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More than 4,000 dams are constructed in Thailand for
several purposes, including water supply, flood con-
trol, irrigation, and hydropower generation. Among
these dams, 14 large dams are operated by the Elec-
tricity Generating Authority of Thailand (EGAT). As
a dam operator, EGAT is committed to ensuring dam
safety by regularly conducting dam inspections and
maintenance. This paper presents the development
and practical applications of the Dam Safety Re-
mote Monitoring System (DS-RMS). The objective of
DS-RMS is to enhance the EGAT’s implementation of
its dam safety program in terms of dam monitoring by
instrumentation to satisfy international recommenda-
tions. DS-RMS consists of five subsystems: Dam Be-
havior, Reservoir Operation, Earthquake Monitoring,
Expert System and Public Communication. DS-RMS
has been deployed at 14 large EGAT-operated dams
across the country since 2016. Results show that the
novel features of DS-RMS enable faster and more reli-
able dam safety monitoring and evaluation processes.

Keywords: remote terminal unit, dam safety evaluation,
reservoir operation, expert systems

1. Introduction

Dams are used to manage surface water for irrigation,
flood prevention, agriculture, and power generation. More
than 4,000 dams are constructed in Thailand, each of
which is small, medium, or large in size. The primary
owners of these dams are the Royal Irrigation Depart-
ment, the Department of Water Resources, the Electric-
ity Generating Authority of Thailand (EGAT), the Depart-
ment of Alternatives Energy Development and Efficiency,
and local administrative organizations. A large dam is de-
fined in [1] by International Commission on Large Dams
(ICOLD) to be a dam with a height of 15 m or greater
from its lowest foundation to its crest, or a dam of height

Fig. 1. Fourteen large dams operated by EGAT.

between 5 and 15 m impounding more than 3 million m3.
EGAT currently operates 14 large and important dams lo-
cated across the country, as illustrated in Fig. 1. The
dams can be categorized into three major types: 2 con-
crete dams (circled in grey), 10 embankment dams (cir-
cled in brown), and 2 impervious faced rockfill dams (cir-
cled in blue).

In 1978, Ubolratana dam was severely affected by a
monsoon, which caused significant inflow into its reser-
voir. As depicted in Fig. 2, the crest of the dam was al-
most overtopped, thereby increasing dam instability. Af-
ter that incident, EGAT established the Civil Maintenance
Division to seriously implement a dam safety program.
Furthermore, personnel were appointed at each dam to
perform stringent dam inspection and maintenance pro-
cedures.

2. Dam Safety Monitoring and Management

To ensure dam safety, a dam’s structure should be reg-
ularly inspected and maintained throughout its lifetime.
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Fig. 2. Ubolratana dam incident in 1978.

Fig. 3. ICOLD dam safety program.

Most countries have effective regulatory frameworks at
the national level, focusing on comprehensive details of
dam safety management activities [2]. ICOLD is a non-
governmental international organization that provides a
forum for the exchange of knowledge and experience in
dam engineering [3]. ICOLD also leads the profession
in setting standards and guidelines to ensure that dams
are built and operated safely. One such standard is the
dam safety program, as shown in Fig. 3. The program
includes routine surveillance (visual inspection, dam be-
havior monitoring, and flow control equipment assess-
ment), periodic dam safety review, dam safety data man-
agement, safe water management, emergency prepared-
ness, and dam safety maintenance. Dam monitoring by
instrumentation is crucial for evaluating dam behavior and
conditions. Appropriate data obtained from the instru-
ments will result in high-quality interpretations. The data
should be communicated to the interpreter as soon as pos-
sible to prevent undesired outcomes.

