the progress of survey activitic, is given in Table 1-2,

I,

Ir.

Scope of wérk

Study-of. hydmologioql network and locations and numbex of

(1}
' observation staLions, flom hydrological conside1ation.
(2) Bvaluation of the existing flood fotccasLing nethod. by
Cusing data obtalned recently as. wel] as old daLﬂ,'and study
. of Lhe p0351bility of other forecasting mLthods.
.'(3)-.Study of the adeguate equipment to be uscd for the opeLaLion
 of flood forpcasLing based on theé method sLudied 1n Item (?)
above,uwith cousideratiou givcn Lo_th-sysLem of hydrolow
glcal data collecfion and utilization, . . - '
'(&)I Decision of ldCatipn of:each telemetering'station (iﬁcluding
repeater'stations). o
(5) Radia propagation test of epans between respective tele-
metering statlons,
(6) Preparation of the list of equipment for the System”and__
thelr specifications in outline (including frequency zone).
{7} Cost estimation of the system.
Repofts

The interim teport will be submitted during the team's slay in

Thailand, The final report will be completed-within four months

after the team's return to Japan,



~ Date

~Pable 1-2

f-:Nov'S Tue ;Depafture from -

9 Hed
10 71‘1_111_ '
11 Yed
12  8at
)
13 Sun

- Tokyo. and
“arvival at

Bangkok.

Courtesy call
on LESCAP, with

‘consultations

Itinerary of Survey Team

Day  lydro, Party  Telecom, Party

and preparations

“for survey,

" Gourtesy call

on Japaunese

" Embassy in

Bangkok, JICA
Qfflce, and
MR
AM: Pre= survey
R consutl-
. tation
meetlng at
Mb,
Consol1-
dation
of survey
equipment .,

Collection of

“hydrological
~data at Mp,

lloliday,

Remarks

Team leader
(Nakanishi), party
members (Yoshioka -
and Shirail), and
caordinator {Alba).

BSCAP ¢ My,
' M_zi_'na laec,

Pre-survey consul-
tation meecting at
MR was partici-
pated in by the.
following persons,
From MD -

Mr. Twee

Montrivade,

Mr. Sumeth

Hinsheranan,

My, Tawatchal

Brikshavana,
From RID =

Mr. Damcong

Jaraswathana,
From EGAT -

Mr. Naraongsak

Vichetpan,
From Japanese
Lmbassy -

Mr. Hidekd Aramaki.
¥From JICA -

Mr. Kenji Iwaguchi,

An agsembly room
of MD was offered
to the team as ‘{tsg
office,



Date

'_14

15

16

Day

Mon

T

Wed

Hydro, Party

Field trip.

Fleld tyip.

A3

M

Consul-
tation
meeting
al HMD.

Prepa-
rations
for field |
tyip,

Telecom, Party -

Departure from
Tokyo and axyvival
at Bangkok.

Courtesy calls on
Japanese Embassy,
JICA Office, RID,
MD, and ESCAP;
and consultations
at Mn,

Same as liydro,
Yarty.

Remarks

_Departurﬁ (9:00) »
‘Macklong  river

estuary > avrival at_
Ratcha Burd (12:00)
»Vajiralongkorn
dae, I
Overnight stay at
Vajirvalongkorn dam

- .guest house.

.Departure (8:00) »

Kanchanaburi _
Weathey Obgservatiow
Station » K20 -»
arrival -at Ban -
Chao Nen dant
(10130} - depaxture
for Bangkok (13:40)
Fleld trip was
participated in

by the following

non-Leam wembers.,
From MD —
Mr. Tawatchal
. Brikshavara and
one other,
Yrom RID -
My, Bamroug
Jaraswathana
and threc
ofthers,
From Typhoon
Commitltee ~
Mr. 0d.

Acting team leader
{Takayama) and
party members
(Ichimiya,
Murakami and
Minamitake) ,

Joint mecting of
two parties with
participation of
M, 01 of

Typhoon Commitice,



bate  Day  Hydro. Party . Tblqum. Party Remarks -

17 “hu Field trip o Flald evdp : Departure (8:00) -+

(Nakanishi, (Ichimiya and Sal Yok (12:00) »

Yoshioka and - Minamitake)., Thong Pha Phum

Shirai). ~ Field test prepara- - (16;00); over—- .

o tions at MD : night stay at
(Takayama and Thotg Pha Phum, -
Murakami) . : '
18 Fri ~=do »~ . TField trip Tean divided
' ' (2 membérsy, ~ into threc groups,

1) Arvival ét
~ Sangkhla Buril
at 11:00,

2} Reconnaissance
1n the neigh-
bourhood of
Thong Pha Phun

Fleld test preparau
tion at MD (2
(2 members) .,

3) rilok.
19  sat - do - Field test I Departure from
{2 wmembers); - Thong Pha
‘Noliday for 2 others Phum (7:40) > K-10
members. : o2 Ke-11 - Bangkok,

Fiald trip was
participatad In
by the following
non—-team members,

Prom MD -
M, Twee,
Montrivade, and
two others,

From RID -
Mr., Damrong
Jaraswathana
and three
others,

From NGAT -
Mr. N, Vichetpan,

From Typhoon
Committee -
My, Od,



pate

20

21

22

23

24

Tue

4

Hydro. Paxty

~ Hollday.

" Collection and

analysis of

' hydrologicalf
data,

Deparcure of
L [cH]1 d Gr
Nakanishi for -
Japan;

" Consolidation

and analysis
of hydrologi-
cal data;

- Digdeussion

Wed-

with officilals
of ‘MD and RID
and Mr, 0i
conceriing-

" forecasting

system,

Analysis of
hydrological
data;

‘Discusaion with

~ MD and RID

Thu

officials to
obtain infor-
mation on
existing

- forecasting

and hydrolo-

glc observation

system,

"= do -

Telecom, P

loliday.

of R2 site, and:

intra-party arvanpe-~

ments for radio
propagation test

Checking of tast
equipment. '

" Field test,

- do -

- do -

T

Party -

. Remarks

'Reporting on survey . ..

Telecom;. party's.

ficld test
Departure from .
Bangkok (13100} »
Kanchanaburd,

Reconnaissance

of Rl sité near
Kanchanaburi,

and radio propa-
pation test
between R1 and
Ban Chao Nen dam,

Radio propa-
gation test
between Rl and
K10 (Ban Lum
Sum) §



fplin iy

25  Fri

30

Date Day - lydro. Party .

Discugsion with
. MD and RID '
- officlals to -
obtain infor- -

mation on
existing

... foracagting

“Sat -

TS
27, Sun
28 Mon
29 ‘Tue

Hed

‘and hydrolo~ "
" gle observation
system

Holiday.,

- Analysise of
‘hydrological-

and flood .

. forecasting
“data, '

Data consoli~

“datlon, and
~analysis of

flood fore-~
casting data.

Anaiysis 6f

“hydrological

and flood
forecating
data,

elecom, Party .

Field test, -

Holiday.,

Review of previous

~weck's fleld test

data}

‘Arrangements for

this week's suivey
plan. ¢ '

Fiéld-test; :

- do -

~ Remarks
2 party-mqmbofs
returned to
Bangkok,

Radio propa=
gation test .
between Rl and -
Bangkok N

' RemaiﬁinggZ
‘members  returned
o Bangkok,

. Fleld test was

participated in
by Mr. S. Chang-
Lam and 3 others
officials of MD,

Bangkok -+
Kanchanaburis

Survey of RL
{second proposed
repeater station
site) by 2-

. membey Kanchana-~

burd paxty;

Other tﬁo members
+Thong Pha Phum,

Radio propagation
tests covering
the following

gections -~



Date Day,  Hydvo. Party - Delecow. Party - Rowarks
-2, R -
K10,
K2 « K 10, RZ -
Ban 5ai Yok.

Kanchauaburi
"~ party - Thong Pha
Phum., : :

Dec 1 Thu - do - Fleld test. .~ Radlo propagation
L : : ' . L Ctests covering
‘the following - =
sections ~ -
. R2 - Sangkhla
Burd,
R?2 ~ Ban Pa Tho,
R2 ~ Pilok,

2 11:1'f(. - do - . -~ do - . : ThOllg Pha Phum 5 : .
Bangkok. -

Field test was
participated in.
by the following
non-team wembers.

- Frou MD ~
S Mr, Taweechal
“Chalayonnawin,
- and 3 others.

CFrom RID -
.. Mr., Chalerm
Tangtrongehit
and 2 others,

Y} . -8atb

Holiday. Holiday. bDecember 5 -
) King's bivthday,

4 Sun
5  Mon

6. Tue - Data cousol- Congolidation aund
idation, and vevilewal of Lest
anitlysls of data,
tiydrologilcal
and flood

‘forvecasting
data,

12 -



- Date

-lO

11,

12

i3

14

,"lieci3'

Thu

-'Fri

sat
)
Sun

'Mbn "

Nydro, Party

AM: - do -

.‘PH{;DiscuésiOn

at RID
. concerning
flood -
- Forecasting
gystenm,

Analysis of
hydrologlcal
and flood
fovecasing
data,.

 .ﬂH;_Uiscﬁssion"

at MD with
M. _

Tawatehad

Brikshavana
. on flood
forecasting
- system,

Holiday,

Prepération
~of Interim
" report, and

explanation

of H-H

Tue

Wed

correlation

method.

Prepafation
of 1unterim

report, awgt

consultation
Japancse
¥mbassy and
JICA (P.M)),

Digcuasion
meeting witch
That offi-
clals to

_ I!‘_gl-.@:@giu,-hl’_@_i:fx

- do ~ (2 member s} -

Same as hydvo, party

(Acting leader
Takayama)

Consolidation and
reviewal of test
data, '

Field trip (Takayama |
and Ichimiya);-

Preparation of
Interim report
(2 members),

Holiday,

Final examlnation of
data transmission .
system, and prepara-
tion of interim
report.

Same as Hydro., Party.

Same as Hydro., Party.

- 13 -

Remarks

RID Officials -
Mr. Damrong-
Jaraswathana
M. Prasong

- Jitgeri

LI

Fileld recomais-
sance of third
proposced site of
Kanchanaburi
repeater station
with participation

- of Mr, Sumeth

Hinsheranan, of
Mb,

Discussions were
held with the
following Thal
officdals,



bate

15

16

17

Day

_Thu

Fri

Sat

llydro, Party

attaln an .
accord of
opintons and
approachaes to

“the establis-
" ment of data
“transmission
- gystem. and

flood fore-
casting
centers, and
final intra-
team arrange-

ment s,

AM: Arrange-
ment of
©osurvey
aquip-
ment,
checking
of equip-
ment to

be offered

to Thail
government,
and thelr
packing
and ship-
ment .

PM: Interim

repott:
meeting.

Courtesy calls

on MD, Japanese

Iimbassy, JICA,
RID and ESCAP.

Depavture for

okyo.!

Telecom. Party

Same as Hydro, Party

Same as Hydro. Party.

Same as Hydro, Party.

-2 -

A i —

¥rom MD =

_}‘h:. S'umotﬁ Hinsheraw

¥rom RID -
- M. Damrong
Jaraswathana

My, Prasong Jitserd

Interim report
meeting was held
with the partici-
pation of the '
following
officlals,

From MD -
My, Twee _
Montrivade, and -
2 others

From RID -
Mr. Damrong.
Jaraswathana
and 1 other

From Japanese
Embagay -
Mr, Hidekd
Aramakdi.
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- Cf’l;_\'l"l‘}ﬁk 200 CONCLUSION AND Rl-:comlrmiimmm
As a;resﬁlt:of the study of Qho flood forecasting éyétem_of the Mae Kiong.
‘ River basin, ‘the. fo]]owing conclusion was obtained, ThéLStudy; barticﬁlaré‘
ly the hydxaul]c and hydxolo?ical aua]ysis, was Lalried ouL mainly for the
:'Khwae Noi River. Thele[ore, ithe conclquon Legﬁlding Lhe {1ood fore-
*fcasting system docs not cover the entire basin. This. is due to the facts :
thaL hydraulic aid hydzoiobical analysis fo]lowing the oomplotion o[ the
Ban Chao Nen Dam being consLLuctLd on the Khwae Yai Rtver ‘has not been
adg and Lhat operaLioqal LU%OS have not been established.;

C2-14 Target‘arcahfor'flood forecasting aﬁd_warning

The Mae Klong River comhincs its LWo maj01 Lrihutalles, Khwae Yai and
“Khwae Noi, at Kanchandburi to form a ]a1ge 11ver f]owing south. :
Kanchanaburi is siLuaLed between a mounLain area and a pldin which -

extends down strean with Lhe town as its top,

 P1ood{ng has been occurring in Lhe downstloam section helow Vaiiia]ongkorn
headwork qiLuaLed dOWHQLream from Kﬁnchanaburj. The flooding area may

- be dtvidcd rotighly 1uLo Lwo parts. 1) the left bank area betwoon Tha

Muang ‘and Tha Maka; and ?) the area hetween Ban Pong and Ratchaburl on

. both bankq.'

Accoldingly, the arca downqtrcam of Kanchanabuxi is to be dcsignaLed as
‘the Larget area for flood forocasting and Wahg Khanai (K-11) as Lhe
| targél’ po{nt bccause of the hydrau]ic -and hydro]og:cal ohsetvation made
in Lhe pabt and alqo bocauae it 1ig niost UpporsLloam point dn the fleod-

. ng avea. (See big.‘z } )

- 17 -
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2-2, Observation networks

In order to ach{eve the purpose of this pleGCL, the [o]towing obsctvation

and communicﬁtion neLwoxks are to be eqtablldhed

.o auging and ralugauging statiouns: at 6 pbinté -

'(Sangkhla Buri, Thong Pha Phum, Ban Sat Yok Ban [ Amh. Sum,.
Ban Chao Nen, Wang Khanai) ' '

o Raingangjng stations: at_3 polnts

" .(Ban Pa Tho, P1lok,'Ban Lin Thin).

‘To connect these obse:vation qtatione with A Lelemetet ueLwOLk two

relay stations will be nocesua;y, o

0 Repeater étation (R-1)'¢ Near Kanchanaburi, connectlng Baﬁgkok
- ' and R-2/ ‘

o Repeater station (R-2): Near Thong Pha Phum, comrecting the

upperstream gection and R-1,

Monitoring and controel statlons for collecting data from cach station

are to be as follows:
o Master control station: Metcorologileal Department  {(Bangkok)

¢ Monitoring stationﬁ ‘ RID (Bangkok) : [

The above dre to be connected with the telemeter network as_shown'on
Flg, 2-2, 2-3. |

O



Sdhgkhla Buri

Ban Pa Tho

Thong: Pha Phum (K_].3')

Ban Lin Thin |

|

Ban Chao Neh ..
Ban Sai Yok ‘ /@ iJang K.ha'na.i (x1l)

~. y -
N “ .
O N

Ban Tam .Sum (K10)

I:] Master Conl;roil Station

Monitoring Station o ' . s

Water ‘S'tage and ‘Rainfall Station

Reinfall Station

Repeater Station

>0 0

[P -

“)Rndio-‘Link

el e v

g, 2-2 Telemetering Network - (1)

- 2] -



0 fWamg [hanal (Kit)
%;- . “q“"""‘-s..‘__“__\\(?oRID
9 EMV}M("

Flg. 2-3  Telemetering network (11)
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1243 Flood Fbrobasting and wﬁrniug'methbd

With Logald Lo ‘the pioposed flood fo:ocaeling nnd warning melhod the

- gtage at Wnug Khanai (K-11) is obtained by two chpswo:k 1"irst, by
means of two meLhodq the stage (H) and the djsvhalgc (Q) at Ban Lun Sum
(K-1.0) may be f019casl. One method is the stage cortplation method (N~

I gorrclation) which uses waler stag¢ data at Thong Pha Phum {(K-13) and
another 1s the flood run-off analysis (R-Q, H analysis) which uses rain
fall data of upstrcam basin, Then by combining these and data‘at”the ‘
Ban Chao Nen Dam ‘the stage at Hanp Khdnai (K~]1) which 1s the final tarpet
=p01nt may he oblained. But 1t is advisahlc Lo make up the system for
basin-wide coverdgo by meang of R~ ~Q, 1 analysis from “upstream station to

fina] etaLlon K ll

with'regdrd to'R—Q,'H analysis of the area upﬁcrstham bf'Kulo, consider-
ing théléituations such'as the size of the basiﬁ!,geographical‘features,
nqﬁheriqf raiﬁgaﬁging stations and as well asg the-shortége of daté_for ‘
dividihg the basin in the case of using a differeht'method; it seems
appropriate to conduct run-off simulatlon taking the avea upstrecam of
K-10 as one pasin-as 1t has been. suggested. . Tor that method L 1is
heceséary'to alter the existing-fprccasting wodel for practical use in
such a way that forecasting can begin on ajgivén day and input the actual
discharge data.” In this case longterm vain forccasting 1s necessary but

even without rain forecasting it {s possible to give two-day forecasting,

H6WOver; In otrder Lo increase dcéufaey in forecasting for the areca up-
stream of K-10, it 1s unecessary to add to the run-off simulation model
another model by wiich flooding ¢ffects may be calculated, Yurther, with
regard to Wang Khanal (K-11) which 1s to be a flood forccasting poing,
flood routing calculation from K-10 and Ban Chao Nen Dam, study of H-H
correcation with:allowance for slde-afflux and the NeCessary survey or

arrangement of hydrological material.

24 Function and organization

The functlon and organlzation of this gyatem are as follows:
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(1)  The master control station is to be, set ﬁp at tho‘Metéorologiéal
Department to control tolemeter obsexvation stations, ‘The data
obtalned at the telemeter stations are cpllected by Lhe Meteorolo-

glecal Department and axe gent, at Lhc same timo, to the RID thtough

a Ladio edreudt,

(2) Thé-data afe processed and analysed at the ngebrdlbgiqql Department,

2—&—1. Organtzation

'b01 Lhis flood fotecasting and wainlng system to Eunction ful]y, iL is
‘necessary to clavify the role playcd by Lhe agency concexned as a flood -
forecasting center._ Sinae 1t is to become the HGLVG ceniel for Lho
operatlon of flood fotecasting and- warning in Thailand iL should be ab]o

to perform the function which 1g expected of it,
For that purpose attention should be Péid to the following poihta‘lh_
forming the'orgnniiétion. ' ' ' - o

1) Yor hydrological analysis coordination with agencies concerned

and requests for cooperation can be made satisfactorily,

2) In preparing the forecasting statemént:poordination with agenciles

concerned can be carrded out promptly, 1f 1t is necessary.

3) It is possible to transmit the forecasting promptly to the residents
or the agencies concerned through an established communicalion

network.

2-4-2, Function and role
The funciion of the £lood forccasting center 1s as follows:

1) The center can obtain the necessary data councerning rainfall,

stage and discharge at a given time promptly and accurately,

L -



2 The center can forecast, based on the data collected:

(1) the expccted dischatge and eLage at Lhe target poinL,
%) whoLhox flooding will occur cauaing damagpe; (3) if so, when

it wil} oceur, and Lhe expched stage at ltg peak and Lhc duration,

In okder Lo pcrform tho above runchon, Lhc fo]]owing ro]e ig to be p]ayed :

by Lho ccntel.

‘l)' To. prepare the forecasting qLatoman and plomptly iqsue a flood ‘

jforecaqting 1f ncccssary.

2) To. issue a f]oéd foxccaeLing to, pxcvent a loss of life and

’property

3 To ﬁrovide information. oun floodiug_in=reéponse to changing clrcum~

stances,

4) Iﬁ the case of flooding, to grasp the situation promptly se that

information may be given to the public when necessary.

S5) To. sorL out hydro]ogical ddLa and other information on flooding

which may be used as maLeridl for further study.

The following points should be studied so thal the center can perform

“the above function and the role, ~

1) The ayqtom of transmitting the [lood forccasting should be made

cleay so that the £01ecasLing can be effective.

2) UWhen flooding is over, the flooding gituation should be grasped
accurately to improve the accuracy of flood forecasting,
Coordination should be maintained, therefore, so that infovmation

and data can be made readily available.

3) The target area of flood Forecasting corresponding to the slze of

flooded area should be clavified bLased on the data on inundation.

5 -



2-5,

Costs

The costs of installing this system ave cstimated'ns'folluws:

Undt {

uUss
T R (O riviyovs ryprryes
“Roud constructlon | 455, "0625_” 455,000 |
“feohnical gwidavce | | 253,000 | 253, 65'6"'
peserve funds | 5,000 | 199,000 | w7000
ot | 676, 000 T? 77,000 | 2,453,000 |

{1} Calculation of the cost

1)

2}

3)

[;)

5)

(2)

The costs are calculated as of Mar, 1978, at the exchange rate
of Y220 to the US dollar,

LN

The dnstallation costs cover observvation instruments, communication

and other equipments and their lonstallation and adjustment, con-

struction of antenna posts, and station hulldings,

Road constructlon costs cover

relay stations Rep 1 and Rep 2,

the construction of roads to the

Cogts of technical guidance cover the training of Thal engincers

in foreign countries and guidance by foreign engineers in Thailand,

Costs of clvil englneering work ave an estimake;

they may have

to be amended when detadled plans are available,

Note

The detail {8 deseribod In the anoex,

- 26 -
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2-6, Recommendations and suggestions for fulure

2-6-1. Future télemctering system

13

Underithe present conditions

~ The system which has so far been studied is a minimum system

_ necegsary under the present conditions. ‘the system s mainly

bagsed on the Khwae Noi River, because the river has the main
catchment aréa which influenées flood forecasting and warnlng fov
the Mae Klong River, and the discharge of Khwae Yal River is
equivalent to those_from the Ban Chao Nen PDam. The new system also
'givés some extrd_allowanué in the information capacity at repéater
stationg or al the flood forecasting center, It will be necessary

to Install a closer obscrvation network to obtain higher precision

~4n flood forecasting by means of acquiring data on rainfall or

hydrological data on the stage at ecach point simultaneously,

With regayd to the installation of hydrologlcal observation statious,
vainfall stations should be set up, one for every 500 km® in the
K-10 uppgtstream—area which 1g the main tavget area of flood fore-
casting,  Further, 1In other arecas, major tributaries should have
at:least one stage and rainfall station cach, Nith regard Lo Lhe
Mae Kloug River dtgelf, madnly stage obscrvation stations should

be set up at the Kanchanaburid confluence (ov Vajitralongkorn Head-

work}, towns of. Bang Pong and Ratchaburi which have been damaged by

floods and Samﬁt Songkhram, the rivermbuth. Fig, 2-4 1 a map of
the entire basin {excluding the upperstyeam section of the Ban Chao
Nen Dam), giving the 1oéatious of the varlous stations, and ¥ig, 2-5
is a partitioned map showing the locatlong in the K-10 upperstrcam
arca as a suggestion, Actual installation has to be carvied out

in the light of the pasl observalion records, maintenance and con-

trol, and topogrvaphlcal conditions in the vicinities,

With regard to the method of flood forecasting, it should be
changed when theve Is a satisfactory observation network n future,
and further study will be necessayy on a flood forecasting systom

of higher precision,



2)  Comection with the Khwae Noi Dam percCt"

On completion of tha Khwae Noi Rivor Dam project which is uwndor

study aL present, operational rules should be decided after taking
into consideration that the discharge From the dam should winimdze
the damage of the downstream arca in case of Flooding in conncelion

wilith the Ban Cﬁao.Nen Dam on the Khwae Yal River,

Untll the completion of the Khwne.Nbi;River dam, the telemetering
systen described aBoVe 1s a necessary facilicy for flood forecasting
and warning., Bven after the complettion of the dam, the raingaupe
will provide important iInformation for determiniﬁg rainfall in the

welt area of the North~west.

2-6--2, TYlood control

Judging from the flooding situation of the Mae Klong River, if £lood
control measures such as viver improvement arve carried out in the pregent
flooding area, they will bring about very favorabie economic results,
Among the recent fleods, both baunks were lonundated between Bau Poug and
Ratchaburl in the 1972 flood (1,1000v1, 400 m?fsec.), In the 1974 flood
(2,800-3, 600 mzfsec.), inundation occurred not only in the above scction

but also at two sections of the left bank between Tha Muang and Tha Maka

in the upperstream area. Under the present conditions, 1f the standard
rate of flow is fixed after examining the discharge carefully at K-11,
and {f effective river contwol facilities are provided in the area which
needs protection dn the Might of the dischorge, {t will be pogsible to
reduce further the expected damage in conjunctlion with [lood forecasting
and warning., Ior the determination of the standard rate of flow at K-il,
it 1s necessary to grasp the hydrological conditions of both Khwae Nol and
Khwae Yai., 1In thg case of Khwae Noi, 1t {s matural flow until the com-
pletion of the dam which is belng planned, whereasg in the case of Khwae
Yail 1t is possible Lo conktrol the flow with the cowpletion of the Ban
Chae Nen Dam. Therefore, they have different forms of flood run-off.
Further, by combining the discharpe at K-10 on Khwae Nol and the dis-
charge from the Ban Chao Nen Dam on Khwae Yai, the discharge at K-11 may
be obtained, Thus, 1t ig desirable to have the discharge [rom the dan

in such a way that 1t will affect the downslream arca most {avorably,
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With regavd to the planned siée of high-water discharge for floed conlrol,
it should be decided in the 1ight of flood frequency, distribution of
population and property in the floodiung arca, presout_Situation regarding
land utilization and its fubture changes. As For suggestions for flood
control Eaéilities, they should provide complecte protection against

small and medium scale floods; but they should be constructed du such a
way that in the ease of a larpe scale flood, spilling flood should be
allowed {as In the case of the sectlon hetween Tha Muang and Tha Maka),.
Decision should be made, therefore, after detailed 3ur§ey of the site

has been carried out,

2-6-3, Future technlcal cooperation

There are various soft factors regarding the flood forecasting and warn-
Ing system such hs the H-Q curve at major observation statlons, the H-H
curve between obsefvation stations, characteristics of flooding in the
basin concerned and the flood forecasting model. It is necessary Lo
amend them with the latest data whenever flooding occurs and maintain

them in good order,

The telemetering system has to be maintained always In good order after
completion. For that purpose, the establishment of a maintenance systen

and the provision of funds will be necessary,

In other countries where flood forecasting and warning systems have been
installed with Japan's technical cooperation, they have been given
Japan's assistance for a few years after completion In maintenance and
control, It ls desirable for Thailand to.obtaiu technidecal cooperation
from overseas for a considerable period of time regarding the flood fore-
casting and warning system, the telemetering syscem, flood control
measures for the downstream flooding arca, and comprehensive flood control

measures Including the Khwae Noi River dam project,
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CHAPTER 3. EXiSTING CONDITION OF THE MAE KLONG RIVER

3-1 Outline of the Mac Klong Basin

The Mae Kloug is the Lhild ]algeqt river in Thalland which flows In the
western part of the countxy and its basin is a gLeep mountainous area,
It flows through deep or narrow valleys and forms a basinof 1 to 1.5

mile diamcter in some paris,

The Khwae Yail and the Khwae Noi, the two na jor trihUtaries of the
uorth and cast, by the mountain range on the BulmOSL b01d01 on the wcqt,
and by the RaLchabnxi river and Gulf of Thqiland on the south,

The Khwael Yail and the Khwae Noi, the two major tributaries of the
Mae Klong, rise in the aountainous distfict‘boardipg'on]Burma, flow down
southeast alwost in parallel with cach other, and join to form the

Mae Klong at Kanchanaburi.

Kanchavaburi is situated 120 Km to the west of Bangkok, and the whole
basin 1s divided Into the mountalnous upstream arca and the flat down-

stream piain at this COnEIuLnoe._.

The Khwae Yat, the castern tributary, flous thtqugh valleys genérélly
wider than those through which the Khwac'Noi, the western tributary,
flows. Hence, the Kiwae Noi flows much more rapidly than the Khwae Yai,
Because of their sharp.bed sIOpe.and abundang water volume, tributaries
of the Khwae Noi are concentrated near the water source and'flow through
places whcfe the elevation is very close to the highest, As a conse~
quence, neyw geological configuration can be observed along thelr up-
permost reached, with a steep and long ridge extending along the Thailand-

Burma borders,

The catchment area of the Mae'Klong is far smaller than those of the other
twoe major rivers in Thalland, the Chao Phraya and the Mun, bul the mean
discharge almost equals that of the Mun and accounts for 507 of the.

mean digcharge of the Chao Phraya..
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- Table 3-1 COmpdrisou of Annual Run~off

Mun'

Bagin

Chao Phraya
(at Wat Tha Mac)

{at Ubon Ratchathani)

Mae Klong
-~ (at Kanchanaburi)

Catehwent | Mean Specific:
Area Discharge | Discharge
Kn? m*/s m* /S /Km?
118,000 | 920 7.8x10™°
~ 107,000 540 5.0x107°
e Y e -
27,000 | 410 15,0x10""

the uppet part of the Mae Klong basin is covered by tropical rain forests,

ahd‘farmland.can be foﬁnd'Oﬁly along river banks. However, the down-

stream area of the basin embraces an extensive and well developed plain

which is denscly populated, ‘The southern part of the basiwn, which is

covered predominantly by cultivated land, has many lmportant cities such

ag Ratchaburi and Samut Songkhram, and is known as an Important granary of

Thailand'together with the Chao TPhraya viver basin,

for the frequent occurrence of flood damage.

Tabla 3-2

Statistical Data of Basins

This area 1s also known

An 25038,

Basin

Khwae Yai
River

{ Khwae Noi
‘River

River
1 plain

Total

Mac Klong

Total
Arca
Km?

10,960

7,019

32,609

bomtatt .

Total
Population

104,300

63,400

1,298,400

1,466,100

Agricultural Acreage of Agricultural
Population Land loldings
[ N Number | Average
Person A Aé?éale of of
' 4B lolding | Holding
83,700 80.2 325,100 14,452 22,49
48,800 76.9 | 154,825 7,851 19,72
901,600 69.4 |2,829,275 138,065 20,49
1,034,100 70.5 13,309,200 164, 368 20,63
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(1)

The Rhwae Yat river has a catchment area of 14;630 Kn®, The whole
baaln, cxcepting’ Lhat of Lhe Towet tributary, Hual Tapoen, is &

ﬁlCGp and rough mountaiuouq aloa covelcd wilh Lhick tungles and

~bamboo forests. L& Tas a total length of ahoul 450 Km (about 600 Kn

from tho Mae Kloug estuary), and its bed ‘slope in Lho upstrean sectic

s very &hdrp tegi%luxiug l/hO nany the hdeWﬁLOI% and l/iGO near

(2).

the confluence with the llual Kha Khaong 1ivel. In the neighboughhood
of ‘this confluence, the steep river valley disappcaxs and the bed

slope becomes milder toward downstreaw (approx. 1/2,000), recording

- as low a value as about 1!3,000'at_Kauehanabﬁri; the lowermost end

of the river. The average annual total discharge 13j4,600x106m3

The Khwae Noi rjvgf hias a catchment: arca of 10,960 km®. As a whole,
its basin is a hdavily undulating mountaiubus area covered with.
thick juugles and bamboo forests, Tt hns'a total length of about
400 X (about 550 ¥m Lrom the Maé Kldng estuaryj.aud a very sharp

bed slope which s as large as 1710 near the headwaters and 1/700

~at Sangkhla Burd 70 Km downstveam of the headwaters,

At Sangkhla Buri, it is joined by the Huai Pilok, one of its Largest
tributaries, and flows downwards passing by Thong Pha Phum at a
point about 88 ¥m from Sangkhla Buri, The bed slope between these

two citied averages about 1/1,500, From Thong Pha Phum, it Fiows

further down a distance of ?40 Km until it reaches Kaonchanaburi,

Lha-lowermost point, The Lam Pa Chcc, the largest Llibutuly, Joins
1€ fnmediatly upstveam of this point. The average annual total
discharge is 6,700Xl05m3,
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(3)

Thc'plain extending along both banks of Lhe Mae Klong viver ov(upjos

'Lhc western pde of the so-called Cenltal Tlain of Thailand, 1t

eovers an arca of 7,019 Kit? and contains about 90% of the basin's
total populatioﬁ.- Along the left bank, the plain stretchoe from

anchanabu11 in a fau shape extending widely from notheasL to south,

. Along Lho right bank, on the oLhar hand there extends a relatively

wide plain up to the billy area which constitutes the water shed

- of the Lam Pa Cheo basin,

The Mae Klong 11v91 has a total length of 143 Km (the. total lenth
of the Mae Klong river. qystom flom the estuary to the UPpermost
section of the Khw1o Yadl ia abouL 600 Km), aund an aveldgc bed slopo
of about 1/5,000, TIts bLanks are steep and rise high, and its channel
ig gnining depth year after yeal‘ It has an average ammwal total
discharge of 12 700x105m3 '
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3-2 Outline of the Mae Klong and its Tributarles

In the section downstream of Kanehunﬁburi, the Macklong has a wumber of
irrigation Facilities Including Vajiralongkorn dan and river 1mpr0vemont
is in fair progress, The team was informed, however, that the expdnqion_
of 11\!&1 width tavolves extreme difficulty in urban areas such as
Ratchaburl nnd Samut Songkhvam: becauae houeeb are bullt side by side along

bath banks.

