6.1

6.2

Measurement and Maintenance of Hydrological Tnstruments
General

Two new automatic recording rain gauges and twelve new water
level gauges have been installed to collect reliable data
for understanding the hydrologic phenomenon which will be

essential for the analysis.

Data collection has started at the beginning of August. After
the Study Team returned to Japan, the measurement and maintenance

have been performed by DDS.

Location and Specification

Location Map of gauging stations is shown 1in Fig. F.41. Top
evaluation of the foundation for water level gauge is presented

in Table F. 16.

The specification of each gauge is as follows:
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Table F.l6- Top Elevation of The Foundation for Water Level Gauge

Reve! ment
PL AN
Station EL.I EL.2 CEL3 EL.4
(x) 37.163 37.155 37.159 37.160
' | 3e.868 36.863 36.859 36.860
© 36.988 36.996 36.995 36.986
@ 36.740 " 36.756 36,752 36.743.
() 36.858 36.858 36.856 | 36.849
- @ 36.399 36.398 36.397 |  36.402
(@) | =z6.539 36.537 36.536 | . 36.532
®) 36.832 35.830 35.830 35.823
O 36,237 36.234 36.238 36.226
) 36.302 36.302 36.305 36.301
) 36.335 36.339 36.337

36. 331

Nofe : Meam sedlévelis EL. 35.030 m
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(1) Automatic Recorvding

Transmitter

RAin Gauge

Recorder
Transmitter Specifications
Catalog No. Sensitivity Heater Application
Rain gauge
B-020 1.0 mm

Recorder Specifications

Catalog No,

B-330,340 & 350

Type

Electromaghetic—type

Recording points

1

Recording system | Zero

reset at 100 counts (repeat recbrding)

Recording period

3 months

Chart drive

Transistor clock (B—350)

Power supply

12 vV D¢, 180 mA

Dimensions (mm)

480(WY x 310(H) x 400(D)

Weight (approx.)

17 kg.

=
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(2) Autowatic Recording Water Level Gauge

(a) Ricﬁalutype water level gauge

These instruments can measure and record the water
level of rivers, dams, tidal ebb and flood over
extended periods., Extremely accurate recording is

possible at all times whether at normal or flood levels.

Figure Richal-type Water Level Gauge

Sﬁecifications

- Type | ' Richal-tvpe

Float diameter i 180 mm
Measuring range : 0 te 3.

(special order)

Sensitivity E ﬁess than ¥ 2 cm
Accuracy _ : Within t 2 cm
Recofdiﬁg system : Reciprocating motion type

Chart dirve Spring clock

Recording period : 1 day or 7 days
Dimensions (mm) : 335(H) x 145(1) = 250(D)
Weight (approx.) ; 4,2 ke,
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(b) Water pressure-type water level gauge

NAKAASA Model W-431 Water Tevel Gauge is used for
measuring water level of Dam,TRiver{.Reservoir{ Deep Well
and others. For measurement,_conveft water pressure to
electric signal and performed high accurate and excellent

stability of water level measurement with small size.

Also, can be assured long period of water level
measurement by using battery if a powerfsupply for the

area of commercial electricity is not available.

NAKAASA Model M~143 Analog Recorder is plaéed at the
observation room away from the measuring point of water
level and input water level datas converted to thé DeC
voltage and continously.recording for long peridds by

2 Pens linear tracing.
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- SPECIFICATIONS OF SENSOR AND CONVERTER

Measuring range ¢ 0 to 10, 20 30 or 50m,

) (Rauge are describad on Test Cervtificate)
Qutput sigoal 1 10 te 3V DC, )
Linearity & hysteresis : Wighin p 0.1 % of full scale.

-Temperature compensation range : .1 Sansof"; -2 to +30°C,

2 Couverter 3 0 to +350°C.
Zera point & sensitivitf variation : Wichin * 0.3 ¥ at szaser temperature
") to +30°C (including'qonvertar).
Tadication : 4 digirs digital display, UYoit ; 0.00 .
Level shift ¢ Withia ¥ 15 % (Portion for shift, measuring ranga is

swmaller against Full scale),

Pover supply ;10,8 ro 16,7V DC,

Power coansumption Approximétely 25 ma.

Exclusive cable ' 50 m, 4 conductor shelded cable with atmospheric open
tuhing‘ .

Dimensions i | Seasor 3 38 x 140 am,
2 Converter ; LIS(W) x L17(X) x 127(D) mm.