The management of large dams requires complex com-
puting and the involvement of multidisciplinary teams
with specialized knowledge. This knowledge is accumu-
lated through learning to understand structural responses
that may change occasionally [4]. Previous studies have
considered the development of analytical approaches and
engineering software related to dam safety, with sub-

Fig. 4. Manual measurements and recording: ground water
level (left); pressure gauge (right).

jects including geotechnical engineering, dam design
and simulation, and automated dam monitoring [5–10].
The SUT-DAM introduced in [11] is an integrated soft-
ware environment for the multidisciplinary computational
modeling of structural and geotechnical problems such
as the large deformation dynamic analysis of saturated
and unsaturated soils, as well as the simulation of fail-
ure mechanisms along the failure surfaces. As discussed
in [4], a knowledge-based dam safety management sys-
tem supports engineers in performing dam safety assess-
ment, enabling them to make adequate and timely deci-
sions. Two multivariate dam safety monitoring models
based on environmental effect extraction were proposed
and analyzed in [12]. The first model achieves dam state
monitoring using data collected from all instruments, with
low computation time and low false alarm rates. It is
suitable for a steady dam response with no significant
time-varying trends. The second model predicts the fu-
ture dam state by simulating the relationship between en-
vironmental variables and the dam response using least-
squares support vector machine models. The results of
displacement monitoring of a dam following an earth-
quake using data from a synthetic aperture radar satellite
were reported in [13]. Satellite data collected before and
after the Kumamoto earthquake at a rockfill dam located
approximately 20 km from the epicenter were analyzed,
and dam displacements were estimated. The Kwater Dam
Safety Management System (KDSMS) was developed by
the Korea Water Resource Corporation for consistent and
efficient dam safety management [14]. KDSMS consists
of dam and reservoir data, a hydrological information sys-
tem, a field inspection and data management system, an
instrumentation and monitoring system (including earth-
quake monitoring), a field investigation and safety evalu-
ation system, and a collective information system. Using
KDSMS, quick and systematic decisions and safety eval-
uations can be realized.

EGAT has monitored dam behavior as part of its dam
safety activities since 1982 and has improved its processes
according to the ICOLD dam safety program mentioned
previously. Conventional dam monitoring and data ac-
quisition were carried out periodically. The data were
recorded by local operators, as shown in Fig. 4, and re-
motely acquired from automatic instruments. The data
were manually screened and checked for validity, correct-
ness and time synchronization. They were then input into
stand-alone commercial software that can plot graphs of
instrument data and contains statistical modeling func-
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Fig. 5. Correlation between water level and piezometric
level plotted by using commercial software.

Table 1. Summary of required time for each process of
conventional dam behavior monitoring per dam.

tions. An example of the correlation plot between wa-
ter level and piezometric level is shown in Fig. 5. Sub-
sequently, dam safety was evaluated by experienced of-
ficers and reported to local and executive officers. This
is a time-consuming and error-prone process, particularly
when dealing with a large number and variety of dam data
and timestamps. Table 1 summarizes the time required
to complete each process of conventional dam behavior
monitoring per dam.

3. EGAT Dam Safety Remote Monitoring
System

In 2013, EGAT initiated the Dam Safety Remote Mon-
itoring System (DS-RMS), a collaborative project involv-
ing EGAT, the National Electronics and Computer Tech-
nology Center (NECTEC), and the Geotechnical Engi-
neering Research and Development Center – Kasetsart
University (GERD-KU) as a consultant. The main objec-
tive is to enhance the dam monitoring system to reassure

the downstream public that the dam conditions are thor-
oughly monitored. Its major improvement over the con-
ventional system is the automatic acquisition of safety-
related measurements such that comprehensive informa-
tion is remotely obtained in real-time, and dam safety con-
ditions can be evaluated by an expert system in minutes.

3.1. System Requirements and Description
DS-RMS software is used to manage the informa-

tion necessary for the safety monitoring and evalua-
tion process of the three different dam types mentioned
above. The software currently supports the monitoring of
14 dams, although it is designed to allow for more dams
to be added to the system if required. The main features
of the software are summarized as follows:

• Web application operating on EGAT intranet to allow
all authorized staff to easily access from anywhere.

• Instant dam behavior displays in different graph
views: Time History, Cause and Effect, Plan View,
Section View, and Profile View.

• Earthquake incident report: magnitude, location, ac-
celeration at the dam body.

