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ABSTRACT

The propose of this study was to develope a mathematical model to predict
flooding. The model calculates flood elevation at Banpong, Photharam, Ratchaburi
and Bangkhonthi. Terrain elevation (Digital Elevation Model: DEM) was constructed
to apply along with flood elevation from model. Flooding area was generated using
Geographic Information Systems (GIS).

The study found that the model shows good prediction of flooding areas
compared to those that actually occurred. The model can predict the time that the
maximum flood elevation will occur elevation at downstream sites (Banpong,
Photharam, Ratchaburi nd Bangkhonthi). In addition, the model is easier to use than
other hydrologic models because the model only requires the water elevation instead
of the quantity of water (Q) at Maeklong Dam. The water elevation can be read
directly from a gage measurement, so the official government at Maeklong Dam can
able to warn people who live at downstream sites as to when and where flooding will
occur.

However, due to the limitation of this investigation, the numbers of used
control points in generating DEM are quite few which may cause generated flood map
errors. The recommendation from the study is that an alternative method using a
computing lag time procedure calculating water travel time between downstream sites
be used.
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CHAPTER1
INTRODUCTION

1.1 Problems and Their Important

Flooding is a situation which excess amount water flows or fills up an area. Its
damage occur called flood damages. Flooding is an important problem of Thailand
because it damages roads, forests, agricultural lands and residential areas in the
affected areas. For example, the severe flooding in Petchaburi and Prachuabkirikhan in
October 2003 caused severe damages worth about 1,000 million baht. Flooding
problems usually occur during rainy season because river and cannels can not carry

the excess amount of water. One method to solve the problem is to construct a dam.

The large dams are usually designed by engineers in order to protect flooding.
Unfortunately, large dams could cause severe flooding instead if rapid draining of
excess water must be done in order to avoid dam failure caused by the over capacity.
Important problems in Thailand are the lack of water rather than the excess of water
passing through spillways. Therefore, the government tends to keep as much as water
in the dams. The ability of dam to collect excess water will be minimized, thus when
more rains come, the water must be drained rapidly and the sudden flood occurs. It can
be clearly seen that construction of dams for protecting flooding may not be a good

solution (1).

Every year, people who live in the lower Maeklong Basin must experience
flooding because the areas are mostly flood plains and thus flooding is inevitable.
Flooding causes losses of properties and farmlands. Infact, flooding is a natural

disaster, however, if it is known in advance of when and where the flooding would
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occur, protection measures could be done efficiently. This is the concept of flood

modeling in this investigation.

Presently, there have been a number of mathematical models to predict flooding,
for example, HEC-1, HEC-2, HEC-RAS and MIKEI11. Infact, these models work well
but they must be imported and costly. An important concern is some model parameters
not compatible with the environment for Thailand environment due to, for example,
the copyright law. This investigation is trying to find parameters suitable for Thailand,

especially for the lower Maeklong River Basin.

The mathematical model derived in this investigation is based on the relational
equation where inputs are the water levels draining over the Maeklong Dam spillway
and outputs are the elevation of water surface of the interesting downstream sites. The
downstream sites are Banpong (KS55), Photaram (K56), Ratchaburi (K 2B) and
BangKhonthi (K 57). The mathematical model derived in this investigation can predict
water levels at these sites by knowing only water levels at the Maeklong Dam
spillway. A Digital Elevation Model (DEM) of the area was created using aerial
photographs and the software called OrthoBASE Pro. The calculated water level was
used as an input to the software called ArcView to select areas having the elevation
lower than the calculated water level. Assuming that the effect of flowing process is
minimum, then the predicted flooding area will be the “lake” having the surface

elevation equal to that calculated by the model.

1.2 Propose of the Investigation
To develop a mathematical model to predict flooding areas in the lower

Maeklong Basin.
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1.3 Limitation and Area of the Investigation

1.3.1 The study site is the lower Maeklong Basin from the Meaklong Dam to
Maeklong River mouth.

1.3.2 The used water elevation data were taken from the following stations:

Maeklong Dam (K11A) : input data

- Banpong (K55) : Predicted flooding areas
- Photharam (K56) : Predicted flooding areas
- Ratchaburi (K2B) : Predicted flooding areas
- Bangkhonthi (K57) : Predicted flooding areas

1.3.3 According to the statistics, it was found that large amount of water was

measured from September to November annually.

1.3.4 The recorded water level data during those periods in Year 1998 to 2003
were used for calibrating the model parameters. Because of Royal Irrigation
Department of Thailand (RID) has not stored the water elevation of some sites before
1998.

In this investigation, flood elevation of Ratchaburi is used for making predicted
flooding areas because of time and budget limitation. Thus, the mathematical models

in this investigation are limited using some conditional situations as follows:

1) The water use and the quantity of water situation in the lower Maeklong
River Basin have to be normal

2) Because of model input is the water level of Maeklong Dam spillway, if some
downstream sites are raining, the relational equations from this study are not

able to be used to calculate flood elevation of those sites
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1.4 Steps of Investigation

1.4.1 Collecting data; water level, aerial photographs etc.
1.4.2 Developing and improving the mathematical model
1.4.3 Constructing the digital elevation model data

1.4.4 Making and checking the output maps of flood areas

The material presented in this investigation was designed as follows: 1) Chapter
one explains about problems of flooding, previous methods to solve the problems and
their disadvantages, flooding models currently in use, and the concept of the model
presented by this investigation 2) Chapter two gives brief explanations about the
previous studies related to flood modeling. Theories used in this investigation are also
discussed in this chapter 3) Chapter three discusses about methods used in this
research. This chapter includes methods using software OrthoBASE Pro to create
DEM, ArcView 3.3 to create flooding maps by showing the onscreen menus 4)
Chapter four shows the results of the investigation. Statistical comparison between
observed and predicted boundaries of flooding areas is shown in this chapter. Finally,

discussion and recommendation for future research are discussed in chapter five.

1.5 The Result of Investigation

The result of this investigation shows that despite the simple relational equation
was used. The difference between calculated and observed water level is statistically
acceptable. However, it differs significantly in areas where marine tides are dominant,
Bangkhonthi, for example. This is an important limitation of the model. Regarding
predicted flood areas, the boundaries of observed flood areas and those predicted by
the model are statistically the same. However, due to the limitation of time and budget
to carry out this research, only observed and predicted flood areas in Ratchbiri was
compared. Although the result from one site can not make a conclusion, it, however,

serves as a guide for future improvement or for a preliminary investigation.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Inform. Sys. Manag.) / 5

CHAPTER 11
LITERATURE REVIEW

2.1 Maeklong River Basin

2.1.1 Location and Boundary

Maeklong River is a main river in central region of Thailand. It is formed
by two main tributaries Kwai Noi and Kwai Yai, which emerge at Kanchanaburi. It
enters the sea at Samutsongkram. Meaklong River Basin covers 7 provinces:
Kanchanaburi, Supanburi, Nakhonpathom, Samutsakorn, Samutsongkram, Ratchaburi

and Phetchaburi. Its total area is 30,837 Km? (Figure 2.1)

The lower Maeklong River Basin which is the study site of this
investigation covers 5,430 Km?. The distances measured from the river mouth to each

location are follows:

- To Samutsongkram 6 Kilometers
- To Ampawa 15 Kilometers
- To BangKhonthi 20 Kilometers
- To Dumnernsaduak 27 Kilometers
- To Ratchaburi 37 Kilometers
- To Photharam 57 Kilometers
- To Banpong 71 Kilometers

- To Maeklong Dam spillway 109  Kilometers
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2.1.2 Geography

The geography of the study area can be classified into three types which

are follows:

a) Mountain and Hill

Areas having the height over 50 meters above the adjacent valley
bottom and more than 10 % slope. This type of geography covers about 70% of the
basin. Due to the extended areas of mountains and big rivers with large amount of

water, two major dams, Kholaem Dam and Srinakarin Dam were constructed.

b) Rolling Plain

Areas having the height between 50 to 100 meters above the adjacent
valley bottom and the slope between 2 % to 10 %. This type of geography is found in

the south west part of the area and covers about 10 % of the whole basin.

¢) Plain

Areas having the height lower than 30 meters above the adjacent
valley bottom and slope smaller than 2 %. This type of geography is found in both
sides of the Maeklong River, from Kanchanaburi to Samutsongkram, covering about

20 % of the whole basin. Flooding occurs in this type of geography.
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Figure 2.1: Location and Boundary of Maeklong Basin
Source: Royal Irrigation Department of Thailand (RID)
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2.1.3 Land Use and Economic Situation

About 70 % of the Maeklong River Basin areas are forest, mostly in the
upper part of the basin. Agricultural areas are in the lower part, especially on both
sides of the Maeklong River (From Kanchanaburi to the river mouths). Most part of
the basin, apart from forest, is used for sugarcane plantation which is the major
production of sugar of the country. The rest of the areas are for rice and others. The

economic structure is based on agriculture and fishery (2).

2.1.4 Flooding Problem

Flooding problem usually occurs during rainy season due to the flat

geography and the effect of marine tides. Flooded areas are shown in Figure 2.2
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Figure 2.2: Flooded Areas in Lower Maeklong River Basin

Source: Royal Irrigation Department of Thailand (RID)
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2.2 Hydrological Model

At present there are a number of hydrological models which can be used in
hydrological prediction and are compatible to different types of computers, personal
computers and mainframe. Most of these models were developed by government
agencies or academic institutions of many countries. DeVries and Hromadka (1993)
divided the hydrological models into the groups: 1) Single-event rainfall-runoff and
routing models; 2) Continuous-stream-flow; 3) Flood-hydraulics model and 4) Water-

quality models.

2.2.1 Single-Event Rainfall-Runoff and Routing Models

HEC-1 is an example of this type of model. It is used to model the flow
processes of complex watersheds by using rainfall as input and a link between
hydrology and hydraulic. It can be used for analyzing different types of flood,
evaluating damages caused by flooding, and offering proper measures to control
flooding. It can be extended to find a relationship between flow rate and flow
frequency of ungauged watersheds. It was developed by Hydrologic Engineer Center

of the U.S. Army Corps of Engineers (3) and is widely used in U.S.A.

2.2.2 Continuous-Stream-Flow

SHE (Systeme Hydrologique European) is an example of this type. It was
developed by three organizations: the Danish Hydraulic Institute, the United Kingdom
institute of Hydrology and the French Consulting company SOGREAH with an
objective to increase the model abilities in hydrology. It is suitable for studying input
of landuse on water quality. The model structure is rather flexible for wide range of
inputs and parameters. Inputs to the model are water characteristics, rainfall,
meteorological data, and vegetation type. Other sub-models, for example, water

quality and sedimentation can be added (4).
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2.2.3 Flood-Hydraulics Model

HEC-2 was developed by the Hydrologic Engineering Center of the U.S.
Army Corps of Engineers to compute steady-state water surface elevation profile in
natural and constructed channels (5). Its primary use is for natural channels with

complex geometry such as river and stream.

HEC-2 uses the standard step method for water surface profile
calculation, assuming that flow in one dimensional, gradually varied steady flow.
Usually a different discharge is used for each profile. The discharge can be changed at
each cross section to reflect tributaries, lateral inflows or diversions. The water surface
elevation at the starting cross section can be specified in one of four ways: as a given
elevation, as critical depth by a rating curve or as a computation by program, by the
slope-area method. The water surface elevation associated with critical flow is

computed for conditions of minimum energy at cross section.

In a few last years, HEC has developed HEC-RAS, for River Analysis

System that has the same features as HEC-2 but difference is Windows interface.

2.2.4 Water-Quality Models

MIKEI11 was developed by the Danish Hydraulic Institute (DHI) for the
simulation of flows, water levels and transport of sediment and dissolved or suspended
materials (6). MIKE 11 is a general purposed microcomputer based model that
simulates not only rainfall-runoff processes, but also river hydraulics, sediment
transport and water quality. MIKE 11 can be used in design, management and
operation of river systems and channel networks. MIKE 11 provides a similar set of

modeling system capabilities in mainframe computer.

Mike 11 model consists of several individual modules, allowing the user
to add specific modules for various types of hydrologic simulation as the need for

these features arises in the application. It is configured with a core component termed
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the basis module plus a series of other add-on modules. Mike 11 model consists of

four modules as following:

1) Hydrological Information System (HIS Module):- this module is used

for management, processing, presentation and analysis about time series of some data.

2) Rainfall-Runoff (Nam Module):- this module function is used for

stream flow calculation by using rainfall as input.

3) Hydrodynamic Module (HD Module):- this module is used for hydro -

movement calculation.

4) Flood Forecasting Module (FF Module): this module is used for flood

forecasting.

2.3 Geo-Informatics

Some techniques are familiar to make flood areas map using geo-informatics. For

examples;

2.3.1 Digital Terrain Models and Digital Elevation Models

Digital terrain and elevation models provide graphical representations of
land surface elevations. A digital terrain model (DEM) generally deals with a regular
array of elevations, normally created in a square grid or hexagonal pattern over the
ground surface (7). The shortcoming of this regular grid-based approach is that the
distribution of the data points is not related to the characteristics of the terrain itself
(8).The DEM approach is superior for analysis of very large areas where fully
automated data collection is much more cost-effective. Canada and most western
European nations are undertaking similar programs for the development of DEM data

from existing topographic data.
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By contrast, a Digital elevation model (DTM) can usually accept
elevations at random locations. As such, a DTM can preserve important topographic
features such as ridge lines, stream banks and stream-flow lines. Generally, the DTM

approach is superior for local areas in which data for specific features are available.

2.3.2 Geographic Information System: GIS

A geographical information system is an electronics system of maps
connected to tables of data that describe the features on the maps. A vector-based GIS
describes map features as points, line, or polygons. Points can represent gauging
station, capital city etc. Lines can represent river, road etc. A polygon can represent

government boundary, countries etc.

A GIS can store and analyze the data by using relationships between the
various points, lines and polygon entities. Each spatial feature in a GIS has a unique
geographic location specified by its coordinates and a unique identifying number by
which it is connected to descriptive data in a relational database. The GIS generally
uses Structured Query Language or similar nonprocedural database query language to
find information in the database. A complete GIS system contains computer mapping
and display capabilities for generating high-quality cartographic products. The user

can specify size and scale to produce the desired map outputs (9).

2.4 Related Researches

The related researches with this investigation have not much. However, the

examples of the similar research with this investigation as the follows:

Wongwitaya (2544) had developed and modified ArcView GIS, which is a
geographic information system (GIS) to make flood map in the Yom Basin but in this
study, the focus was on Phare and Sukhothai Province. In this investigation,using
some functions in ArcView along with the developed program. The program has the

capability to develop the flood area maps. By integrating maximum flood water level
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data from MIKE 11 along with geological information data. The result of research is
the application, which can make GIS flood map boundary similar to that of a manual
flood map in shape and area, users can observe the preliminary spread out of flooding
area. However, the accuracy of the result depends on the scale of the contour line

input. The large scaled data shoed better results compared to the smaller one (10).

Arayawongwarn (2544) had studied the flood phenomena in the Yom basin,
Phare province by using MIKE 11 and the Geographic Information System (GIS).
MIKET11 is used for forecasting flooding at three periods of 10 years, 25 years and 100
years. The GIS is advantageous for displaying spatial data and it is applied for
estimating flood areas and generating flood maps. The maps are analyzed considering
physical factors and land use change, which are also considered in this research, in
order to suggest guidelines for management of future flood areas in the Yom basin,
Phare province. The results of the flooding forecast indicate that most of the maximum
water levels at the reference points are over the banks, scattered throughout the river.
Flood areas are mainly occupied by forest, agriculture and urban areas. The future

flooding areas will not be much different from the present (11).

Weerapan (2538) had studied on flood forecasting and warning at Hat Yai Station
by using MIKE 11 model. NAM parameters and hydrodynamic coefficients have been
calibrated by the model until the simulated water levels and discharges approach to the
observed data. After that all calibrated parameters have been used for testing a flood
forecast module. The final result of the testing gives an acceptable error. It means that,
the modeling is suitable for a daily operational flood forecasting. However, U-thaphao
River is a small and flashy catchment. Using daily data in the model will get some
errors especially in the period of heavy rains. So, hourly data, such as, three or six
hourly interval data should be observed and used in the model for giving a high

accuracy of forecast (12).

Chanasriratanakul (2543) had carried out the application of HEC-RAS in
conjunction with GIS for Flooding in Lower Chao Phaya River. The objective of this
study is to analyze data which is effected to flooding in lower Chao Phaya River by
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collecting the data from three of responsible government agencies, the Royal Irrigation
Department, the Harbour Department, and the Port Authority of Thailand. The “HEC-
RAS” Hydraulic Model is a selective analytical tool to be applied for studying about
the river in Thailand so as to calculate and find appropriate variables for the Chao
Phaya River. By this model, the variables effected to the flood state are found and they
can be use for prediction of flooding at any return period on the basis of Hydrological
principle. The outcome of “HEC-RAS” can be linked with Geographic Information
System by using Map Basic and Visual Basic languages. It can indicate flood plain
and flood level in expected areas, provinces, districts and irrigation projects at various
return periods. The result of this analysis enables the director of irrigation projects to

prepare plan and measures for flood mitigation immediately and more effectively (13).
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CHAPTER 111
RESEARCH METHODOLOGY

Concept of the model developed is based on the fact that flow rate is highly
correlated to flow depth and high flow rate takes less travel time than that of low flow.
As the equation of upstreamsites, flow elevation at downstream site can be calculated.
In general, modeling hydrologic response, in this case flood elevation at interesting
site, requires rainfall data as inputs to the model. However, in this study area, the
watershed had been regulated by three large dams, Srinakarin Dam, Khaoleam Dam,
and Maeklong Dam. Rainfall data can not be used in calculating model output any
longer because the flow of water is now controlled by men, not by nature. Input data
used in this study were flood elevation records at Maeklong Dam spillway. The water
level data can represent to the quantity of water (Q). A rational equation is suitable for
such case.

As previously discussed, the purpose of this study is to develop a mathematical
model to predict flood areas. In order to acquire accurate results, specific methods

must be accomplished. The methodology can be discussed as shown in Figure 3.1
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Figure 3.1: Flow Chart of Research Methodology
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Steps of Research Methodology

3.1 Data Collection: data used in this research are explained as follows:

3.1.1 Hydrologic Data

The hydrologic data in this investigation have used the hydrograph records
for five years. Those are described in chapter one in limitation of this investigation.
Because of the water level is able to refer the of water (Q). Thus, this investigation,
the used water elevation of Maeklong Dam is used for representation of the of water
(Q). Those are described in chapter one in limitation of this investigation. The hydro-

graph records are shown at the following stations (Table3.1) and the location of these

stations are shown in Figure 3.2

No. Location Province Code Month Year Recorded data
type
1 | Ban Wang Khanai, | Kanchanaburi K11 | September 1998 Water level
Amphur Tha A to to and
Muang November 2003 Date
2 | Amphur BanPong Ratchaburi K55 | September 1998 Water level
to to and
November 2003 Date
3 | Siriluk Bridge, Ratchaburi K56 | September 1998 Water level
Amphur Photharam to to and
November 2003 Date
4 | Amphur Maung Ratchaburi K2B | September 1998 Water level
to to and
November 2003 Date
5 | Amphur Samutsong K57 | September 1998 Water level
Bangkhonthi kram to to and
November 2003 Date

Table 3.1: Gauging Stations (Source: Royal Irrigation Department of Thailand)
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Hydrologic data were used to compute lag time, model parameters and flood elevation.