HWeight - : 1 Seaser 3 50 g, (Qichout'cable)

2 Conve:ter ; 30 g.
SPECIFICATIONS OF RECORDER

System "t Self balance type.
Drive motor :  Brushless DC servo type.
Measuring range. : 0 to 10, 20 os 30 meters.,

(Rangelare-descrihed oa Test Cirtificate)

: Ing-ut signal i 0 to SV DC.

J,_ P
Accuracy : Withia ~0.1 % of full scale,
Recordiag system 1 2.pea lineac tracing systea,
Raspoase

I Coatinuvous cperation : 30 sec/l00 ca.

s -Intermittant,dperation v Approximately 4 wmin./l00 cm.

Recarding pen ¢ Falt cartridge pen. _

Recording chart ! Roll tvpe chart, Effective width 200 ma,
Chart speed : 6 am/h,

Chart drive 1 Quartz clock mechariism.

Racording period : 3 moaths.

Power supply ! :10.8 to 16.7V DC.

Power consumption

I When balancing -: Approximately 25 mA. _

2 Yhen pen running.: Approximately 30 A average fatermitteat
. operatlon.

Euvironmenﬁal condition

I Temperature 1 -10 te +30°C

I Reiative humidity : 90 ¥ or less,

Diweasions ©470(W) x 285(H) x 250(D) mm.

Weighe i rApproximately 18 kg.
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6.3 Maintenance and Measurement
6.3.1 Organlzation for Malntenance and Measurement Team of DDS

The maintenance and meaSurément has been carried'dut by the
members of Designing Section which is under the Technical
Division of DDS. The team for this words consist of two grdups.
One is the Data Collecting and Instrument Maintenance group

and the others is Data Measurement group.

The organization chart for the maintenance and measurement

works 1s as follows:

Organization chart for the Maintenance and Measurement Works.

ORGANIZATION
OF : .
DATA COLLECTING, INSTRUMENT MAINTENANCE & HYDROGRAPH ANALYSIS TEAM

TEAM LEADER
(MR. TEERADEJ, CIVIL ENGINEER)

4

DATA COLLECTING & | THYDROGRAPH ANALYSIS
INSTRUMENT MATNTENANCE CHIEF |
(MR, CHATNAT, CIVIL ENGINEER) (MR. CHARUK,, CIVIL ENGINEER)

TECHNICIAN TECHNICIAN
| (MR . CHAROENPORN) . (MR.VITAYA)
TECHNICLAN TECHNT CIAN
{ME.CHARAN) o (MR .SAQRAT)
{ . B
SKILLED LABOR , ~ DRIVER
(MR. CHUP) . (MR.SUWAN)
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6.3.2 Maintenance Works

(1} Maintenance Items and Contents

The summary of the maintenance ltems and contents show in

Table F.18 to Table F.20 and Details are indicated in the

instruction manuals which was submitted to DDS by the study

team,

{2) Mailntenan

ée Schedule

- The interval of maintenance for each gauge is shown in Table

F.17.
Table F.17 The Interval of Maiuntenance
Ttem Usual Maintenance]Chart Installation|Number of gauge
Gauge

Rain Gauge 2 weeks - 1.month .2 sets
Richal~type Water 1 week 1 week 11 sets
Leyél Céuge
Water-Fressure type 2 weeks 3 months 1 get

Water Level Gauge

Since the fourteen gauges are located in_diétance and the

interval of maintenance of three kinds of instruments is

different, the maintenance can be carried out more efficiently

by four gauges group such as A- B- CﬁmD y B- F- G- H,

J- K- L and I- 1- 2 ., Table F.21 shows the maintenance

schedule from August to December in 1983,
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6.3.3 Measurement Works

After collecting the data of water stage and rainfall by the
data collecting and maintenanée group, the measurement of data
is to be carried out immediately by the hydrological analysis

group.

6.3.4 Report

In case of malfunction or disroder of instruments, DDS is to
inform it to JICA Head Quarter through JICA Bangkok Office
after consulting wish JICA expert of DDS.
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Water Flow Measurement

The water flow rate in the existing klongs at the boundary

of the:study area was observed imn 1983's rainy season. The

location of the measuring points and date are shown in Fig.

4.1,

(1)
(2)

(3)

(4)

(53
(6)

The method of the water flow measurment are described

- as follows.