Upstream of Kﬂnchandhuri the Mne Klong is dividvd inte two ma}ot tribu-

taries, the Khwae Yai and the Khwao Noi,

The Klwae Yail has two tributles, the Nueai Kha Khneng_which_joins-the
Khwae Yai iﬁ the upstream section and the Nuai Tapoen which Flows inte
the Khwae Yai in the downstream section. Channe] implovomenL is hdrd]y
undertaken except that the construction of Ban Chao Nen dam is undel way

at a point about 90 Km upstream of Kanchanaburi.

The dam will have a helght of 135w upon completion, and has so far been
constructed to a height of about 100m, with storage of water already
started. Ban Chao Nen dam is a multipurpose dam intended Cor pover
generation, irrigation water supply, and flood contvol. It ig extremely
Large In size and expected to have a total 3t6rage cépacity of about
17.7 billion tons and an effective storage capacity of about 7.5 billion
tons. It is anticipated that the (lood of the Khwae Yai can be alwost

perfectly controlled after completion of this glant dam,

The Khwae Noi also has two tributaries, the upstream tributary being the
Huai Mae Nam Nol and the downstream tributary the Mac Nam Phachi. 'The
team did not observe river improvement work Ln any part of this river,
The Khwae Noi maintains o width of. 50-70m as Far as Thong Pha Phum which
is about 200 Km ﬁpstream of Kanchanaburi, and abounds in water volume
which is far larger than that of the Khwae Yal, and permits navigation
by boat even {n carly ¥February in the dry season, Thiy is duc partly to
the coplous vainfall in the western mountainous district through which

the river flows and partly to the geology of the basin which g composed
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of limestone and thevefore provides an extremely large subsurface perco-

Jation.

However, the plOVO]dnCO of limestone s qerioubly 1mpcdﬁng tho progress

of dam conetlucLLon al Khao Kwang, Kaeng Puan, Ben Chan De and Khae Lacm,

gince early dam construction cannot be hoped for, there'ls great need

for cstablishing'n flood fovecasting system for the Khwae Nod

Table 3-3

hasin.

Catchment ‘Area and Length of Major Rivers
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_ : Lengih
Primary . e Catehment | of River Remarks
* N Sec ar - Cay ’
River Name Tlibuldly ccondary Tributary Avea chanmel
Xm? K2
Mac 12 6L
mmmlh 32,609
Khwae Yal 14,630 450
Upstrcam Section of '
the Khwae Yai 5‘530.
L Huaf Kha Khaeng 2,350 L30
Huai Tapoen 2,650 I&O
Tho Khwac Yat downh
‘stream of con-
flucnce of the 4,100 -
Huai Tapoen
Khwae Nol 10,960 400
Ktho Nol 8 380 400
Mae Naw Phachi. 2 580 120
Mae Kloug ! 019 Length o
down-- af
stream of River
Kanchana-- Channel
buri f rowm
the
estuary
I 143 Km
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33 Netodro]bgical Featﬂrés

The e¢limate in Thailand is under the influence of scasonal monsoons,
During the period from November té Febeary; the cold nnd'dry.air cdllod
northeaétcvly monsoon 18 carried into Thuiland (rom Mai&lénd Ghina.,
This period is the most comfortable scason of the year, with the temper-
ature ranging from 13 to 20°C, and may as well be called winter in

Thatlaund.

From May to September, the warm and wet air masses called southwesterly
monscon move Into Thailand from.the Indian OGcean, Thig peirlod ig most .

humid of the year, -and called the web scason,

March and April is the transitional perdod from northeasterly to south-
westerly mensoon when the maximum atmospheric temperature stays within
a range of 33~38°C. This period is called the early monsoon scason or

Summet .

October 1s the reverse tranglilonal perlod {rom gouthwesterly Lo north-

casterly monsoon, and is called the later monsoon season,

Towvards the end of the southwesterly hbnséon seasoﬁ, tropical eyclones
occasionally make an invusidn_intb Thalland, but -they lose energy before
veaching the border line ag they hit the mountains in the boundavy arvea.
These eyclonic depression are observed about 2,2 times a year, mostly

in September and October,

The characteristics of rainfall i{n the Mae Klong basin divide themselves
into three areas; the Lwo areag into which the upstream basiun {s divided

by the two tributaries and the downstream basin ave {lower plain area),

In the high moun;aindus bagins of the Khwae Yal and the Khwae Noi, no
uniformity 1g observed iu the generation of storm raing or in the dis-
tribution of rainfall and the amnual total rainfall presents a wide
range of variation from morce than 2,000 mm recoyded fu the upper reaches

(4,300 mm at Pilok) to 1,100 at Kanchanabuvi, In this upstream basln
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of tﬁe Mae'Kldug,lllght'ralns stave lalling in Pebruary, and the rainfall
intensitLy increases:towards April by the influence of the southerly wind
‘blowing from the Gulf of Thailland during the early wonsoon season (summer),
fellowed by the advent of the wet scason brought about by the south-
wcstetly-monsoou'dufihg the period from May to Scptemher. Generally,
September records the largest amount of ralnfall, October and November
.register light rainfalls only, and virtuélly no rain is observed in

December and January.

Lack of uniformity'in fainfall_disffibution is also observed in .the Plat
Lower basin area cxténding from Ranchanaburi to the coasts of the Gulf of
Thalland, ?he maximum fqinfall being 1,500 min and the minimum 900 mm.,
Seqsonal_rainfall pattern in this arca is quile opposite to that observed
in the upper réaches. Specifically; the rainfall which starts in Maich
declines By degrees uniil Mdy. In the‘southwdstcrly nongoon season {(June
and July), the basin ié afflicted with a series df drought especlally in
its northern part:neqr Kanchanaburi, After July, howcvef, rainfall starts
increa&ing, reaching its peak in September and Gctober, November regls—

ters some rainfall, but virtually we rain falls from December to February,

By‘rcésdn of.thé meterological characterfstics deseribed above, the water
stage of the Maerklong usually starts rising sometime duriug the period
from mid-April to'éarly May, becoming higher and higher with the Increase
in the intensity and frequency of railnfall, 1t records its peak values

in August and ‘Seplember, and starts declining 1n October or November,

As a whble,_the frequency of Flood discharge 1s the highest in August,
and deluges arc-récofded mostly during the three-month period from July
Lo October. These deluges ave caused by heavy rains ylelded by the
aforementioned strong monsoons, tropical cyclones, traoplcal depressions

and other meteorological phenomena in mountainous reglons,
Monihly rainfall data recorded in the Khwae Noi Dasin and other arecas

for the last three years are shown in Table 3-3, and monthly evaporation

data at Phong Pha Phum arve shown in Table 3-4,
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Referenca 1s to be made to the Report of Prelimiﬁary Suyvey for the
Mac Klong River Floox P0100a9riug PlOiGLt for the rainfall data for 19065V
1973, cvapomaLion data at Thong Pha Phum in 1972 and 1974, and sunshine
" duration data at Suphan Buri (1968v1974) and at- Nakhon Pathoin (19?2%1974).

Table 3-3  Monthly Rainfall Data - (1974~1976)"

Month _
A Jay. ] Jun, LJul ] Aug. [Sep.] ocel Hov, [Dec,| Jan, |Feb.{dar, A'nnimli
Statlon : '
248 1350 | 400la2s | sisliss ) o+ | 2a | 2| sr 14| 92, 183ﬁ
Saungkhla ' .
Bl 412 273 613|300 | sar305 {190 |05 | 5| o o] 39| (2,383
119 (349 | 197|414 1 416lata (252 Lae | o! | - ~|(2,200)
T s 638 T sa| 632 |1, 234 134 [ 396 a0 | o Toa |35 | 4, 420]
Pilok 29 1315 11,080{698 | 1,156{376 | 231 | 40 | 3] o} of S| 3,932}
11 |75s | ssolons | essless [366 | 10| o 17| of 41| 4,148
T o2 (w7 | a9slare | 904 so | 31 |63 ! o | 44 | 31| 70 ”'2 576
Ban Pa Tho | 13 {238 | 488|370 | 357{188 | 63 | 13| o o1 3| 26| 1,760
78 | 306 190 94 ¢ 123|125 [127 | 2| o

172 {390 | aw7|244 | shol212 {318 | 35
35 |246 | 270|175 | 316|248 | 304 [ 8 [ 14| O] O} 43| 1,658
99 1269 | 102|270 | 312|269 206 | 42| o] o o 154_ 1,723

99 474 283( 284 334 (182 | 286 | 35 0
Lin Thin 39 220 304|219 285|227 | 202 9 3 0 0 {106 1,624
0

=)
N
pid
=
(-
e
A
)
[
—
W

Thong Pha
Phum

53 1374 1231257 2201321 ) 257 | 40 0 01100} 1,749
) ~uea [s15 | 204|243 365[378 1326 [ as | 0| 25| S| 3| 2,072
Huadi Mae Nam| 18 [160 283|159 2751218 | 184 | 18 .2 0 71 741 1,399
Noi 18 |[370 38(222 212179 | 156 { 35 0 0 Of 74 1,354
T a7 2s | T 2as (138 | a3e (338 |35 | ez | A 2| o 16 | v, 7m0
Lum Sum 30 210 178|156 1191296 | 2067 | 25 | 26 0 11 55 1,301

69 (179 11| 94 2831217 [ 258 | 91 3| 18 0 41 1,227

78 230 66| 72 | 165334 |46s | 95 | o 16 | 10 |120| 1,663
o l176 | 150 = 1001323 [208 | 30 [ 32| ol 13 |1s9| 1,200
Wang Masang | 66 |171 al 67| 226345 |342 { 521 o o of 29| 1,229
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Notess

1.

Upper line Pata of 1974
middle. ldine " 1975
lower line " 1976

Data for 1965.1973 are deseribed in report of
Preliminary, survey for Mae Klong River Basin Flood

Yorecasting Preject,
* means no obscyvatlon

At Sangkhla Buri, no data was get in Jan. Feb and Mar.
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3-4 Flood'0ccurrenee__

The flood occurrence condition. In the Mae Klong river basin, deseribed at
1nngth in the Preliminary Survey Report pfesented in March 1975, ig répro~

duced below in outline,
(1) Outline

Rhiﬁfall fn the Mae Rlong ¥iver basin is coplous in the May October

period-dﬁe'to the effcct of the southwesterly mongoon, The rain

brought about by the cyclone from the Bay of Bengal in and around
.May_fallérin the Lam Phachi fiver hasiﬁ, and in June it fails in the

“basins of ‘the Khwae Yalt and_tﬁe Khwaé Nol.

The strong raln brought about by the typhoon falls in the basins of
the Khwae Yai and the Khwae Nol 1n September, and in the Lam Phachi

basin through October and November.

Thé water tevel of the Mae Klong river rises three times a yeat,

The firét rise occurs in the May-July period when the level becomes.
3o4 m higher than in the dry season, with July recording a temporary
decline of about 2 m. This 1s followed by the sharp fiae which
starts in the beginning'of Augtst. ‘The annual highest water lovel
1s usually recorded in Che August~September period, This second rise
Ls followed by the thivd rise in some years, and this lasts from
October to November but Uhe increment of level 1Is not so large as

in the August~September period,

When the dischavge of the Khwad Noi or Khwae Yal increases, the

Mae Klong rigses almost to the top of its banks. Tn certain cases
where the discharge of both tributaries increases, the Mac Klong
overflows 1ts banks., Accordingly, theve always is [ear of flooding
in August and September. On the left bank side of the Mae Klong,
theve extends a huge lowlyfng area which forms the natural retard-
fng basin of the Mac Klong., The pround elevation of this retarding

bagin {8 3+4 m loyer than the crown helght of banks. Even when the
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water level does not go beyond the free-board, the viver vater of
ten flows Into the fofardiug basin through the'irrigarion canal,
If the flood occurs at the begimning ar end of the illigation season,

S a heavy damage 1s inflicted upon erops,

In Ratchabufi province, A'rai]wdy line hnd'a.h{ghway rans on .the loﬂi
-bank side of the Mae K]ong, and a stretch of hills exteids on the 1QL
_ bank side, lhu g, the flat land on oiLher side of Lho 1iv01 is sand-
*wiched 1n between the river bank and the hilly avea. Thelefoxq, the
river water overflows 1nLo the lowlyiﬁg ]aﬁd on'the iéft bank side
and intrudes into the town élea‘ lh[b palt of Lho bdsin is: known

ag Thung Khao Ngu where fnrming tq not feasible wvhen Lhe river qtago
18 high. Cu]livation In this area 15 possible only fa the non-

1rrigatiou season after the viver water recedes,

Table 3;5.Sh0WS thé aﬁnual.makimum dischaxges'récorded‘in thé Last
ten years and the time of their occurvence.. Station KL1 In chis
table 1s located at Kanéhénaburi 'KZO KG ‘and K?? on the Kinae Yai
'aud its L1ibutatioa, and K10, K]3 K22 {or K??A), and Kl? on the
Khwae Noi and its inbutat11ea. .

(Sce Fig. 3-9 for the location of each: station),

. Table 3-6 shows the same date recorded up to 1964.
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Table 3-5

: Annual.Mnximum Discharge

and

Time of Qecurrence (1)
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Table 36 Amwal Maxdmum I)ischq‘rgo and Time of Qccurrence '(2)

“ 950 ~
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(2) Condition of Flooding

~ Inundation of the Mae Klong river basin uswally oceurs in arcas down-~

streamn of VaJiralongkorh headwork.

Flééded aréa can be broadly divided into two. One 1s the arca extond-
on botﬁ-banka of_the_Maé Klong between.ﬂan Pong and Ratchaburi., This
area isﬁﬁulnefable to flood damage cven by a wvelatively small in-
CEOaée of diséhargé..‘Thé othér Is the left bank area bebtween Tha
.Muang and Tha Maka which fs tnundated by flbod water overflowing the
peser901r'whcn_thé discharge at Vajiralongkorn headwork increases

to more than about 2,300 wla.

Duriﬁg:the‘flood which lasted from September to October, 1972, the
dischargc was about 1,100-1,400 w®/s at K11 and an estimated arca
of_aboﬁt'S,OOO'ha G both_sides.of the Mae Klong upstream of Ratcha-
'buti.Was Flooded, Aﬁ thié time, no flooding was observed in areas

Sfurthey upstiream,

During the.floddS'in August and October of 1974, the dlscharge at
Vajiralongkorn rauged from 2,800.3,600 mals, which far excceded the
dﬁérfloﬁ.conditian of ihe reservolr. ‘wo areas between Tha Muang
and ThalMﬂka wvere therefore flooded, producing a flood peripheny
“of about 3,500 ha and in addition, flood water flowed fnto the
‘Nakhon Chai $1 river through Tha San chamel, In these two floods,
an fmmeitse hiundation occurred in the downstrean area, forming a
flood periphery of about 13,600 ha on both banks of the river be-

tween Ban Pong and Ratchaburd.
These floods are illustrated in Figs, 35 and 3-6

Ilooded and damaged arcas 1in the period from 1969 to 1974 arc shown

in Table 3-8,
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Table 3-8  Flood of Mac Klong Project Avea

—

2,822 (14 Oct.)

gt

viAR | PEAK DISCHARGE | RETURN PERIOD ROUNDARY OF ¥LOOD DAMAGE

| M3 /sEc YEAR . RAT RAT
1969 | 2,841 (12 Avg.) 3 350,000 | NO RECORD
1971 2,367 (29 Jal.y | 2 1' 500 o 1, 500

o | [ 2,990 (19 Jul.) 4 o o
1972 { 2,370 { 2 Aug.) 2 113,750 12, 520
1974 [ 3,613 (21 Aug, ) g- 68, 144 31, 819

3-5 Ban Chao Ncn_Hydropoﬁer'Generation'Programme

(1)

OQutline (1ig, 3-~7, 3-8)

Under the Ban Chao Nen Hydropower.Ceneration'Prbgramme, it is planned

that a dam aud power plant will be constructed on the Khwae Yal at

a polnt about 150 Xm to the northwest of Bangkok,

The dam is planned to be of the rockfill type with an impermeable

core, having a height of 135 above the foundation rock, a total

storage capaclty of 17,745 militon n® and an effective étorage.

capacity of 7,470 million m

10,880 Kn?, and be used for year-round storage of flood water and

3

supply of irrigation water in the dry season.

Tt will have a catchment area of

Five generators to be installed at Ban Chao Nen power plant are

expected to exhibit a total installed capacity of 720,000 kv,

The generators are plamned to be installed in two stages.

fiyst stage, threc gencrators will be Installed to provide an

In the

Installed capacity of 360,000 kW, which is to be augmented by another

360;000 kW by the second stage installation of two additional

tors,

planned to be provided with a veversible turbine to pugpy up waber,

- 54
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Completion of this power plant will-make it possible to generate an
annual average of 1,160 million KWH of eclectric cnergy whiches to
be transnitted to the substation. in Rangkok by the transmission line

.havihg a total 1éngth of about 16% Km.

 The dam is intended to be used For multipuporse operation such as

supply of irrigation water and flood control besides power generation.

1t is also planed that a Tegulating reservoir of 30 MCM will be.
bullt at & 30 Km downstyeam point from the dam site for pumping-up
generation and for dissipation of hydraulic bore résulting from

simultaneous discharge from Ban Chao Nen reservolr,

(2) Basic Data of Ban Chao Nen Power Generation Programme

1) Location ' _H Ban Chao Nen on the Khwae Yail river,
2) Catchment area 10,880 Kn?,
7 3)  Amual inflow . 4,600 MCM.

4)  Maxdmum possible discharge 7,100 m®/s,
5 Basic data of reservolir

a. Normal water surface
level _ El 180.0 n.

b, Ponding area 419 ¥m?®

¢. Total storage
capacity . 17,745 MCM,

d, Mffective storage
capacity ‘ 7,470 MCM,

e, Maximum level of
ponding area 182,4 m

(3) Basic Pata of the bam

1)  Type : . Rockfill dam with an impermeable core.
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)
3)

4)

Bl

6)

ﬁam slte gpology
6rest helght.
Dam'ﬁcight
Crest. length

Damt volune

(4) Basic Data of Spillway

1)

2)

3)

Type-

Gate

Maximum dischavge

{5) Power Generation

1)

2)

3)

Maxdmum turbine discharg
First stage

Second stage

Total

Maximum ountpul

360,000 kW [n both the f
720,000 kW,

Qunrtkité,-sandstono, and Hmestone,
185.0 m.,
135.0 m,
610;0 m,

12,300,000 m®,

: Opeﬁ chute type,
Radiél gate, 10m X 9.5 m x 3,

2,470 /s,

o

133 m?/sx3 gencrators = 399 m¥/s,
199.5 m’/sx2 gencrators = 399 u’/s,

798 w®/s,

trgt and second stages, totalling

Amual generated electyic encrgy

1,160 % 10% Kwi.

i

3-6  Hxisting State of Observation Stations and Aﬁallabllity of Datn

Theye are many organizations engaged in observatlon activities along

the Mae Klongriver and in {ts basin in order to colleect meteorolopical

data as well as data for flood control and water veilization, Accordingly,
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the cikisting obscérvation networks,

four
1)
2y
3

4)

‘Metcorelogical Department (MD),

National ‘Energy Authority (NEA).

organlzations, present an extreme complexlty.

Royal Irrigation Department (RID) .

belonging wmostly to the following

Mindstry of Communications,

'Thé Electriciiy Generating Authority of 'Phailand (EGAT).

h detalled list shcwiﬁg the dietribution of the stations bolonging to

the lour 01gdn14ationq and the uvai1ability of observation data 1s fn-

cluded in the: Pre]iminaly Survey chort pressented in March 1975,

In this 1cp01L

-therefore, the Jocation% and other particu]ars of mailn

stations covared by the present survey for the purpose of data analysis

are shown in Tables<3-9 and 3-10; 3-1) and Vig 3-9, 3-10.

!
!
!
i

Table 3-9

i
1

[y

Mae Klong

Khwac Noi

N

(Huai Mae Nam
Noi)

Khwao Noi

Umml%adﬂ)

D

(%]

o

-vﬁ‘.n}twa-,u:ml Yy nm;»hu%gam’cv;w«m@m‘ AR ey ST A e
oo i
i

7 | Khwae Yal

L, (v —

Name of Station

Khwiae Yai

ot rapeeny” 1

1 ]J(tnllyiatl(:lli

‘Name of Station

Wang Khanni
(1hd}hmng)

Tman'Nmng

Ban Lum %um

{Chom Bung)
Kaeng Riang

wang Muqang

Ban Hnng ai

'Mmmlﬁa?hm

PP m

3

7 -

List of Wakter Stape Statlons

Observation | Rating Drainge
Period Curve | Avea

1965- 1965~ | 26,449 Km?

11965, 11965 | 4,047 k¥ |
1971

]966~ 1966~ 321 Km?

1965 11965~ | 7,008 Ka®

w67 | 1966~ | 1,355 Km® |

1952 1952 | 11,010 Ka® |

1972 1971

1966- 19606~ 11 18ﬁ K

1968 1968. | 1,921 Km®




Plg, 3-7  Location of Ban Chao Nen Daw
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Pig, 3-8 Typical Cross Section of Dam
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Fig. 3-9  Location of Water Stage Statfions



Table 3-10

List of Rainfall Stations

Name.of River Baéiu'

Name of Station

Khwae Noi.

Khwae Yal

Mae Klong

_Bilok

“Ban Pa.Tﬁqvﬁ
Thoﬁg fhn.Phum.
_Baﬁﬂﬂinffhin:"

LHuai'Nae_me Yot |-

Ban Lum Stin

Unphang ;::

Ban Nasuan

$1 Sawat

“Kang Riang |

Wang Masung
Bophloi

ﬁanchanﬁbufi
{A. Muang)

Mha Rua

Tha Muang

Thd‘Maka .

Sangkhla Burt

1 observation

period

31952 -

1957 &

1952 ~
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“rable 3~11

Lloqs bortlons and PdLin? Curves of

B water

i

&Lage Station

N 12

f s.. e i gy

| Name of btaLion .

Used 01053 Schion

E 1hong Pha Phum K ]3

% Ban Lum &qm_KﬁlO

: Wang Khhﬁai; R-11

bt nnr

mmMﬂaBuu K?ﬁ_ﬂ

Usod Rating Culvo

1975 & 76
1975 % 76

1975 ~ 76

1977
1969
1974

1974
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e Nom o 7
(K22

\

AKANCHARAMBUR] {
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Fig, .3_«-10 Locationg Of Statious l',mmu_ng Rainfall Data
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347 Existing Telecommunication Network

igh frequency SSB 1s used most widely In Thailand as a ;néims of tele-
communicationb. “MD in Bangkok and its observation stations in locéll
areas ara. commctod by zm 55B wetwork, and. so. ave RID Bangkok off[c'e and

the gleater pEllL of ‘its local bmnches.

. [Observ{ng Statlon 'Appro.x. 50 statfons
N o $SB -
Publie Relations r";ta'dio Broadcast
Departmont - Daily Weather
-« TV and Radio Tel HD. li‘orgcast ' .
Broadaasting - Bangkok HE (Territorial of Thafland
- Statfons [ L S —— Gulf of Thailand

and Neighbouring Seas

ssn RTT | FAX

Regional Forecasting nylsio‘:i
Nérth, Noi*th-East, South

Fig, 3-11  Existing Telecommunication Network

In general, commercial power supply is wot sufficient in mountainous
areas, In othexr local arehs,' too, electricity dg not supplied congtantly
and there arve quite a few localities where power {s supplied only for

the night 'by diesel cngiim_. generators,
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CHAPTER . ANALYSIS OF FLOOD DATA

41 Raiufall Characteristics in Mae KlongRiver Basin
4-1-1 Average Basin Rainfall by Isohyet Method

In ovder to grasp the vainfall characteristics in the KhwaelNoi_river
basin and to examine If Thicsgsen method can be employéd in the cateulatior
of average basin valnfall using the data of the Qxisting_scveh statlons,
the average basin rainfall was caleulated by the Lsohyet method uns- '

ing the 15 rainfall daca shown in Table 4=l. The duration of ralnfall

shownn In the table was counted for each flood so that 1t varies by

floods.
Table 4-1  Floods and Average Basin Rainfall
r.— . e ’—-A,._n.-..m.o.——, =
1 ] Thiessen \Thicssen Duration
\ " . gsohyet
1'laod Qceurrence Tiwme Mot had Method . [Method of Rain~
rethac (7) (6) fall (day)
1. 1974 15““g 28 016, 0:”” 420, f”m 377, 9mm 20
2. 1973 15A“g~105°P 44,19 405.30  {355,20 27
- N PR M
3, 1973 113““ 303““ 421,72 411.80  {360.90 20
4, 1972 19"“l~10’“’g 447.28 391,10  {351.70 22
s, 1972 30738t 403,82 502,10 455,90 19
6, 1971 1:'“1 9J“1 313,65 299,00  |273.10 13
7, 1970 113“1~}9J“1 25,41 20@70 163,80 9
8. 1969 22J“1 9J”1 165,48 156,30 {140.90 g
L e e e e [P S
9. 1969 30"“1 2618 488,78 182,70 435,20 28
10, 1968  sME_1gME | s o 236,30 |185.90 4
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rm-.~-———-l-_-fn———""—‘-‘*"“‘-"‘“""“"m'“-'—'*—m‘ ‘f-"—ln-l- iy "

. ) Thiessen |Thiessen | Duvation

Flood Qccurvence Time I;iti:; Mathod Method of Rain-

' - - (7) (6) fall (day)
11, l%i 9““8»“26"“3' 359 ,18™" 301_,.20“"“ 231, 70™™ 18
12 1967 2715 2/9.60 254 .80 219,20 20
13 1967 31"“.1~'8"“g' 227,19 | 202,20 |165.60 9
14 1966 21 dul | ghue 30096 - , -
15 1666 ?5""st°" 324,09 . . -

Thé.isohyetal maps'showd in ¥igs, 4-1-1~4-1~15 indicate that the rainfall
“1in the Mae Klongbasin has the followlng regional characteristics,
(Appanddices referred to in the following pages are abbreviated to Ap. 1,

S Ap. 2y ;._-.)

1)  Irvespective of the differences in the duvation of rainfall, amount
of rainfall, and occurrence period of Floods reviewed (which were
vecorded during the perdod (rom June to Septembex), there is a
general tendency that rainfall in the northyestern part of the

basin ig greatar than chat in che southeastern part.

2)  The maximum rainfall is about as large as 10 times the minimum
rainfall. Where the differences are velatively small, the maximun

rainfall 1s also as lavge as 5 6 times the minimum rafnfall,

3)  However, a basin-wise rteview {ndicates that any heavy rainfall on
the nortlwestern moutaln slopes covers only those slopes and
survounding areas, and does not usually account auch for the avepr-

age rainfall in the basin,



“Tig. 4-1-1

1966 21 Jul~?2 Aug

Isohyetal Map

- Rr—

Station Raé;i?lt
angkhla Buxi 356.0
IECE
'“i?iiok 506.4]
Thong Pha Phum | ]
S T .
Huad Nae Nam Noi |
Lum .‘;um ' ] ss.2
Vuwphang |- 199.4
“1Ban Nasuan | 0]
|'st sawat | 40,3
| Xaeng Riang | 53.5
' “we—z ng Maé{zi{{,— I
Bo Phiel | 230
“tha Run | 13.6 |

Rave = 300.96
~ . .

BANGKK
Q



tig, 4-1-2  Isohyctal Map

1966 2 Sepvld Sep o ‘

5"*‘\" Mo, | Station Radn ol
(0 S R I S -
-(,’ ‘\\ }2. Sang@ﬁ Buck | 302.2 |
ﬁ“.ﬁ;}l t\ 10-1 | Ban Pa ‘Tho 236.3 B
N A pitok - N s2.0 |
1‘110‘:%—;551 Phun | A
Lia Thin
"1EJQI-E;?N;¥§01 199.1
e sum 5308
l;[;[_)ﬂf;;é 188.1
“Ban Nasuan | 61,8 |
stswmt | 9.0 |
TPE&OHg Riang 43‘57_~
wa—;é Masang -
“Bo vhlol 3.5 .
{mha wa | 10,3 |

Rave » 324,09



¥, 4=1-3  Lsohyetal Map

1967 31 Jul~8 Aug

No. station Ra 2:“1;‘)’ 1|
10 | sangkhla Burt. 162,1
10-1 | Ban Pa Tho | 253.1 |
{31 Teok™ | 6808
12 | Thong Pha Phum | 56,0 |
’IEIIHILi&W¥Ein : 1974
kIE ______ luai Mae Nam NJI-. 229.5‘—“
ETi Ty v
_—Ejr'kﬁaghang- = 53,2
~.3 Ban NaSuéﬁ 19.8
4 | s1 savat 7.4
5 Kaehg'Riﬁﬁg : o 64,3
N T R e
1o Phiod 0
“Tha Rua 8.3
- 227,19
FANGKOK
"0



Filg . 4-1-4  Isohyetal Map

1967 9 Aug~26 Aug

P ——

. . Rainfoll
No . _ Station (om)

e b it s s e e e e e e e —

10 an?khla Burd 255.5

10 1 “pan Pa Tho 394 1

12 Thong Pha Phum 1 80.1
12-1 | Lin Thin ' 513.8

19 Huai Mac Nam Mol | 238,38
"ih_m_ Lunt §un17furklm‘ '"“5823f”“"
-1 Umphang T 733.;)‘_

_"B_m_ Ban Nasuan o 34.9
‘wadﬂl 51 Sawat : ““"32.6u——

5 | Kaeng Wamg 1 338
5.1 | Wang Masang | -
8 o wulot | 39,7 |
7 | Tha kea | R
e -

Rave = 359,18

BA NG KoK
0



Fig * "l"']"-S

27 Aug~15 Sep

Lsohyectal Map

No. Station . Rﬂ%&;gll
10 angkhla Burd 26&.6
10-1 | Ban Pa ‘fho ' 280‘3 -----
| ek 2o
12| thong Pha Phum | 1)2,0 |
12-1( Lin Thin - | 273.6
19 Hual Mae Nam Noi'| 240.3
ﬁigu-_ Lum Sun\'-”_ Eﬁftﬁm )
1| unphang 99,5
3 Ban Nasuan wgr{).:}
e 24,9
5 MKaeng Riang o 38.6 i
5-1 wang Masang -
8§ |[Borhiot | 6.9 |
-—3”——“¥Ké Rea ) ) 10.9
........ A —

Rave = 279,60

FANG Kok
Q



¥lg. 4~1-6  Lsohyetal Map

1968 5 Aug~18 Aug

Stzi.tion Raé‘:it;ll
sangkhla Burt | 250.8
Ban Pa Tho | 179.9

| viiox - 804 .2
__;lf!i011g I_’IIa_ Phum ‘u;é-(;,s
Tan Tatn | 1734
Hual Hac Nam Noi | 1440
fum Sum - | 16,1

- {umphang [ 1147

| Ban Naswan | 24.6

st sawat | 24,5 |
Kacng Riang Eél
tang Mﬁsang -Mlﬁ.ﬁ‘ -

Bo Phlod _ 6."5_—

"7 [ rha Raa BEYE

Rave = 280.39

) BANGKOK
o



. Fig [] Ji“'l"?