3.1.2 Air Photoes

The air photoes were used in digital format so that they could be
processed by the software IMAGINE OrthoBASE Pro. Digital air photoes consist of
camera parnameters data for creating DEM using the photogrammetric technique,
camera parameters are needed. Camera parameters are constant values of the camera
used in taking airphotoes, for example lense distortion value, principle point error, etc.

This investigation used the air photoes from Ministry of Agriculture and

Cooperatives which have the following details:

- The air photoes of the lower Maeklong River Basin which were taken in
Year 2002 on scale 1:25,000

3.1.3 Sattlelite Data
The used sattlelite data were LANDSAT 5 taken on 19 November 2003 in
which high flood occurred. The flood areas were delineated manually to find flood

boundaries. The boundaries were later used as observed flood areas to compare to

those predicted by the model. Then error of prediction could be obtained.

3.2 Model Development

Model development consists of the following steps

3.2.1 Computing Lag Time

Lag time is the time required for the water to flow from one site to the
other. For example, lag time of the station K 55 is 6 hours means the water requires 6
hours to flow from the station K11A to station K 55. In calculating lag time, a peak

flood elevation of the station K11A was marked as the beginning of flow, then a peak
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flood elevation of the sites downstream, for example K55 at the later time was marked.
The time difference between the two peaks is the lag time of the station K55. Figure

3.3 explains lag time determination.

I lag—|

Wiater level

Figure 3.3: Lag Time Determination
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For more accurate results, serveral lag time values obtained from serveral peaks
should be used in plotting a graph showing a relationship between lag time (as y-axis)

and water elevation (x-axis). Incorrect points should be eliminated from the graph.

The incorrect points from lag time graph are eliminated using the following:

- The incorrect points do not follow natural flow processes. For example
high water elevation should cause less lag time because the high water elevation

results in high flow rate and that requires less flowing time and visa versa

- The relationship between the water level of K11A and lag time of each
station (R-square) should be more than 0.7 for getting the data series which are able to

calculate lag time equation accurately

Figure 3.4 (a) shows lag time before eliminating some incorrect points. Figure 3.4
(b) shows the improvement of lag time accuracy after elimimitating some incorrect

points.

Lag time (h)
»

water elevation at K 11A(m)

()
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(b)
Figure 3.4: The Relationship Between Lag Time and Water Elevation at

Maeklong Dam Spillway: (a) Before Eliminating Incorrect Points; (b) After

Eliminating Incorrect Points, the Accuracy Improves.

3.2.2 Computing Model Parameters

The mathematical model developed here consists of 4 rational equations

(one for each site) as follows:

For Banpong (K55); Et @ = aH 3.1
For Photaram (K56); E2 t+12) = apH™ O el 32
For Ratchaburi (K2B); E3 @) = aH"y 3.3

For Bangkhonthi (K57); E4 (14 = aH™ ® 3.4
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Where:

Ei, E;, Es and E4 = the water elevation at K55, K56, K2B and K57 respectively (m)
aj, a, azand a4 = model parameters at K55, K56, K2B and K57 respectively
by, by, bsand by = model parameters at K55, K56, K2B and K57 respectively

t = time stamped
11, I, 13 and 14 = lag time at K55, K56, K2B and K57 respectively (h)
H = water elevation at Maeklong Dam spillway (K11A)

In calculating model parameters a set of hydrologic data were used as inputs
while the rest were kept for testing the model. In general, the number of hydrologic
data used was larger than the number of unknowns in the equations. This situation is
known as “over determined” case. Solving the over determined an equation requires
the Least Square Approximation which can be discussed as follows:

For example from the equation:

E1(e+in = a1 H b
log (i) = log (a1) + by log (He)
y = c+bix

Where:
y = log (Eiw) ;¢ =log(ar);and x = log (Hy)

Input the lag time data and hydrologic data, the solution of the equation is

by = N(Zxy) — (Exy)(Zy)
N(EX) - (Zy?)
c = 2y —b (2x)

N
Where:

N = the number of input records
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Applying the antilog to c, the parameters a and b can be determined. Repeat the

steps for other sites, then the parameters a, a3 a4, b, bz and b4 can be calculated.

3.2.3 Computing Flood Elevation

Equation 3.1, 3.2, 3.3 and 3.4 with known parameters a; a as a4 and by
b2 bs and by were used to calculate flood elevation. A set of hydrologic data, apart
from those used in calculating the model parameters, were used as inputs to these
equations. Lag time was calculated by the lag time equations given in chapter four.
Output of these equations was flood elevation: - the water elevation at each site that

causes flooding. Flood elevation was used with DEM to find flood areas.

3.2.4 Surveying Control Point

Control points are needed for generating DEM using photogrammetry.
Control points are the points that can be recognized in air photos and in the terrain and

their coordinates in the air photos and in the terrain must be known.

The more number of control points, the more accuracy of DEM obtained.
However, more control points requires more time and budget to work. A suitable
number of control points for an air photo block should be used. In general, the suitable
number of control point and the arrangement is shown in Figure 3.5(IMAGINE

OrthoBASE User’s guide, 2004)
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Figure 3.5: Suitable Number of Control Points

3.2.5 Generating DEM

Where:

mi2
mis3
ma1
my

my3

Equations used in generating DEM are:

xo- f

Yo- f

[ (X = Xo) + m12 (Y - Yo) + ml3 (Z - zo)}
L m31(X —Xo) + m32 (Y - Yo) + m33 (Z - Zo)

[ mn(X = Xo) + ma (Y - Yo) + ma (Z - Zo)
L m31(X —Xo) + mz2 (Y - Yo) + ms3 (Z - Zo)

= COS O COS K
= sin @ sin @ cos K + ¢cos @ sin K
= COS @ sin g cos K + sin @ sin K
= COs 0 sin K
= sin @ sin @ sin K + cos @ cos K
= €OS @ sin g sin K + sin @ cos K

= sin o
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m32 = sin @ cos o

ms3 COS @ cos 0

If the number of control points is more than the minimum number of equations
used, the Least Square Approximation is used. The values of x, y was obtained by air
photo measurements, the values of X, Y, Z were obtained by control point survey.
Therefore, the six parameters o, o, k, X ¢, Yo and Z in the equation 3.5 and 3.6 were
solved by the Least Square Approximation. The six parameters (o, o, x, X ¢, Yo and
7o) were plugged in to the equations 3.5 and 3.6, then X, Y, Z of all pixels in the
overlapped air photoes were calculated. The values of X, Y, Z are the DEM which

were used in mapping flood area.

In this investigation, the processes of creating DEM was done by using the
program IMAGINE OthoBASE Pro. The method of using the program is explained as

follows:

Start the program IMAGINE OrthoBASE Pro, then choose create a new
OrthoBASE project

[

Create New Block File

Select Geomatic Model

Block Property Setup

Add Image Frame

Computer Pyramid Layers

Loading the Existing, Camera Parameters

Entering Interior Orientation and Entering Exterior Orientation

Measuring Ground Control Points and Check Points

o X N N WD

Performing Automatic Tie Points

—
=

. Performing Aerial Triangulation

—
—

. Loading Image for Generating DEM

—_
[\

. Set Extraction Options
. Run DEM

[a—
(98]
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3.2.6 Generating Flood Areas
Data for generating flood area required are computed flood elevation and
generated DEM The program ArcView is used to select all pixels having the values
equal or less than the flood elevation. The process can be explained as follows:

Start the program ArcView 3.3, then

1. Create a New Project with a New View

2. Add Data Sources

3. Creating TIN from Features and Save Tin File
4. Convert TIN to Grid

5. Flood Areas Analysis

3.2.7 Drawing Flood Areas

Data required are remotely sensed data taken on the day having the
highest level of water recorded at the Maeklong Dam spillway. Because water surface
reflects less energy, therefore the pixels representing water surface have darker color
than those of surrounding. The observed flood areas are boundaries of dark color
pixels. These boundaries were drawn manually and were used to test the generated

flood areas.

3.2.8 Computing Model Error

The difference between generated and observed areas can be visually
compared to determine the error. However, a statistical method should be used to
quantify the error rather than the visual comparison. There are two types of
comparison: boundary comparison and area comparison. The boundary of flood area is
the interface line between the water and the land. In this study the comparison between
predicted and observed flood boundaries was done because it is easy to handle and yet

gives good results. In other words, if the boundary difference is acceptable, then the
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areas difference is also acceptable. The error of prediction can be calculated by

equation 3.7

Where:

i

E = LY i 3.7

= error of prediction
= total number of test points

= the length of boundary line

= absolute values of the shortest distance between observed and

predicted flood boundary

The application of equation 3.7 to flood boundaries can be visualised in Figure 3.6

iy

Predicted flood boundars

Ohserved flood boundary

Figure 3.6: Predicted Flood Boundary and Observed Flood Boundary

The value of E can be expressed as, for example: 1/1,000, 1/25,000. The less
value of E, the better model prediction.
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3.3 Research Tool

3.3.1 Hardware Requirement

PC Computer 1 Unit
CPU pentium IIT 1 GHz.

HDD 20 GB

RAM 256 MB

Monitor 14"

3.3.2 Software Requirement
1. ArcView GIS version 3.3
2. Spatial Analysis 1.2
3. 3D Analysis 2.0
4. IMAGINE OrthoBASE Pro 8.5.1

3.3.3 OS

1. Microsoft Window XP Professional
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CHAPTER 1V
RESULT

Research methodology has been discussed in Chapter three. It is expected that
those who follow the methods described in Chapter three should get similar results
shown here. However, in using a model, prediction error is unavoidable because no
model can handle all natural processes. In order words, some natural processes must
be skipped from the model and that causes prediction error. This chapter also discusses
magnitude of error and methods to avoid it. Step of working are calculating lag time,
calculating model parameters, calculating flood -elevation, generating DEM,
generating flood areas, creating actual flood map, computing model error. For better

understanding, an example of calculation was shown.

4.1 Lag Time at Each Site

Data required for calculating lag time are flood elevation measured at Maeklong
Dam spillway (K11A), Banpong (K55), Photaram (K56), Ratchaburi (K2B) and
Bangkhonthi (K57) as shown in table 4.1, 4.2, 4.3, 4.4 and 4.5.
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Table 4.1 : Maximum Water Level at Maeklong Dam Spillway (K 11A) During

1998 to 2002

Date Time Water Level at
K 11A (m.)
7 Oct 98 24.00 5.84
4 Nov 98 04.00 3.12
25 Sep 99 06.00 2.41
27 Oct 99 12.00 5.97
4 Nov 99 05.00 6.07
8 Sep 00 15.00 3.62
8 Oct 00 09.00 4.3
1 Nov 00 11.00 3.29
2 Sep 01 12.00 3.49
16 Oct 01 05.00 2.95
3 Nov 01 06.00 2.84
25 Sep 02 22.00 6.14
9 Oct 02 07.00 5.45
27 Nov 02 19.00 3.23

Table 4.2 : Water Level at Banpong (K 55) During 1998 to 2002

Date Time Water Level at
K 55 (m)

8 Oct 98 06.00 0.24

4 Nov 98 06.00 0.09
25 Sep 99 09.00 0.95
27 Oct 99 14.00 5.67

4 Nov 99 07.00 6.29

8 Sep 00 18.00 3.00

8 Oct 00 12.00 1.00

1 Nov 00 15.00 227

2 Sep 01 17.00 1.08
16 Oct 01 10.00 2.92

3 Nov 01 10.00 1.55
26 Sep 02 10.00 6.55

9 Oct 02 10.00 5.01
27 Nov 02 no data no data
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Table 4.3 : Water Level at Photaram (K 56) During 1998 to 2002

Date Time Water Level at
K 56 (m)

8 Oct 98 12.00 5.30

4 Nov 98 09.00 2.00
25 Sep 99 15.00 1.60
27 Oct 99 16.00 5.10

4 Nov 99 10.00 5.82

9 Sep 00 08.00 2.86

8 Oct 00 18.00 2.80

1 Nov 00 18.00 2.70

2 Sep 01 no data no data
16 Oct 01 12.00 2.20

3 Nov 01 12.00 1.95
26 Sep 02 10.00 5.84

9 Oct 02 12.00 5.27
27 Nov 02 no data no data

Table 4.4 : Water Level at Ratchaburi (K 2B) During 1998 to 2002

Date Time Water Level at

K2B (m)
8 Oct 98 15.00 2.70
4 Nov 98 15.00 1.00
25 Sep 99 18.00 1.02
27 Oct 99 18.00 2.70
4 Nov 99 12.00 3.16
9 Sep 00 06.00 0.85
8 Oct 00 18.00 1.20
2 Nov 00 09.00 1.45

2 Sep 01 no data no data
16 Oct 01 18.00 1.52
3 Nov 01 15.00 0.95
26 Sep 02 12.00 3.34
9 Oct 02 12.00 291

27 Nov 02 no data no data
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Table 4.5 : Water Level at Bangkhonthi (K 57) During 1998 to 2002

Date Time Water Level at

K 57 (m)
8 Oct 98 18.00 1.66
4 Nov 98 18.00 1.14
25 Sep 99 20.00 1.26
27 Oct 99 19.00 1.68
4 Nov 99 15.00 1.04
9 Sep 00 09.00 0.98
8 Oct 00 18.00 1.00
2 Nov 00 09.00 1.62
2 Sep 01 18.00 1.00
16 Oct 01 18.00 0.64
3 Nov 01 18.00 0.72
26 Sep 02 15.00 1.74
9 Oct 02 18.00 1.60

27 Nov 02 no data no data

Graphs between lag time and surface water elevation at Maeklong Dam spillway
can be plotted in Figure 4.1, 4.2, 4.3 and 4.4 repectively. Lag time, in this study, is the
time required for the water to flow from Maeklong Dam to Banpong, Photaram,
Ratchaburi and Bangkhonthi repectively. The graphs and their relationships between
lag time and water elevation at Maeklong Dam spillway are shown in Figure 4.1(a),
4.2(a), 4.3(a) and 4.4(a). Their relationships between lag time and water elevation at
Maeklong Dam spillway after taking at those wrong points are shown in Figure 4.1(b),

4.2(b), 4.3(c) and 4.4(b) respectively.
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Figure 4.1(a): The Relationship Between Lag Time and Water Elevation at
Maeklong Dam Spillway of Banpong (K 55)
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Figure 4.1(b) : The Relationship Between Lag Time and Water Elevation at
Maeklong Dam Spillway After Taking at those Wrong Points of Banpong



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Inform. Sys. Manag.) / 37

To be eliminated
A

Lag time of K 56
o

water elevation at K 11A

Figure 4.2(a) : The Relationship Between Lag Time and Water Elevation at
Maeklong Dam Spillway of Photaram (K 56)

10 - y =0.39X - 4.2813x + 16.314
9. o R?=0.8068

Lag time at K 56
()]

O T T T T T T 1
0 1 2 3 4 5 6 7

water elevation at K 11A

Figure 4.2(b) : The Relationship Between Lag Time and Water Elevation at
Maeklong Dam Spillway After Taking at those Wrong Points of Photharam
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To be eliminated

25 -
20 ~
S
Q15
X
[
E ¢ .
* 10 A
(o] * *
©
- .
*
5 A .
O T T T T T 1
0 2 3 4 5 6 7
water elevation K 11A(m)

Figure 4.3(a) : The Relationship Between Lag Time and Water Elevation at
Maeklong Dam Spillway of Ratchaburi (K 2B)

14 -

12

10 A

Lag time K2B(h)
oo

. y = 0.1594x - 3.0405x + 18.535
R?=0.7675

2 3 4 5 6 7

water elevation K 11A(m)

Figure 4.3(b) : The Relationship Between Lag Time and Water Elevation at

Maeklong Dam Spillway After Taking at those Wrong Points of Ratchaburi
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To be eliminated

25 ~
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0 1 2 3 4 5 6 7
water elevation at K11A(m)

Figure 4.4(a) : The Relationship Between Lag Time and Water Elevation at
Maeklong Dam Spillway of Bangkhonthi (K 57)

16 - y=0.0773x - 2.2535x + 18.851
14 - R®=0.721
12 -
= i
< 10
E 8-
et °
S 6
-
4 -
2 -
0 T T T T T T 1

0 1 2 3 4 5 6 7
water elevation at K11A(m)

Figure 4.4(b) : The Relationship Between Lag Time and Water Elevation at
Maeklong Dam Spillway After Taking at those Wrong Points of Bangkhonthi
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The equation for computing lag time are:

For Banpong; I, = -0.1894H +1.2364 Hyy + 1.5058  ............... 4.1
For Photaram; L= 039Hy2-42813Hy+16314 ... 42
For Ratchaburi; I = 0.1594 Hy? - 3.0405 Hyy +18.535 ... 4.3
For Bankhonthi; b = 0.0773 Hy? -22535H+ 18.851 ool 4.4

4.2 Model Parameters

Data required for calculating model parameters are hydrographs at Maeklong
Dam spillway (K11A), Banpong (K55), Photaram (K56), Ratchaburi (K2B) and
Bangkhonthi (K57) as shown in Appendix in which the flowrate is represented by
flood elevation. For model parameters accuracy, some incorrect points were

eliminated using the same condition of computing lag time.

Figure 4.5 (a) to 4.8 (a) show the relationship between maximum water level at
Maeklong Dam spillway and each site. Figure 4.5(b) to 4.8 (b) show the relationship
between maximum water level at Maeklong Dam spillway and each site after taking at

those wrong points.
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To be eliminated

maximum water level at K 55(m)
N

0 1 2 3 4 5 6 7

maximum water level at K11A(m)

Figure 4.5(a): The Relationship Between Maximum Water Level at Maeklong
Dam Spillway and Banpong (KS5)

y = 0.0818x% + 0.7523x - 1.177
R2 = 0.9522 *

maximum water level at K 55(m)
N

maximum water level at K11A(m)

Figure 4.5(b): The Relationship Between Maximum Water Level at Maeklong
Dam Spillway and Banpong After Taking at those Wrong Points
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To be eliminated
7 _
6 - ¢
5 < L)
<
4
s !