‘Measuring the width of the klong

: Measuring'the depth of the klong at 5 meter interval

and setting the HIROT's current meter at 60 percent of
the total depth. '
Recording the time for 10 times signal of the current
meter.

Calculating the veloecity with the following formulas.

¥V = 0.1135 N'+ 0,015 (m/sec) _
Neig%-@ M No. of Signal (10)

T - Tiwe (sec)
Calculating the areal cross section at each 5 weter.

Multiply the velocity and the areal cross section.

The results of the water flow measurement are discribed in

Figs. F.42 to F.46.
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8.1.

Existing Discharge Capacity of Main Klong

General

Flooding occurs due to various factors. One of the influencing

factors 1s the discharge capacities of the main Klongs. If the main

klongé'have the diséharge capacity.so as to drain the stormwater
adeduately,'flooding will not occur. However, exlsting .
capaéities of the main klongs are far from that required

due to flat Study Aréa. Consequently, flooding takes place

frequently,

Therefore, existing capacities of the main klongs have been
examined in order to determine how much stormwater they carry
away and which sections are the bottlenecks.

For this estimate, uniform flow method and non-uniform

flow method were used based on the topographical survey

vesult which is described in Appendix A.

As the Klong Phra Khanong collécts a_éonsiderable portion of
stormwater in the Study Area, the capacity of downstream Kotng
Phra Khanong governs the capacity of the entire Study Avea.
According to the.estimétidu, it has only 50 to 80 m3/sec which
is equivalent to 9 to 14 mm/day precipitations in the Study

Area of 501 km?.
Similarly, the discharge capacities of other main klongs,
namely; Klongs Tom, Saen Saep and Lat Phrao were estimated

as about 20 m3/sec reépécﬁively.

The bq;flenecks'are found as follows: (Refer to Figs.

5.7 to 5.10 | main report.)

At km 4 from the mouth of Klong Phra Khanong (Widening)
At km 8 from the mouth of Klong Phra Khanong (Dredging)
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B . At km 5 from the mouth of‘Kléng Ton (Widening)
. At km 9 from the mouth of Klong Ton (Dredging)

. At km 9 from the mouth of Klbng Saen Saep (ﬁredging).

At km 14 from the mouth.of_Klong Saen Saep (Widening)

At km 22 from the mouth of Klong Saen Saep (Widening)

As the capacities in the above-mentioned sections are lower
than that of adjacent sectious, widehing or dredging will
increase capacities considerably though they do not meet the
designed capacity.

8.2 Method of Estimation

(1) Basic Equation of Non-Uniform Flow

Equation of Bernoulli is expressed as follows:

oo v
- Vi o i V2
Zg + hi + B¢ - o + hi Zz + hg + By . 5e
which is transformed aséfollows:

a9 i b

v : oo v
hf = (Zp + hy + B . 'z“g") - (Zy+hp gy 5hy L

'.where; _
'21, Za 3 Elevations in sections 1 and ? respectively
hy, ho Deptﬁs'in sections 1 and 2 respectiﬁely
Vq, Vo 3 Velocities in sections 1 and 2 respectively
81 Bs 3 céeffitient of 'Vélocity

g ; CGravitational Acceleration

. @ | -. @ “;lm

- 1 M -—_-_“-__,.:,;"m-—
- “TTEnergy Line

N'—'m ‘
o™ e
= l =
| S = .
.-_"-—'"._.P/""
= ody
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Friction head (hf) is expressed as follows by Manning's

Formula : ' 2
Nf . V$ Nz‘vg)_dl . -u...sci'.o(z)

1
hf = “é“ ( R:fh + R‘;/:;

.from'equations (1) and (2), the following is obtained.

Hence,
2
v Vy
(Z, + h, +ﬁ2~—§ ~(Z1+h1+ﬁ,~_~g)
s 2
_ ( NI Vi, + Nﬁmﬂ)_ﬁ.) Al e e (3)
2 Ry ez

(2)  cCalculation of Non-Uniform Flow
Using equation (3), calculation is conducted.

1) First, @ is assumed.
2) hi is also.éSSumed.
3) Vi and R: can be calculated based on the ¢ross section
surveyed by the Study Team, as Vi and R, are functions of h.
4) Zy, £:(1.0) and N, (0.035) is given,
5) ‘Similary,the above-mentioned figures in section 2 are
calculated assuming h, value. _
6) Figures in section 2 will be obtained by try and error method
so that left column figures become right figures.
7) Slm11arly, using the obtained h; value as hivalue for the
calculation of rhe second step, new ke is abtained,
8) Caleculation is repeated to reach the upstrfeam sectiom.
9) .Hence, water surface elevaflon (h) is oLtalned under the
condition of Q,
10) Various water surface elevations are calculated depending

on Q value.