1969 30 Jul~26 Aug

Iso_hyel:.al Map

e e e e

N T
San_gkh].a Bur'.,l 583.6
~En_1 Pa Thoe 357,01
. i;flz)k—” ................... p.l_;);g;‘._ ,
“Thong Pha Plum | 445,3 |
Tin fhin | 429,5
Ruai Mae Na_n;'fﬂo_i 554 ?
Jrmsam T ss
{unphang - | 284.2 |
[ amoan 607 |
"""""""" $1 Sawat | 1600
| kaeng kfang | <
Vang Masang. | 154.7
| so Phiet NENTRS
tha kea 80.9

Rave = 488,78 -

BANGKoK
o



CFig, 4-1-8  TIsohyetal Map

1969 22 .Jul~29 Jul

Station Rn%;igll
Sangkhla Buri 173.4
Ban Pa Tho 170.9 |
Teiok [ T3s9.8
Thong Pha Plum | 109.5
Lin hin | 98,7
uﬁ;ﬂi Mﬁchﬁggwﬁoi 168,3
{1om s 1 19,0
Unphang 16.1 |
HBan ﬁasuan 38.4
stsawar ] 10
Kaeng i;iang -
| Wang Masang | 245 |
Bo Phioi | 9.8
Tha Rua 10,5
IV

Rave = 165,48

FANGKOK
Q



g, 4-1-9 Isohyetal Map

1970 11 Judel9 Jul

et e b e A R A A 2 o

No. Station Raigi?ll
10 Squgkh]a Buri 204;8
10-1 | Ban Pa Tho | 27.3

1 | ptiok | 608.0 |
12 Thong Phéfﬁhum j '“5§Zf6"_‘
hiizif‘£]}f33¥57mf"—' 155.6

19 Huai Mac Nam Noi 195.8
14 Lum Sum . 84,3

1 Umphang _ 83,3
3 Ban Nasuan 18,0
4 | 81 Sawat 50,6

5 | Kaeng Riang

ngi"‘ aﬁé Maqang - ﬁﬁﬁié.3- )
8 | Bo Phloi 32,5
e ke 26,1

.Rave w 245,41

GANG KoK
[

Ty -



Fig. 4-1-10

1971 17 Jul~29 Jul

Isohyctal Map

Sfation Raiﬁig}l
Sangkhla Buri 356. 1.
Ban Pa Tho . | 198.7
Pilok - | 705.0 |

'hrﬁoﬁg Pha Phum: - 294 .2
Lin Thin | a6
_ﬁggl Mae Nam Noi 207.6
Lum Sum 90.1 |
Uniphang 125.4
Ban NaéHan 11:gﬂm~
si Sawat 47,9
Kaeng Riang -
- Wéng Magang 43,2 ]
Bo Phloi 23.6 |
“Tha Rua. .34.9__:
Rave = 313,65
BANG Kok
o



Tigs ’iv-j.'-'l]_ Isohyetal Map

1973 30 Jun~18 Jul

stat fon Ra%:;::)ﬂ.].
Sangkhla Buri 703,2
‘Ban . Pa Tho 463.8
Pilo'i'("—“ T _ 1081,0
-.'}.‘NI.I.C;_—!:I:?:,‘_P‘IQ _Phu'm'w“ 338,8
Tn thtn | 4215
“Huat Mae Nam Noi | 360.6
MLum_ Sum 123,5 N
| mphang T
“Ban Nasuan | 48,5 |
st osawat | 838
Kaeng Riang -Tmf N
TWang Masang | 54,3
bopiist [ o
Tha Rua;_* : . -

Rave e 493,82

BANG KoK
Q



.I*‘.I.g. 4-1-12  Tsohyetal Map

| 1972 19 Jul~10 Aug

Station\ ‘ Ra:.:;:[f".‘;)].l
Sangkhla Buril 47,1
[ Ban Pa. Tho. | 369.3 |
pilok . | 872.5
—_'!—?_l.;‘oi‘x_g Pha Phum 403,9
Tin Thin  328,3
fuad Mac Nam Noi | 182.6.
L rain Sum 95,3
Uaphang | 260,53
‘Ban Nasuan . | 62,5
| st savar 76.9 |

Kaeng Riang ——————— 1. -]
“Wang Masang 46,6 |
o Phlof 0

Tha Rua “ ] -

Rave = 447,28
BANGKOK
o

*



1973

¥ig., 4-1-13

1 Jun~30 Jun

Taohyetal Map

| ‘Station | g Ramﬁll
‘Saizgklilél"iaui*i__ : . 46!._{,
| Ban ra Tho R 280.6-_M
Pilok wwwwww "976?"“5 o
J'Kﬁﬁg¥ﬁfﬁﬁﬁf'w§§ﬂ? ''''
[ i [ 3g0.4
luat Mae Nam Nol | 3749 |
“Lﬁ;‘ﬁhm"‘"“””'_'—"fEZTB“"'
| vnphang | 46,0
| Ban Naswan [ Ti28.5
S Sawat | 1019 |
“Kaeg Riang . | .
vang Mosang | 138.5
Bo Phlot . RETRER
."I‘h‘a“_lil“m ' -
_ o .
Rave = 421,72

FANGKOK
O



1973

Fig. 4-1-14

15 Aug~10 Sep

Isolyetal Map

‘Station | R“%::“)’M
bdugkhla Buri: 449.7 .
”anlm‘nﬁ" Ta79.5
Pilok a0
“Phong Pha Phum | 307.2
Tan thin | | 2960
“ﬁu;aml;«fao Nam Noi 230.0
o s [120.3
{vaphang | 207.6 |
“pan Nasuan | 163.2 |
st sawat | 0.2
”"macng Riang ) —~ ''''''''
Waug Masang | 78.3
Bo Phlol 60,3 |
BANGKOK
0



Yig, 4-1-15

1974 9 Aug~28 Aug,

rd 1
f ‘\
{ ot
v
Y
\ \
~oma? \
\
' Ot \
\
) \
( \
\ N
) RN
{ v
\ - !
\ H
AN i
AN L
NN ™.

Isohyetal Map

it S -
No. Station Rﬂzxigll
10 Sangkhla Buri 426.0 1
10-1 | Ban Pa Tho | 595.6 |
1 [etiok [1004.2 |
12 |'Thong Pha Phum | 190,5 |
12-% | Lin Thin 229.8
19 | Ulsal Mac Nam Noi | 301.7 |
EI X s
LA feebens i
3 Bau Nagsuan 169.0
st | 58,0 |
B Kaeng Riang B -
“Wang Masang | 93,3
Somior T e
Ttha ks | -]

Rave = 416,04

. . . .
SV : \
PRt . 1
AV =~ ~ A



P ‘validity of Thiéssén Polygbn Method -

Tablo H— 1 in the pleceding sectlon also qhows the average 1aiufa11 data

ag obtalued by Thiesscn method using Lhe daLa of seven statlons listed

in Table 4-2. The correlation coefficlent ag disclosed by comparison of
theeé data to those by'tho tsohyet method 1s as high as 0.983 although

Lhe small samp]e size (Nﬁl3), which indicaLes that the validity of Thiessen

'mcLhod is fairly high and its application in the calculation o[ average
ainfall 1nvqlveg no serious ptoblenm. This can. be ascribed Lc the fact
that rainfa]l stations are located approximately al ioternediate pointq

in the semblance of progression from ]ar?c to small ralnfall in the basin
(Sec l':lg. 42 and Ap. 2y, '

Table 4-2 Thiessen's Weight

Sﬁation ._ 5 Statlons 6.Stations
Samgkhla Bari | o650 | 0,2768
Thoug Pha Phum | 0,627 | o0,1697
m]}a}\ ra mo T oo Y omen
Pi_LOk. """““““““ﬁf - 0,0797 .
man Lh{ii;‘i{{’mmwm"m 0,093 | 0,003 |
luad Mae Nam Noi (K22) | 0,1976 | 0,01976
Lum Sum {KIO)‘“T“”“““““'““ 0, 0867 0,0867
- S '1;0000 1,000

-~ 8] -



4-1-3 Weight of Pilok Statiom in Average Basin Rainfall

As Pilbk statdon fs the ouly raiufall station located 1n the northwesteyy
slope area where the vainfall s the heaviest in Lhe whole basin, Rave of
 the six statious cxcluding Pilok was obtainod by Thicssen method nnd
compayed wiLh that of all the scven stations in order to find, oul 1f the
average 1ainfall tu the basin presents any variation due to’ the absoncc
of Pilok station's data (See Ap. 2 and 3). As n consgqucnce, the cor-

relation between Ry and Rg turned out to be as follows,
Monthly ratnfall (1967 - 1975, N = 108) Y = 0.99668

7 days rainfall (1967 ~ X974, R = 51) 0 Y = 0;98396

1 flood (July 1971, N = 13) v o= 0,99453

As seen above, the correlation coefficiont is very high for all cases,
and bresents Qirtually no fluectuation even if Pilok stations' data ts
excluded in the caleulation of average basin rainfall., Thils means, as
clearly indicated by the aforementioned isohycts, that heavy rainfall

regions do not occupy so large a portion of the whole basin arca.

Nevertheless, 1t is quite prohabic that auny heavy rainfall at PYilok

causés the overall raiunfall dn the basin to becowe larger.
o Correlation between Pilok and R (Ap, 3)
7 days vainfall {3967 . 1974, N = 51} Yy = 0.,80921

1 flood (July 1971, N = 13) ¥ = 0.8480

The prasence of such a high correlation between the ratufall at Pilok
and the average rvalnfall in the basin makes tt Justifiable to pass
judgement on the former as Lo whether it is heavy cnough Lo cause a

great {lood in downstream areas,

- 82 -
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hodb Rainfall Condition at Bach Station

The rainfall characteristics discussed in th foxegoing sections velate
to 1ogional differences. In Lhis secLion, they are oxamined in qpecific
relation to time disLlibuLion, and the differences in the poak 1ainfalt

occurrence aye studied in order to gaiu a firm grasp o[ e,

To be uore speéific, the tiwe distribution is expressed in terms of the
tine gap.bctween the occurrence day of peak averapge rainfall in the basiy
‘(wﬁich {s based en the railnfall data of all the seven stations In the
basin) and the occurrence day of peak rainfa]] recorded at cach of the
seven stations (53 1ainfal1 data between 1967 and 1974 were “uged fOL

this purposed (See Ap-h and Figs, 4-3 and 4- 4y,

¥ig. 4-3 Average Time Difference in Peak Rainfall bays

and Their Dispersion

Difference with nvcrage pehk

rainfall days in the whole basin

~3 -2 -1 \ 1 2 3 - {day)
1. . Y T - & A . .
SSRGS [ Sangkhla Buri
................ O | mreemn Thong Pha Phisn
P S N P11ok |
TS S SRR Ban Pa Tho
U YOV D Lin Thin
SOV P SUR “Lum Sum
ISP K-22

o 3 Avoerage

The above figure indicates that the peak raiufall days recorded at cach
station are free from any large varfation on the whole, and {f a beak
rainfall occurs on any day'at Thong Pha Phum or K-22, the average rain-
£a)) 1n the basin also reaches 1ty peal almogt on the same day, However,
the mean deviatlon of all the sceven stations From the peak occurrence

day of the average basin rainfall 1s on the minus side, and Lin Thin,



Lum Sum and Bau Pa Tho present a flat distribution profile of peak rain-
f51l days than the other stations, This is an evidence to show that the
occurrance of paak tatufall in the downstream area 1s subject to greates
vatiation than in the upeream‘arna, bcing carlier 6r later depending on
the rainfall condition but usually taking place quicker fhan fa the up-

gstream arca.
It is worthy of notice that among the statiouns located in the upstream

arca, Ban Pa Tho presents a tendency divergent fxom those of other

stations, but tha cause of this divergence is not known yet,

- 845 -



3
1 X

Fig, 4-4°

Time Lag of Peak Ralnfall Days botween

Seveﬁ Spatious and -Whole Baéin
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P chrail Rainfalllﬂharactcristics

" The f011owing are the major characteristics of raihfa]l in the Mac Klong
_1ive1 basln as bumma1ized from the disousqlon advancod in. the foregoing

Pagos.

(1y Thtoughout Lho wet qeaaon, Lhote is a Lendoncy Lhat Lho amount of

rainfall s greater in the northweqtoxn part o[ the hasin Lhan in
"LhL souLhedsLern part, '

(2) HoweVQt,;tho rainfall avea in the northwestern part s not so large

- relative o the whole basin area,

(3)' Peak rainfall days throughout the basin ﬁren show.nb appreciable
Eluctuétion, and the cecurrence of average peak rainFa]1 in the
whole basin can be generally Judged from the rainfall daLa at Thong
Pha Phum or K~22

(4) As a gengral temdency, peak raiufall days In the dowmstream avea
come earlier (by 2.3 days) than in the upstream avea, though the

.,time gap_varies‘accoyding to the rainfall intensity in each locality.,

(%) In so far as can be judged from the average rainfall in the area
upstream of K-10, it can be sald that the e#isting seven stations

are located suitably for the purpose of grasping the average rain-
:all i the whole Mae Klong_basin‘ Rave of Ehe seven stations obtainec
'by lhtosqen method can be considered generally applicable in Lhe

dled upstrean of K-10,

(6) 1t 13 not likély that the absence of Pllok station's data will incur
any serious ervor in the calculation of the average rainfall in the
bagin, HowéVQr, the rainfall data at this statlion seérves as a
eriterion for forecasting the oceurrence of a great flood in the
downglbream areca,. Specifiénlly, it is possible to judge as to
whetﬁer‘Lhé_rainfall at Pilok 1s larpge cnough to a deluge in lower

reaches,
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42 - Run-Off Characteristics of Mae Klong River
4-2-1 Time lag of Average Basin Rainfall and K-10 Peak Discharge

The time lag between the occurrence day of peak'duily.vhinfall and thay
of peak discharge, (Refer to the Preliminary Survey RepolL) as disclosad
by the study of the aforementioned 53 flood data rcco1dod betwecn 196}
and 1974, is 3.4 days on the avc:age,_the standard deviation being 0.87
days, The lag vanges from 2,5 to 4.3 days for almost all floods studled,
"shOwing no fldctuationlacéording to Lhe magni;udc of 1ainfn11 or dis-
charge (See Ap-5). 1In other words, the peak discharge at’ K-10 was
observed In three days after the peak daily rainfall was observed, aud

this fact will prove useful in the operation of the flood forecasting

gystem,

4~2-2 Correlation between Rave and Qp

The correlation between the peak discharge and 1, 3, 5,.7 and19.days
rainfalls at K-10 was studied in order to determine the dukatioﬁ‘df
rainfall whicl 1s wmost conductive to the occurrence of poak discharge.
As shown in Table 4-3, thls study disclesed that the 7-days rainfall
1z most dominant over the peak discharge, with the highest correlation

of Y = Oo8531.

it waé also discovered that this correlation between Rave and Qp can be
divided, as hown in Fig. 4-5, by the discharge immediately before flood
rising.

Regression formula:
Q » 200 ©Qp = 10,069 Ry - 326,06

Q < 200 Qp = 5,048 Ry - 104,40

For the purpose of actual flood forecasting, however, it is more expedi-
ent to use 7-days rainfall data cagier to obtain than the 7-days maximun

rainfall, ¥or this veason, a case study was made for cach of the four

- 8 -



7-days rvainfalls shown'ih Fig. 4-6 In order Lo examine the possibility

of using any of them in place of 7-days maximum rainfall (See Ap, 6),
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Table 4-3

correlation between Qp and R

———

Gecutr- Dig--
renco charge
Year [Day of Q Ry Ry Rs Rz Ry Ryz - pat Time f;
Thctual  wi/s.d |4 day | 3 days |5 days {7 days 9 days | 12 days[of Flood
Peak ' ‘ Rising |7
Dis- (R-10)
charge _
1967 |28 Jul | 558 | 40.5 | 72.5 {107 134.2 |153.2 |184.2 105
10 Aug | 1,239 38,5 85.0 |[132.2 J170.2 {202.2 |[237.8 355
20 Aug | 1,668 | 47.9 | 120.5 [164,9 [192.1 | 2201 }2538.5 580
& Sep|.1,257 36.4 68.2 [103.8 |134.2 {154.2 |192.8 494
b ooct) 737 1 3209 | s2.r | 184 | 96,2 (127.0 | 146.8 456
(1968 |1 Aug| 425 | 19.3 { 39.9 81.0 [110.2 |131.9 [173.6 T106
5 Aug| 468 | 20.7 | 446 | 62,6 | 90.6 [111.2 1169.9 134
17 Aug | 1,004 | 34.7 | 88.7 [133.6 [1e4.5 |189.2 |220.7 317
25 Awg | 839 | 20,2 | 46,7 | 79,3 | 97.7 [153.5 |227.2 609
15 Sep| 879 | 28.2 ) 71.6 | 98,7 |120,0 j148.2 1193.9 439
Tooo 122 5ai | 560 | 2801 | 6a.1 | 998 1270 {1h2.5 1870 | ms
31 1,094 | 46.6 | 97,0 {125.6 {140.4 |197,9 | 296.8 316
11 Aug | 2,356 | 65.2 [ 133.7 |200.3 [260.5 |36%.0 [370,2 858
10 sep| 581 | 32.5 | 55.3 | 83,6 [106.9 {122.3 | 150,2 290
2 964 | 46.2 | $8.9 1108.8 1355 |153,4 | 165,06 355
5 oct| 635 | 39.8 | 54.8 | 80.2 | 93.0 | 96,7 | 102,5 382
1070 |18 ow1 | 1,165 | 64.0 | 139.9 |187.6 |201.0 [218.4 | 2410 | 14k |
22 Aug | 709 | 30.5 | S4.7 [104.5 |123.8 |142.9 [192.3 191
27 648 | 21.6 | 45.8 | 74,0 | 96.4 | 137,10 | 177.3 558
a9 sep| 604 | 28.8 1 s58.9 | 73.4 | 76.5 }107,4 | 1477 189
1971 |12 Jun| 708 | S6.7 | 144.6 |186.8 22273 |238.3 | 259.8 | 35
2. 451 | 30.6 | 71,6 [112,1 |132,9 [148.7 | 288.5 142
17 Jul| 672 } 27.4 ) S56.2 | 82,6 [117.2 |151.9 | 191.0 292
28 Jul | 1,859 | 52.8 | 142.2 | 188.3 | 218.0 | 242,10 | 296.,6 4.0
1972 {10 Jun| 1,077 [ 7509 Vg3 Ligas™ 292,72 L2a7.8 U 2r90 1 35
1 o Jud| 352 | 26,6 ] 48.3 {.67.6 |150.6 | 133.4 | 165,5 159
8 503 | 24.6 | S57.4 | 84.7 [107.2 | 292.5 | 4057 248
| 17 3,026 | 101.4 | 249.1 | 319,9 |3s52.7 | 385.5 [423.0 406
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b e

e et et

Year

1972

1973

1974

sa |

Dis-
charge
Ry Rg Ry " Ry Ria at Time
3 days | 5 days | 7 days |9 days | 12 days }of Flood
Rising

(X-10)
55,0 |107.1 | 141.6 |220.7 | 292.8 753
66,0 | 76,7 | 98.9 |130.4 [151.3 | s53
36.6 | 53.7 | 70.6 [103.9 |130.6 655
46,0 | 65.3 | 88,8 |106.7 |130.6 680
9,7 |114.4 | 138,8 }158.2 |197.0 511
73.4 1 90.8 | 105.0 |147.6 | 167.4 488
35.8 | 53,1 | 79.3 | 91.7 |4y 508
113.3 1153.0 | 188.6 |237.7 | 292.8 753

203,2 | 289.6 | 329.6 [354.3 |383.6 | 43
44.2 | 81,7 [ 105,7 {157.0 |199,4 142
56,5 | 70.4 | 122,7 | 157 199.4 680
74,9 | 96.1 | 122,6 |146.4 | 189.8 | s83
52,0 | 71.3 | 93.6 |125.3 | 190.8 213
102,5 |140,9 | 177.1 | 212.4 | 261.3 418
46,7 | 69.6 | 76.6 | 88.2 | 155.9 | 435
59,0 | 89.3 |.125.6 |16 162.8 448

7905 [ 127.2 | T159.7 (23605 | 0788 T 1hs ]
52.9 | 82.8 | 106.6 |142.3 | 174.3 213
46,0 | 68.5 | 98,4 {132,2 | 171.1 419
46.8 | 65.7 | 95.1 {121.9 | 156.2 298
169.6 | 238.7 | 335.2 | 361.3 {386.3 239
56,4 | 73.3 | 91.1 [118.7 | 127.5 24
45,1 | 70,2 | 79.7 | 87.1 | 107.3 512

Occur~

rence - .
Nay of Q Ry
Actual m’/s.d |1 day
Peak '
Nis-

| charge

2 Aug 1,709 | 26.5
22 887 |-18.3
28 705 | 15.1
31 687 | 22,7
9 Sep 1,041 | 50,4
21 Sep 850 | s0.7
9 oct - 552 | 15,0
27 Jul 1,846 57.4
20 Jor 1,728 | 8

12 Jul 767 11,7
15 761 | 32,5
21 . 835 43,5
17 Aug 4351 19.8
27 1,465 hh 4
14 Sep 549 1.7
25 872 26,5
2 danThoo | 2902
12 493 19.1
17 640 23.0
1 Aug 374 27.0
21 3,250 [ 61,9
14 Oct 696 24,5
5 Sep 543 18,9

1 g~ Ry (N=51)

Y = 0,73271
2 Q. Ry {N=51)
Y = 0,80084

Q = 24,7018 Ry

Q = 11,5416 Ra

- 91 -
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3 QR (N=51)
Y = 0,81583 Q = 8,8108 Rs ~ 31,6079

4@~ Ry (N=51) -
Y = 0,85306 Q= B,14247 Ry - 184,1164

5 Q~Re (N=51) R
Y = 0,80380 Q = 7,09756 Ry - 264,3768

Q ~ R pilok  (N=51)

Y = 0,60796 Q = 2,11214 R pilok + 181,4204
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¥ig, 4-6  Selection of 7-Days Rainfall Data

I
”" ——y
[
{!! 1 ! }]
P
[ e g
;:r . Iy ﬁ, - Case 1
i’JAﬁm;wl ' S
phe 4 Pl Case 2 !
| l,;_...,u,__l,
b
!* w’ Case 3 !
Case 4 !

Correlation Coefficlent of Rainfall:

Case 1 ~ 2 Y = 0,91582
Case 1 ~ 2 Y = 0,97773
Case 1 ~ 4 Y = 0,77384

7 days max dwumn rainfall

7 days countling back fron
peak rainfall day

7 days counting back from
day after peak rainfall day

1 days coﬂnting back from

day before peak rainfalidg?

Thus, it is clear that the rainfall for 7 days countlng back fromithc

day of peak occurrence can be used, Tt is te be noted that R? at

which has a close bearing on the judgement of flood occurrence, show

a rather poor correlation with Qp, the correlation coefficient being

0.6080 (N ~ 51),

4-2-3 Overall Run-Off Characterﬁstics

¥rom the data given above, the run-off characteristics at K-10 can be

summarized ag follows,

(L)} Peak discharge {s recorded In about three days after peak dally

ralnfall.

. 9h -



.(2) Peék'dischafge can be generally gfuspod from the maximum 7-days
yainfall. : '

(3) It can also be generally grasped from the rainfall on seven days
“ecounting back from the day of peak rainfall, in place of the

maximim 7-days vainfall,

(4) Correiation between ralnfall at Pilok and discharge at K10 is

wot very high.



CIAPTER 5  FLOOD WORECASTING SYST®M

5-1 Objectives and Methods of Flood Vorecasting

The term "flood forecasting” means to forecast the oceurrence of a floog, !
whenever it 1s conshdered certain or highly probable fyom meleovologleal
and other condition, by indicating its condition in terms ofﬁriVer_stagg‘
discharge and other data, and 1ssue necessary warningsjto:the relevang
admlnistrhtive orgaﬁizationé or to the residents in the basin,
The_oﬁjectives of flood forccasting can be considered 1n two wajor cate-
gdrie$. one fs to furnish levee protection OrganizAtians with necessary
information and guidance where fnundation can be prevented by thedir.
activities, and the other is Lo provide information necéssary‘for avac-
nation of residents and protection of thely properties where the fnun-
dation 1s acutely impending or where wo levee prdtcction organizatlons
are presenk, In order to Fulf111 these objectives, it is necessnfy to
convey concrete and sufficient information to the pertinent administra-
tive organs aud rveslidents with an ample allowance of Lime, and to selcet

" the most effective forecasting method according to the scale aﬁd charae-
teristics of the river In question, tobograph?, basin configuration,

ctc,

The main flood forecasting methods currently adopt 1in Japan are enumer-

ated below for reference.

(1) Forecasting by water stage estimation at a downstream point frow

the rainfall in the upstream basin,

" {2) VForecasting by water stage correlation between two points located

in upstream and downgtrean areas,

{3) Forecasting based on the upstream area run-off calculated by unit
hydrograph which is routed by simplificd equation of ungteady flow

and continuity equation,
In addition to the above, the following two methods are undex study, thougti

not yet ylelding sufficlent forecastiﬁg data. i
(4} Flood vouting by strict equatfon of ungteady flow and continuity

equation,
{5) F;ood_foracasting by the so-called coaxfal correlation chark,

- 06



fu-the actual operation of the flood forcecasting system, it 1s usually
ghe cnsé_ to employ two or more methods, ranging from siuple to complex

ones, according to the forecasting stage.

the following are the main lacilities voquived for flood forecasting

services.

1) .Ru‘.i‘u geal;igc

(2) wateﬁ Btage_ggugé

(3) ,Daiﬁ tfansmi;ting Facilitles

(A) Data processing facilities

While. these eqﬁipments and Ffacilities are available In many different

- types eompatible'with'vnrying obgervation condiliong, recent years have
‘seen an increasing Londengy towards developing autowatic equipments
-doeigned to tut down the maintenance requilements to the minimum possible
estent. To cite an example, the data transmission system in Japan used
to be operaLod by the combination of ordinary rain gauge with telephone.
or telegram for rainfa]] data transmission Lo the flood forecasting

' Lonter, but 1t has now been replaced almost completely by the telemecter-
ing network in which data of recording raln pauges are transmitted by
vadio wave in VIFF or UIF band, The water stage observation system has
Hkewise glven plaeé.to the tclemetering network, and the maintenance
requirements have been largely reduced by the installation of the gauges

which call fox: the replacement of recording paper at very long intervals.,

It 18 of great Importance Lo adopt the most sultable Forecasting method
or methods from among a number of methods introduced above, and select
the most cfficient cquipments and Integrate Lhem dito the flood fore-
casting qystcm. In the design of the forecasting system, the objective
of its cslabllshment and operation should be recognized fully and clear-

ly, and special conaideration should be given to the items ghown 1in the

followlng table,

- 97 -



R

2,

’lr

« ltem

Actions taken
by flood fore-

casting

Information to

be supplied

Required
accuracy
(allowable
error) in

Eorecastihg

Maxinum allow-

able time

before fore-.

casting

Example.

Flood control

by dam

Gates oﬁeration
Levec protec-
tion activi-

ties

Evacuation of

- rasidents

Maximum stage

Cand fits occur-

rence time

Flood duration

Hydrograph

Less than an

" hour .

o Less than half

a day
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Mae Klong Rasin

© Yuture Plan

kvacualtion

of residents.

from ox-
pected

flood area-

o Tine of -

near-.
overfloy
_stagc

o Max dmun
stage

{discharge)

o Flood

duration

o 10.15% for
water
scége and

“ 3.4 hours

for Lime

o Less than

2 days

Present
Conddtion’

A e

_-RID makes flood

" forecasts on TY

on the basis of

infOrMatibu

Mfrom the sta-

tions of MD and

RID,

. Forecast 1s

made .1)5123(2(]- on
waler stdge at
K~1.0 with_
referenée to

past étagc

data,

Approximately

cquivalent to

‘ the timé of

concentratlon
from K-10 to
K-11 (1 day)



Mae Kloug Rasin

Fraegent

Ttem : Fxample Yature Plan :
T RS FRRRESAER T Conditton

o Less than a day

5, Maxdmum-allow- . o L -
able oper- . '

tional cost

6,: Others

“he accuracy roqullements and OLhOl data, to be deLermined f01 xespeclive
items in the above table, camot be thained quantitatively for the

Hac K]ong river basin, so that Lhey are hased on the judgement of Lhe
exiqting torecnqting system In tho basin., In the following gections,

a deLachd study js made on the method of Elood forecasting and design

of fnci]ilies, wiLh dccount taken of the objectivee of system operation.

5&2__Hethéd of ‘Flood Forecasting

During thé survéy pefiod,'studics on flood forecasting method were made
malnly for the upper basin avea extending upstream of Ban Lum Suwm {K~10})
on the:Khwaé Nqi,.aud did wot cover the whole Mae Klong basin., 'This is
due to the Fact that the necesgary analysis of hydraulic and hydrologle

data has not yet been undertaken for the following reasons.

(1) Operational rules of Ban Chao Nen dam wow under construction on

the Khwae Yai river have not yet been established.

(2) Completion of the said dam 1s expected to bring about a drast ic
change 1n the existing hydrological coundition in the basin, making

1t nearly meaningless to use the hydrological data so far collected,
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(3) Surveying data including river sections which aro cssentlal to
flood vouting from K-10 and Ban Chao Nen dan are not available,

5-2.-1 Flood Forccasting Area

The target flood forecasting area i the Mae Klong river basin 1s quite
clear as can be deduced from the description in Section 3~1 (General

Basin Configuration) and Section 3-2 (River Channel),

Specifically, thé uppey reachés extending upstream of Kanchanaburil is

a mountalnous and very sparsely populated avea notl having_a‘single
locality where river inundation could become any serious problem, wheveas
the lover basin arca downstream of Kanchamaburi is not only an important
grahary of the country-bﬁt cnbraces many densely pbpulated cities such
as Bau Pong;'Ratchaburi and Samut Sqﬁgkhram dlong the river channal, and
has actually been afflicted with frequent and heavy flood damageé which
pose a serious social problem. Hence, it is most reésonablé to.select
the flood area 1n the doﬂnstream basin as the Carget area to.bé cévered

in the design of the planued flood forecasting network,

As for the target point at which flood forecast is to be made, 1t would
be most reascnable to select K-11 (Wang Khanai) as 1t is'aidischarge
observation station located clogs to the uppermost section which inun-

dates by great floods,

5-2-2 Forecasting by Stage Correlation between Twe Points in Upstreanm

and Downstream Places (U1 Correlation)

Although this is the simplest of all flood forecasting methods, never-
theless it can be employed in making flood forecast with fairly high

accuracy using charts and other data, provided that upstream stage data
is transmitted to the downstream forecasting point within the gpecificd

time lag,

3
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The validity of this H-H correlation method in the Mae Klong viver basin
flood forecdsting may be evaluated as follows, (1t 13 to be noted that
che comments given below apply wot to all rivers but mainly to Khwao Not
river becauge they are derived from the past activities of Japanese
survey team and from the observations and analyses by That goverment

which were both concentrated in the avean upstream of K-10" (Ban Lum Sum),

1) H-1' coxrelation 1s the only reasonable forecasting method
pending the conselidation of tainfall observation network in
“the upstream’area,'i.e.,'until completion of the telemetering

systam.

11) It‘will'also be used as a principal means of data transmission
from K~10 (Ban Tum Sum) to K-11 (propesed final forccasting
point at Wang Khanail), until complction of river course crogs-

"gectional surveying and establishment of a flood propagation

gimulation method.

111)  Fven after a suitable other forecasting method has been
' cSEﬂhliShed and computerized data processing has been set well
afoot, H-H correlation method will still be used, by reason of
its simﬁ[icity and fairly high accuracy, for the purposc of

checking the newly introduced method.