O T T T T T T 1
0 1 2 3 4 5 6 7

maximum water level at K11A(m)

maximum water level at K 56(m)

Figure 4.6(a): The Relationship Between Maximum Water Level at Maeklong
Dam Spillway and Photaram (K56)

y = -0.002x2 + 1.1237x - 0.9343
6 - R? = 0.9886

maximum water level at K 56(m)

0 1 2 3 4 5 6 7

maximum water level at K11A(m)

Figure 4.6(b): The Relationship Between Maximum Water Level at Maeklong
Dam Spillway and Photaram (K56) After Taking at those Wrong Points
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maximum water level at K 2B(m)
N

maximum water level at K11A(m)

Figure 4.7(a): The Relationship Between Maximum Water Level at Maeklong

Dam Spillway and Ratchaburi (K2B)

maximum water level at K 2B(m)

y = 0.0739x% - 0.1188x + 1.13
R? = 0.9508

1 2 3 4 5

maximum water level at K11A(m)

Figure 4.7(b): The Relationship Between Maximum Water Level at Maeklong

Dam Spillway and Ratchaburi (K2B) After Taking at those Wrong Points
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To be eliminated

E 25

5 B

X 24
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g 0.5 -
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é O T T T T T T 1
0 1 2 3 4 5 6 7

maximum water level at K11A(m)

Figure 4.8(a): The Relationship Between Maximum Water Level at Maeklong
Dam Spillway and Bangkhonthi (K57)

€ 25 y = -0.0271x? + 0.3871x + 0.4961

5 R? = 0.8206

f 2 .

3 N 0

215 4

K- .

s *

E 1

H

g 0.5 -

E

é O T T T T T T 1
0 1 2 3 4 5 6 7

maximum water level at K11A(m)

Figure 4.8(b): The Relationship Between Maximum Water Level at Maeklong
Dam Spillway and Bangkhonthi (K57) After Taking at those Wrong Points



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Tech. of Inform. Sys. Manag.) / 45

Applying the Method of Least Square Approximation, in this study the program

Eview was used. The model parameters are shown in Table 4.6

Table 4.6: Model Parameters for Each Site Obtained by Using Least Square

Approximation
Station Parameter (a) Parameter (b) R-square
Banpong (K55) a; =2.253362 b; =0.522667 0.935106
Photaram (K56) a, = 1.490174 by =10.793952 0.986935
Ratchaburi(K2B) a3 = 2.279033 b3 =0.854257 0.942210
Bangkhonthi(K57) as = 0.807758 bs=0.786397 0.807758

4.3 Flood Elevation at Each Site

Then the retional equation used in the mathematical model to calculate flood

elevation become:

For Banpong ;
E ey = 2253362*Ht™?7 4.5

For Photaram;

Eowp = 1490174 * Ht ™2 4.6
For Ratchaburi;

Eswiy = 2279033 *Ht*®*7 4.7
For Bangkhonthi;

Eawy = 0.807758* Ht*™*% 4.8
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4.4 Control Points

Due to the limitation of time and budget, in this study three control points using
in generating DEM were measured in the field with Trimble GPS 4400 set. This was
the minimum of control points to be used to generate DEM. All these points were
taken as the rover points, no base station was set, no adjustment was made. These
errors are acceptable because they are still less than the resolation of the LANDSAT
data (30 m.) used as observed flood areas. The 30 meters resolution means 30 meters
error. The photoes and coordinates showing each control points are shown in Figure

4.9 and Table 4.7 respectively.

Figure 4.9: Locating the Control Points

Source: Ministry of Agriculture and Cooperatives
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Table 4.7: The Used Coordinate of Control Points

Point No. Northing (m) Easting (m)
1 1,497,111.483 589,176.966
2 1,497,169.801 587,495.641
3 1,498,529.911 590,777.465

4.5 Digital Elevation Model (DEM)

The program IMAGINE OrthoBASE Pro was used to generate DEM. The
program required following data: digital air photoes of the study area; control points

and camera parameters. The method of using the program is explained as follows:

1. Start the program IMAGINE OrthoBASE Pro, then choose create a new
OrthoBASE project

%5 OrthoBASE Startup X |

| Welcome to OrthoBASE. From this dislog
you may begin a new OrthoBASE project,
of you may resume working on a previouzly
created one.

What would you like to do?
* Create a new OthoBASE project

" Dpen an existing OrthoBASE project

Cancel Help
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2. In the menu

rCrt-xate MNew Block File

File |

Look in |g ic)

om CAWINDOWS
DEM_¥LI [Ainfa
Diacuments and Settings [ i2sdk1.4.2 08
ESRI [ temp
taeklong 8 sjamn0 bk

ty Games EY thesis bk
Program Files $¥ thesis_new.blk
Rétchaburi

RECYCLER

Spstem W olume Information

Cancel

Help

Recent ..

Goto ..

File name: Irat_plnin:t ik

Files of type: IBIock File [ bik)

o R

54 Files, 14 Subdirectories, 3 Matches, 31480156k Bytes Free

“Model Setup” select “Frame Camera”

L.

Model Setup

Select Geometric Model:

Frame Camera

Digital Camera

Wideo Camera [Videography)
MHon-Metric Camera

Generic: Pushbroom

SPOT Pughbroom

IRS-1C Puzhbroon

IKONOS

3. Inthe menu “Block Property Setup” select “Set Projection”

]

(i]:8 I
[

Freyvious

MHext |

Cancel |

" Block Property Setup
Set Reference Systen:
Projection: Unknownd Cartesian
Spheraid:
Zone Mumber:
D atum:
Set Projection...

Help |

Results / 48
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4. In the “Standard” Tab and enter “Spheroid, Datum, UTM Zone, North or
South” then select “Next”

r —
% Projection Chooser X
Standard I Custom |
.
Categories| ITM WG&S 34 North |
Prajgction( [T Zone 33 (Range 12E - 15E) m
UTM Zone 34 [Range 18E - 24E)

UTM Zone 35 [Range 24E - 30E]
UTM Zone 36 (Range 30E - 36E]
UTH Zone 37 (Range 36E - 42E)
UTH Zone 38 [Range 42E - 48E]

UTM Zone 39 [Range 46E - 54E] Cancel |
UTM Zone 40 [Range 54E - BOE]
UTM Zore 41 [Range BOE - BBE] Help |
UTH Zone 42 [Range BEE - 72E]

UTH Zone 43 [Range 7ZE - 78E]
UTH Zone 44 [Range 7EE - B4E]
UTM Zone 45 [Range 84E - SOE]
UTM Zone 46 [Range 90E - 56E]
UTH Zone 47 [Range S6E - 102E]
UTH Zone 48 [Range 10ZE - 108E)]

UTM Zone 43 [Range 10BE - 114E]
UTM Zone 50 [Range 114E - 120E]
UTM Zone 51 [Range 120E- 126E) M

5. In the menu “ Reference Unit” Horizontal Unit, Vertical Unit, Angle Unit,

then choose “Next”

" Block Property Setup

Fieference Units:

Horizartal Units: Meters -

]

X . Previous
Wertical Lnits: IMEters VI
Angle Unitz: IDegrEes - l

Cancel

Help

dl

Set Map Projection and Units

6. Inputting ratation parameter:

- In the menu “Block Property Setup” input “Reference Units” = Next
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m
Reference Units:

Horizantal Units: m

Wertical Units: m

Angle Units: Im

]S I
Freviouz |

Cancel |
Help |

Set Map Projection and Units

- Set Frame Specific Information™ input rotation system: Omega, Phi,
Kappa and Photo Direction: Z-axis for normal image and Average Fly Height: (read

from air photo), then choose “OK”

1

Set Frame-5Specific Infarmation:

Cancel

Impart Exterior Orientation Parameters |

ok
Fiotation System: IDmaga, Fhi, K.appa ;I ;I
Frevious
Photo Direction: IZ-ams for normal images ;I
= et
¥ Define Average Fly Height [meters]: I 4037.67 _Ij

Help

7. Adding images into the program:

- In the OrthoBASE dialog, select Edit > Add Frame

Frame Editar...

Compute Pyramid Layers... Image Mame Active| Pyr. | Int | Ext | DTH| Ortho| Orline

Update Pyramid Layer Status
Delete Selected Images)

Paint Measurement. ..

Block Properties...

Autn, Tie Point Generation Properties...
Triangulation Properties. ..

DTM Exfraction Properties...

Add frame o the list é:|
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- Add required images into program, and then select “OK”

1

Fie | Add Optons |

Loskin  [= @) =] &

o L WINDOWS 3] dem_qualty.im i |
DEM_YLI infa ] phot_today.ir
Documents and Seltings (2] j2sdk1.4.2_06 ] 1at_00img Cancel
[CAESRI temp Hel

L. p
(22 Masklong —I
My Games 54398 img

(23 Progiam Files #&)54393.mg T
&) dem.img —I
] der09 ima fioto

System Valume Infarmation 2] demD03_quality.img
< m I

Fils name:  [54387 img
Files of type: |IMAG\NE Image [~.img] E E%

greyscale : 11340 Rows & 12575 Columns » 1 Band(s]

)

L

File Edit Process Help

& B WmAzZH
Row# || Image|D | Desciption Image Name Active] Por.| Int. | Ext.| DTM] Orthe) Drine I |

o /54357 img
/54998 img
/54999 img

NE

- Select “Edit” = “Compute Pyramid Layers”

File Process Help

2N Add Frame...

i Imane Mame

Update Pyramid Layer Stats /54337 img
©:/54938.img

Delete Selected Image(s) = iTin

Faint Measurement. .

Block Properties...

Aut, Tie Point Generation Propertiss...
Triangulation Propertiss...

DTM Extraction Properties...

Calculate pyramid layers
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- Select All Images Without Pyramids

Results / 52

% Compute Pyramid Layers £J|

Generate Pyramid Layers For:
¢ One Image Selected
= All Selected Images

' All Images 'Without Pyramids

S e Cancel

Help

- The column “Pyr” is green.

File Edit Process Help

& [

QO Wm A zZ 5

Fow #

e

| Image [0 | Description

Imane Mame

Active] Pur. | .| Ext.[DTM] Otho| Orine [N |

/549597 img

2

c:/54998.img

3

c./54999.img

8. Loading the existing, camera parameters:

- Select “Edit” = “Frame Editor”

Add Frame..

Cornpute Pyramid Layers...
Update Pyramid Layer Status
Delete Selected Image(s)

Image Mame

Active] Por. | Int. | Ext | DTM] Oitha] Orine B

c:/54997.img

/54998 img

c:/54999.img

Foint Measurement...

Black Properties...

Auto, Tie Point Generation Properties...
Triangulation Properties...
DT Extraction Properties...

Shiow and edit rame properties
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P Frame Editor (54997.img)

Sensor | Interior Origntatiorn I Exterior Information I

Image File Mamne: 54957 img
Attach | Wiew Image | Frevious
IMext
Block Model Type: Frame Camera

Cancel

Sengor Mame: IDefauIt wild Vl

Help

File and sensor information

| klkEE B

- In Sensor Tab, select “New” at “Sensor Name™to load camera file
- In Camera Information, select “Load” menu to load the existing

camera file=> “OK”.

General | Fiducials | Fadial Lens Distotton |
ComeraName: | UAG-S_13215
Save
Descriptions | CALIBRATED ON 30.03.02 &= |
{ " Toad
Focal Length (rm: 1628600 =
Cancel

Frincipal Point xo [mm) 00070 =
Help
Principal Paint yo (mm) 00150 3:

9. Entering interior orientation:

A
- From the Frame Editor dialog, select @ and IT' icon in “Interior

Orientation” tab, then move the currsor to the correct positions of fiducial masks
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" Frame Editor (54997 .img)

Results / 54

M= %]

i

T

Sensor  Interior Orientation ] Esterior Information]
Fiducial Orientation: Wiewer Fiducial Locator: [y il
| =0 J— 1o

—J— 100

e

|

I=TET

Unsolved

Saolve

o oo ra o

Paint # ]|

> | Color | Image® | Image’ | Film &2

| Residual Y

Film 'y Residual %
> 106.001 -105.993 0.000 0.000
-106.004 -106.001 0.000 0.000
-106.002 106.000 0.000 0.000
106.005 106.00 0.000 0.000
0.000 -110.000 0.000 0.000

(2

P

| _om |
‘ ‘ Help

~

Fiducial Orientation:

e

Sengar  Interior Orientation ]Exteriorlnformatinn]

Wiewer Fiducial Locator: :{i [] jm | J_ 00|

=]+ B xelal

O’Ejn_/}_ 100

| RMSE 0.12pixels

| | or 2.58microns

Appl ] | Salve
- L Mext ]
Paint# |7 | Color | Image Image ¥ Filin ¢ FimY | Aesidual® | Residualt [~
1= 12001.470 11262.844 106.001 105993 0.130 e (B ﬂ]
2 1403336 11269.730 106.004 106,001 0.070 0215 Help
| 1398.683 670,851 106.002 106,000 0.008 0055
4 11956632 £64.338 106,005 10, 007 0.0% a1zl [v]
< ] 1l | )_]:

12070.00, -11375.00
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- The column “Int” is green.

File Edit Process Help
& O ®m Az H

Row | Image D | Description Image Mame
1 c:/549597.img
2 2 :/54338.img
3 c:/54999.img

10. Entering exterior orientation:

- In the Frame Editor dialog, select “Exterior Orientation™ tab, then

input initial values of Xy, Yo, Zo, Omega, Phi, Kappa 2> “OK”

Sencor | Inierior Drientatian  Exdesica Infomnation |

Perspective Center Flotation éngles

Ko {m::] Zn Dinegs ldw::i] Kapps e |

V. [T ] R ol [T ] [ o] [T ey e

g Joom = [oow = [oow = [owomo = [oowon = foomoo o _ared |

Stalus  [iniid =] [riial =] i =] [ x| Jiria x| |l =l M
W SeiSis  [asa ] FoAllPaemelers EditAllmages.. |

1202413, =11283.13

5

11. Measuring ground control points and check points:

- In the “OrthoBASE” dialog menu, select “Edit” = “Point

Measurement”.
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% OrthoBASE Pro (rat_projrct.blk) =]
File | Edit Process Help
Add Frame. ..
Frame Editar...
Compute Pyramid Layers... Image Name AC“"elMM%MMM
Update Pyramid Layer Status £:/54357.img
Delete Selected Image(s) Zj::ggg::z

Point Measurement...

Block Properties...
Autn. Tie Point Generation Properties...
Triangulation Properties...

DT Extraction Properties...

Start point rmeasurement ool {/j

- The first two images are displayed collecting control points by
selecting “Add” button then input X, Y, Z coordinates of ground control points until

completed

=Jokd
N+ w @ o] A

(‘:B o A él @ Delete
Close:
# 2 2 Save

2 E m Help

I~ Uss Viewer As Fieference

Left Wiew: |54337 -

I~ Apply Image Shift

[?% Paint Measurement (Left view: 54997.img Right view: 54998.img)

Apply Reset
Right Wiewr |54395 -

I~ Apply Image Shift

Do —p)— ™

| Horizontal: hone: |

Point & | > | Description Type Usage | Active * Reference ' Reference Z Reference Image # Imange Mame Active 2 File T File:

1 Full Control X 52917E.966 1497111482 -23.839 i 54338 bt 60394.055 9186.829
2| Control ® 587495.641 1497169801 25,678
3 Control ¥ 590777465 1498529.911 -30.243

2 54539 b 10613.670 9899.563
3 54997 bad 1852 464 9332.895

5N

12. Performing automatic tie points:

- After completing entering control point coordinates, perform
automatic tie points by selecting “ Automatic Tie Point Collection Properties™ in the

“Point Measurement” tool
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File Process  Help

3 add Frame. ..
Frame Editar...
Fo Cormpute Pyramid Layers...
Update Pyramid Layer Status
Delete Selected Image(s)

Image Mame

©:/54997.img

/54338 img

Point Measurement. ..

Block Properties. ..

Triangulation Properties...
DT Exiraction Properties. ..

Show and edit auto tie point properties

c:/5433%.img

B i

- Fill out the “Automatic Tie Point Generation Properties”, then select

< ‘Run’ bl X

1 Automatic Tie Point Generation Prop... £J

Images Used:

Initial Type:

Strateqy Parameters:

& All avaiable
+ Esterior/Header/GCP ¢ Tie Paints

Image Layer zed for Computation:

(= Active images only

=1

Reset Stiateqy Parameters. ..

Search Size: 21
Correlation Size: 7

Least Square Size: 21

Feature Pt Denze: 100%
Coefficient Limit: 0.85

Initial Accuracy: 10%

Intended Mumber of Points Per Image: 5

o 1|

Fiun |

I~ Keep Al Points

Help

- After completion, adjust some tie points manually if necessary.
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EE =
®wae i s
# Z 2 O

& EH m

[~ Use Wiewsr &s Refersnce

54337 hd I

[~ Apply Image Shift

Left View:

O oz b

100

Right “iew:

54338 = I

[~ Apply Image Shift

| Horizantal: none |

ZHR

Point # || PaintID | » | Description Tvpe Usage |Active] X Reference ' Reference A Image Mame | Active # File ' File

1 1001 Ful Caritrol ® 589176966 1497111.483 = 54337 ® 1858.226 1381.493

2 1002 Ful Contral ® 587495 641 1457169.801 Ll 54338 >< E033.143 1133.763

3 1003 Ful Control % 590777 465 1438529.911

1004 & None Tie #

5 1005 Mone Tie X

B 1006 Mone Tie b

7 1007 Mone Tie ® |

al 1008 Mone Tie 3 B [v] _
0 &l J B

13. Performing aerial triangulation:- now that control points, check points and tie

points are obtained and ready to perform aerial triangulation.

Properties’

In the “OrthoBASE” dialog, select “Edit” = “Triangulation

Showe and edit trisngulation properties

Add Frame...
Frame Editor...

Cornpute Pyramid Layers..,
Update Pyrarmid Layer Status
Delete Selected Image(s)

Image Name

/54997 img

/54998 img

c:/54999.img

Point Measurement. ..

Block Properties..,
Autd, Tie Point Generation Properties. .

DT Extraction Properties...
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- Enter appropriate values, then “Run”. After completed, select

“Update”, “Accept” and “Close”.

1

General Point I\nlelior | Ektarior' Advanced Dpt\onsl

%

Image Paint Standard Deviations (pisels] :

e

h

w [0l =

Run
Update

Accept

GCP Type and Standard Deviations [ meters, 2> meters)

Type: ISame weighted walues

% |1000000 j z |mnnnun

‘| 1.000000 _Ij

Fepoit
Cancel
Help

14. Set extraction options:

- Select DTM Extraction, enter appropriate values. Choose “Advanced

Properties”

File  Edit @W] Help

s Automatic Tie Point Generation
Trizngulate
Row & Report...

I Graphic stats.