The results are shown in 2.10, main repope.
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ﬁ*i;ﬁfm; |

PHRA KHANO i N

Thiessen Polygon

Tablie of Controlled Area for Each Representative Station

- Stati : ‘ - :
lteh o BonMuangBangKhen|Bangkok | BangNa jBangKapi| MinBuri |LatKrdbang Total
- Area ' o .
" | (km?) 77.0 | 77.1 23.8 53.7 | 116.2 { 93.7 | 59.5 | 5001
? | Thie - ' - N N
S lcosttient| ©.1537| 0.1539 | 0.0475 | 0.1072| 0.2319] 0.1870 | 01188 | 1.000
' Area ' . 7]
: (km2) | 770 | 77.1 23.8 67.7 | 144.7 | 110.7 - 500.1
& IThiessen . R -
O |coefficient| 0.1537| 0.1539 10,0475 | 0.1351 | 0.2888] 0.2210 - 1.000
—
FIG. F. 2 Representative Rain Gauge Stations and Thieesen
Polygon in the Study Aresa :
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EXISTING STATION

NEWLY INSTALLED STATION

FIG. F. 4 Location of Existing and Newly Installed Water
Level Gauge Stations in the Main Klongs
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Legend
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Fig. F.41 Location _of New.Gauging Stations

FLOOD PROTECTION/DRAINAGE PROJECT IN EASTERN SUBURBAN-BANGKOK
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Ranoff Analysis for Model Area .
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Appendix G Runoff Analysis for Model Area

1. General

Bastern suburban Bangkok is a typical, low flat area of the Chao
Phyaya alluvium. Recent urbanization of Bangkok has gradually
expanded towards the eastern érea,'furthermore,_land subsidence
has alsc been expérienced so that floods have become a serious
préblem in this érea. For the purpose of planning the flood
protection ‘and drainage of this area, it is required

that a comprehen51ve hydrological study be executed tdklng future

land use Into consideration.

However, urban floods are affected by complex factors which are
interconnected and ave not constant either din time and'place. The
quantitative analysis of each factor is therefore difficult. The

major factors are shown as follows:

1) Landfsubsidence
2) Land Use
3) Topographical/geographical characteristics.
4) Rainfall | |
3} Inflow from oﬁter area
6) Capacity of drainage facility
7)  Others

In ordér to grasp the geographical characteristics relating'to runoff
discharge in the Study Area, we selected a Model Avea and carrvied

out ‘the necesgary investigation and study.
Firstly, the installation of the hydrological observation equipment

which m(ﬂbUTOS waL91 level, 1d1nfd}1 and pump dlscharpe were made

and then the observatlons were recorded.

G-1



2. Existing Status of Model Area

As 1s shown ih.Figure G-1, the selected model area adjoins the castern
end of the urbanized core area of Bangkok. This model area has récently
incurred rapid development and urbanization, therefore the present
urbanized.situation of the model area may show a trend of the future

urbanization of the Study-Area.

The model area was enclosed by the existing road and railway and at the

boundary. Che klongs which are comnected to the outside of the area, was
closed by a cofferdam with gate. Therefore, this.area was considered as
a suitable district as a model area in view of the easiness of making the

necessary hydrological observations.

According te the flood damage survey, this model area did not suffer
serious damage from the 1982 flood by virtue of'ﬁhe polder system.
Following are the descriptions of the various Ffactors governing the

model area's regime.

1) Topography

The model area, which covers some 8.8 square kilometers, is rather

like a parallelogram in shape with about 4 kilometers base along the
cast-west direction and about 3 kilometers heiéhf to the south-north
direction. This area is extremely flat and low with ground elevations
i.e, a maximum of about 1.1 meters and averaging about 0.7 méters

above mean sea ievel as is shown in Figures G-2. The roads and railway
suthunding the model area are embanked with top elevations between

1.0 and 1.8 meters above mean sea level.
2) Land Use
‘Model area is one of the most urbanized areas within the Study Avea as

shown in Figure G-3 and Table G-1. Built up space constitutes more

than 70% in the model area.

G-2
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