• Reservoir operation: reservoir water level (RWL),
rule curves, inflow, rainfall, flood routing simulation.

• Dam safety evaluation in static, earthquake and flood
conditions.

• Real-time closed-circuit television (CCTV).

• Executive summary.

• Document and report management.

3.2. Design and Development
At each dam, various types of dam behavior, seismic,

and hydrometeorological sensors are installed around the
reservoir, at the dam body, and at the foundation. The
measured data from the sensors are collected by remote
terminal units (RTUs) and then transmitted to the dam
server using MODBUS TCP/IP via wired or wireless net-
works [15, 16]. Since the sensors and related cables at the
dam body are sensitive to electromagnetic interference,
the sensors and the inputs of the RTUs are equipped with
high-performance surge protection devices to minimize
possible damages. In addition, the RTUs are installed as
close to groups of sensors as possible to minimize signal
loss and interference.

Three communication configurations between RTUs
and the dam server are used, based on distance and ge-
ographical obstacles: i) fiber optics, ii) fiber optics and
wireless, and iii) fiber optics and mobile data transmis-
sion. Although the fiber optics are costly, they are used
because of their insusceptibility to the environment and
surges. Fig. 6 illustrates examples of the configurations
in detail. The top figure shows the configuration at Sri-
nagarind Dam, where only fiber-optic links (red lines) are
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Fig. 6. Examples of RTU and dam server connections.

used (since the RTUs are located around the dam crest
and not distant from the server). The middle and bottom
figures show the configurations at Mae Chang and Sirikit
dams respectively, where wireless and mobile data trans-
missions are used. In these cases, the measurement points
are spread out and distant from the servers; therefore, it
is not economical to install fiber-optic cables. All dam
servers are connected to the headquarters by the existing
EGAT nationwide network for data back-up and replica-
tion, as shown in Fig. 7.

Figure 8 shows the DS-RMS system diagram, illus-
trating how the collected raw data is stored in a dam-site
database. The engineering data can be selected and graph-
ically displayed to analyze the dam behavior. Addition-
ally, the engineering data is the input of an expert system
in the safety evaluation and warning processes. Respon-
sible staff are promptly informed of the updated instru-
ment status and dam safety conditions via short message
service (SMS) and email so that they can take appropri-
ate actions rapidly. All configurations, corrections, data
analysis, and updates are conducted at the local servers
and then replicated and sent to the central server at the
EGAT headquarters for monitoring purposes. To ensure
system connectivity, the resumable replication service of
the database system is used, and the connection is regu-
larly checked by the administrator. This means that the
local or field operators and dam safety experts can obtain
synchronized data. The executives and civil maintenance

Fig. 7. DS-RMS on EGAT communication network.

Fig. 8. DS-RMS system diagram.

staff at the headquarters can view the overall safety status
of all dams. The safety status of each dam is summa-
rized on the headquarters’ DS-RMS homepage and can
be clearly viewed in different colors on the country map,
as illustrated in Fig. 9. Furthermore, some information is
made available to the public via mobile applications. This
information includes dam safety status, RWL, earthquake
magnitude and location, real-time CCTV, and announce-
ments. Details regarding the evaluation method of the sta-
tus will be discussed in the next section.

The data flow is illustrated in Fig. 10. The raw data
collected from various sensors and manually recorded by
local staff is automatically screened and converted to en-
gineering data by the software before being stored in a
database. The vital data for safety evaluation comprises
dam behavior data, reservoir operation data, and earth-
quake data.

The detection of significant indicators of structural be-
havior poses a constant challenge for engineers involved
in large dam safety control [17]. Large dams interact sig-
nificantly with environmental, hydraulic, and geomechan-
ical factors such as air and water temperature, water level,
pore pressure and uplift, and rock deformability. Dam be-
havior data in DS-RMS includes, for instance, seepage
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Fig. 9. Headquarters’ homepage.

Fig. 10. DS-RMS data flow.

in weirs, tilt angles and joint movements, settlement and
displacement, and piezometric pressure.