Image Name

Aictive] Py It | Ext| DTH] Do  Crine I |

/84997 img

c: /54998 img

DTM Extraction Report..,
Ortho Rectification

Perform automatic DTM generation

c:/h4999.img
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- Choose directory of Output DEM and appropriate values then select

“Advanced Properties™

Dutput DTM Type: DEM -
Output Farm: * Single DTM Moszaic Individual DTH Files Run |
Dutput DTM File: | ratchaburi img = | Batch |
2 = IE; |
DTMCelSize % |B0000D0 = v [B.000OOD ) [Meters | IS
Hel
¥ Make Pisels Square —DI

DEM Background W alue: IDefauIt vl

Trim the OTM Border by

=1 Advanced Properties. .. |

The amourt to be rimmed from the edge of the output DTM

- When DTM Extraction Propoties dialog appears, in “General Tab”

enter appropriate value

it raction Propertie M =1E3
General | Image F'airI Area Selectionl Accuracy
Output Projection: UTH Harizantal Units: IMeters - l

Spheroid:  'WGES 84 Wertical Units: IMeters 'l
; Cancel
Zone Number. 47 ¥ Create Contour Map ﬁl

Ok

Datum:  WGES 84 Set. ] T
Contour [nteryal: 1.00 =i

Help

P |DTM (o it 0% _:I [~ Remove Contours Sharter Than ISD.DDDD _I::

¥ iCreate DTH Point Status Output Image

Cutput projection S
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- In “Accuracy Tab” selects “Use Block GCPs”, “Use Block File

Points” and “Use External DEM”

DBt ractionPropenties:
Generall Image F‘airI Avea Selection  Accuracy |
I~ Use Block Check Foints O [ StowlnegzlD [ showForiin R K %:é| @4 w| v?|
[¥ Use Block GCPs % Coordinates of 20 Reference Points
¥ Use Block Tie Points ] Fowf |[> | PaontlD |Actve X Reference ¥ Relerence
Cancel
11 101 ® 589176.966 1497111.483 —I
[ Lot 1=l 2 12| % F87435.641 1437163801
I =3 | 3 1030 = 590777.465 1438525.911 Help
4 1003 = 586571.472 1498298.935
Elevation Units IMeters ;I 5 1004[ SHE6EE. 140 1499985.670
B 1005 = BBEBEY.430 1501367240
4 + 7 1008) = BE7FIT.I87 1499077.854
g 1007] = 588033.150 1501518.521
Wi i
Coordinates of Reference Check Points v

- Select “Import” to load report file

f:/repoit.

File ta Import From;

Field Definition | 1nput Preview |

Field Type:

trt

& Delimited by Separator ¢ Fixed Width

Separatar Character:
Riow Termninator Character:
Comment Character:

Mumber of Rows To Skip

IWhileS pace

El

| Rieturm NewLine (DOS]

=]

|u

Column Mapping

Output Coluran Mame

Input Field Number

"
i
z
<]

Cancel

I Help I

Input Field Number for X, Y and Z then “OK”
In DTM Extraction dialog select “Run”



Waleerat Rangsimapirat Results / 62

The generated DEM is shown in Figure 4.10. The lighten tone represent the higher the

elevation.

=

E!\fiewer #1 : ratcaburi_dem.img (:Layer_1) Q@ﬁ

File Utility “iew ACI Raster Help

I DEHS @ @ Tm+akE XA M H

286865.20, 1497910.37 4

Figure 4.10: Generated DEM
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4.6 Generated Flood Areas

For generated flood map, the value of maximum water elevation at Maeklong
Dam spillway on 19 November 2003 (1.86 m.) is used for flood elevation calculation
at each site. Flood elevation values were calculated by equation 4.5 to 4.8. Flood

elevation values of each site are shown in Table 4.8.

Table 4.8: Flood Elevation Values from Model of Each Site

Station Input data at K11A (m) Flood Elevation from
(Water Elevation) Model (m)
Banpong 1.86 3.12
Photaram 1.86 2.44
Ratchaburi 1.86 3.87
Bangkhonthi 1.86 1.32

From generating DEM, the results of last step are DEM and contour line.
Therefore, in generated flood areas uses contour product from DEM to make flood.
The program ArcView is used to select all pixels having the values equal or less than

the flood elevation. The process can be explained as follows:

Start the program ArcView 3.3, then

1. Start the program ArcView 3.3, from “choose create a new project” dialog,

select “With a new view” then “OK”.

42 Welcome to ArcWiew GIS

Create a new project

Q ™ az a blank project

ar

-

=  Open an existing project
¥ Show this window when Arciew GIS starts

Ok Cancel
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2. Inthe “Add data” dialog, select “Yes”.

Add data

9 ‘Would you like to add data to the View now?

3. Inthe “Add theme” dialog, select “Directory” destination and “Data Sources

Types” then “OK”

2 Add Theme x|

Directary: | e:hratchburibratbun_mghshp_file ok |
B railshp ;I = et - Cancel |
railedge.shp = ratchbur
M@ roadclshp [E= ratburi_mg
B roadedge. shp

B szpot.shp
B stuct.shp & Directaries

 Libraries

Data Source Types: Drives:
| Feature Data Source B3| | =3 -]

A2 View!

ﬂ Topo.shp -~
FAYS

[«]
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4. Creating TIN :

- In the menu “Surface” select “Create TIN from Features”

592,290.90
1.501.443.07 3

Build TIN using selected features in active feature themes

- When “Create new TIN” dialog appears, in the “Height Source™ select

required value, in the“Input as” select “Mass Points” then “OK”

42 Create new TIN

Active feature themes:

Clazs: Palyline

Height source: | Tp_elev |
Input as:
— W alus field: [ <nones =]
-
Help | ak Cancel |

- When “Output TIN Name” dialog appears, in the “Directiroes™ select
required directory and in the “TIN Name” input “requirded TIN Name”.
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2 Output TIN Hame H

TIN Mame Directories:

[Rat_tin3 o Cancel

23 capture arcview
3 config.msi
[ documents and settings
£ esri
3 found.000
3 found 0
= 1 found.002 LI

Drives:

le [

2 ArcView GIS 3.3 - o] x|

File Edit Miew Theme Analysic Suface Graphic:  Window  Help

2] S
[H[@]ee ]

| Seale 1] 139%,%?2%%? %

2 Viewl

ﬂ Topo.shp -
FAY

Adding line features to TIN... | 17 % | _ Stap |

- Output TIN
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@ ArcView GIS 3.3 !HE

File Edit Miew Theme Analysis Surface Graphics Window Help

EE= ([#] & . & B & &
}OIHV [ol@aelflel=T] -] 2l Seale T VBRI ¥
T

ﬂ R at_tina

Breaklines

Elevation R ange
[Jee667 - 75
[ 5833z -66.6
I 50 - 52.333
] 415657 - 50
] 33333 - a1.61
[ z5- =2.333
] 16857 - 25
I 333 16.66°
| Rk

_| Topushp

[«

5. Convert to Grid:

- In the menu “Theme” select “Convert to Grid”

2 ArcView GIS 3.3
File Edit View Analpsis  Suface Graphics  Window  Help

PBroperties.
“mm Start Editing

o] Rat_tinz

Breaklines

YT
sl i ARy

Elevation R
[ &6 .5€]
[ s8.2=
I - ¢ :
I:I- :;2f Edit Legend.

5. :  Hide/Show Legend
B 1658
I 533
[ EREH

_| Topashp

-

Converts themes ta grid themes
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- When “Convert” dialog appears, in the “Directiroes” select requirded

directory and in the “Grid Name” input “requirded Grid Name” then “OK”

41 Convert Rat_tin3

Grid M ame Directories: ok
[Rat_ard5 oA e—

£ capture arcview
3 config.msi
3 documerts and settings
] e
£ found.000
3 found.00
hd 7 found.002 j

Drives:

[c =]

- In the “Conversion Extent” dialog input required value then “OK”

Conversion Extent: Rat_tin3

Output Grid Extent

Output Grid Cell Size 39.571804 Map Linits
Mumnber of Rows 20
322

Number of Columns

Ok Cancel

2 frcView GIS 3.3 AEE
Suface [Graphics ‘Window Help

Fie Edt Wiew Theme
EE]E] ] EEAEIRIE
] st G BIRM Y

Elevation R ange
[Jesse7-75
[ 5823z - 866
Il 50 - 58.333
I 21567 - 60
[ 33333418
[ 25- 33.332
I 15567 - 25
[ =33 - 16.68
o =3=3

_| Topashp

Interpalating Grid 1 EiES | _Ste |
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- When “Convert to Grid” dialog appear select “Yes”
- Output Grid

@ ArcView GIS 3.3 !Hu

Fle Edt Miew Theme Analsis Sulface [Graphics Window Help

@ F B5] £ EAAEIEIE]
7] sl (BT

[-[0] ]

] Ratgiss Al
[Josmer-oe2z
Jozz- 17442
[ 1784z - 25,8
[ 25505 - 3.8
I 33257 - 42.1
I 4211 - 50.3%
I 50332 - 585
I 55555 - 657
[ R
B Yo D ata

_| Rat_tin3

Breaklines
0 Hard

Sott
Elevation R ange
[ ]e8667 - 75
[ 52232 - 65 &
I 50 - 55.333
Il 41 667 - 50
[ 33333 - 41 6

25- 33.333
I 18667 - 25
[ =333 - 16.66
o =333

_| Topashp

6. Flood areas:

- In the manu “Analysis” selects “Map Query” when “Map Query” dialog
appears, in the “Layers” select “Grid from step 6, in the “Condition Menu” selects

required condition then input “required value”
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4 ArcView GIS 3.3

File Edt Miew Theme Analpsiz Swface Graphics “Window Help

B @] (]

: TR
seale [ el

0997 . 2164
2154 - 3.31

221 - 4466

G466 - 6623
5623 - 6778
6.770- 7.025
Toz25. 0001

11.404 - 12 56

12.58 - 13.717

12.717 - 14872
-18.020
- 17185
- 18342
- 19408
- 20 854
- 21811
- 22067
- 24123
-2528

6,28 - 26,436

- 27882
- 28748
- 20008
- 31061
- 32217

- 333749
o]

Undo the |ast edit to graphics on a view

i

Layers Sample " alues
0144
3.8687

lm-j =]
4 W Update ¥ alues

18.852 ;I

[[Ratgrdi] <= 3.67) >

Evaluate |

7. Flood boundaries are shown as layer in project.
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File Edit View Theme Analysis Suwface Graphics ‘Window Help

B ¥ =)= --- 2 BEIENE] F0) (W] W]
[[7 seak TesaneE  BERE T
ifiew -[olx]

o Map Quary 1 -

[ Fakecm

] Ratgrdt

8. Flood boundaries of Photaram and Ratchaburi

> ArcYiew GIS 3.3

FEile  Edit iew Theme Analysis Suface Graphics window Help

8l ¥ 2 BILIX IEIIEII.II

] wir_body =
—

o] The_ra2shp
]

o] Th_ratshp
|

«f Amphoe
B Amphos
[ Amphee

LL
e
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The generated flood boundaries are shown in Figure 4.11.

Figure 4.11: Generated Flood Map of Ratchaburi and Photharam

4.7 Observed Flood Areas

The observed flood areas was created from the drawning observed flood areas
which using satellite date taken on 19 November 2003. Because the flood boundaries
were clearly seen on the satellite data therefore no field checking was done. The
observed map and the comparison between predicted flood and observed flood are

shown in Figure 4.12 and Figure 4.13 respectively.
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0 Ponticted fhond v
T Cbeerved flood smss

Figure 4.13: The Comparison Between Predicted Flood and Observed Flood
Areas
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4.8 Computing Model Error

The error of prediction between predicted and observed flood boundaries was
done using the boundary comparison method which can be calculated using equation
3.7. The used points and data for computing model error were shown in Table 4.9 and

Figure 4.14 respectively.

E = LE 3.7
NL T

Where:

N = 23 and L = 28947.73

0 Ponsicted flood anas
| v flond somr

Figure 4.14: The Used Points for Computing Model Error
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Table 4.9 : The Used Data for Computing Model Error

1(i) Length (m)
1 274.25
I, 383.95
I3 383.95
l4 109.7
Is 0
lg 0
17 713.05
Is 658.2
lg 822.75
lio 438.8
11 54.85
li2 822.75
113 54.85
lig 109.7
lis 548.5
lis 713.05
li7 109.7
lis 493.65
lig 0
lo 548.5
I 164.55
I 493.65
I3 1097

D |1,'| 8995.4

The error result between predicted flood and observed flood is 0.0135 or 1.35 %
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CHAPTER V
DISCUSSION

The objective of this investigation is to develop the mathematical model to locate
flooded areas in the lower Maeklong River Basin using the simple relational equation.
There are two major abilities of the mathematical model as follows:

- The mathematical model can compute flood elevation which will
occur flood at Banpong, Photharam, Ratchaburi and Bangkhonthi site.
- The mathematical model can compute lag time which flooding will

occur at Banpong , Photharam, Ratchaburi and Bangkhonthi site.

Flooding map of the lower Maeklong River area was generated using Digital
Elevation Model (DEM) and Geographic Information System (GIS) to see flooded

areas easily.

The study found advantages, limitations in developing the mathematical model as

the followings:

5.1 The Advantage of the Mathematical Model

1. The model can be used by users who have not hydraulics knowledge.

2. The relational equation from this investigation is easier to use than other
hydrologic models. It does not require rainfall and quantity of water data (Q)
which are important data for hydrologic model and the computing procedure
is not too complex.

3. The model input only requires the water level at Maeklong Dam Spillway,
which can read directly using a gage measurement at Maeklong Dam station
(K1TA). The model can compute flood elevation and lag time of Banpong ,

Photharam, Ratchaburi and Bangkhonthi site immediately .
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5.2 The Limitations of the Mathematical Model

1. The mathematical model in this investigation can calculate flooding elevation
at Banpong, Photharam, Ratchaburi and Bangkhonthi site only.

2. The mathematical model can calculate flooding elevation in September,
October and November only.

3. The water use situation in the lower Maeklong River Basin has to be normal.

4. The mathematical model can not compute flooding elevation at downstream
sites, if some downstream sites are raining but at Maeklong Dam Spillway is

not raining.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

6.1 Conclusion

The mathematical model from this investigation is able to implement for
calculating flood elevation in Banpong, Photharam, Ratchaburi and Bangkhonthi. The
official government at Maeklong Dam station (K11A) is able to know in advance of
when and where the flooding will occur using maximum water level at Maeklong
station. Flood protection measurements could be done efficiently to people who live in
the lower Maeklong River. Some computed flood elevation from model using water

level at Maeklong Dam sation as 1, 2, 3, 4, 5 and 6 meters are shown in Figure 5.1.

12 -
8
") 10 -
N e
(3]
3 8- —e—K55
®
£ g —m— K56
o
= — = K2B
S 4 K57
°
8 2
oS
u- 0 T T T 1

0 2 4 6 8

Water level at Maeklong Dam

Figure 6.1: Some Flood Elevation from Mathematical Model Using Water Level
at Maeklong Dam
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6.2 Recommendation

1. The quantity of water (Q) of the intersesting sites and Maeklong Dam
Spillway are able to be used for computing flood elevation instead of the
maximum water level of Maeklomg Dam.

2. If Royal Irrigation Department (RID) is able to measure hourly water level in
the lower Maeklong River sites, lag time computing procedure should be
able to compute accurately more than lag time in this investigation.

3. The different lag time computing is able to be computed using lag time
between downstream sites. For example; lag time between Banpong (K55)
and Photharam (K56).

4. The accurate Digital Elevation Model (DEM) is able to be generated using
more than the numerous control points.

5. Flood elevation of each site is able to implement easier than this using
developed program which can compute and link flood elevation of each site

directly using user interface between developed program and Arcview.
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APPENDIX
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HYDROLOGIC DATA
RID Computer Center WLEVEL/MAXDLY K.11A
Station : Ban Wang Khanai, A. Tha Muang, Kanchanaburi, (K.11A) Royal Irrigation Department
Stream : Mae Klong Thailand
River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 1998
Daily Max. Gage Height In Meter (MSL.) April 1, 1998 To March 31, 1999

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1 1139 12,66 11.10 1237 11.69 1092 12.08 10.82 11.53 11.81 11.10 10.77
2 11.76 11.74 12.04 12.13 1097 1093 1293 10.82 11.38 11.09 11.05 10.77
3 11.94 1221 12.09 11.52 1095 1093 1275 1254 1138 11.06 11.19 10.77
4 1194 1245 11.81 1197 1095 1090 12.08 1293 1220 11.06 1131 10.77
5 1237 1226 1229 11.65 1093 11.17 1125 11.81 11.42 1143 11.17 11.01
6 12.03 12.18 1244 1165 11.03 10.72 11.19 11.81 11.49 1157 11.05 11.04
7 11.16 12.12 11.88 12.05 1149 10.71 15.65 11.17 11.19 11.73 11.05 11.04
8 11.09 1192 1196 12.66 1133 10.71 15.65 11.17 1145 11.59 11.87 10.83
9 11.07 11.76 11.72 1224 11.02 10.71 1395 11.16 11.63 1150 11.22 10.98
10 11.61 1199 1223 11.75 10.89 10.71 1334 11.16 1141 11.17 1122 11.14

11 11.08 11.70 1259 11.51 10.74 10.71 1281 11.16 11.24 11.81 11.20 11.15
12 11.26 12.04 12.67 11.72 10.74 10.71 13.52 11.16 11.58 11.52 11.05 11.06
13 11.89 1221 1261 11.72 10.74 10.71 1397 11.16 1127 11.73 11.05 11.06
14 11.26 12.06 1238 11.81 11.16 10.71 1397 11.18 11.13 11.57 11.07 11.09
15 1090 11.81 1242 1228 1252 10.71 1340 11.16 11.10 11.73 11.06 11.09
16 1090 1229 1222 1228 1249 1087 13.11 11.18 11.10 11.42 1090 11.05
17 1090 12.19 1280 12.03 11.53 1145 1235 1145 11.08 1139 1090 11.05
18 12.04 11.78 1251 11.88 1133 11.83 1244 11.09 11.12 11.09 1090 11.05
19 1190 1223 1285 1143 1250 11.61 1222 11.51 11.86 11.55 11.06 11.05
20 1209 1197 1277 11.16 11.98 1125 1239 11.60 11.19 1152 11.06 11.19

21 1242 1195 12,60 11.10 11.92 11.85 1229 11.62 11.19 1132 11.06 11.38
22 12.54 12,10 11.86 1157 11.93 1199 1226 1146 11.19 11.14 11.13 10.79
23 12.18 1224 1217 11.82 1140 1196 1126 11.14 11.71 1099 11.06 11.17
24 1239 11.58 1252 11.69 1131 12.04 1122 1133 1125 1099 11.11 11.18
25 1246 1141 1247 1146 11.06 1240 1086 11.86 11.59 10.99 11.06 11.51
26 12,54 12.00 1239 1138 1224 1252 10.85 11.63 11.24 1099 11.06 11.17
27 1239 1246 1222 1093 12.72 12.18 10.84 11.57 11.28 1099 11.06 11.17
28 1242 1246 11.62 1091 12.82 12.18 10.83 11.01 11.24 1099 11.06 11.17

29 1247 1224 1142 1090 1192 12.00 10.83 10.95 11.07 11.16 10.80
30 1252 12,11 11.19 11.86 11.86 12.16 10.82 10.95 11.06 11.18 10.79
31 11.20 12.05 10.98 10.82 11.06 11.22 10.79

Max. 1254 12,66 1285 12.66 12.82 1252 15.65 1293 1220 11.81 11.87 11.51 15.65M.