On the strength of the above evaluation, analysis was made en il
corrvelation between two selected stations, K-13 at Thong Pha Phum and
K-10 at Ban Lum Sum, as both,provide fairly well consolidated data and

‘also allow for a flood travel period of more than one day,
o Analysis of H- Correlation
1) Peak-to-Peak Hethod

Peak-to-peak method 1s one of the flood forecasting method based
on stage correlation, and is intended to obtain the peak stage
correlation between two' points, onc in the upstream scction and

the other in the downstream section, To put in more detail, the
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| correlation between the peak stage at an upstrean point nnﬂ that
at a downstrcam point 1s obtained using a graph prepared from
the pdqt flood record, with parameter taken at the downqcrcam
stage recorded when the peak stage occurs atb the UPSLLCdm point,
¥ig. 5-1 is a graph prepaved by plolting‘GO [loods with a waxfmn
‘discharge of more than 300 m®/s which were recorded at K~10 in
the 9-year period frem 1966 to 1974 (See Tables 5-1 and 5-2),
Ag can be scen in this figure, the results show a considerably
large vafiation and in addition, there caﬁnoc be observed any
notable paramcter variation due to downstrean stagé;-s&ggesting
that the accuracy of peak-to-peak method {s vather poor,
Applicability of this method for flood forecasting between th
said two points camuol be justified cither for the following

reasans.,

1. Tt takes a substantially long time to obtain the peak
value at K-13,

11, TPeak-to-peak correlation does not necegsarily conform

to the correlation of all components of {lood hydrograph

fydrograph Corvelation

- ——— ety

Upsirean
Poliank A .
fal. Dowustream
Y iy Point B Tn this method, the water stages hy
Rnfo Aol and hy, recorded within the same
I
: | | time interval of At on the hydro-
1
: ! : : graphs at upstream point A and down-
T I : Int : .
heroen styea int B asg s left
T t m poin as shown at the ,

are assumed Lo correspond to each other, and the correlation

between the two 18 obtained by varying Ac,
In this case, the time-lag is given ag t3 - ty (or by - t2).

¥ig. 5-2 shows the water stage corrclatien of September 1966

flood as an operational example of this method, Fig, 5-3 also
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shous the data of analysis made by this method for ten Floods
recorded dn thn'pas; including the four great ones (August 1969

flood was omltted because 1ts hydvograph has too many peaks)
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The above rcqult& 1ndicuto that the hydrograph correlallon method is not
any more 1011ab19 in torms of aceuracy Lhan the peak~to-peak method be-
cause the correlation cuive presents a wide variation for each flood and
this téndcﬁcy becomes more and wore pronounced with the wagnitoude of

flOO(l ] ..

Study:of“cach flood in vespett of its hydrograph and correlation curve

‘discloged. that there are two main causes of varjation. ‘One is the

©lateral inflow fidm'rhO‘bhéiﬁ area between the two points, l.e., run-off’

From residud} basin, and the other fs the variation of hydrvograph caused

- by local rainfdil fithe area immcdlately upstream of K-13, and it was

4

pamrn ot

also discovored ghat the stage corro]ation would depicL approximately
unifoxm curVOS curling upward in a similar pattern. Since the variation
can bo Oqc11bed main]y to the former cause (1ateral Jnflow from residual

abin), co1recLion was effected by Lhe meLhod ‘shown 1 the following

table.

.(i)_DAte of 1 (2) Total Run-0ff Volume | (3) Dally (4)*Cor~
Mood o ] Average rected
OCqurencg K13 K10 giiiﬁtjzc _ itate

IR A SR AR IV S
‘Bep i?' 1966 ) . 9135, ixlosmj '901.3x106m3 AQ,5(0.6) mm/day 0.3 m
DT R B S T TOT N O
o 11 1960 a0 0 |zae3s m | datsay v | nTt
TR 7 aeme |00 0 |L,045.8 7| 0213 | 07"
E;;wg PSP PV IS SR P YC N S R Y I
Mg fz}f,_ vorn [ineso v | Teans v [Zecay | Lt

(1)l: Peak ocaurrénce day at ¥K-10,

(2) : Total run-off voliume between throughs in [lood hydrograph.
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H(3) Datily average @f'the value obtained by dividing the differﬁwe
o fu the total runnoffIVOIUme (2) by the residual basin area
(2,961 ¥m®) between K-10 and ¥-13,- Figures in naanthesosam
the values caleulated with the inflow from.fﬁsidUﬂl basin

tak@n at zero fox August 20, 1967 flood,

-

(4) Correctlion wds cffected by Lhe Eollowing-cquétion which was
' established by deriving cocfficient = 0,5 f(om_Fig..ﬁ, with
the corrected wager'stage_at K-10 takqn'at'zcro for-ﬁhe‘dauy
average ef fective hedght of vun-off (Al.l.mm/day) of August

20, 1967 flood,

() = 0.5 X" [(3) +1.1) .vvi

. The peak stage of each flood corvected by the above method is Indicated

by an arrow waxk in ¥ig, 5-3,

The water stage curves obtained From the above study for flood (ore-
casting between K-10 and'K¥13 arve shown in Fig. 5-4. The parallel lines
in the figure indicate the accumulated ruinf#li height in the_residua]
basin, Whérc there is any lateral inflow [roﬁ the residual basin, the
correlation curves are to be moved to the right to the corvesponding 1iue
of rainfall height.. (Peaks on the hydrograph are‘gennfally rounded or
during the downflow travel from K+13 to Knlb. Therefore lateral inflow
decreases and usually assumes a minug value as shown in Column (3) of
the above table, so that Uhe inflow is taken at zere for the flood on

August 20, 1967),

In the actual operation of flood forecasting work, however, it is diffi-
cult to obtaln the effective depth of run-off in the regidual area,
buring thcuflood, therefore, 1t ig advisable to obtaln corrclation curves
successively from the flood observatlon data of both K=13 and K10 and
agaume thé regldual basin run—-off of the {lood in_queétion to be the stag
: differgnce from zero inflow, nnd'then'shift the curves by that stage dif-

ference 1n order to make: flood [orecagt in each subscquent stage.
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o Example of Flood Forecastiug Operation

Stage corxclatiou curves between K~13 and K-10 ave shown ‘In Fig, 5-4,
Examples of f0100asting operntion using these curves are shown in

Table 5-3 and;bigs. «5 and 5<6 Tor the fo]lowing two floods,

1. Flood on SGpLombcr 12, 1966 as an cxample of the case where the

+

inflow flom 1091dua] ‘basin is ueg]igib]e.

i 'Flood on August 21 1974 as an ehamplo of tho case influenced
| by Lhe inf1ow from residual basin,

In this exemplary'forocaqting operation, the watei stage at K-10 was
fotccastcd in tho following wqy. For the Septcmbex 1966 flood, Che
observation daLa up (o Soptomher 11 were used as known data, and the
water stage at K-10 after that day (or after the ]apse of lag-time} was
forecasted. For the August 1974 flood the observation data up io
Auguat 18 wele also nged as known data, and the stage at K-10 on the
following day (after the lapse of lag-time) was forccasted, As for the
method of forecasLing " the values recorded: 1n the past were plotted on
the 1-H correlation chart shown in lig. 5-4 with the aid of the hydro-
graph shown 1n Fig. J»ﬁ, and estimation was made by extending the tendency
curve so far depicted Qith the newest measurad values at K-13,
(Sce ¥ig., 5~6),



table 5-31° Actual Stage Data Vsed for Exemplary Operation

August
1974 Flood

" Stage

K-13 | K~-10

SepLember
1966 Flood

_Stage

pate {7 Date

X-13 | K-10

4 79.89 | 37.16

12 | 78,13 [ 34.45

5 80,70 | 36,70 13 | 80.76 ] 34.90

PSR — T ——

6 | 81.18|37.23]| 14 | 83,95 [38.26

3 | star (3801l 15 { 84.78 | 41,10

8 | 81,98 38,45 16 | 85.13]42.33

F —— ey

o | 85.64|39.15|| 17 | 88.99 | 43.62

10 | 90.381 42,08 18 | 91.57 | 46.15

19 | 92,49 | 48.36

11 89.13 | 44.40

12 | 85.64 | 45.51) 20 | 89.68 |[49.38 |
s | e3.20] ado2]| a1 | 8542|4961
04 | 8175 | 4z.68| 22 | 83.30 | 48.53
15 | sr.06| 40.00)| 23 | 82,49 [ 45.30 |
" 16 | 80.52| 38.65) 24 | $2.33 | 42,10 |
HM1§N"UMQSTII'~5;léE'ngé 81.18 | 40.30
"8 | 79,08 37.33| 26 | 81.04 | 39.30
::;Eé"_ _éo:91 msy.?éﬂhmﬁ§m' 80,97 | 38.87
28 | 80.86 | 38.76
I 29 | 80.32| 38,25

I 30| s0.01] 37.86
31 | 79.82 37.56
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o- SepLember 1966 1lood

.éigs. 55 and_ﬁfﬁ were prepared by plotting the stage measurcd ac K-13
and that measured at K-10 and shifted by lag-time (mmbered 1 o 8),
and by plotting the measured stage at K-10 after shifting backward by
lag-time (numbered 6" and 7).

By this plottihg,jtho influence of 1afernl inflow from resi&ual basin

almost disappeared and it was found that the tendency curve between

6! and 7' was appardntly'within the vegion where the corvelation curve
was_ueaf'the peak stage and curled upwérd, éo that it was cxtended 'In

the direction showﬁ by the broken line, Here, the peak stage at K-13

reached 90,5 MSL on Sgptembcr 10,2, whercby the peak stage at K-10 was
estimated From fhc corrclation curve to reach 45,6 MSL after 2.4 days

lag time,'on §ep;emﬁer_12.6, ‘The vesults of this operation showed

an extyemely good conformity to the actual observation data,
o August 1974 ¥lood o )

Plotking conducted in the same way suggested that the lateral 1nflow
from residual basin was about 2.4 wm/day (3.1 wmn/day in the actual
record), The tendency curve after 6' (i.¢.,after the assumed non-
avallability of obsgervation data from August 19) could not be estimated
because 1t was not possibie to judge whether the stage at X-13 was also
¢loge to ite peak by the hydrograph alone (Actually, the curve can be
estimated by rainfall and other data after complétion of telemetering
uetwork). Hence, the tendency curve was cstimated in two ways., In one
way, the corrvelation curves were shifted rightward to 6', based on the
measured data, and then extended to 7' (eurve 6'~7') assuming that the
stage was close to 1ts peak at K-10 and K-13,

In the other, it was estimated that the stage at K-13 was still much

lower than its peak, whereby the straight Une 6' v 7" was drawn,

As a consequence, the gstage at K-10 on August 19, 1974 was forecasted

to range from 48,5 to 50.0 MSL.,

- 117 -



In the above 6xcmp1nry opcrntidn, the Forecasting accuracy would haye
tnereased markedly if the sald stage at K-10 had beenw estimated at 43
MST assuming that the K~13 stage in near ivs peak, because the differ.

cice with the d&tﬁally recordcd'Va]ué (68;36 NSL)jfs'bnly 14 ém,
From the above example, it can be rgﬁdily scéﬁ that ‘flood forecastin

In the Mae Klong basin by near-peak étageiéstimution calls for hourly

stage observation Just as in other viver basins, *
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5-2-3  Simulation Model for Run-off Calculation
(1) Outline

The run-off calculation method so far employed for the Mae Klong
river floed fqrecnstiug is generally Justifiable for reasons

enumerated below,

1)  The average rainfall {n the area upstream of K-10 can be
gencrally grasped by the observation at the exist{ng severn

statlons,

-2) - If any other method is introduced, the whole basin must be
divided into a number of areas, which is liable to wake it

impossible to grasp rainfall in each divided avea,

3) The tavget area for flood forceasting extends downstream of
K-10.

Hence, effort was made to devise a method by which to bring solution
for the lellowlng major problems Involved in the presently employed

method .,

1)  Calculations for flood forecasting start on a fixed day, 1.e.,

April 1 of each year,

2)  Adjusiment ox correction of computed discharges apainst

neasured values cannot be made in the course of calculation,

With thege problems in mind, the simulation model was so designed
as would permit the operations to be started on any glven day and

to correct computed discharge to measured value.

{(2) <Case Selection and ¥low Chart

Studice wore made on four different cases foy selection of the most
suitable one compatible with the followlung basic operational

conditdions,
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(2)-1

1) Q ig o be obtained from the newest rainfall data f01 the
p1eeoding 1~5 days, awnd discharpe obtdinod from Q and a5 Sumeg
QB is to be compared to ohserved d¢ischarge in 01de1 to eorregy

Re and RI for the preceding 5 days and 3 days, tespectivcly.

2) B or « is to be abtained by reverse operation from the COTTecta

ed R, and RI'and used in the subscquent calculations.

3) Values of basic constants shovld be the samne as in the present.

1y employed method,
Outline of Each Caso

The definitions of symbols given on page 136 also apply in the
following explanation, and the symbols suffixed by "0" and "M"
ndicate the values "before corvrection' and those "afteyr corvee-

tion,'" respectively.

1} Rainfall Coxvectiown to Bring Computed Digchavge lu Conforwmity

to Obsorved Value

Where Qc < QO in Cages 1L and 2, RSO_and RIO are enlarged to'RSH
and RIM by QD/QC, but 4if REM = RS+ RI_is lavger than R, RE

M H M
is taken at R, and 1f RS, 1s larger than RE,, then RS = RE and
= O(

M M’ M M

l{IPI

' y > " I (' ar ! : "ok
Where Qc Qo’ both RSO and RI0 are reduced by the ratio QQIQE fn
0

i

Case 1, but only RS, ig reduced tn Case 2, Once RI = 0, RI
comstantly in Case 1 but this relationship is wnot in Case 2 after
reduction, At time of enlargement, therefore, RE changes in both
cages, But at time of reduction, it changes in Case 1 and but nol

in Case 2,

In Case 3, only RS is enlarged or reduced according Lo QO/Q
1f RSH
RIM 2 0, RE is nobt changed,

becomes 1atger than Rho by the enlargement, RSb R and

i
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In Gasc 4, RSO, RIO and REO are all enlarged or veduced according

to‘thg ratio Q0/06. If REH
enlatgowent, RFTI:: R, and both RSM and RIM ave simultancously

becomes larger than R at ciuwe of

reduced by R/R!flﬁ .
2) Caleulation of o and B

o or B 1ls obtained by reverse operation using RSi, RII and REM.

TE

In Case 1, B remains the same (BM = GO) while RHM < R, and in-
._creascs whi;e REE_} R and RSM < REM. After RSM ;lU%V = 1.0 and
this relation does nol change,

Case 2 is Identical to Caae 1 up to the step where 8= 1.0, but B

becomes smaller thereafter if RS is reduced.
In Case 3, Bprcsents'thc game behalviours as in Case 2,
In Case 4, 1t assunes the same value congtantly,

Ag for the value of «, ¢ at all times in Cases 1 and 4 and

0 ﬂ=aM

ao = O%iconstantly in Case 3. In Case 2, o assumes the same value
as in Case 1 at time of eularging rainfall, and the same value as

in Case 3 at time of {ts veduction.
3y  Calculation after (T -+ 1) Days

In Cases 1, 2 and 3, the values of o obtained from /.9 days rajin-
fall are used directly. In Case 4, the vatue of f§ obtained from

d(QB) ts cmployed directly.

In Cases 1, 2 and 3, BM is derived from BSHIREH; if 4t exceeds
0.55, the valuc obtained by reversc operation ig used in the
subsequent caleulations, If the computation on the preceding

three days Indicates an lucreasing tendency of B, the saximum value
1g vaed, If this compulation presents an opposite tendency of

B, then the minimum value is adopted,

t



In Case 4, aﬁlié obtained from_REH/R, and the average of computed
velues of the three‘precediug'dhys is wsed in the subsequent calgy.

lations.

Table 5-4 shows the outline of each of the four cases.
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{2)-1-1 Computation Steps and Flow Chart of Fach Case

1) Case 1 (See Tabla 5.5 and Mg, Sf?)__ 

(Step)

6.

7,

9.

'd(Qﬁ)T is oblained flom QB

'QSTO 18 obtained From RS

1) Where QC, < QO

(Operatipn)

Value of QBTO is'aSSumcd.

T0'

F 1 ig obtaingd from é(QB

1 (abbrevinted_tq=¢T~]
tn the following bLLpS). o :

rl‘.l :"

" The following relation ie adopted for compuLaLton

By = B

Bps 7 By g =By g Pz 7 Pray

For the pexfod 1 (= - 5«1 -1), the following caleulation

are worked out.

Mo 7%+ Ry
RSge = By Wy
Rijo 7 Ry, = RSy

16"

Q?Td (= QB,,  + QSTO) is thhined.and.comparcd with
. Qo’r . : .

If any difference ariscq between QGT and QOE’ cor:-
rection is effected Lo make them oquivalan to cach oth

OLhOl.

rll +

a, Inftdal values of RS, RI and RE axe en]atged
by the following equations for poriod
t (= 7- 5.1-1),
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1

P, RS

RSi' io

CRI, =P . RI
io

i
RE 1 = RS i -+ RIi
. ,
a 00.}./Qc.1.
b.: If - RLj > 1 in this cabo, adjustment is made to

obtain the [ol]owing relation,

o
RLi Ri

e, IS RSi > REi, édjustmeut ig also made to estab-~

lish the following relations.

: RSi,f‘ Rhi’ RIi = 0

- RSi, RIj and REi are reduced with P,
110;1 Correction ig ef[ected to QB =T . Bt
T ' 1L, Q5 1s dhtained from RSi to confirvm QCT = QSt + QB
12,  ‘$ ia ohtained ftom QBT'

- T3
Opexations ' ' .
after (T41) 13. For perled 1 (nTu3~T~1).

Bi = RSi/Ri'.1 is obtained,

14. 1) Where ﬁi > 0,55 (Lrrespective of 1), the following

adjustment is made.

P B

BK = max (B < By

lj‘ ‘]_' f]‘
BK = min (BT»? BT y if Br A BT
-3

B after (T + 1) is given as BK in all cases,
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15,

.16,

17,

].8‘

19,

20l

21,

: 2) Where Bi < 0. 55, BT is obtainad ftom dT i '

RE, RS and RI at T are obtained by the following
equations., ' '

RST = BT . BhT
R IT Rl T Ro,r

Q3 is'ohtaiuéd'frbm'the following surface components
which ar¢ aleeady known, ' - |

RS

po3) RSp.gp RSy and RS,

RST-&?
ﬁT }s obtained f rom ¢T~l’ QBT, RIT“3’ RL, and RT, 4

QB“+1 is obtained from QT'r

QCT_I.l (nQBT_I_ll. T+]) 18 Obtai“edl

QC after 141 is obtaiﬁed by the same sfapmwisé procedure,

Step 8 and subscquent steps are followed {n oxder to

obtain the relation QCTfl QOTI] at 141,
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2} Case 2
(sgep) f . '_.(Operntiou)‘
1.
Same as Case 1,
8, Corvection i_s-effeéte'd' EO'QCTO & QOT .
. : ‘.- . ( - l:-‘ l .:“._
9, | 1) Where QGTO : QOT _(]{_!:.10? Rl io_mc Mj_oqu
changed}, the following relations are obtained
for period i (=1~ 5~ - 1)
B )'.“ .‘\
RSy 7P RS,
2. IR : u‘
Ry =P R
.RIi = Ri;i = RSi
. N > 2: X : .' 4 o 3 ' .--
2)  Where QCTO 0, (R1 1o s not c.h'mi:;o.d),‘ _Li.1e
following relations are obtained, -
.Rsi =P, R‘Sio
RE, = RE,
. RIi ™ R]yi - lsS1
10, and subsequent steps ~ Sanie as i Case 1,



35 Case 3

(Stcp) | S (Oporatiou)
1, .
e Same as in Case 1.

8,  Correction is effected to QC'T0 = QOT'

9, ‘Zi)‘ Where QGTO < QQT (REio‘is not changed), the follow-
: ing corrections are effected for period |
P =T ~5%T 1),

2. Only RS, 1s enlarged,

io
= p s
RSi : P . Rsio
o = 2
RLi RLiO

R, = RE, - RS,

b, If RS, > RE,
made to obtain the following relations,

in this case, corrections are

RS i = RE i

RI, =0

. ' ¢ .
2)  Where Ly, > Q0 (RLio is not changed),

1 ii

RE, « T . RSj (reduction)

0

i

16, and subsequent steps - Same as in Case 1,
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_ 4 Case 4

(Step) S (Opéréfion) L
1. -

e Same as in Case 1., -
. ‘

8. CofrcctiOn‘ia'effGCted_to QGTa é_QOT. L
2, 1)  For period .‘L_.(‘= ISR SOV, S TR
=P , PS

RS 16

i

SR
RIi } : R'I.ic

RE, = RS

T

i
2) If.RE ;.Ri, the-follawing_relaciOns'are obtained,
e ==R |
RS
RI
10, _
Same as in Case 1.

12,

13, Yor period 1 (= T ~ 3 ~ T ~ 1),
S ooy REifRi ig ohtained,

14, Taking @K ap (aT~3 + uTnZ | anl)/3, o subgequent to
T is given as GK.

BT is obtained fromlﬁT”].

15, and subsequent atepg - Same as in Case 1,

L]
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. Fig,_:5—7‘ -Flow:Chart of Run-0ff Computation

], Case 1 - - - en-
| : QB(T} 1s assumed

L l

¢(f"l) is thained
CfFrom QB(1).

| (5ee Section 3-1)

[8(~1) 15 obtanined
from ¢(r-1)

(ROSEYSEATAYE T
o B(1~1) o

RE(i)na(I)}R(I)
RS(1L)=B (1), RE(T)
RL(I)=RE(L)~RS (1)

- QST =RETI=1) X5k
1CT~2) xLO+RS (1~3) x40},
+RS(L-4) %30+

RS(T=5)x15

..:'QG(T)#QS(T)+QB(T):

(::);m%fa_nfm;m__u i

Py = QC(T)/Qo (1)
'P = 1/P1

tj?.w@

|

|

|

! - -
| ' | rRS(1) = PLRS(L)
| S RI(I) = P,RI(L)
| -

I

|

!

{

RE{1)=R8(I)HRI{T) RS(7) = p.as(r)‘

- ' RL(I) = P,RI(1}
RE(1)=RS (1)+RI(T)
_ I



[ S i — A v omran e — — — A — S e . " — — — ——
i

RE{I)‘é R(I)

YKS

RE(L) = R(D),

'_ﬂO_:

frrorracare.

LR = RO

QB(T) = P,QB(T)

QS(T) and QC(T)
are computed

¢ (1~3) is obtain-
ed from QB(T)

- —

RS(I) = RE{I) ‘
RI(I) = 0 RI(1)=RE{1)-RS(I)
. N -

I = P=3 . T-1

1B (D) = RS(1)/FE(LY

- 136 -
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REPEAT
(:E:) NO

IY< 0,55

<

1B(T) 18 OBTAINED
FROM g(t~1), R(T-2)

AND g (1~3) -

NO

B AT AND SUBSEQU-
ENT 10 T IS TAKEN
AS EQUIVALENT 710 8

1 8{T) IS OBTAINED
FROM ¢ (T - 1)

RE(T) = (1), RCD)

RI(T) = RE(T)-RS(T)

[

RS(T) = B(T). RE(LY

|

PR :

AS LEFT

—

SAME

QS: {T+1) lS. -

"OBTAINED

SAME AS LERY

T

${TY 1S OBTAINED
FROM &(T-1), QB
{r-1) AND RI(I)

SAMIL AS LEFY

—

QB(T+HL) 18 OBTAIE;
ED FROM ¢ (1)

AS LEFI

o

el

|

& .
QC(T+1) = Q3 (¥+1)
+Qs {TH1)

SAME AS LEFT

Qo AND Qc AT
T41 ARE

.. ADJUSTEL
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Case 2 (Section boked in broken line in Case 1 flow chart)

Pt > 0,999

N0,

RS(1) = P.RS(I)
RE(I) = P.RE(Y)
RI(I) = RE{I}-RS(I

0t

RS(1) = -P,RS(L)
RI(I)%RE(I)FRS([)

Case 3 (Section boxed in'broken tine in Cage 1 flow chart)

YES

- Pl< 1,001

| rs(ry=p. 28 (1)

YES
:.., SN 3

NO RS(1) =P,RS(I

RS(I)5RE(1),

R§(I}= RE(I)
. RI (1)=RE(K)~ RI(I)=RE(1)-
” o N R ]
(1) =
P.Qp (D ,

R

l.

Same aa.in'Case 1



case 4 (Stops_sﬁbseqhent to the section boxed in broken line

in Caée'1 flow chaxt)

.RS(1) =lE.RS(i;w
RE(T) = R,RI{I)
RECL) = RS(1)-RI(1) |

1 . RE(L) = & {1) :
S (1)=R(1)/RE(1) RS (T
C[RI(1) s PLUR(D)-RS(T)

- N

LﬂQB(T) = P (1)

SAME AS IN
CASE &

QB (T-1) IS OBTAIN-
ED FROM QB (1)

. {
I o= T=3 ~ 1e]
a(l) = RECIY/R(L)
B '
ok = (o (r-3)4a{1-2)
+(1=1)) /3

vy

E——
o al AND SUBSEQUENT
T IS5 GIVEN AS ¢k

o 4 g it

SAME AS 'PHE STEPS
SUBSEQUENT 10 A

IN CASE ) IN FLOW
CHART
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(3) Constants and Their Calculation
(3)-1 Relationship between $(QB) and QB (See Figs. 5-8-1 and 5-8-2)

The values adopted in the past were used, but approximation wag
effected‘u51ng polygonal liunes as shown below for the convenienee
of caleculation, ‘ '
1) 0, > 540 n'/s ($(Q) > 68)

Q, = EAP (0,0077231¢ + 5.76639)

4(q) = (in Qy = 5.76639)/0,0077231

2) 300 < Q, < 540 (22 < 4 < 68)
Q, = EXP (0,013064 + 5,41637)

$ = (In QB - 5,41637)/0.01306

3) 602 Q< 300 (-66 < 4 < 22)
Q, = EXP (0.01829¢ + 5,3014)

# = (Inq, ~ 5,3014)/0.01829
&) 23 < Q< 60 (-100 < $ < -66)
Q, = EXP (0,02817 + 5,95353)

¢ = {In QB ~ 5,95353) /0. 02817

5) QB <23 $ < -100)
QB = EXP (0,04964¢ + 8,09986)

- 140 ~
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(3)-2

(3)-3

(3)-4

(3)->

(3)-6

Relationship botween B and 4(QB) (Sce Tipg, 5-9)
The values adopted in the past were used,
Time Distribgtion of Iafiltration Component (See Fig., 5-10)

Time Distribution of Surface Run-off Coeflficicat (See Fig. 5-11)

Initial Value of OB

Fig. 5-12 Is a chart showing the relationship between rainlall
during l-month preceding ¥-1 (AR) and base flow at ' (QB).

As the chart indicates the existence of a fairly clear correlation
between the two, the initial value of OB was obtained from it,
Needless to say, If the initdal value thus obralned excecds Qo, Q0
is to be taken at that value. This dnltial value of QB can be

used only on starting calculations on a glven day, and computed

QB is to be cemployed once the calculations are put in progress.

(The said chart was prepared from the data contained in "The
Development of Pilot Flood Forecasting in the Mac Klong River Bagin,

3rd Revislon," See Ap-7})

4
BY April ~ 35 i i i s 1A
2) Al)l.|]6~30 LN BN T BRI A I B I A A R U DT R NN T N R S B BT N B N T R T ] ]-0

3) May ~ Jun

8 v
¥ Ri L T 1 T 15
_i,,!0<” <?20 R R R R e l|0
2205” R R N I T A T R I R 80

4)  Jul,
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5; R \S 1['0 min Otllatluit.,t_tctiyllnr.oq a = 40%

].l|0<” %250 . )il#llll'.ol‘o.ll.lltlllt 70

250<I' AR R R R N T I B O N B ) 100

Aug
ER 6].001\11\1.-......-...'“..'.{.'.-.'... 60

100<” ‘$ 21.,5 IO.I!IIIIC:I_Ifllﬂ.llllll.lb ?0

215<'1 LT I B A RN N B N B R IR N DL 2L I A e B I B R B L N DR B R 100

Sep

R éloomin‘IIIIIIGI.IIIIIOUIIOIIIi_. 50

= DT

]()O<I1 (.:]50 QIllOlIIOlI'lI‘lIIQIIl‘I 60

150<” LI I I B INE I R I B B R R N K B N N DN AN AN DN B O B BB A 100

Oct

iRi S 50 MO varevinrnrieniarrisaees 30
3 50
Nov iR e sty 30
bec P T T T T 10
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r Oh~ Pischarge [Start~ Rain- Ini- | Ver-
served Observed | Lag Day| fall tial | ifi-
Mo, | Year Month Peak on Start- | of Com-| In Value | ca-
ig-- ing Com- | puta- pre-— of QB tion
thl?L putation tion ceding Peri-
(m /s.d) (m /C}.d) ] MonLh od
1, ]967 Aug. 1,668 580 14 569 430
2. | 1909 'iui.Nm{g.wé‘,jvs?.w 316 26 62 | 120 |
3 19!0 Jul. 1,165 Ih& 14 29? _ 100 |
A 19!1 Ju].~Aug. 1,859 4]6 \ 20 382 | wo |
3, 1972 Jul, 3,026 &06 11 362 120

(4) Results and Problems

Computations were worked out on the edght floods shown in Table 5;6
for each of the four cases, and the crror luvolved therein was

obtained by the following equation,

PEEY l QC“‘_'_‘___QO 2
R N Qop )

where, @ ¢ Peak discharge observed in the computed sect{on

op

Q_  + Discharge observed in the same section

. i -
&mpaie:{ Sectaon Compuif’élt/ \Eo'ﬁ‘o/z,

Notes! Qop 1s the observed peak discharge in the computed section,
After peak discharge, therefore, it vepresents QO on

cach day of starting computation,

Table 5-6 Floods Used for Mivor Detectilon
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Ob-~

dmenn

' Dischdrgé

Starg-

Inti-

Rain- Vor-
sarved Obsovved ing Day | fall tial | 1f{.
Peak - on Start- | of Com- | in Value | ca-~
No.| Year| Month | Dis- tog Com~ | puta~ [pre= | of QB { tion
- | clarge putation | tion ceding - Peri.
'(mals.d) m3/s.d) 1 Mongh od
6. | 1972 | JulsAug. | 1,846 753 23 oe2s | a0 |
701973 | gur, 1,728 43 15 | 344 43 ]
8. | 1974 Aug. 3,250 239 12 312 | 150

‘As is clear in Table 5-7 showing the results of this error detection

computation, Case 1 shows the best conformity On‘the”whole to all

the elght floods in terms of average value and variation coeff fcient

of crror, so that it was deteniined to adopt Case V' for run-off

caleulation,

Hydrographs of Case 1 are shown {n Figs., 5-13-1 5-13-8, Result of

Case 1 verification arc shown in Tables 5-8-1 . 5-8-2, énd'an exanple

of simulation of cach case in Ap--12,
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mg. =12 QB ~ ¥R (1 Month Ratlfall)

o R . |
1000 i C- 1000 : e ~ 1008
June o o July C Aug,
| 100 oo
10| Bl .
10 ‘ _
10 : k0 |
1000 Lo 9 . —
100 _ , 1000 100 : 1090 100 1000
Sep. ‘
o
U R N
, e e
(i 1000

149 -



S25e0 IN0J UT PLODIS ¥

S9$TD INOI UT ISXTI O

<}

! o8ezaAW

DeLo © wO.m..u.o T loEsTE 1 €66°T O L667T P eHetT
|
LEST0 O |

102670 | T70"E 1 L00°T 1065670 V! TL670 Of - 56T

\te]
O
[e)S
[
[
o
t~
0
[l
(]

- 150 -

| 19770 © |88v°0 V| eLee | 187T ©1006%€ | ZT°C V| €267
| T07°0 Mmqm.o fsev0 V| TerTo © leoTig stz 0 | asvz @ momq-m | (2) TL8T
! Mmmq.o mﬁwm-o 7 (%9570 (Tzeto 0 iyseie e9s (€187C V mmﬁh.m omﬁmv TL6T
67870 | £1270 © €9270 7 mqwm,o £89°7 | 6v8°0 | 29§70 © | Z8570 qm TL6T
M 97070 | 89270 T1T9L70.© [86870 | €20°9 [ 780°7 ©| $86°€ [ L097E §|  OL6T
(25770 [sg670 190270 © 96270 9 €26°2 | €651 | §€0°T © 107071 v|  sver
G2rem0 97270 © 169270 T (S6E70 | 2LTVT | 61270 ow $€2°0 7 ; L5270 1367 |
| K ¢ |z |1y v ¢ | z | 1ese] M
sRaEwRy “ . DOTRTIBA 3O IWDIDIFI0D snten efeleay W “ERL w

(g~dv wox3) suoraeandwmo) I0IXF JO BIBY /—C SIQE]



Table 5-8-1 Date of Casc 1 'Computatinn {D

pati | R | Re | o [ RI |tine Discribution | qf | mipe [ QB | ~oB | & [ T s | @ | Qe [ Qo
A : 1 S . | B LA 751 X O, IS &
mi nan min 4,3 0.5 [ 0,2 il —nrn* mm:’_/s‘.'d r_\'ml_' . ; my 5 10 40 30 151 mm /s, dl m¥s.d o¥fs.d
9 |1r.9] 8230 35| o | 0.55) 14.58)
10 | 9.1 6.37]0.70| 2,87 o -  Joiss) |a.s0
1 |4.6]10.22|0,70(4.60 | | I L jeesstes.e2 (5
12 | 14.4{10.08]0.70[4.56 | 3 S . 1 lowss) [susa
' - R (2) - 3
13 | 12.5] 8.7510.70|3.94 - : 49,57 0.55 14,81
‘ : : (1) ' | N R () N _ .
14 | (1.8 J 2,26]0,92 L4.37 430,06 [-5.30] |~ 34.06{55.44(234.86[105.10 [68,72[478.17]387.85[817.85 |580.0
] A : — NURUUI RPN S S I SN L e e e SNSPIS I - — o —
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Table 5-8~1 Date of Case 1 Computation (I1)

O B S e S i R R e e R

i Time Dis- . . ‘ .
paTIE R | Re o | RIL Lribution ql |B.P, QR -qQ | B RS T.D, 4s Qs Qo Qo

i} ] . N R T N - xR doxl0?

mm | L 0,3 0.5 [0.2 | mn wys.d| m Hm 5 10 40 30 15 T w/s.d| w/s.d | nfs.d

o fi1.9] 5.91] 2,66 0.55] | 3,25)
oloalass | 2o | | | | |1 | oss| | el || I e
~11J_4.s 7.25L(3) H ;.25 _ T ;,Qgé)w;m;;(élnm_wm"— I I
12 W44 7.15 3.?2‘O B 0.55 3.93
- - - I VRS DU USSR SO SO SN S S D S SRR I . NS R
13 02.5] 6,21 2,79 23.26 0.55] | 3.41]

22.19 © 9,998 H | O Gl e o 1 oo

a.7| o. 0.8411.6110.69 3.10]22. 600354 95]--3.76}0.55 |12.20 |17.06] 39.32 | 159.45 | 114,54 48,74 [ 339,11 275,05 | 580.0 | 580

_ _ @
15 128.7 |20.09 0.7] 2.04 3.00]1,40|0.64) 5.04]23.911303,232]-3.74[0.55 11.05 61,021 34,13 1572.27 | 119,59 37,27 [ 409,27 331,97 634.29. 6715

16 43,9130,73 0.7[13.83 2,71(5,00(0,56/ 8.27|28.38

307.53 ~3,79|0,55 [16,90 56,25]122,05 | 136,52 | 117.95] 57.79 491,55 378,70 | 706,24} 740

17167.,9(33,53 0,7|15,09 4.1504,52§1.9900.67|35,02|326.03]-4.02[0.55 [18.44 84.511110.50 1 187,18 | 102,39 | 58,98 | 844,55 | 685,02 [1011.05| 889

18 |12,7 112,70 1.0] 5.72 4,5316,92]1,81113,2543.89[355.59|~4.38;0.55 16.98 92,21[169,02 | 441,98 | 311.14] 51.19 120,53 | 708,87 | 1264471177

—————d

_M1;A;;:;v;ZL?O “ 1.0 6.;£ﬂmk71:;; 7.55 ;:;;;;t;;h;;f;;h;EQTZQ-:;t;;-;!;;- 8;;9 34,93 (184,42 ]| 676.06 331.;9 183,07 (409,95 |1143.63 | 1542.86|1576
Lol sne ol amn |voos|o.a)s.0d 7.06]59.05|ss0.08 -sci0|0.55 |2.97  [s0.40) 69.85 | 137,16 | s07.0|165.74 fis20.72 13347 | 167251 st
—W;l 15;;“;5.50 ;:;. &.%3 0.75-;T;;;T;;m;?15;;Tg;—;;;tBA”:;:;;m;;;g 5?;;HL 1&?85 80.85 | 279.40 | 553.25(253.25 |1181.87[:758.62 | 1410.96 1493

o halioae Thel s 1wl suae| ot o|so.00]-s.55] 055 {737 |z.88] 29,70 23,40 | 309,55 |s76.62 [ 68,15 | 704.06 | 256 1360
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Fig, 5-13-5  Obscrved and Computed ludrograph for Case 1 Verification
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3,000

2,000

1.000 -

21 725230 A4 L

"f-B”w“-"J ;"'?l"iad }l_ 1213 14 15ty g 19 20



oL 6L 87

[}

-
>4
f i

000%

T POAIDSEO

2z peindwon PU

"¥ny L TInC 46T uoT1ED oA T PSED I03 udex3ox

160 -



HOUUT

0008

161



Fig., 5-13-8 Observed and Computed Hydrograph for Case } Verdfication

1974 Aug,
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The computations worked out for the three floods in 1967, 1969 and
1971 produced generally satisfactory results, As for floods in
1970 and 1973, however, the computed value obtained {mmediately
after staridng computations was vather small so that correction
had to be effected to wake it conform to the observed value, and
thig resulted in a large peak discharge. The computations of May

1972 Flood produced fairly pood vesults for the flood rising stage,
bult the computed value turned out to be large at the peak and small
thercafter, VFor Floods in June 1972 and 1974, the computed value

was small after peak,

The volume comparison belween computed and observed hydrographs for

the {lood duratlon beginning on the day of starting computations

and on the following day disclosed Lhat, as shown in Table 5-9, the

conputed discharge was smaller by 5.10% than the observed values for

almost all floods,

Table 5-9  Volume Comparison between Observed and

Computed liydrographs

(m®/sec-day)
Year Observed Computed Nifference
* Discharge | Discharge (%)
1967 14,344 .0 14462 .4 0.825
,,,,,,,,,,,,,, 13,764.0 | 14264.7 | 3,638
1969 35,4440 372638 .47 ~-7.915
35,128.0 | 32609,20 |  ~7.170
197077776,481,0 'y T 5499,07 | -15.151
6,337.0 5283,14 | -16.630
U97ITT16,255.0 T 15413.6) ~5,176
15,839,0 { 1466381 | = -7.420
1972 | 22,305.0 ' 21872.29 1,940
21,899.0 20768.01 | -5,165
1972 726, 205,01 27119,43 15,591
25,452,0 | 21923,58 | -13.863
V9731 T9,475.0 | 6992.,63 -26,199
9,432,0 10798.93 Vm"“lﬁiﬁﬁﬂm"“_
TCOTH A6, 4060 | 231012 | -12.509
| 126,165.0 | 224036 | 14,377
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The following are the concelvable causcs and problems which gave

rise to this difference between computed and observed values,

() PossibiliLy of poor grasp of the average dally vainfall In th

the basin,
(2) Validity of effective rainfdll data,

(3} Suitability of time distribution of Qﬂ'and-QS;

(4) Justfiability of the selected correction method in wirich
only observed data on the stavting day ls uged fov dis-
charge conformity with no regard to diséhargé fluctuation
before that day,

(5) Influenceé of inundation due to lavge discharge nok con-

sidered in the design of runoff wodel.

(6) Validity of observed dischdrgc data, especlally durlog flood-
ing. '

As for Item (1) above, conclusion has already reached thal the method
employed in the present study is generally sufficient to grasp 7-
days vainfall, but it may be necessary to make further studies on
daily vainfall in future., The values of constants including the
effective rainfall mentloned in Item (2) need to be verified by
further examination, The validity of inttial value 6f 0B, mentioned
in Ttems (3) and {(4), were subjected to some reviewal which will be
described later. As regards Items (5) and (6), it 1s considered
necesgary to design a model incorporating the decline of discharge
due te iPnundation, and this will for redoubled effort to obtain

accurate infermation on the inundation condition,

It may as well be added that care must be taken of the following

point in applying the computation method discusscd in this section.

o Both RS and RI arc enlarged or reduced according to the
ratio of observed discharge to computed discharge, After
RYI = 0, therefore, RI = 0 constuhtly without variation in

the aubscquent computations and consequently B == 1.0 as shoun
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in the flow chart, Accordingly, if a fleod routing needs
to be followed by the routdng of awother {lood, Lhe initial
value of QB should be obtalned once again before stdrting

computatcions,

© 5-2-4 Flood Forecasting Simulation Model

N

(2

(3)

Outline

Flood forecasting at K-10 using the method studied in this report

calls for the dnput of rainfall data forecasted for Lhe period sub-

sequent to the newest day of observation. In this section, however,

the need for such Input is set aside for future scrutiny, and

studies are made as to whether It 1s poésible to forecast flood

occurrence by comparison of observed discharge data with the hydro-

graph prepared on the assumption that there would be ne rain after

the newest day of observation.
Conatants and Their Calculation

The constants and their caleulations in this study ave identical to
those given in foregoing pages for verification of simulation data,

ete,
Reéults and Problems

Figs, 5-14-1 ~ 5-14-3 show part of the hydropraph

prepared by effecting corrections every day, ——0Obscrved discharge
-wComputed discharge
N — -~ “~ LI .,
and ¥igs, 5-15-1 ~ 5-15 8 ghow enveloped o . (Envel ope)
values forecagted for T + 2 days and, |

T4 3 days (See Ap-9).

The former figures indicate that the values

forecasted for T + 2 ~ 3 days present no

large discrepancy compared to the results
of verification computations. ¥From the

latter figures, on the other hand, It can
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be said that the discharge at T 4+ 2 days can be genexale f0100d5tm

and oven thc_forecnstéd discharpe aL T+ 3 dnys can bo wsed ag fatyly

helpful data,

In the coming yearé, it is ncccséary to. make further scrutiny ingg
the validity of constants and dnto the Inundation condition in vrde
to improve the accuracy of simulﬁtion model, As for Lhe_initial
value of QB and the time distribution of QS which also has a close
bearing on the accuracy of model, some study wés'made as bricfed

belOWO
1) Initial Value of QB

A comparative study was wade on the followling four cases, with
QBo taken at QB obtained from the 1ainfa1] during the preced-
log one month and with Qo taken at the discharge observed on

starting computations (Sce Vigs, 5~16~1 ~ 5-16~3 and Ap, 10},
1. QBo 2. QBof? 3. QBo/h - 4, Qof2

This comparison produced no remarkable differences between
the four cases, but it was noted that a notable difference
could occur near the peak discharge {f the rainfall is ex-

tramely heavy and concentrated as in May 1972 flood.
2)  Time Distribution of Q%

Figs. 5-17-1 . 5-17-3 show obrerved and computed hydrographs,
of which two were sclected from a number of cases studied by
varying the tine distribution, and one represents the values
obtained frow the prevailing method, Theae Figures indicate
that any minor changes in Limc diagtribucion does not invite
appreciably large differences in QC, unlegs a drastie change
is effected to the fundamental pattern, 1.c., sharp rising

and gradual decline,
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Fig, 5-14-2  Observed and Computed Hydrographs

(R = 0 alter T+ l day fov [01coaating) C 1972 gy,
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Fig., 5-15-5 Obsevved and Computed Hydrographs

(Foveeasted values expressed by onvelope) 1972w
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rig., 5-15-8  Obscrved and Computed Hydrographs

(Forecasted values expressed by envelope) 1974 Aug,
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Fig. 5-16=2 Observed and Computed Hydrographs

(T + 2 days value caveloped; initial QB value changed) 1972 Jul.
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Flg. 5-16-3 Observed and Computed Hydrographs
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Fig., 5-17-2 Obscrved and Computed Bydvographs

(1 + 2 days values cuveloped; time distribution chanped) 197 i,
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Sumulaticn Data for Runoff Calculatlen

1967
[ DATE R Qo ATPHA
() (CMS-DAY)
avg. 9 11,9 [ 12110 0.70
10| 9.1 | 1239.0 0.70
12 | w.6 | 1060.0 0.70
12 | 14.4 740.0 0.70
13 | 12.5 596.0 0,70
xxlh | 31,7 580,.0 | 0.70
15 | 28.7 675.0 0.70
16 | 43.9 740,0 0.70
17 | 47,9 889,0 0.70
18 | 12,7 { 1177.0 1.00
19 { 14,7 | 1576.0 1,00
20 | 9.0 | 1668,0 0.60
21 | 15.0 1 1493.0 0.70
22 | 13.4 | 1160.0 1.00
23 1 2.1 992,0 0.70
26 | s.2 902,0 0,70
25 | 6.7 757.0 0,70
26 | 7.7 649,0 0.60
27 | 14,8 570, 0 0.60
28 | 16.3 | s16.0 0.60
1969
DATE | R Qo ALPUA
() | (CMS-DAY)
Jul, 21 | 11.4 545,0 0,40
22 | 15,9 560.,0 0,70
23 | 7.2 456,0 0,70
2 | 7.6 387,0 0,70
25 | 12.9 343.,0 0,40
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~ DATE R Tao T

(1) | (CMS-DAY)
%426 | 24.0 316.0
27 | 46.6 320.0
28 | 26.4 466,0
29 | 15.7 750,0
30| 8.3 ] 1029.0
31{ 6.5 | 109%.,0
Aug. 1} 20.3 962,0
2 | 37,2 858,0
3| 30.4 977.0
4128.1 | 1350.0
sl 40,4 | 1577.0
6] 65,2 | 1420.0
71 23.8 | 1422.0
8354 | 1514.0
9116,0 | 1941,0
10f12.5 | 2188.0
11} 23,2 235.,0
12 27,2 | 2313.0
13 | 16.8 | 2098,0
14 (13,9 | 1967.0
15| 2,1 | 1725.0
16] 2,1 | 1376.0
171 5.3 | 1018.0
8] 4.4 824.0
191 5.4 702.0
20 | 13,2 595.0
21| 2.8 545,0
22| 10.3 493,0
23] 9.1 438,0

S R




L

__________

e

ALPUA

2406,0

R Qo
|G | (CMS-PAY)

24 4.8 414.0 0.60
25 | L6 398,0 0.60

R Qo ALPIA |

(M) | (CMS-DAY)
9 | 8.1 231.0 0,40
10| 11,5 200.0 0.40
1| 5.0 182.0 0.40
12 | 9.3 166.,0 0.40
13| 2.9 152.,0 0.40
W 444 144.0 0.40
15 | 64.0 167.0 0.70
16 | 31,5 463.,0 0.70
17 | 25.8 967,0 0.70
18 3.6 1165.0 0,70
19| 1.2 L041.0 0.70
20 | 0,4 746.0 0.70
n | 7.0 526.,0 0.70
22 | 10,9 403.0 0.70
2 | 4,7 330,0 0,70
24 | 8.0 283.,0 0,40
25 | 10.8 0.40

1971

DAYE

Jul, 15
16

Aug . 1

f

6

R

()

7.3
1.7
10,2
9.9
34,4
14,7
8.4
19,1
52.8
39.7
49,7
26,7
19.4
10,6
2.4
0.1
0.3

Qo
{CMS-DAY)

367.0
612.0
672.¢
561.0
456.0
416,0
462.0
567.0
554.,0
548.,0
835.0
1404.0
1632.,0
1859.0
1827.0
1601,0
121.0.0

842.0
650.0
547.0
674.0
429.0
398.0

ALPUA

0.40
0.40
.40
0,40
0.40
0,40
0,40
0.40
.70
0,70
0,70
1.00
1,00
0.70
0.70
0,70
0.70

0.70
0,70
0.60
0.60
0.60
0.60




1972

1972 _ g .
DATE R "Qo “aneia ) [ pare R | @
' (M) | (CMS-DAY) ' : (¥M) < | (GMS-DAY)
Jul. 6| 2.4 | 3020 | 040 | |y, 18| 13,9 | 2723.0
70 269 | 46100 | 0,40 L1986 | 21710
e | 4.8 s03.0 0,40 S 20| 8.8 | 1538,0
o | 17.7 | 4170 0,40 o | 7.9 | 10680
10 | 36,5 48,0 | 0.70 S g2 | 20,2 839.0
w11 | 10L4 | 406,0 0.70 w423 [ 34,2 1 753.0
12 | 83.9 | 584.0. 1,00 2 | 57,4 | 7830
13 | 63.8 | 1392,0 1,00 25 | 20,7 | 1073,0 -
14 | 34,3 | 2143.0 1,00 26| 19.6 | 1579,0°
15 | 15,1 ] 2669.0 1,00 27 | 14,9 {1846.0
16 | 13,0 | 2993,0 1.00 28 | 20.6 | 1757.0
17 | 10.6 | 3026.0 1,00 29-1.24.5 | 1630,0
w8 13,9 | 27230 | 1.00 30 | 24,6 | 1536.0
1w | 8.6 | 271.0 1,00 31| 10,9 | 1584.0
20 | 8,8 | 1538.0 0,70 | U
2 | 7.9 | 1068,0 0. 70 aug. 1| 26,5 | 1650,0
22 | 20,2 ] 8390 | 0.70 2 | 17,7 | 1700.0
23 | 30,2 | 7530 0.70 3| 0.6 | 16900
T | S 41 1.8 ] 15300
51 14 | 1260.0
6| 28,9 | 972,0°
7| 1.6 | 832.0
8| 7.0 814.0
9| 8.5 | 774.0
10| 7.2 | e87.0
1| sz | 633.0
. 12} 26.7 | 589.0
131 4.8 | 553.0

f 0.7

¢ PP .

Ry

1.00
1,00
0,70
0.70
0.70
0.70
0.70
0.70
0.0
0,10
0.79

0.1
0.70

0.70
010
0.70
0.70
0.70
0,70
0.70
0.70
0,70
0.60
0.60
0.70
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" DATE

190
11
12

CJun,

13 9

14

BRI

16
.
18
19

20|

21
22
23
24
25
26

27

28
29
30

1974

'(gﬁﬁ' ;(CMg?DAY)' A 'PALE (ﬁM) (CMgSDAY) ALEA
8.5 | 59.0 0.15 Aug, 7| 12,4 289.0 0.60
10,7 | s8.0 0,15 | 8| 3.6 274.0 0.60
17,0 56,0 0.15 9| 3.51 282,0 0,60 .
27,2 | sL.0 0.15" 0] 4.3 263.0 | 0,60
59.2 | - 46.0 0.40 11 16,0 | 243.0 0.60

650 | 43,0 0.40 *12 | 56,9 | 239.0 0.70

52,8 | 142.0 0,80 13| 39.8 1 219.0 | 0,70
85.4 | 440.0 | .80 14| 293 17 639.0 0,70

23,0 | .. 864.0 0.80 15 | 48,7 | 1025.0 0.70-
14,0 |:1460,0 0.80 16 | 61.9 | 1235.0 1,00 |

5.6(1728.0 | 0,80 17| 59.0 { 1479.0 | 1.00
5.0 [1471.0 |7 0,80 18 | 39.6 | 2085.0 1,00
5.5 | 910.0 - | 0.80 19 | 10,1 2270.0 1.00

5.3 |0 557.0 0,40 20 | 12.6 | 3156.0 1,00

8.2 | 417.0 0,40 a1 | 8.1 | 32500 | 1,00
0,7 | 344.0 0.15 22| 3.7 | 2829.0 | 1,00

4.6 | 285.0 0,15 23| 2.4 | 1860.0 1,00
ER R VN BB L 2 | 5.2 | 1194.0 1,00
36| 240 | 0as 25| 6.8 | 905.0 0,70
6.3 | 188,0 0.15 26 | 10,1 | 764.0 0.60
12.5 | 168.0 _ohlspj 27| Lt | n2.0 0.60

- - 28| 1.7 | 699.0 0.60
29 | 11.2 | 638,0° | 0.60
30| 15,0 | 5910 0.60
31| 18,9 | §55,0 | 0.60
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5-3 Sequence of Flood Warning
The followihg chart is aﬂseqﬂentiai illusttatiOn of floqﬂ ﬁarning work

SOV R Y Y

CStart

B

. : L Zrasi\'l’?g"&f'.“ b
flood _HOl\itol ilIB aqomc{  Toundation Corditin |
N In Fach Lecaltiy

pispotition of

Personnel

Aunouncemcat of
Flood Harning

Setup

A i - . ‘ )

Notification Lo . Determination
Pertinent

Organfzations : e . -
Preparations: h o -1
ochecking of : Announcemgat

2 ket rgng data . -~ and
“Checliing of Couputers Notification

L]

*Consolidation of
rocovding paper, etc.

------------------ ~(::> S : : - | pissolution of

. VORI et ENTPO  J. ;
rFlood Rout {ng E“F“i“g
) eLop -
Computations
Notification
< &egd 2¢ #ood
varning

n-h‘um-m '-:-w-ow"\n-i

Warning Statement Lad

Haking

S—
_T. —

Anpouncenent of

Flood Narning Announcement of

Renewed Warning
and Enformation
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5h Obsqrvatidn-nud Arvithmetic Processing Kquipments .
5-4~1 Rain Gauge

There are a‘di?grsity of gauges developed for ratnfall observation.

Tu Japan, the following gauges are used nost widely,

(1) Ordivary rain gauge
(2) Direét—reading rain gauge
‘(3). Self-recording railn gauge

~(4) Tipping buckeL distanco recording Rain Gauge . (availdb]e in
' gingle and double Lipping types)

The'firsp gﬁug¢Ais:uséd'méinly_for observation of daily rainfall at a
fixed time, hnd.thé second and thitd ones ‘are designed for observation
at any desirved time, but all three:are glving place to the fourth one,
thg tippiﬁg bucket rain recorder by reason of its supremacy in terms

of case in observation and maintenance as well as in accuracy.

n a tclemétofiﬁg system, 1t is the common practice to adopt the method
in which ﬁhe_séiﬂ tippihg bucket rain recorder is combined with an A/D
converter for tranamission of hourly cumulative rainfall data, Tn such
a telemétérihg gystem, most of rainfall stations are not attended, so

that 1t 18 advisable to install a gauge with a long self-recording span
of three‘ﬁontha'or so and a large bucket for observation of total rain-

fall fncorder to provide against fallures in the electric system.
-4-2 Water Stage Gauge

Water stage gauges are also avallable in a great diversity of types.
However, recording water gtage gauges can be classifled into the follow- -

ing five types according to the operating principle,

(1) Float type

(7)  Bubble (pressure) type
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The

lasL

Ultrasonig;wave type

Flecttode (neodlo son501) typa =

- Digital (lcad switch) type

convert Elow ve]ocity ditectly into disgha:go._ R

type, u1t1asonio cutxent metor, ts designod Lo mcdsulo “and

;Thﬁ followtng table shows the speclficntions of Lhe former'four types

f01 adopLion o[ mosL dullable on¢ in the Nac K1ong basin teJcmeLeling

. no twm k

A T e £

Tije

b s e

|¥loat Type

‘luﬂﬂta-d\— kb £t Brtrin

'l]"

Vertical

~Bubble
(Pregsure)
Type

Electrode =
(Needle Sen301)
Type '

Water stage ‘is

electrode on the
water surfaco °

~and recorded by

et 4 s s

4

Digita]
(L.ead SwiLch)

Type &

Water stage

48 detected

directly and.
recorded
digitally by
means of a
lead “switch

JE1tted on. the

staff gauge
and a perma-
néent. magnat
EIOat i

SLafi post

'(MCdium)'

Measur~ | Water stage 18
|ing - |float move~ |detected from - - | detected by .
Mecha~ [ment L _'the relation- tracing an
nism caused by | ship between
- .|tha ¢hanges |depth and
In water changes {in waten
stage 18 pressure, and a moLor«drivcn
|converted recorded by a . recorder
to pulley motoy-driven
rotation | recorder
for stage
measuroment
Re~.  |Observation | Pressure trang- -_Guide pipe dnel,
quired [well mission pipe steel pipe.
Faci- ' : : S
litiea
(Cost) | Qidght) ‘(Low) - (Meddam)
Power |Not res - [DC (coll)fAc pC (cell}/AC
Equip- |quired o :
" |ment :

b i b
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ob-
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e,

1o 2 3 .
{0 Bubble | Electrode, Digital
T - (Pressure) (Needle Sensor) | (Lead Switeh) |
Float Typo oo Type o “Pype ' i type Remarks
Geasure=| o Sl e e - o S
e 1020 | 10%/¢20,30,50™ | 10™/20™/50" |eype 2
gage | o ' ‘ . ' ‘ has two
- differ-
ent
mecha-
ulsms,
one ..
design-.
| -ed for
1 a meas-
uring
range
of 10m
and
larger
and the
other
for
less
than
10m
range.,
Halnte: ’
nanee ‘ _ o : Manual
Re« | Small Normal ' Normal TLarge mainte-
qire- |- L nance
menls
ol large  [small ‘Meddum Meddum
Past c .
ﬁii?] Unknown - Used - Not used: Hot used
land

The following table shows the estimated measuring range at cach of the

main water utdgc gtations on the Macklong viver.
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Station

Hlghest High
Water Stage
Dity Season

Stage

(River Bed Meight)

Measuring Range

Sangkhla Buri|thong Pha| Ban Lum |Wapg
T Phum Sum Khanai
(K24) (K13) {K10) |(KRIL)

; : a® | ag g™ |21.02"
135f'1 MSI, QZ'G}MSL +9 S?MSL ?I‘O?MSL
124 O I & R IS WU F S TR

15 m 23 o Ry l-l] N P

Zero point g

.

Remarks

the staff
BANEC O rivey
bed

Up to

_‘. v b yg
‘nnax oxbra

helght or up

to bank heipht

—t e ea,

As scen in the above table, all the four stations have a measuring range

of more than 10 m.

Considering the cost, therefore, it 1g likely that

either the bubble type (2) or the electrode type (3) will have to be

{nstalled,

Of these two, type (2) is wore sultable than type (3) because

the former has already been used at a number of stations along the

Mae Klong, whereas the installation of the latter (guide pipe in particu-

lar) {s difficult at some stations,

However, in order for thils bubble

type gauge to be lucorporated In the planned telemeturing system, it is

necessary to install an A/p converter and secure a Lorque large cnough

to turn the ree

orvder.

During {ts Fleld trip, the team noted that torque

was insufficient for the bubble Lype gauge fnstalled at K-11, Tt may

as well be added that some modifications will have to be effected to

recorders with a weasuring range of more than 10 m such as Model %-905

Pressure Type Stage Recorder of MNakaasa Sokki Co,, Ltd,, Japan, which

ugses AG power ¢

quipment.

5-4-3 Arithmetic Processing Kquipment:

The system deaign for flood forecasting at K-11 being still at the stage

of survey, selection of computing cquipment cannot be made ar present.
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The Functions to be performed by computing équipmont are cnumerated below

4u order to facilitate the planning of the forccasting operation schenme,

(1) Reuording of hydrological daca.

{2) Processing of hydrologlcal data (e.p., avevage rainfall in the
basin), .

" {3) Computation of storm run-off,

(4) Computations for integrated operation of dam and for satis-

Factory weir operation and maintenance.

{5) Integration of Items (1) ~ (4) by on-line systoul,

In ordqr_to-fulfill these objectives and functions, not only the process-
fng system but also the processing equipment must be suitably designed
and selccted'according td the number of obsérvation stations and presence
of dams and other facilitles, Accordingly, selection of computing e-
quipment to be installed at the Mae Klong river basiﬁ flood.forccasting
center depends largeiy upen how the above-uwentioned five functions are

to be fulfilled and whether such functions nced to be expanded in future

to cover other river basing, 1t can be sald, however, that the func-

ed desktop eleetronic calculator having a high programming capacity.
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CHAPTER 6  STUDY ON TELEMUTHERING SYSTEM

0~1 Outline

As stated in the-Pfcliminary Survey Report, there lave alréady been
proposed a number of plans for the Macklang river basin flood forccast.

ing system, studicd by MD,‘R[D; ox TCS.

During the present survey, [iecld sﬁrvéy were cdﬁductcd‘uudef the tele-
metering network plan proposed in the said prelimdnary survey report,
with specific emphasis placed on the study of the.following three poingg

to which importance was attached in the same report,

(1) Selection of VHF band_fqr stability of thé_whole telecommunicat ion

network.

(2) Rase In the maintenénce and 1hspcction‘of cquipmqnt and facilities

aftet iustallation.

(3) Special care in the selection of Che number and locations of

repeater stations.:

The following are the hydrological observation stations Lo be incorpo-

rated In the telemetering network,
o Stage and Rainfall Stations

Sangkhla Buxi
Thong Pha Phum
Ban Sal Yok
Ban Luin Sun
Ban tho Nen

Wang Khanal (fotal ¢ 6 stations)
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o Rainfall Statilouns

. Ban Pa Tho
Pilok
Ban Lin Thin . | ‘(Total t 3 stations).
“In ordey Lo eommect these stations;_twd repéatcr stationg are required,

o Repeater Station 1 - To be located ncar Kanchanaburi to Link Bangkek
and R2 L

o Repeatoy Station 2 -~ To be_locateﬂ near Thong Pha Phun to 1ink Up-

strcam area and R1.