Zero Gage At Bottom Elevation 9.813 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.l11A

Station : Ban Wang Khanai, A. Tha Muang, Kanchanaburi, (K.11A) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 1999

Daily Max. Gage Height In Meter (MSL.) April 1, 1999 To March 31, 2000

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

10.89 13.53 1098 11.77 11.54 11.06 11.88 1424 11.18 1135 1287 11.58
10.89 13.53 1097 11.74 11.54 11.08 11.85 1525 1228 1135 1197 1195
11.49 1341 1097 1193 1121 11.09 11.19 1585 11.50 11.78 1238 11.79
1141 1251 1097 11.01 1193 11.09 11.71 1588 11.64 1197 1225 12.09
1097 1249 1097 1090 1257 11.14 12.14 1543 1150 12.06 11.85 11.99
1097 11.19 1097 10.89 1297 11.12 1222 14.69 1134 12.02 11.81 11.73
1097 11.83 1097 11.50 1277 11.41 1241 14.01 1134 1220 11.71 11.77
1098 11.76 1097 11.52 1251 1097 1231 1359 1132 11.86 11.93 11.76
1098 11.63 1098 11.63 12.88 1092 11.96 13.12 11.82 12.02 11.95 1240
0 1098 11.28 1098 11.71 1297 11.56 1146 12.73 11.89 11.65 1241 1193

= O 0NN W=

11 1098 11.77 11.83 1136 1243 11.66 11.21 1237 11.89 11.61 1241 11.85
12 12.01 11.71 12.14 11.06 12.13 1121 11.10 12.12 11.71 11.95 1230 11.66
13 12.11 11.63 12.05 11.06 11.40 11.11 11.69 12.54 11.71 11.88 11.85 11.31
14 11.26 11.59 1197 11.06 11.46 11.08 1230 1229 1146 11.88 11.81 11.23
15 1133 11.24 12.09 11.06 11.68 11.55 1230 1231 1195 11.82 11.89 12.01
16 1141 1135 11.84 11.06 11.69 11.81 1256 1244 11.87 11.82 12.12 12.08
17 11.35 11.08 1191 11.06 11.84 1190 1238 12.18 11.54 11.82 12.15 12.29
18 11.35 11.53 11.75 11.06 12.65 12.12 1323 1235 11.78 11.83 11.88 12.06
19 11.00 11.23 11.75 11.06 1240 11.80 1323 11.88 11.81 11.80 1191 12.00
20 1136 11.39 1127 1124 1237 1142 1351 11.84 11.82 1199 11.73 1135

21 11.72 1142 11.74 11.73 1230 11.12 13.11 12.03 11.54 11.75 11.39 11.47
22 11.22 11.53 11.67 1122 11.62 12,18 1248 1238 [11.55 11.72 11.65 11.82
23 11.37 11.51 1126 11.15 11.62 1196 1247 1138 11.67 11.66 11.68 11.97
24 11.47 11.10 11.57 1091 1124 11.75 1224 1196 11.76 11.55 11.72 11.99
25 10.81 11.15 11.81 1090 11.61 1222 1224 1197 11.76 11.84 11.90 11.82
26 10.78 11.15 12.06 10.89 11.29 12.08 1434 1196 11.73 1195 12.08 11.79
27 10.78 11.00 11.24 10.89 11.68 1132 1578 1235 1135 1199 1145 11.18
28 11.79 1099 1124 1136 11.12 1130 1494 12.03 1135 11.75 11.30 11.54
29 11.82 1099 11.78 11.74 11.12 11.83 1455 1224 1135 11.88 11.52 11.18
30 1299 10.99 11.59 11.81 11.10 11.93 1453 1239 1135 11.61 11.84
31 10.99 11.89 11.06 14.43 11.35 1131 12.20

Max. 1299 1353 12.14 1193 1297 1222 1578 1588 1228 1220 12.87 1240 1588 M.

Zero Gage At Bottom Elevation 9.813 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.l11A

Station : Ban Wang Khanai, A. Tha Muang, Kanchanaburi, (K.11A) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 2000
Daily Max. Gage Height In Meter (MSL.) April 1, 2000 To March 31, 2001

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1 11.61 1229 11.75 1255 1097 1260 1230 13.10 12.60 11.15 11.93 11.58
2 11.78 1236 11.56 1247 11.02 12.62 1228 12.80 12.60 11.15 12.50 11.77
3 1136 1237 11.48 1237 11.07 1249 1228 12.66 1242 11.15 12.09 11.72
4 11.60 1258 11.60 12.14 11.08 1257 13.07 12.07 12.67 1191 12.10 11.50
5 11.54 12,14 11.61 1234 11.11 1264 1271 11.79 1191 11.67 11.57 11.13
6 11.97 1236 11.60 1222 11.11 13.14 1290 1130 12.04 11.73 11.80 11.13
7 1141 1236 11.95 12.09 11.11 13.14 12.67 1141 1277 1138 1239 11.69
8 11.85 1274 12.01 12.09 11.11 1343 14.11 12.01 1290 1135 1241 12.10
9 11.37 12.74 12.09 12,11 11.11 1316 12.04 12.01 1297 1193 11.89 12.07
10 11.32 12,59 1226 12.11 1121 1257 12.00 11.66 12.64 11.79 1191 12.07

11 11.41 12,77 1210 12.00 11.59 11.81 1231 11.66 12.02 11.67 12.12 1245
12 1191 1278 1190 1220 11.85 1221 12.00 11.21 12.58 11.94 12.03 12.29
13 11.41 12,78 1233 1223 11.07 1291 11.22 11.18 12.62 11.59 11.79 1226
14 11.21 12,78 1239 1192 1098 12.66 11.20 11.14 12.67 1199 1191 12.65
15 11.21 1236 12.04 1192 1097 1289 1120 11.14 1221 11.74 1193 1246
16 11.21 1233 1212 1192 1097 12.66 11.22 1129 12.03 11.61 11.46 12.52
17 11.21 1249 1212 1192 1097 1238 11.68 11.64 12.01 11.61 11.52 12.29
18 12.02 12.04 12.01 11.77 1195 1238 12.10 11.64 12.13 11.69 11.54 11.83
19 12.84 12.06 1231 11.78 11.38 1237 12.13 11.71 1226 11.78 11.34 11.60
20 1252 1235 1231 1197 11.85 13.12 12.19 1142 1220 11.81 11.34 12.08

21 12.67 11.86 1228 1197 11.55 12.64 1232 11.16 11.87 11.56 11.21 12.44
22 1255 11.37 1241 1181 11.77 13.08 12.13 11.16 1213 1131 11.62 12.78
23 12.73 11.69 1251 11.77 12.09 1289 11.79 11.48 11.85 1131 11.64 1241
24 12.68 12.01 1270 1144 12.01 12.06 11.32 1198 11.77 11.70 11.41 12.50
25 1251 1222 1244 11.09 1233 1231 11.30 12.06 12.06 11.77 11.28 11.96
26 12.70 1240 1244 11.08 12.01 1242 1131 1234 11.65 12.12 1127 1193
27 1274 1224 1244 1157 12.02 1256 11.75 12.66 11.66 12.78 11.29 11.55
28 1274 1230 12,63 1130 11.86 1257 11.79 1235 11.82 1243 11.27 1234

29 1295 11.12 1255 11.00 1191 12.64 11.70 12.64 11.89 11.60 12.21
30 1279 11.69 1255 1099 13.17 12.69 12.06 12.56 11.17 11.69 12.24
31 11.85 10.99 12.63 12.79 11.15 12.08 12.07

Max. 1295 1278 1270 1255 13.17 1343 14.11 13.10 1297 12.78 12.50 12.78 14.11 M.

Zero Gage At Bottom Elevation 9.813 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.l11A

Station : Ban Wang Khanai, A. Tha Muang, Kanchanaburi, (K.11A) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 2001
Daily Max. Gage Height In Meter (MSL.) April 1, 2001 To March 31, 2002

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1 12.10 11.74 11.87 1192 11.71 1326 12.12 1233 1228 11.11 11.76 11.25
2 11.65 1136 11.78 1137 11.76 1330 1225 1255 11.66 11.11 11.50 11.05
3 11.73 11.39 12.04 1125 11.83 1298 12.63 12.65 11.68 11.14 11.50 11.59
4 11.89 11.65 11.80 11.65 1282 1260 1242 12.05 11.85 11.16 11.30 11.21
5 1259 12,01 11.81 1191 12.19 12,15 1245 1218 12.02 11.75 11.65 11.21
6 1251 12.06 11.80 12.08 1228 1236 1245 1237 1213 1234 1145 1223
7 11.17 11.16 11.83 1199 12.63 1238 1197 1218 1259 11.77 11.50 11.71
8 12.06 11.55 12.01 11.80 12.63 1237 12.02 11.84 1232 1133 1138 11.27
9 11.82 11.81 12.09 1243 1249 12.68 1221 11.67 12.61 1134 11.82 11.26
10 11.59 1195 1226 1251 1238 1248 1265 11.54 1249 1134 1146 11.25

11 12,67 11.75 11.83 1251 12.54 12,65 1223 11.81 1231 1155 11.48 11.26
12 13.10 11.77 11.70 1256 12.08 1249 1222 11.54 1226 11.14 1120 11.74
13 11.45 1143 1218 1253 11.81 1256 1243 11.63 1223 11.59 1098 1251
14 11.37 1146 1230 1245 11.73 1249 1234 11.18 1196 1143 11.14 1226
15 11.25 1124 1242 1247 1271 1258 1273 1126 12.06 11.65 11.14 12.25
16 11.16  11.57 1243 1195 12.61 1253 1276 11.05 11.82 1147 11.80 12.24
17 11.50 11.59 1232 12,10 1240 12,65 1273 11.05 1195 11.69 11.50 12.55
18 11.87 11.64 1197 1236 1225 1257 1254 1120 12.04 11.85 1142 11.76
19 12.03 11.62 11.80 12.19 1256 12.77 1250 11.20 1250 11.75 11.44 1233
20 12.03 11.65 12.10 12.11 11.65 1281 1252 11.21 1228 11.68 11.21 1233

21 11.86 11.15 11.92 11.64 1221 1240 1237 11.54 1230 11.75 11.47 1239
22 11.55 1136 11.65 11.72 1227 1239 1213 11.55 12.06 11.88 11.33 1223
23 11.35 1193 11.79 1120 13.04 1195 12.12 11.54 11.80 1193 11.13 11.73
24 1094 1193 12,03 1126 13.05 1249 11.82 11.57 1143 1193 11.01 11.57
25 1093 11.77 11.56 1138 12.65 1249 12.08 1131 11.44 1195 11.10 1123
26 11.54 11.73 11.55 11.79 12.77 1275 1236 11.10 11.44 11.77 11.04 11.27
27 1170 11.79 11.56 1139 11.81 1244 12.65 11.07 11.81 12.06 11.04 1123
28 1225 11.84 11.56 11.60 11.95 1243 12.19 1135 11.85 1234 11.04 1236

29 12.11 11.80 11.68 11.55 12.07 1246 1224 12.13 11.55 1234 12.37
30 11.61 12.09 11.92 1157 1229 1243 1233 12.14 11.67 1234 12.36
31 11.93 11.44 1241 12.50 11.42 1193 12.36

Max. 13.10 12.09 1243 1256 13.05 1330 1276 12.65 12.61 1234 11.82 1255 1330M.

Zero Gage At Bottom Elevation 9.813 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.l11A

Station : Ban Wang Khanai, A. Tha Muang, Kanchanaburi, (K.11A) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 2002
Daily Max. Gage Height In Meter (MSL.) April 1, 2002 To March 31, 2003

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1 11.16 11.27 1198 11.69 1229 1342 1486 12.63 13.03 12.17 1246 11.83
2 11,51 1127 12.09 11.85 1227 12,67 1471 1263 1281 1222 12.00 1193
3 11.90 1120 11.64 1246 1234 1324 1456 12.64 1277 1246 1239 11.90
4 11.85 1133 12.01 1231 1254 13.83 14.12 1286 12.87 1237 1246 11.67
5 11.53 1133 11.83 1221 1231 1417 14.00 1297 1277 1197 1259 1239
6 1143 1136 11.79 12.00 1228 1445 14.15 12.84 13.01 12.19 12.58 12.06
7 1195 1136 11.85 1198 1228 1432 1471 1288 13.09 1234 1246 1235
8 11.77 1225 1198 1192 1247 1416 1511 1286 1321 1288 1235 1191
9 11.89 1227 11.90 12.04 1238 13.76 1526 12.81 13.05 12.83 1241 11.90
10 12.11 12.01 11.59 1239 1240 1422 1468 12.60 13.05 12.77 1241 1141

11 1217 1196 12.17 12.06 12.62 1445 1424 12.64 1289 12.85 12.09 11.12
12 1198 1196 1222 12.06 1232 1447 13.85 1241 1281 12.88 1231 11.63
13 1130 1190 11.93 11.84 1132 1481 13.52 1259 1255 12.66 12.17 12.16
14 1123 11.87 1220 12.02 11.97 1471 1337 1257 1282 1274 12.11 12.11
15 1124 1196 1232 12.03 13.14 1456 13.07 12.69 1256 1292 12.08 1241
16 11.24 12.01 1246 12.03 12.87 13.66 13.28 1250 1238 1295 1211 12.17
17 11.24 11.54 1231 12.09 1248 13.66 13.19 1239 12,69 12.84 11.99 12.06
18 1146 1198 1231 11.66 13.08 13.58 13.19 1234 1270 12.79 1199 1197
19 11.53 1195 1272 11.62 13.41 1357 13.12 12.62 1290 12.80 11.97 12.07
20 11.27 1195 1246 11.88 14.09 13.81 13.13 12.64 13.10 12.77 11.95 12.09

21 11.25 14.06 11.88 1190 1434 1331 1294 12.88 13.18 12.60 11.87 12.12
22 11.63 14.05 11.88 11.74 13.52 1433 12.81 1292 1286 12.78 11.96 11.87
23 11.79 1291 12.10 11.16 13.60 14.54 13.19 1292 12.72 1267 1191 11.83
24 11.80 12,65 11.81 11.58 1394 1532 1291 1291 1262 12.62 11.75 1181
25 11.80 1227 11.84 1196 13.71 1595 1293 1293 12.60 12.73 11.52 11.95
26 11.26 1239 12.61 1238 1345 1586 1293 1297 12.60 12.64 11.87 12.01
27 1126 1148 1211 1279 13.80 1555 1293 13.04 12.61 1255 11.89 12.11
28 11.26 1131 11.96 1220 13.82 1521 1276 13.00 12.61 12.68 11.67 1225

29 11.27 1130 11.73 1240 1349 15.11 12.79 13.03 12.61 12.87 12.45
30 11.28 11.32 1211 11.85 13.48 1510 1290 13.03 1232 12.81 12.77
31 11.55 11.88 13.61 12.81 1229 12.82 12.53

Max. 12.17 14.06 1272 12,79 1434 1595 1526 13.04 1321 1295 1259 12.77 15.95 M.

Zero Gage At Bottom Elevation 9.813 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.l11A

Station : Ban Wang Khanai, A. Tha Muang, Kanchanaburi, (K.11A) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 2003
Daily Max. Gage Height In Meter (MSL.) April 1, 2003 To March 31, 2004

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

12.02 11.67 1221 12.17 1245 1241 1299 11.75 12.14 11.82 1221 1138
1247 11.69 12.03 1234 1275 12.09 13.08 1194 1211 1151 1224 1137
1228 1146 1145 1262 12.65 1192 13.03 11.21 1228 11.86 12.00 11.73
1239 1144 1190 1274 1199 11.88 1324 1126 1231 1221 12.06 12.11
1242 1123 12.09 1267 11.94 1192 1331 1120 1232 12.08 12.06 11.94
12.17 1192 1233 1285 1228 11.76 1294 1199 1240 12.17 11.75 1194
12,12 1220 1222 1259 1231 11.71 13.08 12.01 1190 1229 11.99 1138
12.02 1220 1226 1238 12.07 11.18 13.53 11.57 1236 1234 12.06 1136
12.01 12,11 12.10 1259 12,53 11.18 1335 12.05 1241 1236 11.70 1131
0 12.17 12.07 1242 12.89 12.54 11.61 13.12 12.00 1255 1232 11.76 11.31

[ 22 JRN I NV I SRV I S

11 1211 1129 1276 1247 1246 11.64 1287 11.88 1258 12.63 12.01 1132
12 12.02 1191 1278 1265 11.83 11.71 1294 11.88 1238 12.75 1192 12.08
13 12.00 1191 12.67 1247 11.82 11.76 13.00 11.71 1240 12.75 12.01 12.07
14 11.81 1225 12,63 12.01 1233 1147 1283 11.56 1230 1225 11.81 1193
15 11.39 1226 12.63 1230 1236 11.04 12.88 1147 12.17 1225 11.71 12.26
16 11.50 12.17 12,60 12.62 12.66 11.04 1299 1125 12.14 1225 1135 11.79
17 1123 12.09 1233 12.82 1271 1140 1289 1124 1191 1225 1135 11.87
18 11.21 1241 1270 1293 1195 12.01 12.76 1124 11.76 1225 1135 11.75
19 11.21 1231 12,67 1255 1227 11.54 1290 11.67 12.11 12.00 11.83 11.75
20 11.73 12,58 1234 12.82 1232 11.61 1285 11.85 11.94 1225 12.07 11.75

21 11.33 1221 12,67 1228 1216 1129 1255 11.84 11.65 12.12 12.07 11.75
22 11.57 1221 1273 11.76 1246 1131 1255 1197 11.66 1193 1228 11.60
23 11.82 1242 1251 1190 1224 1243 1203 11.86 11.70 1129 11.26 11.60
24 11.78 1233 1233 1242 11.87 1255 11.24 1134 11.82 12,19 11.86 11.90
25 11.98 1247 1229 1229 11.87 1337 1197 12.03 11.96 12.07 11.62 11.75
26 11.99 12.04 1239 12.77 11.09 1330 12.85 1192 1198 11.61 11.70 11.75
27 11.47 1229 1223 1329 1220 1324 13.52 12.08 12.00 1126 11.60 11.75
28 11.46 1237 1234 1331 1251 1329 1290 11.89 1195 12.09 11.52 11.90
29 11.44 1231 1247 13.12 1258 1333 12.86 11.85 12.05 1234 1138 11.75
30 11.67 1247 1234 1290 12.52 12.83 1245 1227 11.86 1234 11.45
31 12.69 12.80 12.49 12.46 11.91 1234 11.60

Max. 1247 12,69 1278 1331 1275 1337 13.53 1227 1258 12,75 1228 1226 1353 M.

Zero Gage At Bottom Elevation 9.813 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.55
Station  : K.55, (K.55) Royal Irrigation Department
Stream Thailand

River Hydrology Division

River System : Mae Klong
WATER YEAR - 1998

Daily Max. Gage Height In Meter (MSL.) April 1, 1998 To March 31, 1999

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.55
Station  : K.55, (K.55) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 1999
Daily Max. Gage Height In Meter (MSL.) April 1, 1999 To March 31, 2000

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

0.05 275 0.13 1.67 153 004 1.00 447 034 057 015 045
0.07 284 013 156 130 004 084 426 095 067 094 1.00
0.07 1.8 013 1.13 1.13 017 065 584 005 075 1.17 1.00
0.10 1.84 0.13 055 005 0.17 063 629 050 077 152 0.85
0.11 143 0.10 0.15 170 019 035 6.01 051 084 060 0.74
0.12 055 0.10 0.15 223 021 075 503 037 087 1.00 0.75
0.12 1.00 0.10 1.10 205 024 1.00 427 034 087 087 045
0.14 064 0.10 1.50 207 024 160 354 035 087 062 057
0.14 065 0.10 1.57 207 014 100 287 040 087 1.00 1.00
0 0.14 020 155 155 235 011 065 230 070 096 157 0.54

[ 22 JRN e NV I SRS I S

11 0.14 045 170 110 175 011 050 203 098 1.00 163 050
12 025 085 175 0.04 1.67 005 035 144 094 100 125 030
13 037 050 1.75 004 153 005 043 188 075 098 062 023
14 041 019 1.74 004 130 015 100 163 049 097 064 031
15 044 014 185 0.04 020 017 130 145 057 086 090 030
16 083 040 168 004 064 087 192 173 100 075 085 1.00
17 075 025 171 004 064 08 192 100 057 072 1.00 131
18 043 022 175 0.04 153 089 250 144 099 0.67 095 047
19 0.14 030 1.69 004 164 075 295 147 090 065 097 1.00
20 054 030 135 004 195 060 300 100 085 075 055 024

21 055 030 153 004 180 08 300 070 041 075 024 024
22 0.15 027 175 004 175 087 210 150 034 080 050 021
23 027 025 113 112 1.00 074 2.08 059 059 084 025 0.75
24 0.14 025 170 105 060 100 141 080 077 087 065 1.00
25 009 025 154 004 044 095 143 100 087 095 085 095
26 0.07 017 154 0.04 039 075 095 1.00 *¥**xkxx 100 0.55 0.85
27 003 015 154 004 010 043 567 132 035 101 046 035
28 049 013 1.14 004 005 043 520 142 035 094 046 032
29 054 013 130 0.04 005 043 477 125 030 090 0.54 020
30 147 013 131 164 004 100 475 131 037 0.78 0.30
31 0.13 1.34  0.04 4.67 037 055 0.71

Max. 147 284 185 167 235 100 567 629 1.00 101 1.63 131 629 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.55
Station  : K.55, (K.55) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2000
Daily Max. Gage Height In Meter (MSL.) April 1, 2000 To March 31, 2001

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

049 1.00 097 155 0.05 184 1.67 230 1.84 020 0.94 *ksxik
031 097 048 135 005 175 075 245 204 0.18 .74 xxxesx
035 1.69 045 135 005 1.00 059 203 1.74 0.18 (.75 ¥k
044 1.00 045 127 0.07 1.00 200 1.05 201 0.75 0.97 *skxxx
045 195 048 155 0.14 204 290 095 201 0.14 .75 xxeeesx
075 1.85 050 135 015 242 200 075 1.07 0.14 035 ek
045 1.00 057 1.00 0.15 264 217 030 135 0.14 0.60 *¥kxxik
045 197 1.00 135 015 3.00 1.00 084 215 0.18 (.84 #¥¥iikx
035 235 1.00 1.00 0.14 279 135 1.08 190 075 0.84 *¥x¥iikx
0 045 200 100 155 025 235 130 090 210 035 0.89 #kiksxk

[l 2= JRN I NV I SRS I S

11 035 217 1.00 1.17 025 141 126 1.00 131 0.14 (.75 #eksssx
12 0.80 224 100 125 075 100 124 025 220 0.14 0.64 **¥ksxx
13 050 197 1.00 127 054 204 121 025 1.77 0.14 030 Fiesssx
14 057 1.55 148 125 075 229 120 025 1.84 035 (.57 ¥k
15 027 127 099 096 010 204 1.16 025 135 0.85 0.84 *¥kkwxk
16 025 1.50 1.10 096 005 282 1.13 025 025 0.18 (.38 #wwissx
17 025 1.50 135 098 005 1.62 1.01 025 1.87 0.15 0.40 #ksss
18 038 075 1.00 050 012 1.63 1.00 0.87 220 040 0.35 *eeksxs
19 197 157 1.00 085 025 197 143 084 091 037 037 ¥xxxesx
20 1.84 170 1.62 098 024 200 143 054 1.00 0.74 0.15 ¥xxxexx

21 1.87 1.00 145 1.00 050 204 1.00 022 1.00 042 0.14 Fxxxexx
22 202 100 164 085 084 216 098 022 132 035 0.25 *xxxesx
23 201 028 1.87 085 100 214 097 022 100 035 0.57 #xxeekx
24 235 045 200 072 1.00 100 046 127 099 020 0.72 *xxxexx
25 200 153 1.79 0.3 1.00 100 044 127 067 0.14 0.14 xxxxeex
26 197 117 174 0.2 1.00 139 044 130 057 0.54 0.14 #xxeksx
27 214 100 1.74 013 100 200 050 172 040 090 0.14 xxxxxxx
28 209 1.17 200 025 100 181 067 192 080 095 0.14 *xxxxxx

29 224 087 200 005 167 175 073 175 038 047 o
30 214 100 173 005 200 200 1.00 204 038 1.00 R
31 0.99 0.05 1.41 1.47 038 0.75 R

Max. 235 235 200 155 200 3.00 290 245 220 1.00 097 ¥ 3.00 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.55
Station  : K.55, (K.55) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2001
Daily Max. Gage Height In Meter (MSL.) April 1, 2001 To March 31, 2002

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

044 097 092 1.02 18 180 1.08 1.08 155 1.06 1.08 1.08
036 127 062 092 192 180 108 108 155 108 106 1.06
041 1.62 064 074 180 105 108 155 155 108 155 1.06
044 1.07 057 088 180 18 192 135 155 192 108 145
045 180 055 088 180 106 108 192 155 192 1.08 135
062 1.72 038 1.04 180 161 108 192 154 108 1.08 1.55
039 099 0.73 086 18 155 1.08 154 108 261 154 1.08
033 1.72 1.04 1.07 180 160 134 192 155 145 145 1.06
032 223 099 1.06 180 160 135 135 155 134 155 1.06
0 044 188 099 144 108 161 134 192 155 192 192 2.08

[ 22~ JRN l e NV I SRS I S

11 041 200 100 164 160 210 135 192 192 108 255 143
12 081 218 103 1.68 180 1.07 1.08 145 155 134 2.08 1.55
13 040 188 1.04 178 180 107 108 155 145 192 1.08 145
14 060 147 164 156 180 161 134 145 145 134 155 192
15 038 1.12 175 151 192 161 192 155 108 154 155 2.08
16 022 133 160 105 180 107 292 145 145 192 1.09 1.06
17 026 092 134 1.14 192 207 245 106 155 134 255 143
18 040 077 106 142 180 261 145 1.06 155 192 142 1.55
19 134 132 105 1.18 180 261 108 108 161 145 106 192
20 1.77 150 122 1.16 180 250 254 155 192 148 1.08 255

21 188 072 088 090 180 261 208 1.10 145 192 1.08 143
22 207 136 060 084 180 180 142 191 1.08 145 1.06 1.06
23 208 050 079 072 180 1.61 155 155 155 261 208 1.08
24 240 064 115 076 180 261 135 154 105 192 208 145
25 204 148 129 050 180 280 208 155 155 1.08 1.08 245
26 198 104 106 032 160 106 1.08 1.08 145 208 1.06 143
27 208 098 098 030 192 106 108 108 145 155 155 145
28 200 1.12 090 026 180 1.06 108 192 145 155 1.06 1.08

29 209 100 090 0.08 180 106 192 192 155 1.54 1.45
30 1.84 1.01 120 007 180 106 255 108 143 205 1.45
31 0.95 0.05 1.80 1.55 1.08 1.92 1.08

Max. 240 223 175 178 192 280 292 192 192 261 255 255 292 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.55
Station  : K.55, (K.55) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2002
Daily Max. Gage Height In Meter (MSL.) April 1, 2002 To March 31, 2003

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1.06 1.06 1.08 1.08 1.08 108 508 3.10 208 345 1.08 1.06
1.08 1.08 1.08 1.08 108 192 508 392 292 355 145 1.08
1.06 1.08 1.05 1.07 108 192 490 392 308 245 108 155
1.08 1.06 1.08 1.08 1.07 201 58 3.09 345 292 208 1.08
1.06 1.06 1.08 1.07 106 292 406 355 308 206 255 1.07
1.08 145 1.61 1.08 106 392 308 308 308 108 292 145
1.08 206 155 1.08 1.08 455 392 3.08 355 106 208 1.06
1.09 291 155 1.05 106 408 492 355 345 208 209 1.08
1.06 255 1.06 1.08 106 454 508 308 354 355 206 208
0 1.08 210 1.61 1.06 1.06 392 4.06 392 392 355 245 209

L 22~ JRN e NV I SRS I S

11 1.07 255 210 1.08 106 392 470 245 208 3.08 1.08 2.09
12 1.08 245 1.07 1.06 108 457 408 192 254 306 145 3.08
13 1.06 255 107 106 105 478 392 208 254 408 1.09 3.09
14 1.08 245 1.61 108 108 465 355 345 254 206 1.08 355
15 1.06 208 1.07 1.08 108 392 3.07 3.08 254 208 192 1.08
16 1.06 255 107 106 206 308 306 209 254 392 208 209
17 1.08 245 207 106 210 392 355 308 254 206 255 208
18 1.06 255 255 1.06 220 392 355 355 292 108 208 1.07
19 1.06 245 261 108 330 255 392 308 254 155 245 155
20 1.08 292 206 108 355 292 208 355 208 155 208 1.08

21 1.06 345 261 1.10 492 355 306 355 192 208 145 155
22 1.08 355 180 1.08 360 355 301 355 145 292 106 1.08
23 1.06 155 1.61 1.07 392 392 255 308 261 255 145 145
24 1.05 1.08 261 106 206 492 306 345 192 308 1.06 155
25 1.08 192 280 106 210 692 392 355 108 505 105 255
26 1.06 1.06 2.00 1.08 220 655 245 345 208 3.08 1.06 155
27 1.08 155 106 108 461 620 208 392 155 206 105 1.08
28 1.05 145 106 108 330 592 292 345 155 255 206 155

29 1.06 205 155 1.08 3.06 492 255 392 154 196 1.55
30 1.08 291 1.08 108 314 545 292 445 205 1.08 1.55
31 2.55 1.06 250 3.06 1.54  1.09 1.08

Max. 1.09 355 280 1.10 492 692 582 445 392 505 292 355 6.92 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.55
Station  : K.55, (K.55) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2003
Daily Max. Gage Height In Meter (MSL.) April 1, 2003 To March 31, 2004

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

273 273 273 520 357 273 474 273 273 273 357 210
273 357 357 520 320 271 474 320 273 320 320 212
357 320 373 473 273 271 473 273 273 357 214 220
320 273 420 473 310 273 473 320 357 273 320 230
320 320 373 494 320 271 473 320 273 273 221 275
273 373 520 394 271 320 473 273 273 357 221 3.07
3.73 457 520 4.10 271 320 474 357 357 273 223 3.07
420 373 373 420 320 320 510 273 273 457 223 275
371 420 374 374 273 320 520 3.10 273 420 263 220
0 420 375 373 457 271 320 473 273 3.57 457 252 219

[ 22 JRN e NV I SRV I S

11 473 320 375 357 266 370 520 273 273 273 215 220
12 272 357 457 320 266 371 520 357 273 357 220 220
13 271 320 373 310 320 373 520 3.10 357 273 225 205
14 320 357 420 320 320 371 510 320 273 357 210 2.09
15 273 273 375 273 320 371 520 273 273 273 213 244
16 320 373 473 373 273 310 557 273 357 273 210 241
17 273 420 510 410 273 320 510 271 273 357 204 232
18 273 373 471 457 320 3.10 457 271 273 273 207 231
19 320 420 520 410 273 320 373 271 357 271 210 225
20 273 373 473 510 273 270 373 272 273 357 224 225

21 273 473 470 371 373 273 373 273 357 473 271 214
22 310 557 373 374 373 3.66 371 273 273 473 270 220
23 320 471 457 273 373 374 373 271 273 557 220 215
24 373 420 410 373 371 274 373 271 273 473 357 220
25 370 373 373 470 3.10 320 373 271 273 473 228 255
26 420 273 473 557 320 371 373 320 273 271 212 243
27 373 320 557 473 310 371 425 273 273 320 210 2.70
28 373 273 473 373 320 371 371 271 357 194 211 273
29 273 357 373 420 310 4.66 420 273 274 257 214 311
30 273 357 420 273 320 466 3.10 273 273 273 252
31 3.20 2.73  3.10 2.73 273 357 2.04

Max. 4.73 557 557 557 373 4.66 557 357 357 557 357 3.1 5.57M.

Zero Gage At Bottom Elevation 1.647 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.56
Station  : K.56, (K.56) Royal Irrigation Department
Stream Thailand

River Hydrology Division

River System : Mae Klong
WATER YEAR - 1998

Daily Max. Gage Height In Meter (MSL.) April 1, 1998 To March 31, 1999

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
3 wRddRE Rk Rkl Rkl kioRsklk RRskx 2400 1100 120 1.00 1.04  1.00
8 wRddRE Rk Rkl Rkl kioRklk RkRskx §300 100 120 136 086  0.63
31 sk sk kR ok 1.10 ®REkER ] 3() 0.96

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.56
Station  : K.56, (K.56) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 1999
Daily Max. Gage Height In Meter (MSL.) April 1, 1999 To March 31, 2000

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

.15 270 0.66 1.00 1.10 073 150 437 1.10 140 1.80 1.60

090 3.00 067 120 1.10 075 150 424 120 135 130 152

0.85 230 0.66 ***** 068 075 127 541 1.10 140 1.60 1.70

1.00 194 0.68 0.85 1.00 045 1.19 583 130 1.39 *¥***x 6]

086 200 067 060 180 077 146 566 108 140 136 148
REEE 156 058 058 280 069 190 492 1.10 150 1.60 148
072 092 068 055 280 073 176 434 128 160 139 141

074 126 058 076 280 068 190 368 128 158 150 130
REEE 130 0.67 087 265 061 1.60 3.08 *¥¥¥¥* 160 150 1.14

0 RREE 1,00 0.56 0.85 280 050 1.55 253 ¥EEE 140 1.80 1.58

[ 22~ JRN l e NV I SRS I S

11 Rk 132 060 069 208 1.00 120 230 150 155 180 1.50
12 RREE 140 136 0.60 1.80 120 122 190 140 155 185 1.26
13 170 1.80 130 047 140 083 1.10 1.82 131 130 ***¥* (.82
14 130 155 126 064 08 081 19 192 120 133 140 1.10
15 146 140 146 047 097 083 242 ***x (081 140 132 1.20
16 1.50 1.02 128 043 125 1.00 210 198 ***** 153 130 1.55
17 140 1.10 120 073 138 145 245 146 116 150 1.65 120
18 120 1.02 1.18 ****x 185 130 2.50 ***** 120 160 1.60 0.97
19 1.05 1.00 1.25 *¥¥¥x 180 1.16 3,10 ¥k kx| 90 xxxxk ] 40
20 090 1.00 100 062 135 115 320 162 132 159 090 124

21 095 1.10 086 09 176 070 3.00 135 122 160 120 0.75
22 0.76  1.06 ***** 080 1.08 095 240 ¥¥¥¥x 28 ¥¥xxx 100 0.90
23 072 130 075 058 1.15 095 210 132 140 149 090 1.00
24 078 1.08 080 050 070 090 180 139 130 120 1.10 1.66
25 068 1.00 130 030 073 180 180 166 140 1.00 1.00 140
26 055 070 130 028 078 130 190 1.71 1.08 130 1.63 1.70
27 070 076 075 030 072 125 510 136 132 ¥ 113 134
28 075 075 079 040 076 127 492 183 130 088 1.10 1.16
29 086 065 090 073 090 1.15 4.67 150 083 **¥+ 120 085
30 200 070 090 130 1.00 150 4.60 1.60 **¥** 132 0.88
31 0.68 1.10  1.70 4.55 ol 1.30

Max. 2.00 3.00 146 130 280 180 510 583 150 160 185 1.70 5.83 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.56
Station  : K.56, (K.56) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2000
Daily Max. Gage Height In Meter (MSL.) April 1, 2000 To March 31, 2001

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

.12 1.80 131 196 065 198 1.65 270 200 070 146 123

.10 1.75 1.00 200 082 200 156 285 240 070 180 132

.10 2.00 0.87 ****x 074 178 188 235 198 150 146 148

.15 185 121 170 067 170 190 1.60 1.70 135 177 148
FREEE 200 110 157 072 2.00 250 ¥¥xx 170 130 1.52 148
1.18  1.42 1.10 1.80 0.70 ***** 200 120 166 145 139 150

130 190 120 155 076 274 240 053 170 140 157 145

120 1.90 1.50 1.55 ***x% 235 280 1.50 200 1.58 [1.61 ¥k

1.30 236 170 ****x (088 286 198 160 200 150 159 1.70

0 122 230 1.55 #k&x ki 200 156 139 200 148 147 1.70

[ 22 JRN e NV I SRS I S

11 120 228 175 156 076 166 158 139 170 140 128 198
12 050 242 170 130 122 1.18 170 136 186 130 1.04 148
13 050 242 140 170 1.10 200 1.05 1.12 200 130 0.83 190
14 050 250 1.70 1.66 074 244 ¥ 116 200 120 1.10 1.60
15 050 1.60 139 130 076 200 1.19 128 176 130 137 1.80
16 050 1.70 138 130 066 200 149 ¥ sk 130 120 1.80
17 050 205 170 139 060 18 126 100 145 105 1.18 198
18 050 120 170 090 1.08 195 150 1.66 145 0.70 130 1.50
19 205 170 1.75 100 1.08 187 19 100 152 130 126 1.26
20 210 180 190 130 0.80 2.00 ***¥x 140 ***** 140 126 1.58

21 2,10  1.50 ***** 150 1.04 2.00 ***** 080 120 140 120 1.50
22 220 145 190 136 078 200 19 130 1.67 0.75 120 2.00
23 2.00 1.02 2.00 ¥EkEE ] 30 REExk ] 70 ¥R 150 075 122 2.00
24 220 145 210 070 128 174 132 100 146 120 1.00 1.90
25 200 180 200 060 150 167 104 170 1.10 130 1.00 ¥xxxiix
26 210 1.69 *¥ExEx 060 140 1.70 *EEEx 170 Fxk 200 1.00 146
27 230 166 190 080 140 200 120 175 1.06 2.00 1.00 1.40
28 220 ¥xxxx xkkx (096 132 192 150 200 1.60 2.00 1.00 ¥xxxk

29 232 120 1.66 085 122 200 140 200 090 135 o
30 250 080 200 068 180 200 1.66 2.10 ***** 185 1.66
31 1.34 0.66 2.00 2.20 wEEEE - 1.50 1.89

Max. 250 250 210 200 200 28 280 285 240 200 1.80 2.00 2.86 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.56
Station  : K.56, (K.56) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2001
Daily Max. Gage Height In Meter (MSL.) April 1, 2001 To March 31, 2002