Data transmitted {rom the above-mentioned stations are to be. collected
and processed at master statin and monitoring station bélongihg to

Meéerological Department aﬁd'Royal Irrigation Department;_tGSpedtiveiy.
o Master Station o HD- (Bangkok)

o Monitoring Station - : ~ RID  (Bangkok)
g, 6-1 shows the telemetoring network Incovporating all these stations.
To study the féasibility‘of this network plan, which was one of the

objectives of the present survey, radio propagation test and civeudt
design were performed as detailed {n the following sections.
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67 Outline of Radio Ptopagation Test
6-2~1 Test Frequency

it waé'plannéd that the test would be conducted using VHF-band radio
equipnent and tvo rtoquonoieq,_i ey 57,11 Miz and 57,26 Milz, but 0n1y
the former Erequency was used As this frequency is within the band-
width al]ocated for ™ chnnnels, the competent Thai. aulhotitjes ra-
quested Lhat it be uscd Lemp01arily only for the test from 8100 to 16 0Q

hra. on wcekdays.
6-2-2 Test Ttems

‘The test boﬁered the items 1isted. below, Thong Pha Phum, Ban Lin Thin,
‘RID, and Wang Khanal were excluded as 1t was consldered that the topography

at these stations was gdod enough to dispense with the test,
(1) Measurement of Receiving Radio Field Intensity in Each Radio Link

rield inténsity'méhsurement 1ls generally conducted by recelving
test ané at the receiving peint by means of field intensity meter
.and_reéofdér;‘ In the present test, however, measurement was per-
forméd only by field Intensity meter and no recorder was nsed for
continous irtensity measurement, Accordingly, the antemna was
shifted 1n all horizental and vertical directions in order to

study the stébility of field Intensity.
(2) Measurement of $/N Ratio in Bach Radio Link

Modulation at the specified level of 800 llz was effected at the
_tfanshitting:point by means of audlo-frequency generator and §
level was measured at the recelving ond by means of level neter,
then N level was measured without modulation, The values obtained
were converted to S/N ratlo for the purpose of qualitative civcuit

Legt,
(3) Voice Communication Test {n Each Radlo Link
The condition of actual voice communication was checked by radio-

telephone,
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(4 Survey of Site Conditions of Obscrvatlon and Repeater Stations

“ *

The conditions at installation sites of obsexvation and'repcater
stations wére survcyod, and mapq and sketches Showing'the Sutvey

data were pxeparud
(5) Measurement of Noise Level in Bangkok

‘The external noise'ficld'intensity was measured by means'of‘fiohz
intensity meter and quasi-peak meater, aud 10c01dod continuouvly

for about 30 minutes by Leeorder

6-2-3 - Format{ion of Radio Propagation Test Groups

The test was conducted by dividing the team's telecommunication party
into three gtOups, each composed of one Japanese expert and two or three
local counterpart techniclans, with two or three labourers recruited

for transportation of equipment wvequired In the repeater station test,

6~3 Test Equlpment

Table 6-1 shows the equipment used in the test, and Fig. 6-1 shows the

equipment composition for cach test item,

Table 6-1  Bquipmént for Radio Propagalion. Test

Article Description Quantity Remarks
Radlo Communication | Antemma poﬁcr 10w 4 sets Includ Eréquency,
equipmant 60HH2 Bdnd CRI 06 ’ 57 ]l MHz, 57, ?6}Hh
Antenna Yagd 3 element L
: V¥3C-0625
Antenna Pole Joint type 10m 3
MS--10A
Feeder _ 5D-2V  15m : , 5 "
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ISR £

ArLivle Descriptiou Quantity Remarks
qLonage BaLLexy 1294 0A0 3 sets
" charger AC100/200V DC T
. 0,7,16‘; 3 M
94 418- 16
Vo][age re?u}ator ?00V/0~?60V SA 3 )
- 8h-205
flectric genorator | 10OV 300W -
: ' 1E-300
p{old 1nLensity ' 25,230 MHz 5 n Attastment: doublot
meler M-321¢C antenna and legs
vower mote 50400 Miz 150 3 n
e CTLP-52A
s/N measuring .
1nst1umeut KCh-1 3
Ci1cuiL tester T1,--700° o
Qudsi ‘Peak metey MH-33B o

Demand yecorder

1PR-100A 1

jbo] sct

§-10 3

Coaxial switch
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Fig.i&—z ' Eduipment Composition fér Kach Test Ttem

1) Mcasuremght‘of Recelving Field Intensity and S/N Ratio

Field intensicy
. meter s

R

Chnpgér_ 1

Storage
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7.
e e s e e e ef g
1

b

S/8 neasuring

.[ —

instrument
[ Voltage ! |
e Ot
L resulator 3

AC ]

1]

»..-.....{...-.-a.»--—-

Electric |
generator |

2)  Measurement of External Noise

Demaind
recordey

Storage

'Balt9ry

|

X RX: Radio
Communication equipment

Antenna - - Antemna o
1 Yagl 3 clement Yagl 3 element
| ....... g U, _ - TR e }.,._..‘ ........ : _
feeder feeder
502V 15m 5D-2V 15m
| FLE1E intarg)
T meter |
Coaxial ' e Coaxial
switch /;eedet . sgitch
. 18p-2v 1n e
- e . " P
Power meter . Pouw ey .
ower meter ower meter M Charger }
: Lo v e
|
e j e .
] , +d..1 . Stovage
- TXRX . CERCRK l hattery l

- e we --lu sy

vy I
Flectrie }

.
l.
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§/N measuring

SUPVIRIRR

instzumgpt_

-

i Voltage t
L regulator |

Antenna

Quagi-Peak
meter

]

yagl 3 elesat

feeder
SD-2V 156

Fleld intensity
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64 Test Results

in the radio propagation test, a Ereqﬁency of 57,11 Milz in VIIT' band was

ased Lo measure rccciying input veoltage (dB puv) by'field intensity meter,

and propagation loss was obtained From this input voltage by the applica-

tion of the following equation. Table 6-2 shows the test vesults,

Externﬂl.noise level was calculated on the basis of the measurved S/N

“yatio, and 3t proved to be in nearly conformity to the noise level in

pangkok at the said frequency which is shown in Fig. 6-3.

(1) Propngntibn lLoss (Additional less Excluding Free Spacc Loss)

L
pa

where, L
.. pa

Lft

Lfr
At
I'Ar

I

-

-

..

= X4;r4-L) L. o+l -G, -G, =P

pf 7 re T re T OPAL T Pay

Probagation'loss {additional loss excluding

£ree space 108S) tivieriiiiiiariiiiacnesess dB

% Spherical ground less, ground reflection loss,

‘diffraction loss or shielding loss

Couversion coefficient of recelving power and

“yecedving open terminal voltage ....o.veviies 111 dB

Measuved value of fileld intensity meter

{recelving Input voltage) .ovverinvaenaarnss dB UV
Transmitting feoder 1088 vvevirenarnrrinnes dB
Recelving feeder 1oOSB civiivuiervrianvarins dB
Transmitting antenna galn ..oasiverivrinaay db
Recei#ing antenna gakn covaverrisiraiaeaars B
Indication of transmltting power meter ..... dim

Free space 1085 (vviiaiirsacrraiisciaayes B
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% Lpf = 32,4 4 20 Jog £ 4+ 20 log D
where, F.:..FrQQuéﬁcy M2y
IS ﬁmnlmmﬂyﬂ@)_
(2)'_Signal?to—NoLsé Rﬁtio

S/N 1atio pel section under normal channeld coudition, Lo bo obtained

by the following equdtion, qhou]d be 1a1ger Lhan 30 dB.-

S/N = P, - (L f'+ LftA+ Lfr}.{‘GAt + GAr - PF“=+ ; |

‘w

‘where, S/N Signa] to—noiqe 1at10 of channel crve s UB

Pt‘

-+

1ranqmiLLing antenna powex ......J,;,... B

Pr“' - Received l]OiSG po‘-‘fer N ENEE . .l‘c 3 -'t‘ ORI (le
' * Recelved noise péwer 1s the sum total
of {uternal noise power of roceivox v ni)

~and external noise power (Plﬁc)'

T S/N impfovement-factor ;...;....}.}....} di

* G/N 1mp10voment factor should bc Lhe value
hLained hy Lhe foilowing formu]a.
‘ ; _
I = 10 log omgﬁﬂf"4%3~0
S 2fm®
. where, . fd ; Maximun frequcncy deviation (1),
KHz (25 XNz for simplex radio
1inkg in VI¥ band)

“fm ¢ Maximum modulation [requency,

Kz (3 Rz for simplex radlo
14nks in VI band)

B ¢ Lquivalent nolse bandwidth

of recelver, Khx
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(3) 'l‘he tést rosults indicate that the plannod telemotering system is
fully qatisf’actmy in every Lespcct.
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" GNAPLFR 7  DESIGN OF TRLEMEIERING SYSTEM

L

Circuit Desigu

Siuce the fraquency used in the 1udio porpqgatiou LesL {60 Mz bmm)
ig currently used for 1V bloadcaqting, 80 MU? wag adopted 1n the
design of working cilrcuit, Fig. 7-1 shows particulars of the civeut

design.

The antenna directions and directivity, which wore taken futo con-

sideration in the_qircuit design} are shown in'Figaé 7—1 and 7-2,

The c¢lreuit 1eliability bas ed on. the ple%ent design can be judged

.by whether antenna power (Pt) saLisfies the following 1e1aLion.

PL YA

G, 4.7

LT Lf + Ll)jf GM.-~ Ar‘__‘th

pf
where, LF 1 Fading loss dB (0 ] dBlkm +-3 dB)
PEh ¢ 'Threehold level (dBm) : '

Throsho]]d jevcl is the bum total of Internal
noige power of recelver (P \i) and Cf 2 ¢4,
Howevor if external nolse lovel is larger
than thregho]d level, iL should be added to

the sald sum Ctotal,
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i-2 Site Conditions
o Nﬁ:(ﬂaster Statién)-

Tho building of mﬂstor 5L1L10n is now under reconstruction, It is
Vadvisnble thaL Lho %pacc for the opoxatin? room and the flood
onccaqLing centet be secured on Lhe sovonth floor of the wew build-
'1ng,?with antcnna masts eracted on .the 1oo£. MD's 1ocation is sub-

jectéd.to‘a_higﬁ level of city_ﬁoiée.
o RID:(Mdhitoring Station}

IFor tho purpose of Satisfaétéry of circuit cohfiguratjon, it is
desirab]e Lhat antenna masts of more than 30 m height be c:nctcd

near Lhc station building.
o Rl (Repeatcr38;atidh)

" The’ proposed construction site is sltuated at an elevation of
aboﬁf 220 m in one of the hilly areas, the highest of which having
an e]evaLion of 481 m, which éxtends ahout 3 Km to the south-

souLh ~gasl to Kanchannbuli (Soe kg, 7- -3) .

'Tho hill SUmmii ie COVered with limestone, buL spacioua enough
Lo build Lhe sLaLion house, aftor lcvelling.

.Acccss to Lho 3jtc cai]s for an about 40-minute drive from
Kanchanaburi and an about 30 minuto climbing. Considering the
fuLure maintenance :equitements, however, it is the best concelva~

“ble site of- the sLaLion.' $ince the uphill voad is steep and rugged,
it 1s advisable to provide a well-congolidated route up to the

gummit,

- 211 ~



¥ig. 7-3  Location Map of Rl Statiown

——

" Ranchanabuvt

- /)

As an alternative of the above-mentloned site, Lthe summit of

o R1'" (Repeater Station)

Mt. Khao Luang was selected, It rises to an clevation of 423 m
in the hilly arvea extending neav Chom Bung which s located 32 Kn
to the south of Kanchanaburi and 36 Km to the northwest of
Ratchaburd, In go far as can be judged from the desk desipgn,
this site can be connected with R2, Bangkok, Ban Chao Nen, and
Ban Lum Sum, but it is not suited for construction of the statlon
house because maintenance service will entaill difficuley due w
the tropical virgln forests enveloping the whole mountain and

the long distance from Lhe maintenance base,
o R2 (Repeater Station)

The site of this statfon 15 the suwmmit of a mountain with an
elevation of 520 m which {a located about 2 Km to the soulhwest
of Thong Pha Phum (See ¥ig. 7-4). The sumnit s covered with
Limestone but velatively flat, so that the construction of lhe

station house ls feasible after levelling work is conducted.

.12 -



Tt takes about two hours on fool to get to the mountain from
Tﬁong Pha Phum, Ascent can be made with relative ecase up to

an elevation of 400 m, bgyond which stcepness becomes too - sharp
for climbing. Provision of é sultable route up to the summit is
thercfore necessary. llowever, the site is ideally located for

circuit design and maintenance,

Fig. 7-4 location Map of R2

Thong Pha Thum

T

e Bog

o Ban Lum Sum (Rainfall and Water Stage Station)

This station 1s on the left bank of the Khwae Noi at a point about
40 Km to the west-north-vest of Kanchanaburi, and can make use

of MD's observation facilities, 1ts environs are a flat plain
except that a Yow hill is Found nearby, but the site is congider-
ably shadowed in the whole cirveuit conffguration. Tt {g therefore

desirable to erect an anlenna mast having a height of about 30 m.
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The station has 'a water stngo gnuging shod,  but it was submergeq
honeath flood stage in the pnsL and is not- in. seyrvice condit oy,
The shed accomnodating the s1gnn]11ng equipment 1s about 50 n
apart from levee inside, so that it 1is necessgary to- deviqe.1

sultable nethod of 1nstalliug walter stage gauges,
Wang Khanal (Rainfall and thcr Stagé Statidn)

This station 1s on the left bank of the Mae Klong viver at a point
about 13 Km to the soulheast of Kanchanaburi, and:is equ i ppod
with RID's obburvétion facilities, Being situated in a flat play,
it is connvctod wjlh Rl by a line of sight and consequently
pregents no pLolems in citcuit design,  The ptcseutly Installed
stage gauge is & Ffenchfmade eqdipment of bubble type, but it
canmiot used for telemetoringipurhose due to the insufficient

space for Installing A/D.éouverter and shortage of torque.
Sangkhla Buri (Rainfall and Water Stage Station)‘

This site is located on the right bLank ofrthe'upstream section
of the Khwae Nol river, at a point near the wharf of Sangkhla Buri
river poft, MD's observation facilities are cstablished heavby,

The site presents no problems dn cireyult design,
Ban Pa Tho (Rainfall Statien)

The site of this station 1s in Ban Patho villape about 80 m west
of the Khwae Noi river right bank which is about 22 km to the
north~nprth~w¢st of Thong Pha Phum. The forest land surrounding
the pr0poséd.site is cleared so that no specific problems arve

involved in the desigh of civcuit configuration,
Pilok (Rainfall Station)

Pilok is a mining town necar the Burmese border. Although its
environs preseit a basin-line topography, the test site has a
1elnLivoly high ¢levation and poses 1o gerious problems for

¢dreult design, The site area is sufficiently wide, and no prob-
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lems are entailed 1n rainfall gauging service or in the construc-

tdon of the station house,
Thong Pha Phum  (Rainfall and Water Stage Station)

This 1s the location of an Mp's observatory situated on the right
bauk of the Khwac Noi, not fav from R2, It is suited Lo construcm
tion of a maintenance scrvice basa covering the stafions comected
wi;h-RZ. The Khwae Nod right bank has no rivetment so thal a
suitable method must be devised for installation of water stage

‘gauges.,’

‘Ban Chao Nen  (Raiufall and Water §tage Station .., Tranémitting
and Receiving Station)

The site of this station is ou a hill where KGAT's radio relay
station is built, and -Ls about 1.5 ¥m apart from the construction
site of Ban Chao Nen Dam., It poscs no specific problems in cir-
© cuit design, Yor the purpose of satisfactory data receiving and
.transmission, it 1s desirable to iay a wlre line between the dam
and the transmitting/vecelving station. In this case, the exist-

ing poles are to be used for wire stringing.
Ban Sat Yok (Rainfall and Walter Stage Station)

This is the location of an MD's rainfall statlen which is bullt
in a cleared arca of 30 X 50 m in a teak forest extending at an
elavation of about 15 w neax the Sai Yok Fﬁlls, not fax from Sai
Yok boat embavkation platform on the yight bank of the Khwae Noi
river*:'Though casy of access, the site has a hollow like topo-
graphy and is survounded by a teak forest and consequenily calls

for an antenna helght of about 30 m.
Ban Lin Thin (Rainfall Station)

The site.preéents no problem in cireult design,
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7-3 Outline of Proposed Télemetering System
As described GBQVG: the'prhposed telemetefing system makes 1t possible
to cdnneot the observation statibns_in the Mae Klqng river basin for ayy,.

matic transmission of hydvological data to MD or RID,

The telemateving network is shown again in rig. 7e5 for_fcfefencc.

Fig. 7-5 "'Telemetering Network

Sangkhla Buri  Ban Chao Nen
,{‘H' _ .G§4 _ /’kﬂh]
. Rt S
. . . - e
Thong //8

; )
Ban Pa Tho Pha Phum

- Ban Lin .

Thin Wang | lfhana i

(Eé
Pilok Ban Sai Yok : pan Lum Sum
RW ... Rainfall and Water Stage Statfon
R ... Rainfall Station

Rep ++ Repeater Station

Each telemetering station will have the equipments and facilitles de-
seribed dn Scctidn‘Z; Chaptef 8, and a repeater station will be estab-

1ished in two places,

The master station {s set up within M for control of each telemetering
station and collection of hydrological data and, if RID's monitoring
station 1s provided with radie transmitter/receiver and master control
equipment, then 1t will be possible to collect all data directly [rom
Rl and not via MD,
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rig. 76 15 a gtaphiaél 1llustration of such direet data reception from
Rl’_ghowing:alsb.the cquipment composition of the waster statlon (MD) and
mgﬁitoring station (RID),

Radlo - . :
I |Trans- . . ey - |
Auitter/ - '

Tele- | [Moni- :
o4 | Receiver metering k. |toring ’“*TyPeﬂ Graphic

“ 1 fRadlo C Bauips" [T Equip- T lwrkter Panel - |3
o Adrans- 77 luent ment
P 4 mitter/ B ' _ .
- -} JRecedver )
L s mesnnd .
Lru -~ " w . - a - . [ ..FI‘-!} - ..,J

por i 4 e - e - - M e pescres @ TSSOSO B assraras B ..I

Ml—{vadio M ’ 1
Trang- )
mitter/ Tele-
Rece iver metering
Radio Equip-.

Lrans- ment :
3 mitter/_ ' I
y {Recelvert-

e i Jhv e

Type-  Graphie )
writer Panel

-

MD

Lr_dn-‘ﬂ R e T LT vy - [ -

¥ig. 7-6 Eﬁuipment Composition of MD and RID

The functions and wain cquipment of each statlon are shown in Table 7-2

and Fig. 771

As shown in Fig. 7-8, three working frequencies within the band designat-
cd by That radiowavc regulhtory authorities are required for the opera-
tion of thé telemeteving system, At present, 80 MHz band (80 ~ 82 Milz,
83.15 ~ 86 Mz} {is rccomaended. '

The system is so designed that the waster station will have a capacity
for accommodating a total of 30 telemetyy stations, which is large enough
for future installation of additional stations, Yor the purpose of
siccessful system operation including, among others, smooth station-to-

statfion communication for integrated operation and satisfactory mainte-
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‘nance services, it s advisable LhaL a mobilo radio Lelephone havhm wai
adio equipnent (same “Frequency as Lolomelor, CiBiy fl) be set Up at g 9
4l the

wenther atation at Knnchanabult and Thoug Pha Phum. c
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Table 7-2

-

Punutions and Nniu lquipmont of Fach SLaLion-

- gStatiOn ‘ Function% ' Nwiﬁ'Fquipment...
MD Mastor etntion B Tolomutexing Fqulpmant T
' ilGraphie panel, otc._: _
» Emargency powe1 supply equipmenl
RID Monitozinp ' *3101emeL1y mouitoring equipment
statien * Data displny panel, ete. '
' Pmelgoncy power supply oquipmeul
. Sang Khla Rain[all adé"”ﬁ‘T*ERIB”&QEEé“EE&"EZEEE“EEEgE“;E&g&"
Buri. water gauge o e : L
station Te}emetexing cqgipmgnt
~o Power supply equipment
Thong Pha u __n; -----------------------------
Phum :
Ban Sai " " T
Yok '
TBan Lum " o wo
Sum
Ban Chao " "
Hen
. wﬂﬂg 1 E n B
_ Khmlai :
Ban Phatho Rﬁiﬂfﬂ]l . Rain gdu;e
_SLaLiO" + Telemetering equipment
¢ Powar supply equipment
Piiok " "
. Ban Iﬁil] : ] . 'll |
Thin '

Rep 1 Repeater . Repoater control unit .
-station ¢+ Power supply equjpman
b ar i e s a4 = e e s i P i e e oy e e et o e TR €T
Rep 2 u "
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1 Transmitter
g Recelver

rig., 7-8

Radio Repeating System

: Radlo Ercquency  f1 :
f1 ~ fad K R e . Ltm ..... |
. I_——"! ' Ay
. £i
g P (R O “':”Rebeétét Stacion 13
| “ii;y< i Rep? :
- R2 S Rl [ ]. :

N Tei@ﬁetry Station
Iy Ban Lam Sum

. Ban Chao Nen
Ra |- Wang Khanai
1 -
Honitor
Statien RID -
Tl ~
R]_ -

Mt mearare .

____________

“Telemetry Station
Sangkhla Buri:
Pilok -

‘Ban Pa Tho
Thong Pha Phum
Ban Lin Thim
Ban Sai Yok
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7-h  Cautions In System Designing
7-4-1 General

~Prior to the introduction of telemetering system, a desk plan of e
systom should be formulated on the map after studying hydrological COop-
dition such as observation points and obSGtVation:items,jthén_a field

survey, radio prOpagatioh test and other relevant studies should be made

As telemetering systeﬁ must satisfy the vequirements in both hydvologiey)
and telecommunications aspects, ité planning calls for close coordinatie
and cooperation of‘hydtologists_and:telecdmmuhication experts, I ig
also necessarvy to glve carefgl consideration in the fofmhlation of vari-
ous plans incldding the maintenance bersqnnclzrécfuiting nnd‘trdinhm
plan, maintenance equipment and materials proctrement plan, and cou-
sumables supply plan because all these have a closc'beariﬁg on the sue-

cessful system operation,

7-4-2 Desk Design

(1) Validity of the clreuit configuration {radio transmission route,
working frequencies, ete.) should be checked by plotting the whole

system plan on the map.

(2) Where a repeater station or stations are required for the design of
a workable circult configuration, their locations should be selected
in caveful consideration of the entire system plan and case In main-

tenance services,

(3) 1In the subscquent design of telecommunication elrecuits, all perti-
nent conditions should be so set ag will ensure an §/N ratio of
more than 30 dB. Where the attaimment of thig target is not practi-
cable, the eireuit should be s0 designed that the §/N ratio will be

~wore than 25 dB at least,

()] Where the deﬂigu'of a stabilized circult configuration ig difficult,

originally selected sites of observation stations should be reexan-



Aned In collaboration with hydrologists for their relocation in. othor

suitable places satisfylng the ahove S/N vequivement.

7-4-3 TPField Survey

In the field survey on site conditions, the following items should be

covered and confirmed,

1y

2)
3)

4)

5}

6)

7

8)

9)

Site areca {to be large enough for construction of station houéc,

crection of antennas, etc.)
Freedom from natural disasters such as flood and landslide.
tase in obtaining the landowner's consent,

Availability of commercial power source; and cost and stability

of power supply from lead-in wire,

Annual number of thunderstorm days, and lightuing data covering

the nerighbouring aveas.

Metcorological data requived for solar battery stations, such as
anual average sunshine duvabfon, waxfwum and minimun atmospheric

temperatures, olc,
Presence of maintenance road and surrvounding conditions,

Preparation of sketches of station sites; and photo taking 1f

necesgary. -

Presence of noise sources in the nelghbouring arvecas,

/-4~4  Radio Propagation Test

For the purpose of radio propagation test, radio telephone clreuit should

be established between respective test points, with antenna radiation

direction adjusted suitably. ‘The test should be started with the check-

ing of the actual volce comnunication condition,
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The_arrival hearing should be checked against that studied in advanee
-on the map in order to find out 1f it is the true bearing or Yeprosengg
the bearving of reflected wave, If the devistion from the true bearing

1s too lavge, further examination should be made, |

7-6-5 " Installation of Telematry Yacllities

A brief elucldation 1q'givon'below on the sﬁecial chutions to be exercigy
in in- qite installation work of telemetry facilities as well as on the

varvious equ{pmenr to be 1nstallod at cﬂch station,
(1) General Cautions

1) The equipment should be fnstalled in such placés that will net

:'be submerged during flood.

2) In ovder to protect cach cqu{pment against lightning damage,

 due consideration should be given to the Installacion of
lightning arestcf, comneellon of ground fods, and connection of
groundihg terminals, The overall grohnding'resistance should

not be larger than 504,
() Master Station (Honitdring Station)

Although the master statlon is generally deslgned for attended
operation, due account must be taken of the Following points for

long lasting and fault-free operation of ecach component equipment,

1) The equipment should preferably be installed in rooms provided
with modsture and dust-proof facilitles and malncained at a

congtant temperature,

2)  An emergency power supply equipment should bLe installed to
provide against service interruption and encure gtabilized

equipment operatlon,

3)  If the sthtion is situated in a place liable to inundation,
| the cmergency power supply equipment and all other equipment

should be set up on the second or higher floors.
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(3). Repeater. Station

The rdﬁéator station coanitutes the nuéleus of the radlo circuit
and 1s usua]]y built on a mountain summit or other hi?h p]docq for
unattendcd operation. For iLs long-lasting and fault-free opera--
tion, Lheref01e, atefu1 prior study should he made to £111 the
following requirements.,

1) 'The structure of station hausc is designed after studying the
- climatic condition in the surrounding arcas and can amply with-

stand storms and hcavy local railng, .

2 A mhinteﬂanée road (pfeférably-pcrmittiug passage of motorcaxrs)

is constructed as far as the station.

3) The statdon site Is free from hydraulic jump, landslide, or

other adversc influences of rainfall.

4) Suffictent care is taken of lightning prevention and carth

'qunk"ﬁroof structure,

5) The lightning conductor: is large enough in diameter, and ground

rods are comnected with each other by grounding bus bar,
{4) Observation (Signalling) Station

Since the observation station is usually designed for unattended
operation, the following cavtions should be exercised in the con-

struction of station house and in the Installation of each equipment.

1} ‘ihe structure of the station house should be designed after
studying the climatic condition in the surrounding avea, and

should be capable of withstanding storms and local heavy rains,

2). the staltion site should be free from landslide resulting from

poor dralnage of raloawater.

3 . In order to minlwmize arrvors In rainfall gauging, the rain gauge

gshould be set up in a place completely clear of any obstacles



&)

3)

such as treas and builldings in the alr above it within au apgl,
of 45° apd\L from the petpendiu]dx rJQing .therefrom, In case
th gauge is to be. insLalJod on a mounLain bidO, iL is also

necessaly to pay aLtanion to Lhe wind dilecttou.

Véntilating holes_of‘othcr suithblé_vcntilating devices should
ba provided to prevent moiétﬁre intrusion in o¥der to protect
the equipment from rust development due to droplets collecting

on the ceiliné and walls,

If the water stage'gaugé*ié set up in a place Far from the statig

house and a wixc ldne is roquited to connect them, adequate

measures shou]d he Laken againeL lightning damagc.

7~4-6 Protection against Lightning

As teleéemetering oquipment are one of those éIQCtronic.dcvices operating

at low voltages, they are highly vulnerable to failures due to-abnormal

voltages,

It {s therefore important to minimize the occurrence of

induced lightning. Damage due to induced lightning can be mitigated to

"a substantial degrec 1f proper attention is exercised in fitting the

Lightalng arrvester and in grounding.

(1)

1)

Lightning Arrester

“The following are the main Intrugion paths of liphtning curreat into

tc]emetering equipment.

1)  Antenna system
2) .Commetcial power lead-in wire

'3)  Signal line connecting pauge and sensor 1f they are separaled,

The fdllowing measures should be taken for these threc paths.

Tngertion of a coaxial lightning arvester apainst fntrusion

'?throughlnnténna”éystem (preferably for DC, by direct ﬁﬂﬂmdhmﬁ
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-2) Insertion of a combination of anti-lightning transformer and

arrester against intrusion through comnercial power lead-In wire,

3 .Iﬁsegtibn of a cable protector against Intruslon through signal
lae, « If the liné i excessively long or Léid in places sub-
Jected to frequent lightwing, it is comnendable to transmit the
:dapa signﬁl_by A.C.-method.. Tn this case, tod, the use of high

‘llghtningh;esistaﬁt transformer and cable protector is necessary,
{7) GQrounding

Toy prOtcction of télemetering'stations agalnst lightning damage,

it Is necessary L6 install a lightning arrvester and carry oub the
' groundiﬁg work perfcétly to ensure its effective functloning

(See Fig. 7-9). |

The following are the cautlons to be observed in the grounding work,

1 ;Gﬁound roda should be buried under ground In a number of places
| within the station compound, Then; the buried ground vods
shoﬁld_hc {nterconnedted securely by the grounding bus line

which 1s a stranded annealed copper cable having a size of more

“than 22 mm?.

2)  Grounding resistance should be made as low as possible, The
aumber and burying depth of ground vods should be so determined

as will make the resistance lower than 500,

3 1t should he noted that no grounding effect can be yielded
unless the distance between adjolning rods {5 greater than the

buried depth of the rods.

4) A ring grounding conductor should be lajd within the station
| and connected with the grounding bus line in a number of places,
The earth terminal of each cquipment in the station should be
connected gecurcly with the ring conductor with a shortest

possible distance.
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Comection of grounding lines should preferably be perforned

by Thermit ‘'welding.

Al

5) The equipment Installed outside the statfon building should be
grounded in thelr vespective places, and should also be cop-
 mneeted whith the ring conductor by a cownecting cable (not the
siﬁnal line connccting the equipment ‘and the statioﬁ').
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CUAPYER 8  RQUIPMENY CONFIGURATION AND SPECIFICATIONS

g1 '6bécrvation (Gﬂﬁgiﬂg)_Facilitieg
g-1-1 Rain Gaupe

the raln gauge will be tipping bucket type and installed on the roof,
As to where the gauge fs Lo be installed in Ban Chao Nen Dam arvea will
1Kngtcrmined later at a discussion meeting with Thai aﬁthorities; If a

rain gauge is to be installed as part of the dam construction project,

it is advisable to wsge 1t councurrenly for . telemctering purpose,

8§-1--2 Watef‘Stage Gadge

1 s 3dﬁisqble to usc the bubble type gauge which has already been in

use ﬂt‘Ban Lum - Sum station, as it calls for no auxiliary facilitieé.

As regards Ban Chao Nen station, 1f a water stage gauge is to be installed
as pard of the dam construction project, 1t 1s advisable to vge 1t for

telemetering purpose as well,

8-1-3 Discharge from Dam

it 1g considered possible to obtain the discharge data of Ban Chao Nen
Daw (preferably the discharge from the regulating reservoir to be con-
structed downstream of the dam) for transmission by the telemelyy equip-

ment at Ban Chao Nen station.

8-2 Station Bullding
8-2-1 Observaltion Station

type B house with a space of 2,5 x 2,5 m shown in Fig. 8-1 1s recommended
for rainfall and water stape stations, and type A house with a space of

1.8 x 1.8 m ahown also in Iig, 8-1 for rainfall stations.



822 Repeatet’Siatioﬂ

The repcater stution should havo an nccommodnLion spaco for maintennme
personnel, . Flg, 8-2 shows an oxampla of repeator vtaLiou houqe.

Special care must be taken of.ventilaLiou and 1nbectfcontrol by fiy SCTee

8;2m3 Master Statidn

The master station should preferably have a flood forécasting room in
addition to. a machiue;y room where lelemeLeting and other equimnmu are

to be ipstalled. ¥ig, 8-3 shows an cxample of mqchp sLaLion_houec.

The station should dleo have a space qhown in Fig. 8-4 for installation

'of an engine generator.,

8~2-4 Mohitoringfstatioﬁ

Same as master station.

. 230 -



"ZQAL T 3IIS b

i
1 .
VLIIC - eey L
I
o .Oﬂ"w “%
- - -
7 71 TY
FIIz CeA AL —_i°
. .Vw _ .J/. B3 o H
8 . fJ/.. i ML
: i ol &
b Oh LI
) . . . .A «...ruluv\nr!. -
g 40— . - rr.“ ¢ 4
) —e——— ol it
4 Tep ol : \m.h. i
b : O S |
t ﬁm 4 %3813 13907 :
w.l UL RPN i
i ) LA
g i - 3l
=] H © g
i . i ; 1
w mm SHAROT N M
1 o -
+ . Y = \\J h ~
! # oR C B |
T T 005 R e NI
- = .m 009 omimea FJ i
'S _ﬂ J.v . ~E L. L 3
‘MO .T/‘M afw L m
5 rat S A M
N BT -
ITLIOW OOII [IBIOM f E
: i * mm
- os2 .
- m toosTzy A
¥ bog T T oCe | ¢
L. i
ww i .
W8T WO8TT ME EJAL
GLR®TT O CRTT IV HEAL

2ENOH VOTIETLE -8

et bt Pt L T 1

{0021 coBY

il

LS

-------------»-»--.—.l
Eablor
: ‘. [}
— -n.‘..q,..[..g_

vk Boaeaci,)

.
v

NOILVAZTIS

=313

-~ 231



5,880

g, 82 Repeater _Sta_tidn'!lo'!.laé

e

' 5M % 5«\

_ELEVA

TloN;_;,"

o

.

YMIT & mm

B Rt S RO '
T el
. \\F'Alr Oust

[$ 3]
(k& ]
e U ATh v g

e

b vopariod

"‘"'\.‘..1;

TATPINTT

. _
.‘“mwmw.u-_‘}l‘?fw“wm. =

. 232 -

' PLAN !..Q_Q.I
' ' g e ey
J 3 . g
it oy 0 1t A OOROUARS A S o, St s b I S e
. -, .
O
pis >
.J.._.,_ 2 4
. O
9
N
._m_:J{'S ribunvsd | ot it o EEEr oo e e e 4 S G § Do QAN B
' ugggm.l



5000

4000

g, 8-3

- Flood Forecasting Room of Master Station
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‘Typéwriter
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- Vig. 8-4  Emergency Power Supply Equipment Room-
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§-3 'Antenna Mast

hthcr Lapel steol pole (pan?ex masL) or Lriangu1a1 Lowel (llipO]O) will

be used

3 5 & 87 illusLlaLe Lho two Lypcs of mast.

~ Tabl

Table 8~1 bhOWS the Lype of mast fcr each staLion, and Figs,

e_8«1_; Type of Antenna Mast by Statioh -
-~ . . - — N : - . R
| - Taper [Tapey [Trian- |Trian-
10 | 20m | 30m 10m
MD : | 1 To be érccﬁed oﬁ the
: “roof of station house

_h]D _______ . : ; S S -
“pan Chao Nen | [ Y e —
fmn}mmﬁmﬁqw“ N 1 o B

_Pi10k J— [ .J..,l SO [PV ———— —
Cpan Patho || R S B h
'BanﬁSai ng ------- o 1 B
“N;hg K;IEWBUIt 'E“m- S - —
P Dar S
fii{Jug Pha Phum S | " ] )
Ball Lin ].‘hin. : o ] . 1T T T
K1ﬁéﬁhna Burd e o I
office . 1

Mn;c;;g *Bil."}?i;ii}{{ N e o

office: ' 1

_hcp.i_‘hm_~ﬂ__,w.,.mﬂhau__wm__wu ,,,,,, SRS FURRUROR U
“ié:; ERUEUIUN “im‘ RNOUUCIIN USRI ST B S oo

‘fotal 9 4 3 L
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g4 Pelecormunication Equipment

The telcccmmuuicatiOn cﬁuipmbnt ¢ ‘ '

! ] 33 o be installed at each i .
o . : . ad statdion are
in Tablae 8-2, ' te shown
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rabie 8-2

Specifications mid Quantities of Telec

e e e

ommmication Yquipme

nt

U N B et e e e haates = o ~ -
. a " Master Honttovin - L b ’
" pquipnent Specification s ; B Rep L : sangkhla | Ban Pa Tho Pilok Thong Pha “Ban Uin Ban Soi Ban fum Ban Chao Hang Thong Pha | Kanchana
i ‘lati_ou Station . r Rep 2 | peri(eR) (R .(R) Phum (HR) Thin(R} Yok (WR) Sum(WR) Nea(HRQ) | Khanai(lR) Muem Rurt Total
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CELL

85 . Special Conditions at Ban Chao Nen Dam
- 8-5-1 Lo'catiori.'i)f_' Transmitting and llcceiving Station

hue to the diffiou]ty in sctting up a radio circuit between the dam site
and RlL, 1t . planned that gauging and &ignalling oquipmont alone will

" bo 1ns,tallocl at the dam site, Ag for the il]_bL{l].lﬂLlOll site of radio
equipmont, a point near the exdsting rvadio station of HGAT covered by the
plopagation test was selecled as it makes i.L feasible to include Ban Chao

Nen station in the cireutt oonfiguratiou.

Thg.gauging;aﬁd'siguailing equipnent and the radio equipmént will be con-
nected by wire line, The block diagram of Ban Chao Nen Dam station is

as shown beloy,

: o : RAN
- JNTGNWAV CONNECTION 80X | 6Ause
. ' ’ W, JOHFNIN{} .
. }momm A - )

=

1

: N /;.w . MW....:.-....... )

RADIO }L}AL\WAM P’fyu- Immr‘m T #ECoROER

bGUIPH ’ o IS NSTR—
CMN“[:’,?'? dUZa %k Alo WATER

ViR RECORDER] Lowverrea| | $79¢ J

SOLAR ] i

/gv o P mm #,
R e F‘&W&‘k l AL KALING deors PN r“ e — "'1
: ANE « & LORES , EAULPIENT of.scm?a o FOWER e
B e | 7RArSrT TG {#) L EQUIPMENT | fe
o Lot 5]
o wranis PRES. - v - “
mmm TTING  CAND: v & FORED - BAN CHAC :vcw BAM

RECE/MHVG 15%42&MV

Fig 8-8 Block diagyam of Ban Chao Nen Dam Station

8-5--2 Dam Discharge bata

Ihe following are the particulars of the discharge data of Ban Chao Nen
dam mentioned in Section 8~1-3 and the electric conditions for thefr

trangfer to-the signalling equipment,

(1) Discharge Daka
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1) Dilscharge

- Newest discharge data computed by the discharge computer whieh

is ekpectod to be 1nstalled at the dum.

2). Range and Minimum Unit
0 -~ 999§‘m3/s (4 digits), 1 mils _
(2) Electric Conditions

1) OGutput i No-voltage make contact

1 H)! code (fu dipit) wth odd numbex pavity bit

2) Code format
f01 cach diglt

3) Response bime

Less than 1 sec (frow reception of command

to data transfer to signalling equipment)

4) Data holding Continuouy until gauging command 1s cleared

tjme'

8-6 Speciflcations of Telecommunication Equipment |

The explanation given in the FolldWing.snb—séctions (8-6-1 ~ 8-06-27)
cover the telecommunlecation équipmeﬁt to be incorpdrated in the proposed
telemetering system which are listed in Spccifications of Japancsc
Ministry of Construction (Sce Appendix; heveafter called the "Standard
Specification™) as well as thosc.equipment which arve to be listed in
the Special Specifications according to the annotatfions given in the

Standard Specdfications,

8-6-1 Telemetry Control Equipment Type A
(1) Outline

1) This equipment will be inatalled at Mp for control of telemeter
ing stationg and 1opcaL01 atationg, It 1g required Lo cxhibit
_the functions and porf01manco gtipulated in Scction 3-1- 2-1) of

~ Standard Spgeifications.



§-6-2

{1

2)  Capaclty and Coverage

The eqnipmcnt will have a control capacity of 30 valuao which

will be dtellibuted as rollowe.

“Telemeter fng stations
Rainfall stations 3 values (3 stations) )

- Rainfall and watoer : ‘ _ _ .
" stage stations o " (5 " YL 16 values

: (9 stations)
Rainfall, water
stage and dis~ _ S -
charge station 3 " {1 n )
{Ban Chao RNen) ' :

Repeater statiens 2 "
o o g {2 statlons)

+

3) Additional Functlons

The équipmént will have the following additlonal functions which
are stipulated in Section 3-1-3 of the Standard Specifications.
a, Data output to data processer,

b. Branching of recelved signal output to telemetry control

_eduipment type B installed at RID,

c¢. Repeater control,

Telemetry Control Equipaent Type B
Outline

This equipment will be installed at RID. Tt Ls desipgned vo exhibit
the monitoring function {data recording by reception of signalg
transmitted from these statlons which are under the control of
other control station) in addition te the functions of type A

control unit.
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(2)

(3)

Besides exhibludng this ﬂonitpring function which is Stipulated 1

Section 3-4 of the Standard Speclfications; it can be changed oyer

to perform the functions of type A control huit;
Capacity and Coverage
Same as type A control unit.

Operational Relationship with Type A Telemetefiug Equipment,

Under normal service condition, the equipment will be used foy

monitorlug signals transnitted from tclnmcgering stations through
hnd‘under the contvol of Lype A telcmefering equipment at M. Vhero
necessary, however, it may be chhnged over to exlhiblc the contyol
functions (of type A unit) after making pribr.arrangoments between

RID and MD.

8-6-3 .Data Processing Equipment

(1)

(2)

Outline

This equipment 1s designed for diverse processing of output data
from type A telemetering ecquipment. The processed data are
printed for recording; and part of them are digplayed on the

graphic panel,
Contents of Data Processing

1} Rainfall Data

a. Computation of hourly rainfall 9/15 values
b, i daily rainfall " u
c, | " accumulated rainfall " "
d. " preceding 7 days rainfﬁll 1+ H
e, " pfeceding 8 days rainfall " "
£, " preceding 9 days rainfall " "
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(3)

b0

.,

1,

1t .

Computation of preceding 15 days rainfall

“ preceding 1 month rainfall

Caverage hourly rainfall
in the basin

average daily rainfall
in the basin

average 1 week rainfall
in the basin

average 15 days rainfall
In the basin

average ) month rainfall
In the basin

2) Water Stage Data

iy

b,

Gomputation of average daily water stage

Judgement of water level rising to

specified stage

JUdgement'of water level rising to
warning stage :

3) Discharge bata

Computation of discharge by H-Q wmethod

(quadratic equation)

4)  Information output Lo the graphic display

9715 values -

1 valuce

6/10 values

2710 values

The data procesgor will be capable of processing and furnishing the

folloving data for the graphic display.

Information listed in ltems ()-D-a. ~ c.,, 1, ~ k,, m,

{(H-2Y-a, ~ ¢., and (2)--3), water stage at cach gauging station,

and discharge from Ban Chao Nen Dam.

Equipment Specifllcations

The data procesging cquipment will be composed of processor and

typewriter and have the followlng main spec il icat{iong,
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1) Dota Processor

2}

~

a.,  Type N ; b
b Momofy eléments .
‘e, Cycle time : !
d. Maximum memory

Ccapacity !

e, Operation olemenﬁs. ;
£, Operation time =
g, Addressing system ¢
b, Number of reglstors :
£, Interrupting level

D Additional Fuvctions:
k. Power ratings 1
Typewriter

(Printiog Unie)

a.

be

(I .

¢y

(Paper Tape Read-out Unit)

f.

- Reéad-out apéed

Character H

Printing specd :

Number of characters
per line '

Pfihting pitch :

Code ' {

Stoved program digital COmbuter

Magnatic core memory and somicmumcmr

nemery

Magnetic core 650 ng

65 K:byte

TPLIMST

Addition ahd sublraction - j.}s,w
Multdplication and_divisionallﬁ,yus'

Uiréct, relaﬁivg and. {ndexing

8.

Internal and external

‘Memory protection, and power source

abnormality Interrupting and

regtarting

AC 300 V, 1 P, 50 liz, 0.8 XVA

Alphabet, nuwerals, and geneval

symbols

600 characters/min

136
10 charactexs/25.4amn

180 code

Y600 characters/min
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§-6-4

(1)

(2)

(3)

&, Number of uuits ¢ 8

(Paper Tape Punch Unit)

‘b, PunChing speéd : 600 characfers/min
'i;. Number'b['units ' : 8
3y Power ratings 1 AG, 220V, 1 P, SO Hz, 0.3 KVA

Flood . Forecasting Calculatof

qulidc_q

: Thiq leJ bt a single purposo calculator designed for Lalculation

of f01ecasted diqchatgc by manual Input of neccssary data of tho
basin In question, It will be composed of calculator and printer-

plotter.

B

Calculator-Propef-

lhe cqlcuiaL01 proper will consist of keyboard, dtithmotic unit,
cassettee etorage uuiL, inputloutput unit, and extended memory unit,

and_will have the following main specifications.
1) Memory capacity : 12 kW

2) Number of digits ¢ Mantissa 12 digits 4+ exponent
e o 2 diglts (floating point arithmetic)

Printer-Plotter

The printer-plotter will be designed for recording the output data
from the calculater proper and will be capable of printing and
plotting numerals; characters and symboly, It will have the

(ollowing main specifications,

1} Peinting format ¢+ Impact type printing
2)  Number of chavacters 1 Max, 132 characters{line

3} ‘Recording paper ¢ Max, width - 381 mm
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ﬁ) Plotting range - : 4 Yeaxis optional, X-ax s 335;3[W

{4} Power Ratings

AC, 220 v, 14, 50 Uz

8-6-5 Control Desk
(1) Outline

rhe oonttol desk will be designed for operation and data: display of
type A Lolcmctty contro1 equipmeut, and have the funcLionq stipulaed

{ii Section 3-1-2- 2) of the Stdndnrd Rpecifications.

]

(2)  Structurc

The control desk will be steel plate console type having a refined
apbearance as well as an casy«to—handle structuré dQSignvd-frmna
viewpolnt of human ongincoxing. Ta oxder to prevent ft from any

inadvaltenL and oxxolneous 0p01ation, iis pushhuttonb and switdws

will have ccvors.

8-6-6 Typewriter

The typewriter will be used for printing and vecording observation data
and power iuﬁorhation_as stipulated in Section 3-1-2-3) of the Staadard
Specifications. It will have a carriage length of 24 {inches, a case and

a stand.
8-6-7 ' Radio Equipmeniﬁ

The radio equipment will be usged at the master station, monitoring
station, repeater stations and gauging stationg, and satlsfy the require
ments stipulated dn Section 3-1-2-4) of the Standavrd Specifications,

The following two items are designated for its operatlon,

1) Frequency, S _ !‘fl-in 80 MHz band (same frequoncy

for both transaitting and recelving

- .25.0.-._'



2) : Antenna power ! 10 Wor 1 W (Refer to Table 8-2 fob

antoenna power of cacl station)
'§-6-8 Antenna System

The anteana system will comprisc antenna and coaxial Jightﬂing’dnreste!,

and satisfy Cthe fuucLional requitements stipulaLed in Section 3-1-2- 5)
'of the GLandard %pecificationa.

The followlng two_items are designated for its operation.
1) 'Frequeﬁcy - ' { Same ns'precoding'section.
2) Type and configuration ¢ See Table 8-2,

8-6-9 Clock

The ¢lock will bé_uaéd for control of the telemetry control equipment (types)
A and B), and will satisfy the functional requirements stipulated in
Section 3-1-2-6) ofﬁphe Standard Specifications,

8-6~10 Graphic Display Panel
(1) Outline

The graphic display panel will be used for displaying, in numerical
values and by indicator lamps, the various data and information

received from the data processor.
(2) Composition
The panel will be composed of map unit and data display unit,

(3) Structure

The panél will be a steel cabinet of stand-alone type capable of

belng divided according to need.
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(4)

(5)

Map Unit

1)

2)

3

the map unit will be an acryl resin or other vesin acreen g
which the Macklong river basin Is drawn in co]ou1 on the

spocified scale,

The map will beal main 1oads, main- geog aphic names, dﬂmsand

basin borders as well as rivels, all dxawn in coloul. Each

~station will be indicated by a lamp on the map, with its name

ﬂlbO anoxed.

The unit will have a Qquare'electric clock which will receive

drive signals from the telematry control equipment,

Data Digplay Unit

1)

2)

The data display unit will counsist of station display part
(ilLuminntion type) and data diﬁplay part'(inC1. refereuce

information).
The contents 6f'display'will_bé as follows,

a. Gauging time Moﬁth, day, hour and minutes (6 digits)

b, Digplay data by station

(Rainfall)

Station name
‘ _ 15 values
Data ~ Hourly rainfall and

accunuslated rainfall
(Water stage) .

Station name

Data | - Ovserved stage, and 10 values

time of reaching

designated stage

U and warning stage )



(Discharge): -

Statlon name ~ (Ban Chao Nen Dam) 1 '
o : : 1 value
Data . ~ Discharge at Ban Chao '
- Nen ‘
- Station wame o )
Cbata - - Discharge obtained { # vélués
: by 1-Q calculation N
method ; J
. c:i.Data-éflwholé basin
o "Average daily rafufall in the basin®
~and {ts data . L 1 value
0'"Avpragé rainfall {a the basin In
 the preceding 1 week" and its data 1 value
o "Average rainfall in the basin in
the preceding 1 month" and its data 1 value

8-6~11 Data Display Panel

(1} The data display panel will display the data recelved from type B
telemetry contyol equipment, and will consist of station display wnit
{(11lumination type) which indicates cach station and data display
“unit which fndicates each data, Tt will be a steel plate-made

panel’ of wall-mount type.
(2) The content of display will be as follows,

Gaugling time Month, day, hour and minutes
(6 digits) 1 value

Statdon name (15 rainfall gtatiouns, 10
: walter stage stations, and
5 dlgcharge stations) 30 values

Data Rainfall ~3 ddgits, 15 values

Water
stage - 4 digits, 10 values 30 values

Discharge-4 digits, 5 values
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8-6-12 Repeater‘ﬁquipmeﬁt

- . . .

(1 Thn~rﬁﬁént0r.equipmcnt will have a configuratiénréhéwn beloy,

FOR CONT

(FoR REP 1) FOR REP & & M.57

(FOR 1, 57 )

v AR [ REPEATER o
Y oo 2| Baspr | e Y

e - : : REC ‘?N___
S N P (i

¢ 1% _ '

. L. TRM 1S} Rz o N T .
i \ RECEO I
| '.f;\\ SR - - S
(fe)

DR N
o [ REC N 11 REPEATER ) WY w ,_l . ths)
i _ ConN TROL | e N

1]

o~

{4 ‘f""’f. LN =1

REC 18 A yors 25 I

REHOTE STATUS
CHANGE - TRAMS -
over MITYING
1 L B I VY7998

. Brosreoeis e

(2) Repcater Control Unit -

The repeatexr control Qnit‘will repeat received outpul data and will
also have the function of detecting failures in receivers and
trangmitters for thefr automatic chanpeover. Reccivers on both
sides will be capable of receiving repeating-stavt and repeating-

stop signalsg,
(3) Remote~Changeover Unit

The remote~chanpeover unit will perform the function of changing
over transmitters by contrvol signal received from the master

Btation +



{4)

(5)

Stétus Transmittiﬁg Unit

1hc sLatus L1ansm1LLing unlt will transimit the repeater operational
qLdLus (failu1e devalopmenL in receivers and transmitters, and
service condition of working LtansmiLLer% and power'supp]y equip-

mont) lo Lhe masLel sLaLion.

Thé-repeater-equipment will_sdtisfy the functional vequirements

stipﬂlatéd,iﬁ Séctioh:3*3 of the Standard Specifications,

8ﬁ6n13 Peleneteoring Equipmont

(1)

(2)

Outlincf

- The. telemctering equipment will, upon reception of calling signal

from the master. qLaLion, send out the data and Information measured
by the pauging equipmont and will gatisfy the functional require-
mean stipulated in Section 3-2-2 of the SLanddxd Specifications,

Additiondl:Functions ‘
The following additional functions will he provided,

1) Those Installed at rainfall and water stage stations will be

of multi-value Cype.
2)  Power dnformatlon will be transnittéd as spécial Information.

3) ‘Ban Chao Nen station will use Lwo scts of equipment, the single-
value type and the multi-value type. The multi-type equipment
will be used for transmigsion of water séage and rainfall data,

and the gingle-value type for transmission of dam discharge,

8-6-L4  Rainfall Gauging lquipment

)

Gutline

The rainfall gauging équipment will gauge rainfall, transmit it to

the telemetering equipment in digital code, and vecord it for itself,



It will c0n§ist of rain gauge, automatic regorder,'aud_A/D Conveytey
(2) Rain Gauge

The rvain gaupge will be composed of receiver hnd'gaﬁging ﬁechaniq"
. A ‘ _ . Ak §in,

and will have the fbllowiﬁg‘main specifications,
1) The receiver will have a diém#ter bf\?po_mm.

2) The gauging meéhanism'willjéransmit‘make_éignal at-each 1 uy

of rainfall, and will be accommodated In the receiver,
(3) A/D'Cbnverter‘i

The A/D Converter will convert the rainfall depth to diéiuﬂ valug
in hundreds by the make signal received from the vain gauge, and

will be accommodated in the telemctgring equipment,
' Automatic_Recordér‘

The automatic recorder will be a contact type recorder operating
by the make contact of rain gauge, and will have the Eollowiug

main specifications,

Recoyding period : 3 months

Drive system Spring~clock driQe

Automatic zevo point resetling after
cach 100 contacts, 1 mm per
divigion, 100 nm per line

Recording sgysten

" Power ratings NC 12 V (dry battery)

(5) Accessorics aud Spare Parts

s

Recording paper 10 rolls

Ink, dropper, spare pen ¢ 2 each



8-6~15 l‘leltei‘ Stage Gauging Equipment

(1) Outline

.

The water stage gauging equipment will gauge water stage, tyansmit
the meagsuied value to the telemetering equipment in digital éode,
and record it for'iﬁsc1f. It will consist of water stage gauge,
automatic recorder, and A/D convertor,

(2} Wataer Stage Gauge

The water stage gauge will be of bubble type desigucd'to gauge water
stage by.the changes in water pressure, and will have the following

maln gpecifications,

Neasufing range

!0~ 30w
Sensitivity ¢t 1 oem
Ervor - R 4

-

Power vatings NC 12V (dry batiery)

‘Gas Propane gas

-

(1) Automatic Recovder

The automatic recorder will be mechanlcally linked with the water
stage gauge for automalic recording of water stage, and will have

thc'fpllowing main gpecifications,

Max {mum recording
petlod ;3 monthg

ey

Drive system Spring-clock drive

Indless {automatic return) recording,
2-pen gystem - red pen In "m" green

pen in Yem"

Recording system

Power equipment Not required
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(4)

A/D Convertey

The ASD converter will convert the wmeagured wator stage to digicq]

signal in-thousauds and transait. it to_the‘telemcteriug equipment

Tt will be fnterlocked with the automatic recorder. and housed

therein.
Accesgsories awd Spare Pavts

1) Propane gas cylinder,
10 kg ' o

-

1

- 2) Recording paper . t 10 rolls

3)  Ink (red and green),
dropper, and gparce pen 3. 2 sets cach

8-6-16 Solar Cell Power Supply Equipment

(1

(2)

Outline

This cquipment will convert the energy of sunlight directly to
clectric encrgy by silicon solar cell and charge it in alkaline
battery for power supply to telemetering cquipment, repeater equip-
ment and gauging cquipmcnt. It will be composed of solar cell

system, power panel, and storage battery., -

Solar Cell System

1) Structure

This system will haQe a group of nccessary number of solar cell
elements arranged in rows on a flat plane which Is ficted Ina

stainless steel frame, and will have metal Fixtures and fittings

f6r adjusting 1ight reception angle and For preventing hird

"~ damage.

2)  Main Specifications

a. Output voltage :  Nominal 12V
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b, Rated output  : more than 7W or 639  (See Table 8-2
: for output at cach station) at 25°C
and incident energy 100 nw/em?,

(3) Tower Panel
1) _Cahinét Structure

The cabinet of power pancl will be of wall-mount tﬁpe having a

drip-proof construction of steel plate,
2) Instruments and Apparatuses

a. Overcharge protector (Charge controller),

wiph a workjng voltage of 14,7 fg'g : 1 set

b, Sﬁitch,of above ¢ 1 pee
‘¢, DPC voltammeter 1 1 set
d, Blocking diode t 1 pee
a, Switch ! 1 set
f. Connegtpr : 1 set

(4) Sstorage Battery

The storage battery will be accommodated In a steel plate-made
adcessary_box with a side-opening door (deuble-deck type for

'repeater stations), and will have the following main specifications,

Type t  Pocket type alkaline battery with tvangpareat
cell, Model AM
Quantity ¢ 10 cells
Capacity - : SO All or 600 AN (vepeater station)
(5} Aeccessories
1) Maintenance tools 11 oset



[

8-6-17 Radio Telephdnbgﬂquipment

(L) This is a fixed tyhoTrhdio'teléphoue equipment to be'iuétaliedat

repeater maintenance bases foi communication with the master Stat{g
(2) The equipment will have the following speéifications.
1) General Specifications

a, Frequency “band 1 80 Mtz band

b, Communication

_ Siﬁpleﬁ radio links

sygtoem
¢, Type of ewission i By
d. Powor supply o Dbe 12 V.(nominal)

2)  ‘ITransmiltter Unit

a, Transwmitting power 1 10W -

b, Allowable frequency o
errov _ ! Wicthin X10 %X 5

¢ Modulation i Phasge modulatioﬁ

d, Maximum frequency ¢ %5 KHz
~deviation

e, S/N ratio ‘More than 40 dB (1 Kz 70%

modulation)
3} Recelver Unit
a. Receiving systan !  Superheterodyne
b, Allowable L
frequency error 1 Within 210 x 10

Less than 3 dB (20 dB noisctudeﬁﬂﬂ

-

¢, Sensitivity

d, Rated recelving
©ooutput

More than 0,5 W

‘e, 8quelch ) _
sensitivity i open at 10 dB noise quieting fnput
. voltage or lower, and not suppresss

ing signals of 40 dB or higher

- R60 -



(3

The equlpment will be provided with a controller for its operation,

and will house repeater coutrolling signal waic,

gwﬁuLBI Portable‘ﬁhdio Telephoue Equipment.

QO )

(2)

(3)

(5}

(6)

Thié is a portable radio telephone cquipment to be used for local

1iatson and communications,
Structural Design and Components

The pot'able raddo telophone equipment will consist of radio equip-

'ment, anLenna and powet supply unit, and will have a qtructule

' convenlent ‘Lo caLry.

Radio Equipment

The radio eqﬁipmcnt will be the same in design and styuctuye as
that - speci[ied in Lhe preceding section, and the two will be inter-

chwugoablc. '

Antenna

The anteima willlbc whip type {(A/4),

Power Suppiy Unit

Pdﬂer_ratiug-will be DC 12 V (nominal), and alkaline'battery will

be uged.

Accessordes

1) Carvying case 1
2) ‘Earphone
"

3)  Alkaline battery power supply unit

4) Charger (for battery)
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(1)

(2)

(3

(4)

(5)

8-6-19 DG Power Supply Unic

Out line

This will be a pnwef supply unit houéing stbfégé battery and wiy)
be usged fof'power supply to the {iked type radio telephone equi pnent

Where necessary, however, it will also be used for charvging bat.

- teries of telemetering statious,

Structure

The DG power supply unlt will have_rectifier and battery accommo-
dated in the same cabinet, and will have contrbl 1nernmonts an

the front.
Rectifier

The rectifler will have an auﬁomaticgvoltagc'regplator and be used

fFor floating charge. Tt will have the following'maih specilications,

1) TInput ¢ OAC 220V 10%, SO Hz X5 Mz, G

2) Output ¢ Floating -~ DC 13,7 ~ 15,3 V 22% (somi~fixed),
10 A . - S

Bqualizing - DC 15 ~ 17V 127, 10 A
3) Load vating : 12 V £10% o

4) Instruments : Voltage and amperage measuring instruments, and
indicator lamps

Storage DBattery
Same ag specified in Section B-6-16-(4),
Accessories

Same as specified in Section 8-6-16-(5).,
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8-6-20 Automatie Voltage Regulating lquipment

This oquipment will bo-inqtal]od at MD and RID for the purpose of stabi-

1izing power %uppiied to respective equipment, and will have the folloy-

Ing mdin qpecificatlons..

_1_)._' Input tAC 220 V “‘]“5’;', 14, 50 Nz 42 W
2y Output 1 AC 220 v 1%, ' ‘

chponse time - Less than 0.2 sec

Yave- foxu\d{sloxlion ~ Liss than 5%

3) Capaclty T 5 KVA

§-6-21 Ynglne Ceheratiug EQu;pment
{1} _Outlino

This 18 a self—start stationary éngine generator to be installed at
MD and RID to supply power to ecach equipment and for lighting during
service inLerrupLion.

{2) Component Equipment

The engine generator equipment will be composed of diesel eagine,
AG gencrator, and automatic control panel, and will have various
control and protective funcltions necessary for its automatic

operation,
(3) Diesel Engihe._
1) Typc' ' : hecyele, water-cooled engine

2} Output ¢ 15 1pr, 1,500 rpm

K} Stafting
systom

Electric starting (DC 24 V)

4} Cooling
system t Forced alr-cooled system using radiator

5) Speed
fluctuation i Instantancous -~ Less bhan 10%

Setting time - Less than 5%
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(Qn |

&) dvcrlbad . T O
and over- o
. speed e B T
. capacity 1 Overload - 110? fol 30 minutes
R g OVCtspoed - 110% for i minute‘

8) Acccssories i hxhaust dampe1 (moLonwdrtven), ould001 hood

silenaer, fuel tank. (200 2), vibration~ploof
.common bed, ete,

9} Storege
 battery for- C ‘
starting‘__(: Sinteled o]ecttode Lypc alkaline baLLGly (ALY,

S, som
Cenerator
1) Voltage ¢ 220V, siugle phase
2)  Cutput - o 10 KVA, 50 Uz
- 3) Pole . 08

%)

(6)

_...<7)_

S 4) Excitatlon - ¢ Static -

5) . Voltage . S L
fluctvation : = Instantancous ~ X104

“Setting s 45%

Automatic Control Panel

The Automatic : control paﬁol will'porform'functions cagential for
automatic runnjng of the englune generato1, guch ag control, oper-
ation and: indication, and will have vo]LammeLeL, rrequency meter,

integlntlng houy mctexs, indicator, and operating switches.
Charger

This will be’ used for charging the qtatting battery, and its maln
specificatian will be, Lhe same as’ those. of the rectifior of N

'fpower aupply equipmenL BLipulaLcd in SecLion §-6- 19

Spare'Parts'
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1) .Spéfe;erSh,v

1602 ¢ 1 oset

2). Fan'bé1t- t L opee

| 3) .Battery-.

maintenance .
~tools ot 1 oset

g;ﬁwzz Agcessofies and Spare Paxts.

0y

@

(3)

hach station will be furnished with Lhe acccssories and spare parts

119Led in Lhe following items in addition to those exprcssly stipu-

1aLed_in_tho present SpecifiCdLions.

Conmon Accessorics and Spare Parts -

1) Accessories

b.

Maintenance and

inspection tools

apare parts box

2y Spare Parls

ﬂ.H.LQMP‘and fusge
" (300% each)

M&stcr Station

1) chdésories

Cay.

e,

Mobile radie
tester

Telemeter checker

Throﬁghmtypc

" powermeter

Ferminated powel-
neker

Frequency counter

© Accessorics and -

r 1
: 1
+ 1
R |
O |
[}
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L

Circuit tester

" Repeater controller

Stabilizing
rectificr.

(AC 220 V-~ DC 12 V¥,

10 A).

Data recordlop
paper

2} Spare Pavts

‘a.

L.

i—l

Teolemetoering

equipment (wulti-
value type)

Rmﬂocmdmmw,
10 W

Water stage gauge

.Rain_gaugé

solar cell power
supply equipment
{(for telemetering
stations) '

Spare sheet, 1 of
each type

Relay, 1 of cach
type

Digital display
unic, 107 o

Typowrfter, 27"

(4} Monitoring Station

1} Accessories

a,

b.

Through-type

powermeter

Merminated
powermeleor

-

.-

an

-

-

1 unit
l 113

Sy

2,000 sheets

1 unit

2 soets

1 uuit_

1 1"

1 set

1 watt

51 anit

l:uﬁit
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e Civeudt tester 4 1 unie
d. Data recording o . _
paper i 2,000 shecls
-2) Sﬁérc Parts
a. . bgital display _
unit, 103 : 1 oset.
(5) Repeéator Statlon (Per Station Requiréments)
-li Accéésories _
~a, Through-type _ ‘
o povermeteor ¢ L ountt

b, Terminated
powermet er

-
.

c;E_CirCuit tester HE

di Portable engine
- generator,

. pasoline, 1 KVA,
220V '

-

e, Rectdfler, AC 220 V :
S« DC 12 ¥, 30 A .

2) Spave Parts

a. Spare sheel for
repeater equipment,
1 for each type ¢ 1 set

(6) Kanchnnaburi and Thong Pha Phum Offices (Per Office Requirements)
1) Accessories

a,  Through~type
powetrmeLer ¢ b anidt

b, Terminated
powermaeter

¢

¢, Cirvcult Lester

—

.
[
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)

~d, Mobile wvadio tester
¢, Repeater controller :

- F. Yortable engine

generator, .
gasoline, 300 W

‘g, Rectifier, AC 220

- DC 12 Vv, 10A
Spm‘é Parts

a, Telemetering,

equipment (multi-

value type)

b. Radio equipment,
100 '

|

1

1
v

41

r 1

b2
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9-1

CHAPXER O COST RSTTMATION

Génditibnp‘for'Cost Estimation '

alculations Eor p10jecL cost ostimation were worked out on Lhe basls 0£

the [ollowjng conditions.

N0y

o

3)

(%)

(%)

(6)

‘ﬁarch'1§7h is taken as base period,

I 1s assumod LhaL a}1 observation cquipment, communication facili~

Liee, sLaLion houseq, antenna masts, etc, will be newly conatrucLed

'with the exception of the following

1) Poloﬁ_for stringing wire line at Ban Chao Chen Station

Only the cables for connectiﬁg gauging shed (at dam site) and
transmitting and recefving shed are covered, assuming that the

poles for stringing thgm would Dbe availlable at site.
2) Building space of Master Station and Monitoring Station

Tt 1g assumed that the necessary space would be secured within
the exlsting office building. lence, a small amount 1s appro-

pridted for remodeling necessary for new facilitles,

The equipment and materials costs are the costs on delivery at site,

‘calculated on condition that they would be supplied by Japanese

manufacturers,

he 1nstallation'and adjustment costs cover the expenses to be

digsbursed In order for Japanese engineers to complete Ingtallation

and adjustment services at site,

The road construction cost cover the maintenance roads to vepeater
stations (Rl and R2) which will permit the passage of jeeps and
have a total length of about 6 km (2km = Ry, 4 km ~ Rz)

the canstruction costs of station houses, anteana masts, roads, ctc,
are based on the costs generally appropriated in Japan for construc-

tion of guch facllities.
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(7)

®

®

The techniéal guidance coéts=comprléc the overscas training cogy
and the local trainihg cost. The former 1s appropriated for tyaq,.
ing six That englinecers for "2 wonths 1in overseas countries, aud the
latter for inviting three [oreign engineers Lo Thailand for one

year [01 local gutdance service.