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

AR 125 140 1.95  1.00 *F¥Ek 195 200 1.70 *FFk 108 1.19
138 1.30 170 1.00 1.10 **¥** 190 200 140 ***** 140 122

1.09 1.20 1.40 0.68 1.00 ***** 190 200 140 108 140 126

.10 1.30 140 0.90 1.60 ***** 190 190 140 100 140 1.40

1.80 1.60 128 129 150 150 200 1.70 072 1.00 1.10 090

210 1.60 1.00 130 153 195 200 2.00 ***** 110 1.10 1.00

146 125 120 *=*** 190 195 150 170 200 108 130 1.80

120 1.10  1.28 ****x 195 181 140 1.70 195 100 1.18 1.70

1.60 F¥kk 770 **xkk 200 200 1.70 1.60 200 1.02 116 135

0 1.40 120 1.70 *kxx eekkx 170 1.80 0.78 1.80 1.12 1.04 1.40

[l 2= JRN I NV I SRS I S

11 150 1.20 1.60 ¥k 2 (Q ¥k ] g ¥k Hikkk 120  1.00 1.40
12 k100 1.40 ¥Rk ] 56 Rk 180 118 FRxRk 124 1.04 140
13 sk 120 130 ERER 30 kEREx 173 100 *FFEF 110 1.20  1.00
14 sk 120 .80 EREER 30 REEER 190 .30 FEEER ] Q8 FEEEE 190
15 1.10 120 1.89 *¥k¥x ] QF #¥ik 156 .16 ¥¥kkk ] 5 wkEEx 180
16 1.02  1.00 1.80 ¥¥¥¥x 200 *¥¥¥x 230 1.06 *¥¥¥x 120 *¥x¥¥x 170
17 1.00  1.30 1.90 ¥k ]9 ¥k 700 126 ¥¥¥kk ] ] FrEwE kkkk
18 1.20 #x¥dk ] 45 *kkxx 190 2,00 2.00 1.00 ¥FFEEE ] wkEEx 140
19 1.60 140 1.34 ¥k sdkkk 930 200 136 ¥¥¥¥x 40 *¥¥xx 150
20 172 1.30 ¥k sk ] 60 240 ¥xxxx |28 wxkkk 130 123 1.80

21 124 1.00 ***** 100 142 230 200 130 ***** 140 126 1.90
22 130 1.00 120 1.00 1.40 198 *¥¥xx (70 ****x 160 122 1.70
23 1.20  1.09 ***x*x 100 240 190 196 140 **** 130 1.10 1.20
24 090 1.53 1.00 090 280 1.70 1.70 ***¥* 120 1.55 1.14 ¥¥¥¥*
25 090 153 125 09 200 200 1.70 120 120 148 134 120
26 1.08 130 090 1.00 200 200 195 120 1.00 131 124 132
27 1.10 140 090 1.10 120 190 200 080 092 160 130 120
28 1.60 125 130 100 140 200 18 080 120 1.76 1.10 131

29 124 170 120 1.00 096 1.76 ***** 170 120 2.00 2.00
30 xR 140 120 1.00 130 1.70 200 180 124 190 1.90
31 1.70 1.00  1.50 2.00 o 2.00

Max. 2.10 1.70 190 195 280 240 230 200 200 200 140 2.00 2.80 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.56
Station  : K.56, (K.56) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2002
Daily Max. Gage Height In Meter (MSL.) April 1, 2002 To March 31, 2003

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1.02 1.14 136 156 200 230 500 240 255 #2205 1.52

121 1.20 170 118 1.87 230 4.70 *¥¥¥¥x 243 #kxkx 160 1.35

130 1.20 **xx% 156 1.82 270 4.60 ¥¥¥¥k 37 wkkkk 163 133

1.20  1.30 #**¥¥* 170 194 280 430 ¥¥¢* 246 *xxkk 175 141
FREEE 120 ¥R 190 2,00 3.80 420 ¥Exwx 50 wewkk 81 145
122 132 #¢xkk 150 172 4.00 3.90 ¥¥¥xx Q0 ¥eEEk 190 1.48

1.20  1.20 ##¥¥% 123 .68 4,00 kExx cekkdx 9 50 kxxkk 195 1.31
FREEE 1320 1300 110 1.80  3.43 ik dekkkk 44 wkkkk 197 1.30
FREEE 200 1.30 R 199 340 527 ¥wEkk )46 weEEk 195 1.35

0 1.52 200 140 152 200 3.80 4.40 **k*x 205 ¥k 205 140

[l 2= JRN I NV I SRS I S

11 1.74 150 136 190 200 420 444 x¥xxx  2)() *¥xxx 183 142
12 #1160 1.86 1.80 2.00 440 3.90 ¥¥«kk 15 *kkxk 150 131
13 xRk 150 198 1.50 1.80 4.50 3.40 ek 205 wEEEx 159 1.30
14 wxeEk 166 1.84 150 1.72 464 3.00 205 210 ****% 163 1.25
15 #1160 192 1.70 200 440 285 210 1.80 ***¥* 169 141
16 wFRER 150 1.94 *FxEk 200 3.81 282 215 178 *EEEE 195 1.40
17 120 142 200 1.60 199 330 290 210 200 ***** 150 134
18 1.20 #*¥*k 189 1.60 230 3.30 **F¥x ]85 223 *E*xx 159 135
19 120 1.30 ***** 060 2.68 320 *¥*¥x 225 250 ¥*xFk 145 141
20 120 1.80 2.00 *¥¥¥x 379 320 ¥¥¥¥x 230 255 ¥k 135 142

21 1.20 k[ 80 ¥xxkk 400 240 ¥rEEE 235 272 ¥Rk 119 1.56
22 1.20 ¥x¥xk 36 ¥¥¥¥k 3095 350 ¥EEEE 250 231 e 130 1.50
23 1.50  3.18 130 ***** 310 4,00 ***F*x 260 233 *EFx¥x 145 135
24 170 278 1,40 *¥¥¥k 3 )() ik ddkik 960 235 ¥k 160 1.50
25 wEERE D00 110 ¥R 332 570 ¥k 275 1.84 ¥¥kEx 170 1.70
26 120 1.70 1.10 1.60 3.14 6.00 ***¥* 263 220 **¥¥*k 185 1.76
27 120 090 1.80 1.70 3.17 578 ¥¥¥¥x 260 230 ***** 160 1.79
28 130  1.10  1.80 ***** 332 54( *¥¥¥x 258 230 ***** 175 1.80

20 REwEk 1020 1.09 *FxEEE 332 532 230 2.68 1.80 FFEEx 1.95
30 120 1.18 130 200 330 530 ¥*¥¥* 266 1.68 ¥**¥* 2.10
31 1.12 1.00 298 oo 1.65 *#*x® 2.08

Max. 1.74 3.18 200 200 4.00 6.00 527 275 272 ®xkEEk 305 210 6.00 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center

Station 1 K.56, (K.56)

Stream
River

River System : Mae Klong

WLEVEL/MAXDLY K.56

Royal Irrigation Department

Thailand
Hydrology Division

WATER YEAR - 2003

Daily Max. Gage Height In Meter (MSL.) April 1, 2003 To March 31, 2004

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
1 122 1.41 203 1.05 159 1.70 2.60 ****+xx 180 1.70 1.50 125
2 1.06 150 1.87 1.53 1.60 130 260 *****xx 200 190 1.55 120
3 080 1.59 155 195 140 140 280 **+&kxx 190 190 1.55 1.30
4 1.05 1.65 1.51 207 130 120 3.00 ****%xx 210 1.80 1.60 1.10
5 135 1.69 147 185 120 140 3.10 ****+xxx 170 175 140 125
6 1.60 1.68 126 216 1.19 180 295 ****+xx 190 190 1.50 120
7 1.73 1.70 1.25 2.07 120 090 3.00 *****xx 200 1.80 1.60 120
8 .76 1.65 1.15 202 120 085 3.10 ****+xxx 210 185 155 1.15
9 1.81 1.62 1.05 188 1.09 085 325 *¥¥*%xxx 1095 200 145 135
10 185 1.74 094 171 1.17 080 3.10 *****xx 200 1.80 1.55 125
11 187 1.79 084 152 132 1.00 280 *******x 195 170 1.60 145
12 190 1.70 079 149 1.17 095 275 *¥***+xx 190 185 1.75 135
13 210 175 069 147 115 120 265 120 195 180 170 145
14 215 175 073 142 1.18 125 260 155 200 190 180 135
15 210 180 070 1.70 1.15 130 2.80 150 2.00 210 195 1.30
16 195 1.79 072 195 125 120 *******x (095 180 190 1.75 1.50
17 1.81 1.81 070 204 122 1.00 *******x 110 1.75 195 1.65 1.60
18 1.89 1.76 074 220 125 1.00 ****+xx 120 1.75 1.80 1.75 1.55
19 1.77 181 069 225 149 095 245 130 180 200 180 1.55
20 170 180 085 218 1.79 120 255 140 200 190 1.70 140
21 178 181 090 147 150 120 220 135 19 170 160 130
22 165 178 099 163 155 110 180 140 190 1.70 150 145
23 143 1.78 105 105 155 1.10 138 155 180 180 1.60 1.55
24 134 205 125 125 158 18 145 170 185 1.75 135 1.80
25 139 170 160 150 150 210 120 150 190 180 140 1.60
26 143 176 165 185 125 290 130 150 200 1.75 150 1.80
27 163 179 177 220 1.10 305 230 140 190 1.75 155 1.60
28 132 180 172 250 160 295 190 140 210 190 1.60 1.60
29 081 1.79 167 231 195 305 185 160 190 185 140 1.70
30 064 183 159 210 205 280 210 160 195 1.80 1.60

31 1.80 2,15 2.10 2.00 2.00 190 1.65

Max. 215 205 203 250 210 305 325 170 210 210 195 1.80 325M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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ID Computer Center WLEVEL/MAXDLY K.2B

Station : Siriluk Bridge, Muang, Ratchaburi, (K.2B) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 1998
Daily Max. Gage Height In Meter (MSL.) April 1, 1998 To March 31, 1999

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY KZ2B

Station : Siriluk Bridge, Muang, Ratchaburi, (K.2B) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 1999
Daily Max. Gage Height In Meter (MSL.) April 1, 1999 To March 31, 2000

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

.15 1.08 050 030 067 062 1.00 235 1.00 1.04 110 1.30
098 1.50 025 030 060 070 124 229 091 1.02 120 150
1.02 1.78 034 050 026 058 120 283 09 09 1.16 120
095 1.04 038 048 030 040 124 321 083 110 134 135
095 1.02 032 036 056 08 126 314 09 1.10 120 133
094 09 032 030 070 060 134 280 1.12 128 185 130
0.99 062 044 027 09 09 088 254 114 120 127 1.18
099 070 042 042 122 078 130 210 116 124 1.14 1.08
094 086 054 058 1.14 064 116 1.70 1.00 126 125 097
0 096 078 070 0.64 1.16 066 1.08 158 128 126 130 1.18

[l 2= JRN I NV I SRS I S

11 080 084 068 060 092 072 118 150 125 1.10 1.14 1.04
12 086 1.10 080 046 082 080 1.14 120 1.18 120 126 0.86
13 090 1.14 088 036 074 082 105 144 119 120 120 0.88
14 1.04 124 076 048 044 070 136 138 104 1.14 1.18 0.88
15 084 1.16 064 058 074 072 140 126 1.00 095 1.00 0.88
16 072 094 070 080 064 076 124 118 1.02 1.02 1.18 1.06
17 078 090 064 071 062 090 130 134 102 09 130 1.10
18 074 092 060 050 066 074 124 126 112 108 136 1.14
19 068 082 060 035 062 076 280 108 100 1.10 120 1.18
20 070 081 046 038 058 09 174 116 108 146 1.18 1.10

21 096 078 048 022 072 098 168 102 108 144 1.14 1.10
22 098 088 058 024 091 088 150 1.10 1.10 128 1.00 1.10
23 125 090 051 020 098 096 130 1.14 124 130 1.00 1.10
24 122 086 064 040 080 094 100 128 130 124 1.02 120
25 122 085 070 040 060 102 146 122 132 122 110 1.10
26 120 084 044 036 052 102 1.64 144 112 135 124 1.20
27 1.18 072 050 032 050 080 270 144 106 126 126 1.10
28 1.14 080 042 030 066 1.17 286 131 104 1.17 095 096
29 120 068 046 038 071 110 265 129 1.02 1.18 1.08 092
30 1.05 060 046 040 080 090 258 130 1.05 1.10 1.04
31 0.56 0.55 0.74 248 1.10  1.08 1.20

Max. 125 1.78 088 080 122 1.17 286 321 132 146 185 1.50 321 M

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY KZ2B

Station : Siriluk Bridge, Muang, Ratchaburi, (K.2B) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 2000
Daily Max. Gage Height In Meter (MSL.) April 1, 2000 To March 31, 2001

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1.00 1.06 0.65 1.00 068 09 1.10 155 135 116 1.10 1.02
090 120 09 095 060 09 1.12 1.77 145 1.02 128 1.10
1.00 1.10 085 092 072 091 130 150 152 088 122 1.10
085 09 0.78 092 058 094 115 122 126 101 1.18 091
094 1.00 075 070 050 084 135 116 120 105 1.10 098
094 088 084 080 039 094 100 1.15 120 1.02 120 125
1.10 094 080 0.72 047 110 1.18 114 1.06 105 120 1.20
095 1.02 074 055 056 108 120 128 102 110 136 1.10
.10 .10 090 045 080 120 1.08 135 120 112 135 150
0 098 1.04 072 066 086 100 1.10 125 120 120 128 1.36

[l 2= JRN I NV I SRS I S

11 1.00 1.04 09 056 088 09 082 105 140 1.18 1.00 140
12 084 106 080 080 09 08 094 1.00 136 124 134 132
13 1.00 1.10 070 1.04 062 091 068 1.14 138 122 1.00 140
14 1.14 120 095 074 033 100 080 1.16 144 120 122 128
15 1.10 090 0.70 055 036 085 1.00 134 152 132 142 128
16 1.08 1.04 057 050 036 090 1.15 120 140 1.18 126 1.10
17 094 1.10 070 060 0.10 1.15 124 1.10 120 1.08 1.08 1.02
18 096 080 074 046 068 125 121 140 134 100 1.08 0.86
19 096 084 055 048 078 115 136 130 124 1.16 1.16 095
20 120 078 068 064 040 100 1.18 124 129 115 116 096

21 1.15 094 068 064 040 1.18 120 1.12 1.04 120 1.14 1.16
22 120 070 087 047 061 121 119 111 120 115 110 138
23 092 074 080 030 028 151 130 115 1.15 1.08 1.06 1.30
24 1.00 072 080 040 080 132 124 104 120 100 1.10 124
25 088 080 084 026 1.04 129 120 125 120 111 092 120
26 096 082 071 010 1.10 124 110 136 1.04 1.14 098 1.12
27 091 080 070 058 1.00 120 09 130 100 120 092 1.14
28 1.10 090 086 080 060 1.10 1.18 150 1.15 140 0.88 0.86

29 1.06 095 098 0.60 0.54 #*xxkkk 170 140 122 132 i.02
30 126 075 1.00 048 0.60 **¥*xxx 132 142 1.15 139 1.08
31 0.80 0.58 0.85 1.55 1.16 1.06 0.98

Max. 126 120 1.00 1.04 1.10 151 155 1.77 152 140 142 150 1.77 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY KZ2B

Station : Siriluk Bridge, Muang, Ratchaburi, (K.2B) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 2001
Daily Max. Gage Height In Meter (MSL.) April 1, 2001 To March 31, 2002

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

094 090 100 056 064 100 1.19 121 127 117 130 1.00
.00 1.10 1.01 072 060 1.14 130 145 126 1.14 124 1.06
1.00 1.16 1.00 054 060 1.16 1.10 140 131 105 126 1.02
.15 120 090 174 066 080 122 136 126 104 119 1.12
130 1.20 080 134 074 080 140 145 1.14 094 1.08 1.14
140 122 068 126 055 100 131 148 120 1.14 120 1.04
1.17 1.06 0.71 0.65 080 100 124 132 136 100 1.12 1.20
1.04 080 070 066 080 086 124 140 134 107 09 124
1.14 056 075 061 080 1.00 09 136 1.14 1.06 094 1.16
0 1.16 084 0.84 0.70 057 085 132 128 128 092 1.10 1.20

[l 2= JRN I NV I SRS I S

11 092 075 080 080 071 098 102 126 126 1.10 1.06 127
12 .05 070 0.70 0.72 055 102 120 1.08 1.14 120 125 1.20
13 1.00 065 066 070 045 120 130 128 120 098 1.08 120
14 078 060 074 066 065 140 135 1.18 124 120 098 130
15 0.60 080 050 062 1.00 136 158 1.00 133 116 1.07 1.19
16 087 070 058 050 100 120 152 116 118 1.07 1.03 1.14
17 092 082 070 09 1.00 1.14 136 122 142 108 1.00 1.08
18 1.00 090 0.61 1.02 067 110 138 124 144 106 1.13 1.18
19 1.10 096 046 087 066 100 150 120 143 1.08 1.00 1.04
20 1.15 094 042 056 088 126 132 104 145 106 096 1.00

21 1.04 095 046 056 070 1.16 142 115 124 096 1.10 1.02
22 1.04 098 060 070 081 130 134 115 132 124 095 1.00
23 088 062 060 072 094 120 130 118 1.14 126 1.00 0.84
24 093 062 050 060 1.07 108 142 1.19 110 128 1.18 091
25 080 074 070 070 083 112 131 106 105 106 1.19 1.10
26 088 077 058 072 074 124 140 114 1.02 1.14 1.09 1.15
27 1.00 085 060 056 068 1.12 140 100 091 123 1.07 1.10
28 096 092 050 042 086 136 130 098 090 145 1.00 1.08

29 088 092 060 050 093 130 138 092 125 153 1.27
30 088 086 046 075 1.00 1.14 146 1.17 136 154 1.15
31 0.92 090 1.00 1.26 125 1.50 1.32

Max. 140 122 1.01 1.74 1.07 140 158 148 145 154 130 132 1.74 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY KZ2B

Station : Siriluk Bridge, Muang, Ratchaburi, (K.2B) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR -2002
Daily Max. Gage Height In Meter (MSL.) April 1, 2002 To March 31, 2003

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1.10 094 0.80 ***xx+x (52 1.06 281 146 1.05 138 150 120
1.18  1.00 0.97 *xxxxxx 050 1.04 270 158 135 150 142 120
1.02  1.04 0.78 *xxxxxx 060 1.08 258 150 130 148 120 1.12
0.87 094 0.75 *xxxik (080 129 248 154 142 146 138 1.06
0.80 093 (.74 ®xxxxxx 085 1.66 2.14 145 155 144 116 1.12
1.08 093 0.79 *xxxxxx 036 196 210 154 134 146 136 122
1.08 1.00 0.75 ***xxkx (54 206 234 150 1.60 128 122 096
.15 096 0.84 *xxxxxx 075 186 270 150 156 134 1.16 1.16
1.08 1.25 0.85 *xxxxxx 080 1.75 291 158 158 136 130 120
0 1.00 120 0.80 ****x¥x (82 1.76 2.80 140 1.62 123 130 1.10