The IOSQLVO fund accounts Eor 15£ ach of the. faci]iLieq .cosl apg

the conslruetion cost

Bleakdown of local and E01etgn curlency Lequilementb for project

implemonLaLion ig as qhown below,
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Table 9-1

Breakdown of local and Foreign Bxchange

Requirements

for Maeklong River Bagin Flood Forecasting System

Cost Ttem

1. racilities
Cost

1-1 l-iquipmehl:
Cost

1-2 station:
House

1-3 Antenna
Mast

2. Road
Constyuc-
tion
Cost

1, Technical
Guildance
Cost

4, Regerve
Fund

P e e i

Foreign
Currency

lLocal Currency

Equipment ¢cost

{incl. instal-

1 lavion and ad-

| Justment costs)

Cost of super-
structural
materials

Local and over-
stas training
coats

15% of 1local
currency
portion of 1,
(facilities
cost)

Materials cost,
labor cost, and
all other costs
agsocdated with
station house
_ conslruction

Substructural

makerials cost
and construce-

tion cost -

Road construc-
tion cost -

154 of local
currency
portion of 1,
and 2 (facilii-
Lies cogt and
road construc—
tion cost)

e o v L By A Bt e

Remarks

3 for rainfall
stations, 5 for
rainfall and water
stage stations, 1
for transmltting/
recelving station,
and 2 for repeater
stations,

Panzet masgl
20 m X 4
10mx 9

Tripole
30w X 3
13 wm x 1

Maintenance roads to
Rl and R?
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9-2 Total PrOJdct Cbétl'

The total cost Lequixed £01 1mplemantation 0[ Lhe Maeklong Rive1 Bashz

Tlood For ecaql.lng Plojecl

Table 9-2

is as tabulated below, .

Total Pfojcct Cost

| Teem Liocal Currency |Forefgn Currency Total
PO SR - . ] TR - ]
. Road : ﬂqnét‘i‘dCtiQh COSI; . 45::5 , 000 - ﬁiuSS —[;)(—}d
‘Technical Guidance Cost ~ 253,000 - ?;;—(;0;
' l{e_éptfve JTund 88,000 _ 199,660 28?,(}00
Total 676,000 1,777,000 ° 2,453,000

I_n U.S.5 = Y220
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9-3-2 Bleakdown of lquipmonl Losl

A}

Bloakdown of Lhe oqu{pman coet, whtch constitute part of tho IaciltLteqcoSt

is shown bclow in detail in Table 9 4
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g-4 Technical Guidance Casts
(1). overseas Traluing Cost

the overseas training cost covers the expenses for two-month overseas
training of Thal engineers, - Breakdown of - thig cost 1s as shown

_ bclow;
Tuter "~ 2 personsx? monthsx5,000 = ¥S$20,000

Traince

Hydrologist 2 personsx? monthsx800 = US$3, 200
CPelecommni- : _
cation engineer 4 personsx? monthsx800 = US54,800
Travelling expenses 6 personsx750 = US$4, 500
total 1 = 32,500 V%

{2) Local Guidance Cost

After completion of the tclemetering system, one hydrologist and
two telccommunication experts will be Invited From abroad in order
te ensure proper operation and management of the system. They will
be staying In Thailand for one year and provide technical guidance
in the system opefation and management. Breakdown of this cost
which covers theiv salariles, overhead fees, living expenses, elc,

ia shown below,

Hydrologist 1 personx12 monthsx6,000 = US$72,000

Telecommunication
expert 2 personsxl? monthsx6, 000 = US§144,000

Travelling expenses 6 persons 750 = Uss4,500

S M e e mn v mmm t e R e ok PR

Total : U$5220, 500

Notea: Caleculation of travelling expenses was worked out on the

agsumpt {on that cach expert would return to his country on



vacation once in six months if bis stay In 'i‘ljauand 15 loggy,
_than that. ‘ |
(3) Total Technical Guidﬁuce Gosts
0"013839 Lla lning COSL RN NN US$ 32 500

Loca] guidﬂne(’ COSL Tavisatairarsiann US$2?0 500 ‘: .

e —h i y——— e

Togal: . . . ',__:1 = u3$253 000

R s Pyt e St 2 ghoe o

95 Manage’ment ‘and: Maintenance Cost '.

It is usua] ly the case that 2 ~ 3% of the equipment cost (g a])ploprialed
for managcment and maintonance of comrnuntcatiou equipment and flood fore-
casting facilities. 1In the case o[‘ the ‘proposed . Lelemetcrtng system,

'2/ of the- total equipment cost is applopriated for: Lhis purpose,

1 266,000 . (Tota] cquipmcnl. cost) % 0 02 4 US$?5 300
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. GHAPTER 10  MANAGRMENY AND MAINTENANCE

10-L Hwintenauce and Managemeut of Hydrological Stattons and F]ood

IYWLC&QLing Centel.

AgcurAte_flood_ﬁotepasting_ﬁnd watning in the rainy season presuppoéés

satisfactony maipteﬁanc& gervices cbnducted conétantl& to keep all hydro~
1ogiéal;observation equipmént and data pfbcessing'units in: perfect service
conditioh.- burthet, in order for ¥lood Foreccasting Center to fulfull its
ﬁmclions Successfully, it 1s necessary to establish an adequate organi-

aaLional‘aptup and devise‘a workable operational system,.

rmintenéncé_services fay. hydrological statiéné can be considered in two
broad chtegoriés._'One covers periodic and Lemporary inspections which
call for the - -services of hydrologiqu, and the other is routine in~

spection not requixing such services.:

The primary duty of Flobd,Forecasting Center is not only to issue accurate
flood forecqsbiﬂg and warning during flood duration, but in order to fill
that duty! the Conter is required to exert cecascless cffOrt in the fol-

lowing services,
(1) Consolidation of telemeter data,
(2 Maiﬁcenancc-OE Processors.,

(35_:Prepération of a maintenance plan, and control of maintenance

personnel based thercon,
(4) Studiée for {mproving accuracy of simulation model,

(5) Formulation and exccution of a development plan designed for

upgrading the system reliabillty,

(6) 'Formulation and oxecutlion of a tralning programme for mainte-

nance personnel,
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Oparation of these sorvices calls not ohly for the availah11ity of g
suf ficlent numbor of‘maintonnnco personnel but alsd for Frequent lrahu%
of such polsonuol to acquatnt them with paintenance Lcchnology an well

as system's hardware and software Lochnology

10-1-1  Grouping of Maintenance and Technical Personnel

For the purpese of satisfactory operation of pex fodic dnd tenporary mai,.
tenance sarvices, the maintenance persounnel shou]d be: gloupod by block
with at least one. hydxo]ogiat assigned. Lo cach gioup, so. that any block
can be covered instantly in an energency, * For routine luspection apd
maintenance services, it is desirable that at least one maintenance staf(

be assluged to cach station,

Flood Forecasting Genter . should have at least two hydrologists and a
number of assistant hydrologlsts who will be given fn-service training

at the Center.

10-1-2 Outline of Maintenance Services
(1) Hydrologlcal Stations

~Maintenance and Inspection services of hydrological stations should
be conducted using the check lists shown in Figs. 10-1 and 10-2,
Routine ingpection should be performed once a day, and periodic
and temporary inspections should be conducted at least once a month
This inspection frequency may be reduced to an extent in the dry
scason, but ghould be ovserved strictly with the approach of the wet
season, Inspection should be carrled out without fail after cach

flood or heavy rain,

At Flood Yorecasting Center, on the other hand, teclemetered hydro-
logic data sghiould be checked for abunormality every day, and adequate
'instlucliﬂns should be Jssued to Field maintenance personnel I any

abnormality is detected,
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(2) Tlood Yoreccasting Center

In addition Lo the - above~-mentioned error detection in telemctered
. daLd, computerq should be ehockcd from time Lo Lime using a programe

prcpalcd bpecifical]y for Lhoix functinnal Lheck

Reﬂults of error dctocrion In telemetered data and computer functional

check shou]d be puL on 1ecord by noLing them down in check lists.

Table_10~l | Cheék List for Rain Gauge Iﬁspcction Service

a. Routine Inspection

1, hquipmcnt Serv]ce Condition

~ Clogging up of funnel in vecelver
Siltation'of'storage tank and tipping bucket
'Breakagc or failure of equipment
-Residual qhantlties of recording paper, space parts, etc,
: ﬁdjﬁstment of clock

2,  Checking of telemetered data agajnst self-recorded data

T

b, Periodic and Temporary Inspection

Same as for routine inspection

3. Checking recovded data by fiiling of specified quantity

of clear water
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Table 10-2  Check List for Stage Caugo Iuspection Service

R

Check 1tems are the same {rrospective of the kind of tuspection

1. Equipment Service Condition :

Breaknge of staff gauge, adhesion of dirts and
other forelgn objects, and residual quantitics

of recording paﬁer,-spare parts; ete,
Adjustment of clock

2, Checking of stafl gauge reading apainst self-

recorded and telemetered data. -

10-2 HMalntenance of Telecommmication Equipment

Stabilized and fault-frec operation of the flood forecasting system calls
for peirfect maintenance and inspection services eof all equipment {luvclud-
ing telemetering equipment as well as for dncessant effort to improve
them so as to best meet the purpese of thedr installatdon, It s theve-
fore very Important to securc a sufficient number of qualificed mainte-
nance persomnel and conduct training frequently to fmprove thefr technfeal
capabilities. At the same tine the necessary'budget ghould be sccured for
maintenance and management, Annual budgetary approptiation for mafate-
nance servicaes should be at least 2 3% of total equipment cosc (Inftial
year value), although'this percentage varies according the number of years

elapsed after installation,

10-2-1 Grouping of Maintenance Persomnol

Considering the configuration of the forecasting system, the whole basio
area can be divided into three blocks for the purpose of maintenanct
gservices, f.e., the upstream area, mid-slream area, and Flood Vorccast-

ing Centor,
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(1) In the upstream arvea, at least two telecommunication experts should
be stationed at Thong Pha Phum For mointenance of R2 and telemotep-

ing stations Linked with dc,-

(2)  In the wid-stream area, at least two tolecommunication experts should
also be stationed clther at  Kanchanaburl or Vajiralongkern Danm

for maintenance of Rl and telemetering stations linked with 1t,

{3) At Flood Forecasting Center, one senlor expert aSsuming overall
rgspdnsibilities for'the system operation and three telecommunicat ion
experts should be stationed., These experts will be assigned Lo the
task of_mhintaining perfect control of the entire telemetering system,
not to speak of‘mainﬁcnnnce of master station and monitoring station
(RID), so as to be able to formulate and execute various plans indis-
pensable for smooth system operation, such as maintenance plan,
equipment improvement and wodifjcation plan, training plan, spare
parts and materials supply plan, gauging equipment consolidation
plan, and so (orth,

The gtaffs for the hydrologic and teleconmunication maintenance on

the whole system are shown in table 10-3,

10-2-2 Quiline of Maintenance Services

Haintenance and Inspection services should be conducted daily, monthly

or temporarily as occaslon demands, and the results of inspection should
be put on record by noting chem down in check lists, If a measured

value shows any deviation from the standard value, it should be corrected

by elffecting suitable adjustment or repair to the gauging equipment,

Outline of maintenance and inspectlon services is given below.
(1) fTelemetering Equipment
1} Dpaily Ingpection

The master statfion should transmit calling signal to each station
to confirm the performance of cach equipment by checking the

gervice condition of printer and other component parts.
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:2) 'Mdnthly Insﬁoction

The mpnchly 1n$pectiou should cover radio equipment,'tGIOmetaring
equipmqnt, power supply equipment, and gauging-equipment fnstall-
ed at mnstoffétatiou, monitofing statlon and cach observation |

_ stétiqnh_‘nuring the mouthiy inspeétion, the level of radio

eircult should also be cheeked,
(7) Repe_zit_gr ‘Statlon
1) -Honthly Inspection

“Radio equipment; repeater ecquipment and power supply equipnent
ahould be covered by the monthly inspection of repeater stations,

- Thé level of vadio civeuit should élso-bc checked.,

10-3 'Toéﬁnicdl Guidance
19-3-1 UInvitétidn of Yoreign Experts for Technology Transfer

Propey sysﬁem operation presupposes the availability of engilncers with
accurate technleal knowledge and eapabilities, In order to secure the
servides'of'flood.fdrCCasting enpineers satisfying such requirements, it

isg uéceésary to invite relevant experts from abroad for technolgy transfer.

At least one hydrologist'and two telecommunication experts should be
fnvited from abroad for one-year on-the-job tyvaining in order for local
engineers o acquire the technical knowledge and skill required for

satisfactory systom operation and maintenance,

10-3-2  Overscas Trainiung of Thal ¥ngineers

la order Lo assure that the system will be operated smoothly for accurate
(lood foreensting in the coming years, overscas training of Thai eagineers

should be conducted ag bricfed below,



{1} Prior to the system commissioning, at least Lwo hydrologistsaﬁd
four telecommunication engineers should be trained aBroad Tor - aboyg
two months.,

{(2) 'Anothcr two hydrologists amd four telecommunication engineors shoulq

be given on-the-job training in Thailand.

The above training plan will make it possible to sccure expeyy
services of at least four hydrologists and elght. telecommunicatfop

englineers for the system operation. -

10-4 Lidibon and ommuntcation Syatem fov hlood %oxecweting

¥lood forecasting system favolves a num&er of operational stages fron

meteorologlcal observation to flood data transmission to termival organs
as well as levee protection activities, so that its objective can neyer
be achieved unless the operatlon at each stage 1s ¢onductod quickly and

accurately, enbuling smooth flow of {nIOImaLiqn from etagc to stage,

Establishment of .a network and system of sach stage-to-gtage liafson and
_ communication is an essentfal prerequisite to the prevention of flood
disasters, For this reason, the following weasures should be taken to

acquiye-a clear-cut pleture of liatson systewm,
(1) Establishment and consolidation of disaster preventive organizations
(2) Publie enl ightemment and trafning in disaster prevention

(3) Storage and consolidation of cmergency goods and disaster

preventive equipnent and materials
{h) Consolidation of facilitiecs and equipment for disaster prevention

(5) Designation of danger zones and anti-disaster Improvement vorks n

such zones.
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Stage Construction

1, Stapge Coustruction

ihe installation of the whole telemetering system are desirable to bc'

sot up at the same time, but construction can be carrled out in the

following phases,

(1)

(2)

(3)

rirst phdse:

3 observation stations are to be set up at Ban Luin Su, Wang Khanal:
aind* Ban Chao Nen. A relaystation Rep 1 1s also to be set up..

The waster control and monitorving dtations are to have the minimum

Facilities necessary to recelve data from the observation stations,

Second phase;

2 observation statfons at Thong Pha Phum and Sangkhla Buri and the
“yelay station Rep_?-are to be added ta those set up during the

first phase.

Thixd phase!

Rehaining'instéllhtidns to be set up,

Costs_broken:down by phases are aa follows:
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Tabloe Aél

Ttem |Currency st phase 2nd phase’ 3rd phase Tor;;\\
‘‘‘‘‘‘‘ vorsstic | onor L R~
i S R ” T T e e e
¢ (Torelgn - a
g gfcurrency | 39?12??w“*"_;392f??? ,536’000 1,325,009
& U] sub-cotal | 462,000 | 423,000 573,000 {1,458 049

Domestic | ' : . i R
& g\?urrency l ¢ 221,000 228,000} 455,009
o ":,'"—. - - T h o — = - S CATRE— —
o ¢ |Forelgn _
1 N .0 . 0 0
§oaeurreney | e
& |Sub~total | o | 227,000 - | 228,000 | 455 gag)
[ P Y -] ) "'"".' et S
bomestic | = . g o0 | 0 0
r- carrency
@ )7 1. e SN WS N
-ﬁi o Foreign : S T
% § currency ‘.32’509 | 270,500 o0 233,000
& Bfsu-toral | 32,500 220,500 | . 0 | 253.000)
Domestic ‘ : : SISOV oo -
o Jcurrency 10,000 . 39,000 39,000 88,000
b o lForel ’ RS R
kA gn :
% & [currency .60’000 59,000 80,000 199,000l
£ W1 - ' P s o
‘|sub-total 70,000 - | 98,000 | - 119,000 | 287,000
Nomestic . N .
|currency 15,000 297,000 304,000 676,000
« Y B PR SN P, - . ]
o Forelgn - . i
o
& |ovrrocny 489,500 671,500 616,000 |1,777,000
Sub-total | 564,500 968, 500 920,000 12,453,000

Note 13 Costs of road construction regarding Rep 1 are allocated
to the 2nd phase and those vegarding Rep 2 ave allocated

to the 3rd phase,

Note 2: Costs of technical guidance are for training in the lst

phase and for technical guldance at the sites in the Ind

phase,
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2. Forécastiﬁg and wﬁthing'effdcts by phased cbnsttuctidn

- When the sysLem is complete, ‘it will be possible to forecast flood _
hydrograph at K~10 as soon as data on vainfall and stage are obLamned.
Thus, by fotecasting the: sLage at K-10 and K-11, it will be possible to
give a thee~d8y flood forecaQLing.with a good degreés of preéiqion.
When Lhe Lelemetcring system 1s installed in phases, forecasting and

warning affects may be as follows,
(1) Om cbmpletion_of the first phase construction

Hith'thrée oﬁsefvayion-sthtions iﬁstalled at Ban Lum Sum, Wang
. khanai,hnd ﬁan Chao Nen, forecasting will be limlted to ﬁang Khanai
| (K—11)=jﬁdging from thé,stage at Ban Lum Sum (K-10) and the discharge
‘u_at}BéngChao Nen, _Aecordingly, the warning period corresponds to the
trévélling time of the flood from K~10 to.K—ll {one day), Since data
aréiobtainable.continuously and instantly, however,. forecasting may

have a befter degree of precision,

Ban Chao Nen

R, W.Q

Wang Khanail

Rt Rainfall St,
W: Water Stage St.

Q: Discharge Measurement St.
(2) On completion of the second phase construction

WHih two relay stations and five telemetered obsevvation stations
at Ban Lum Sum, Wang Khanail, Ban Chao Nen, Thong Pha Phum and Sangkhla

Buri installed, 1t will be possible to discover the occurrence of
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flooding ftom Lho cxtage rise fmngkh]n Bmi (K-21|), this wil} make

it possible to forecast Lhc stape at lhong Pha tphum (K- 13} ang $an
Lum. Sum (K—lO) thus, 1t will be poesiblo to obtain floog hydyo-

- graph at K- ll two to three dayq ahoad, gaining the fomgasuug
period by one to two days in advance, ds oompmml wiLh the f{rgy

phase,

Theng Pha Phum Ban Lum Sum ‘ oo Ban Chao dey

@\' . _2 @ | it PO
® \L/}; . = '_ﬂ__';_f._____._._;m_:.-:.;;_ o

~Sangkhla Buri

Wang Khanai
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Tacerim Repott
: LI
the Flood-Forecasting and Warning System in

 the Mae Klowg River Basin in Thalland

The Japanesu Govornment has seal the Second Sulvey Tean conslsting of 3
iniOlOgisLb and 4 Telecommuuication experts for the conduction of a burVQy
of the F100d~[01ecabting and Walning sy&tom in the Mae Klong Rivex Bwsin

hllhailand snbscquent to tho Pxoliminaxy 5u)vey feam sent in 1975,

The .ulvcy hae bcen conductcd [rom 8Lh of November to 17th of Deccmbot

1977 with Lhe cooperation of the ihai authorities LOHCG]ned such as the
&mteorological Department the Rnyal 11Ligation DepaltmenL and the Blecluie
mexating Auth011Ly of Thatland, This 1s the futerim report summavizing
the results of the survey and study coveuing the pexriod of the tecam's siay

1n.lhailand.

It is undclstood thaL Lhe final report wil] be completed within four months

ofthe Leam s return €0 Japan.'

1, Study'on'ngtwork, location and number of hydrological observation

stations, .

The location and number of the existing observation stations, especially
rainfﬁll‘statioﬁs; are far from ideal as mentioned already in the Report
of Preliminary. Suivcy Yor eXamp]e, it iy said in Japan that cach rain-
fall obaervation station should be 1ocated in every 50. km area, 1f
possiblc. But congidering the situalion such as geographical features,
rainfall charactelibtics and the malntenance difficulty of the stations
in the Mace Klong Riveyx basin, 1t could be sald that the existing obser-
vatlion stations are.relatjvcly well located {or obtaining useful data

or flood forecasting,
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2, Study on existing flood forecasting method.

The flood-Fore¢nsting method should be studied from the WO poipgg
in mind. One is aceuracy and the other is the avallability [op
practical usc of the method. Supposing the duld CO[]OF{IOH on raty.
fall and water level in the real time after inLloducLiou of the
telenetar system in [utu1e, the tean arvived at the lollowhu;cwh

clu%ions, considering the above- mouLiOncd two points;

(1) The simulation method'dcveloped by the ¥D and the RiD for flee
1ouL1ng now applied for upper loach of K-10 is gnneldllyauuame
in the Mae Klong River hnsin. But there may . be room for Eurgher
on study sowe coefficient such as L, s; time distribution ang 5

on,

(2) According to this method, 1t 1s obligatory to start the caley-
lation from lst April in any case, But it‘s not nccessary (o
caleulate starvting from the fixed date, so thaL it 1s better
te modify the method fn ovder to caleulate from the date when

the data on dafly rainfall and water level are obtatwed.

(3) It is preferable that the computed discharge would be adjusted
with the actually observed one oun a dally basis, Once the
adjustment of these two kinds of discharge is made, the calcu

lacion can be started again at that tiwme,

{(4) On the other hand, the introduction of the telemetering system
makcq the water stage correlation mothod useful for flood fore
casting through casily obtatning ﬂCCUldLO data requirved, Asswing
such a situation, the team studied the sald method chosfng X-13
and K~10 as model siatlons, As a reault of (his study, it ig made
clear that the wﬁtnr stage of K-10 station can be (orecast uith
required accuvacy from that of K-13 station by using correlatied
curves which are obtalned from a multitude of past [lood hydre
graphs 1nstead of using simple correlation Lines Like the peak

to peak correlation,
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put thig method vequires further studies taking iato censidervatin
that it's application becomes problematic when the residuwal basin

between K-13 and K~10 has a heavy rainfall,

(5) Although the lorecasting method for the final target point K-11
was not studied in this work because of the time limit, it cén.be.
.snid.that the waler stage or discharge of K-11 station will be

, forebaéted by using water stage correlation curves or calculating
the fiood routing ffom.KfLO and Ban Chao Nen Dam site, taking
into‘éonsidefation the discharge [rom the Dam and the ratinfall
in the residual basin, ‘This is the most importhnt subject in

future,

Equipment for the operation of flood forecasting.

The equipment should be sclected from such points of view as evaluation
of collected data and simulation method for flood routing to K-1i,

AL présent, as these problems have not been clearly definmed it is
difficult to mention lhiere the definite equipment vequired,

1t can be said, however, that the introduction of a mini-computer

is further required,

Decision of locapion of cach telemetering station,

(1) According to the hydrelogical study, observation stations which

should be set up For the telemetering network ave as [ollows;

Sangkhla Durd (Rainfall, Water stage)

Ban Pha Tho {(Rainfall)

ok (Rainlall)

Thoug Pha Phum (Rainfall, Water stage)

Ban Lin Thin {Rainfall)

Ban Sai Yok (Ratnfall, Water stage)

Ban Lum Sum (Ralnfall, Water stage)

Ran Chao Nen (Rainfall, Water stage, discharge)
Wang Khanal (Rainfall, Water stage)



(2)

(3)

Oue is on Lho mountains near Kanchanﬁbult, and a vadio plqmgmm.ﬂ
nh

' condition of above points is good. because 1L ig Located neay

Repeater station

To nake up the network, 2 tepenﬁer.stétiéns are réquirmL
It is consideved that theve are 2 alternative plaus for Repeatg
: t

gtarion R1,.-

test has Lnken place at 2 places On the mouutaius‘ The generay

anchanabuxi and there t% a good yoad to the foot of thenmmuum&
o

But the condition of 1adio plopagatiou Lc c0nnegt withiwpmuer ®

statlon R2 is not go. good because Lhete s a mountain range

betweon R and R2.

" Another one is situvated on a hill (Khao Lunng) near Choin Rung,

about 400 m high,

A)Lhough the test on this point has not taken place al this tine
bacause of Lhe time 1imit, it could be gald that there ave fow
obstacle from the mounLain.1

But because of the inconvenionc» o( accesibility and the dﬂfkﬂu{

of maintenance Foreseén, Lhe team conslder that this polog s not
suitabla for the rcpeatel station. |

Regarding the Repeater statiomn R2, it is ronsidglcd that the
mountain (520m high) near Thong Pha Phum is good for the repeater

station,
Telometering Network

The Master-control station in Bangkok should be located at the
Metéorologlcal Department as the Flood-forecasting centel. The
Monitor station should be located at the RID,

Tota) system 1s shown as Fig. 2,
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5. Test for Telemetering Systom
(1) Measurement Item
a).wRadio transmissiOn test between the M.D, in Bnngkok the
observation stations and the Repeater btationq fol measuxemont

of olectlic ficld aLrength and checking of S/N (5igna1 to

noiqe zﬂtio)

b)  Measurement bf city polse level at the M,D, office in Bangkok..
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Fig. 1. Location Map of Ropeater Statiohg
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' Fig 2 System Network

Sangkhla Buri (R,W).

Ban Pha Tho ' (K)

eliok (R)

_ O 'lhong Pha l’hum (R w)
1 Rep ?

f o i i e e

Ban Lin Thin (R}

Ban Sai Yok
'(R,W) |
\ (R W) '

Rep 1 (2)

Leent . Wang Knanay
8- Rainfall Station
h-WaLer Stage Station

~ Mscharge Station
Rep ~ Repeater Station
E*"lzlslc-t Control Station N k1P (M)
" Hontror Station
iner. Tested Section
“““““ = HNo tested Section

]‘ Bangkok MD(C)

- 299 -



0.

(2) - Method and Results

a)‘ TransmiésiOn-tést'haésbéen c0nductoﬁ‘hy'méans of BUF({57, 11 Wy
radio Lelephone 9quipmont and the field sLlonth has beoy
 measured apnd S/N also chccked '
The data obtained by the test and ca]culated valuos ate showy
in table l.and 2. Tt has beeanade.cleat thay the Lransmmsmn
for telemetering between the above-mentioned places is alngg
satisfactory, '
b) :lhe noise Ievel in the. toeting flequcncy has been medsuledat
' M0 o[fice by meang of a fiald sttength neter and a quasi-peak
meter, and recorded by a recorder,
Since the meﬂsured noise level is about 10~?8 4B (peak value)
or 10 4B (avezage value), it is Lonsidered Lhat the Yeception
of dala will ot present any problen,

" ¢) As a result of the above meaSurement, tranami;ting-power,khm

of antenna are shown in table 3.

Proposal for allocating sultable frequency,

The radio propagation teétlhaa baen conductéd by MQans of YHE radio
telephone sets usiug the froquency 5? 11 MHL cbut this frcqueucy is
being used for a 1V channel “Por Lhe Ladio telemetering gystoem, 1L is
proposed ‘that 80-82 MHZ or 83,15 -~ 86 M2 band shogld ba assigned

according to recomnendation of the office of frequency management,

Others

1) 1t 1s hoped Lhat the equipment aupplied by the Japanege survey tesn
will be put to effective uee in Thailand,
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Table 1;- VQLVGsfMQésuted by Trausmission Test

e e

'_'SeétiOn

BANGKOK * kep (1)
Bnuékox-_ e ?Rebl(l)'. 
ugﬁ {1y - _;:Bén Lun Sum
.Reﬁ if1) . ,_Ean_Ghaquen
'ﬁép11(2)3 . '_‘Ban'ﬁuﬁ Sum
ﬁgﬁ 1(2}= Rep‘Z
Rep 1{2) Rep 2 |
:RepH2  _. '.Ban Luﬁ Sum
Rép 2. Ban Sail Yoﬁ _
Rep 2 Saugkhla Burd
- Rep 2: ﬁan Pa Tho
Rep 2 P1 Lok

e | o | 1| s
04 | 17 [23:5 30,5
118 | 31 [13.5113.5
18 | 8 |13.5]21.
118 26 [13.5]39.5
ns |17 (13,5 30.5
w2 | 22 fiss | ases
us | 18 {is.s |55
s |6 |13.5]19.5
122 | 21 f13.5] 34,5
122 | 34.5013.5 | 48
122 | 37.5{13.5] 51
122 | 28 lis.s|ans

ExpianatiOn of Symbols:

Pr
P
cf
8/
Py

¢t Receiving powex

i
n
i

-

1 Recelving noise power
Tigh frequency SIN
Standard S/N

¢ Transmilicing power
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7.5
7.0
7.5

s
8,0
8.0
8.0
8,3
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Table 2. Calculated values at Telemeter Network Design

I ' e Ev R o
BANGEOK CRepl () [ 80.9 [ 104 | 231 | 12.2 30
BANGKOK . Rep 1 () | 80,9 | 118 | 370 | 12.2] .
Rep 1 @ ' Wong Khanal S4.1 s | o637 | 122
Rep 1 (2) S - 49,1 | 118 -;49.13 12.2 | »39
Rep 1 (25 L ll.au Lum Sum ‘9.8.&._ '1.}.8. '. ‘,'19.6: ‘ 1?;..2 »30
Rep 1 (2) | ﬁ o] 984 s | 1906 | 1202 | sag
Rep 1 (2) Ban Chao Nen | 90.9 | 118 270 12.2 | 330
Rep 1 (2) Y e e 51;1' 12.2 | 430
R(;p 1 (2) ﬁe}) 2 ‘93.5 118 ‘.2/4.5' 12.2 1530
Rep~1 (2) - Rep 2 . Cqoems [ | oass ) 1202 s
Rep 2 Thong Pha Phum| 40,7 | 122 81,3 | 32.2 |50
Rep 2 | W |ss.s | 122 | 865 | 12,2 | 530
Rep 2 | Ban $at Yok | 98.9: 1.22. o3t 12,2 |30
Rep 2 o  |ro2.4 122 | 19.6 | 12,2 |30
Rep 2 _ Ban Lin 'l‘hin. ‘68._8__ 122 53,2 12.2 | »30
Rep. 2 "o 67.1 | 122 54.9 12,2 1330
Rep 2 : Ban Pa Tho 89.‘4’1_ 122 | 32.6_ | 12,2 I 330
Rep 2 o .9_?..8 _' 122 1 29,2 12,2 {30
Rep 2 Sungkhla Buri { 93.4 | 122 28,6 | 12.2 |>10
Rep 2 " 96.9 | 122 25,1 | 12.2 |30
Rep 2 ©ri Lok 97.5 | 122 24,5 | 12.2 |30

SR O I N P e el
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'1uhle.3;' Type of Antenna and Transmittihg Power

o (RID)

Bain Luwt Sum

Repeater 2

Ban Lin Thin
Ban Pa Tho

Pilock

ImcéHOn-

e kg m o e s g i e e =

Repeqtér 1:

!a'hang Khanai :

Ban Chae Nen

Thoug Iha Pum

Ban Sai Yok ©

~Transmitting

ST S

Antenn |
ntenna Povar (W)
3-element Yagl Ant 3

S-clement Yagl Ant 10
Stack . -

J~element Yagi Ant 3
S-element Yagl Aot 10

Stack . - _
5-element Yagl Aot 10

~Stack - f
J-element Yagl Ant 3
5¥élement Yégi Ant 10
Stack :

S-element Yagi Ant 10
S-element Yapi Ant 10
Stack
3 element Yagi Ant o

' 10
3 element Yagl Ant
J-olement Yagi Ant 3

S-alement Yagi Ant 10
3-element Yagl Ant 3
3~elewent Yagl Aot 10

~ 3-clement Yagl Ant 10
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