[l 2= JRN I NV I SRS I S

11 1.08 1.12 074 *¥¥xxxx (082 200 252 145 142 130 1.13 1.06
12 1.04 1.10 084 *¥*++xx (087 209 216 134 132 128 1.18 120
13 .10 098 094 *¥xxxxx (085 238 1.82 138 137 1.10 133 120
14 1.12 086 088 *¥¥¥xxx (50 236 144 140 139 1.08 134 127
15 1.08 080 0096 *¥¥*+xx (075 230 161 145 1.15 1.10 138 120
16 090 0.85 1.00 *xxxxkx (58 1.87 1.50 132 1.00 1.44 130 1.27
17 087 090 1.02 *xxxxkx 076 1.58 138 123 1.19 146 136 1.26
18 086 091 0.85 *¥**+x%x 106 149 1.60 120 128 1.50 130 1.25
19 090 1.08 0.86 *xxxxkx 116 148 145 123 148 148 1.18 1.06
20 0.84 1.14 090 *xxxxkx 164 145 142 134 160 1.60 120 1.24

21 090 1.24 (.85 *xxwkx 184 148 126 148 150 1.54 122 134
22 111 1.65 086 *¥¥¥xxx 180 149 128 185 142 130 098 120
23 1.08 1.64 0.64 *¥¥++xx 139 198 130 160 146 132 120 127
24 125 125 0.61 ¥¥xxxxx 144 246 135 164 150 148 1.00 1.09
25 123 1.10 0.68 *¥¥¥xxx 155 309 145 1.70 144 148 1.03 1.18
26 1.00 1.06 086 *¥¥**+x 147 335 160 1.74 147 134 103 1.18
27 1.08 084 058 ¥xxxxxx 136 329 164 162 140 1.16 120 128
28 092 0.76 0.81 *xxxxkx 149 314 142 1.70 132 120 130 1.30

29 094 082 0.69 **kxkik 140 3.00 148 148 130 1.40 1.29
30 090 0.82 047 *xxxxkx 120 295 147 140 140 1.70 1.26
31 0.78 wEEEREE 1010 1.54 1.20  1.40 1.20

Max. 1.25 1.65 1.02 sk 184 335 291 185 1.62 1.70 150 134 335M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY KZ2B

Station : Siriluk Bridge, Muang, Ratchaburi, (K.2B) Royal Irrigation Department
Stream : Mae Klong Thailand

River : Mae Klong Hydrology Division

River System : Mae Klong
WATER YEAR - 2003
Daily Max. Gage Height In Meter (MSL.) April 1, 2003 To March 31, 2004

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1.10 068 090 0.60 086 102 150 136 122 100 128 0.90
1.05 092 074 060 087 09 152 132 130 1.00 110 097
1.20 080 074 066 064 056 150 128 128 089 1.08 1.06
.12 078 0.62 0.75 056 094 176 128 122 106 138 1.00
1.06 068 080 072 046 106 1.78 1.17 1.11 1.04 120 145
1.5 070 080 080 050 1.10 160 1.12 1.06 1.10 135 138
090 078 092 0.70 082 1.00 1.64 119 125 128 126 132
093 09 072 086 115 066 1.78 1.08 126 131 140 1.06
082 092 08 072 1.14 050 176 120 137 135 1.10 1.18
0 1.00 1.02 090 074 1.15 050 1.65 120 139 140 1.18 1.04

[l 2= JRN I NV I SRS I S

11 1.16 090 080 052 062 060 149 116 153 140 1.18 1.15
12 1.00 1.16 1.10 0.64 070 066 145 126 146 150 1.17 1.16
13 1.10 1.10 1.18 080 050 080 138 1.16 148 144 120 1.07
14 090 09 09 080 060 060 130 122 129 140 120 1.00
15 1.00 1.12 084 080 084 080 159 130 122 134 120 1.13
16 1.02 1.16 094 075 092 084 147 128 128 126 1.12 1.15
17 1.03 1.10 080 086 094 085 132 126 122 117 117 122
18 1.02 09 086 078 076 078 130 1.18 121 116 129 1.20
19 082 1.10 08 080 076 070 128 1.12 115 1.17 120 132
20 1.08 092 088 058 080 102 148 1.18 122 120 1.18 120

21 1.02 105 08 074 078 110 136 115 099 133 128 1.14
22 09 1.10 074 026 100 1.10 130 113 107 139 107 1.16
23 092 1.06 072 -0.10 1.00 1.08 126 139 118 150 1.07 1.08
24 1.00 1.10 070 076 1.02 130 120 127 137 130 1.09 1.14
25 094 09 072 080 078 120 137 111 138 138 1.00 120
26 122 088 090 1.17 060 138 130 143 146 128 097 098
27 1.18 076 074 1.14 050 152 170 136 129 078 1.00 1.00
28 1.02 080 082 124 062 150 1.75 150 130 114 115 092
29 1.04 070 0.60 1.12 068 164 167 146 1.18 128 1.01 096
30 094 080 056 094 094 152 159 149 110 1.13 0.86
31 0.74 0.88 1.06 1.38 1.07 1.20 0.87

Max. 122 1.16 1.18 124 1.15 164 178 150 153 150 140 145 1.78 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.57
Station  :K.57, (K.57) Royal Irrigation Department
Stream Thailand

River Hydrology Division

River System : Mae Klong
WATER YEAR - 1998

Daily Max. Gage Height In Meter (MSL.) April 1, 1998 To March 31, 1999

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual
8 Rk RRRE ok ok kel kRRkRkk (076 126 024 0.18 016 0.92
14 skl kol ool ool okl llllkk (056 1.02 -0.10 034 014  1.12

Zero Gage At Bottom Elevation -1.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.57
Station  :K.57, (K.57) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 1999
Daily Max. Gage Height In Meter (MSL.) April 1, 1999 To March 31, 2000

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

096 1.02 058 056 040 066 114 1.64 132 118 124 120
096 1.04 062 044 052 074 110 160 126 124 130 1.16
092 150 052 062 032 062 112 156 142 128 122 1.18
090 09 046 074 036 070 098 154 140 132 120 1.06
088 086 058 070 064 058 104 156 136 134 1.14 1.16
090 082 042 074 076 076 106 158 122 138 116 1.18
094 064 056 078 08 080 086 1.62 124 140 1.18 1.14
088 078 034 076 082 09 098 164 122 132 114 1.10
090 062 054 076 136 09 1.02 160 134 136 110 1.12
0 092 076 0.66 080 142 122 100 158 138 128 1.12 1.08

= O 0NN W=

11 094 076 074 074 1.02 102 122 134 136 124 116 1.00
12 1.06 098 082 052 1.10 1.06 120 140 124 132 1.14 1.04
13 094 102 074 048 136 126 124 136 126 130 1.10 1.06
14 090 120 09 050 122 112 1.18 142 124 126 1.14 1.00
15 094 112 094 064 116 1.00 124 140 132 132 126 1.08
16 1.08 08 08 070 084 1.18 1.16 134 124 134 128 1.10
17 084 084 074 038 092 112 112 138 116 130 124 1.16
18 08 1.00 060 032 094 116 146 140 1.14 128 126 1.00
19 1.14 076 084 024 090 1.10 130 134 116 124 1.18 1.08
20 084 074 058 012 1.04 116 144 128 120 128 1.14 1.14

21 086 076 038 004 120 126 158 138 120 128 116 1.16
22 082 1.04 016 056 116 132 154 144 124 130 1.10 1.10
23 064 074 030 -0.06 128 126 1.62 140 120 134 1.08 1.12
24 086 1.06 038 052 126 130 164 132 1.14 138 1.14 1.08
25 078 074 078 010 1.12 126 170 124 116 132 120 1.08
26 072 076 082 0.16 106 116 162 1.18 124 124 124 1.04
27 084 072 082 020 102 1.18 180 116 122 124 128 1.06
28 082 072 080 070 064 126 198 120 126 124 124 1.10
29 1.00 064 082 076 1.00 124 182 126 124 122 132 1.08
30 1.02 076 032 052 080 136 170 120 122 126 1.10
31 0.52 0.74  0.76 1.68 1.22 1.30 1.16

Max. 1.14 150 096 080 142 136 198 1.64 142 140 132 1.20 1.98 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.57
Station  :K.57, (K.57) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2000
Daily Max. Gage Height In Meter (MSL.) April 1, 2000 To March 31, 2001

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1.14 080 028 0.74 076 086 1.12 154 126 124 124 124
1.08 080 046 052 082 084 1.10 162 132 122 118 120
1.00 076 096 050 080 076 100 1.70 136 1.18 120 122
1.02 080 0.76 0.56 070 068 1.00 160 140 1.18 122 128
1.04 082 068 050 042 092 102 136 126 120 122 132
.10 1.02 080 050 056 082 098 142 122 116 120 130
1.06 092 0.78 048 050 090 094 144 120 1.14 126 138
1.00 090 064 068 048 096 100 140 1.18 1.10 126 142
1.10 086 062 062 046 100 104 142 116 106 124 140
0 1.14 084 084 0.70 040 1.02 1.08 138 120 1.12 128 138

[l 2= JRN I NV I SRS I S

11 1.16 080 060 068 042 104 110 140 116 1.10 132 136
12 1.16 078 0.64 054 040 116 1.12 142 1.14 102 128 1.36
13 120 096 066 056 038 120 106 136 110 1.06 130 134
14 1.18 076 060 050 036 122 104 130 1.18 1.04 132 136
15 1.02 064 054 070 040 120 1.06 132 1.14 108 132 1.34
16 1.14 068 050 054 038 1.18 1.10 128 1.10 1.00 136 132
17 .16 076 074 056 036 116 1.14 130 106 1.02 128 130
18 1.10 080 046 052 048 114 1.18 126 1.02 100 134 1.26
19 1.08 078 052 054 056 1.12 116 124 106 1.04 134 122
20 1.06 084 048 050 052 1.10 120 126 104 108 136 1.16

21 090 068 064 046 046 110 1.16 124 108 1.16 120 1.18
22 1.00 060 056 042 052 110 1.14 116 1.12 1.18 1.18 1.14
23 080 054 032 022 074 1.12 120 124 120 1.18 1.16 1.10
24 1.02 062 064 -002 09 1.14 1.14 130 1.12 122 1.18 1.08
25 1.00 060 028 004 110 116 116 138 1.18 124 1.18 1.10
26 096 062 032 026 1.12 1.12 118 138 122 132 120 1.08
27 094 086 032 042 094 124 120 136 120 126 1.02 1.06
28 1.00 058 040 044 084 120 1.18 142 116 124 1.06 1.06

29 1.12 054 044 058 064 122 126 134 1.14 130 1.02
30 096 060 052 094 076 124 140 146 1.18 126 0.94
31 0.64 1.06  0.90 1.58 1.20 1.28 1.02

Max. 120 1.02 09 1.06 1.12 124 158 1.70 140 132 136 142 1.70 M.

Zero Gage At Bottom Elevation 0.000 M. (A.D.)
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RID Computer Center WLEVEL/MAXDLY K.57
Station  :K.57, (K.57) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2001
Daily Max. Gage Height In Meter (MSL.) April 1, 2001 To March 31, 2002

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1.08 0.72 086 0.62 086 106 1.00 122 098 084 116 1.20
1.08 070 084 060 088 100 068 1.18 104 076 120 1.18
1.10 062 080 058 080 1.12 064 120 100 064 122 1.14
1.00 0.66 0.76 0.56 082 1.14 070 116 096 080 1.18 1.20
1.00 070 0.64 050 086 1.02 064 1.10 1.00 124 126 124
1.02 064 062 048 084 098 056 098 1.00 132 124 144
1.12 062 042 046 088 1.08 054 094 092 116 114 140
1.08 050 050 046 092 1.10 070 086 092 120 126 132
1.10 056 048 046 090 1.02 074 082 084 124 124 144
0 1.06 052 044 048 094 106 078 074 082 126 120 1.36

[l 2= JRN I NV I SRS I S

11 1.08 048 040 050 09 1.16 074 078 087 1.18 120 130
12 1.12 046 038 054 092 112 0.76 070 076 1.12 124 1.26
13 1.14 052 046 058 098 1.14 078 092 076 1.18 1.18 124
14 1.16 050 050 060 098 104 080 09 092 124 120 132
15 1.12 060 046 060 094 108 0.74 084 09 132 1.16 1.26
16 1.14 062 032 064 104 110 064 098 100 126 1.18 124
17 1.14 044 036 068 106 150 062 09 108 128 122 128
18 1.16 046 038 0.62 1.10 154 0.60 078 1.06 122 1.14 1.18
19 .12 060 032 070 09 132 076 074 108 124 116 122
20 .12 062 026 074 098 122 078 066 09 124 120 120

21 1.04 050 034 076 090 136 136 060 09 120 126 1.14
22 1.06 048 046 082 092 134 118 062 092 1.18 124 1.18
23 1.10 058 032 080 09 132 110 060 088 1.00 128 1.16
24 1.00 062 042 084 094 126 120 060 075 1.02 132 120
25 098 056 056 086 106 128 084 060 075 122 134 1.14
26 096 086 054 094 1.04 080 0.80 064 080 1.18 132 1.20
27 094 082 060 09 100 084 08 060 080 126 132 1.16
28 090 080 058 098 106 08 088 100 086 134 136 124

29 096 084 062 1.00 09 076 080 1.02 1.04 1.50 1.24
30 092 086 074 102 104 082 08 106 112 156 1.12
31 0.90 1.04 1.02 0.84 080 1.42 1.04

Max. 1.16 090 0.86 1.04 1.10 154 136 122 1.12 156 136 144 1.56 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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RID Computer Center WLEVEL/MAXDLY K.57
Station  :K.57, (K.57) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2002
Daily Max. Gage Height In Meter (MSL.) April 1, 2002 To March 31, 2003

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

092 1.10 0.60 0.74 054 086 154 138 150 120 146 134
096 1.06 056 070 046 098 162 136 154 122 144 136
1.00 1.04 058 068 042 1.14 170 128 128 126 146 130
1.02 1.02 062 0.70 032 128 162 130 130 128 150 132
094 1.00 064 072 09 132 1.72 160 124 122 152 136
086 1.10 070 066 098 146 170 150 120 124 142 132
088 098 0.66 072 08 142 168 150 122 120 140 140
09 082 072 08 072 1.18 1.74 150 126 120 136 142
092 1.00 064 076 052 100 1.78 150 120 134 134 136
0 094 114 058 082 036 1.14 160 156 1.18 138 136 1.38

[ 22 JRN I NV I SRS I S

11 090 1.12 054 060 036 1.18 150 130 1.18 146 122 136
12 080 096 056 054 042 116 142 122 1.18 156 121 1.34
13 092 086 064 056 050 1.12 132 140 116 150 126 138
14 090 082 070 062 072 126 128 124 120 152 127 132
15 084 080 0.72 060 032 1.10 130 125 1.18 144 1.18 1.30
16 086 076 060 056 036 104 126 125 106 140 1.18 126
17 092 082 062 054 068 1.14 140 100 1.18 142 120 128
18 086 084 064 050 076 130 146 1.15 120 148 119 1.20
19 090 082 064 058 1.12 134 148 120 116 146 122 124
20 094 084 070 082 130 116 150 150 124 148 1.16 136

21 1.00 080 066 098 152 122 136 154 126 148 120 134
22 1.06 078 092 102 126 120 120 156 136 136 132 130
23 .12 078 096 092 076 118 124 150 144 138 134 138
24 1.10 092 064 076 086 138 136 150 142 136 130 126
25 1.00 1.08 080 070 072 162 124 170 136 140 126 124
26 098 1.16 082 078 068 180 120 1.70 134 130 132 1.20
27 1.04 084 076 076 056 178 1.14 156 138 132 136 126
28 1.00 096 076 080 062 178 120 162 130 136 136 124

29 1.10 086 082 0.82 064 1.74 118 154 128 146 1.26
30 1.06 084 086 054 056 156 120 142 128 150 1.34
31 0.82 0.60 0.54 0.86 1.24 140 1.32

Max. .12 1.16 096 1.02 152 180 1.78 1.70 1.54 156 152 142 1.80 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)



Waleerat Rangsimapirat

RID Computer Center WLEVEL/MAXDLY K.57
Station  :K.57, (K.57) Royal Irrigation Department
Stream : Thailand

River : Hydrology Division

River System : Mae Klong
WATER YEAR - 2003
Daily Max. Gage Height In Meter (MSL.) April 1, 2003 To March 31, 2004

Date Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Annual

1.06 098 090 054 094 082 154 140 154 100 134 096
1.14 086 074 050 086 072 142 132 138 106 1.18 1.10
124 082 076 062 083 090 134 140 136 1.04 120 1.12
1.20 080 0.70 0.60 054 074 154 130 132 090 136 122
122 074 068 046 078 104 156 1.18 124 120 142 134
1.06 072 054 038 016 1.18 166 108 092 130 146 142
1.18 0.76 056 038 076 120 156 1.14 132 140 134 140
1.18 070 060 030 104 09 162 1.18 130 146 132 138
1.20 074 080 042 116 09 160 116 150 136 1.12 138
0 122 060 086 082 122 08 158 110 156 142 122 1.14

[l 2= JRN I NV I SRS I S

11 1.18 062 086 1.10 076 072 148 130 158 132 120 126
12 124 060 098 094 076 064 138 132 152 126 122 1.26
13 120 050 1.18 080 066 068 138 126 152 146 1.14 1.18
14 126 090 1.02 060 074 070 146 132 146 144 122 1.12
15 128 108 1.06 070 092 074 150 138 126 138 1.02 1.22
16 132 116 1.14 076 076 062 130 126 130 128 132 136
17 120 098 100 070 074 076 126 136 126 126 136 134
18 1.18 1.00 090 096 074 086 132 128 130 122 136 1.20
19 .10 1.20 070 064 084 084 140 126 1.18 130 140 128
20 .12 1.00 074 044 062 1.12 152 112 130 138 134 122

21 062 092 080 046 080 122 140 116 1.18 142 132 120
22 064 09 070 030 1.02 126 118 114 120 154 122 122
23 078 080 086 026 106 1.18 138 128 132 158 1.16 1.18
24 070 076 068 068 1.10 140 146 138 156 136 1.14 120
25 074 074 072 09 100 126 1.18 122 140 134 108 1.12
26 078 080 086 126 098 130 134 152 142 134 1.00 1.16
27 074 074 098 132 066 140 160 150 148 1.10 1.10 1.00
28 076 074 106 124 060 116 172 162 136 120 1.12 1.04
29 084 088 082 08 050 140 148 156 126 132 1.02 1.02
30 094 062 072 098 058 154 162 152 116 120 1.04
31 0.60 0.82  0.60 1.36 1.16 1.20 1.08

Max. 132 120 1.18 132 122 154 1.72 1.62 158 158 146 142 1.72 M.

Zero Gage At Bottom Elevation 0.000 M. (MSL.)
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