The major causes of dam failures are crest overtopping
during extreme flooding and internal erosion. It was esti-
mated that overtopping constituted more than 40% of dam
failures worldwide, and observed that the time for creat-
ing and widening a breach varied with the dam’s mate-
rial [18–20]. The reservoir operation data includes RWL,
rainfall, ambient temperature and humidity, wind speed,
atmospheric pressure, and calculated inflow. This enables
engineers to maintain dam safety during floods and to
manage the amount of water in the reservoir to comply
with the rule curves for various uses and interests.

Earthquake data is obtained from a network of seismo-
graphs installed around reservoirs. Instant and historic

magnitudes and locations are reported in DS-RMS. Addi-
tionally, accelerations at the dam body, a key safety indi-
cator, are also measured. If the detected magnitude, loca-
tion and accelerations exceed the criteria, then the safety
evaluation process begins, and warning messages are sent
to the relevant staff to perform further inspections of the
dam.

Subsequently, the engineering data is then used by the
expert system in the safety evaluation and warning pro-
cesses. This is carried out using evaluation flows devel-
oped in this project, based on knowledge obtained from
dam safety experts, academics and experienced staff. Dif-
ferent dam types have different evaluation flows and, in
some situations, the expert system requires more field data
to proceed with the safety analysis. In this case, the user is
prompted to provide explicit answers to questions in order
to facilitate an accurate analysis.

3.3. Key Subsystems

3.3.1. Dam Behavior

Dam behavior instruments are connected to the RTUs,
which then transmit data to the dam server. The data is
processed by the dam behavior monitoring software and
displayed in various views and axis combinations, such
as Plan View, Section View, Time History, and Cause and
Effect. For easy interpretation and analysis, an as-built
dam drawing is imported into the system and rescaled to
be used as a background. Plot areas are created and placed
on the background by referencing coordinates with the
measurement positions. A display example, “Radial Dis-
placement on Dam Profile” is shown in Fig. 11, where
dam behavior is observed through a plot of displacements
inside the concrete blocks on a graphical dam profile. The
lines show the dam movements over time with reference
to gravity. An illustration of the behavior of an impervi-
ous faced rockfill dam is given in Fig. 12. Displacements
of the dam body are represented as vectors such that engi-
neers can observe both magnitudes and directions of the
displacements on an actual graphical plan view. Using
the dam behavior subsystem, the time required to com-
plete each process is significantly reduced, as summa-
rized in Table 2. The conventional instrument reading
time may take one or two days for each dam. The reading
time begins when the operator leaves the office to mea-
sure the first sensor and stops when all data of the dam
are recorded. In DS-RMS, the instrument reading time
requires less than 5 minutes on average. The measuring
time starts counting when the RTUs begin reading data
and stops counting when all data are stored in the database
of each dam. Dam operators process the manual reading
by collecting data from the instruments, filtering out the
unacceptable data, formatting the data into correct forms,
and manually picking up or aggregating some data such
as rainfall with the nearest timestamp to plot several in-
struments into the same chart. Some charts are plotted as
overlays on drawing pictures. These procedures are time-
consuming but can be completed rapidly by DS-RMS.

Journal of Disaster Research Vol.16 No.4, 2021 611



Suwatthikul, J. et al.

Fig. 11. Movement behavior of a concrete dam.

Fig. 12. Displacement vectors of an impervious faced rock-
fill dam.

3.3.2. Reservoir Operation
Hydrometeorology data play an extremely important

role in safety evaluation during floods. As mentioned pre-
viously, the relevant data are collected from instruments
installed at the dam crest and around the reservoir. The
user interface displays historical and current RWL values
along with the dam cross-section, thereby enabling engi-
neers to evaluate the possibility of an overtopping failure.
The subsystem can predict flood frequency by comparing
the current inflow with an inflow at any selected return
period using a flood frequency hydrograph. To calculate
the current inflow (hourly or daily), the outflow, RWL,
and evaporation rate of the reservoir are used for each pe-
riod of the calculation. Fig. 13 shows a graphical plot
that can predict the possibility of flooding, where the blue
solid line is the inflow of Bhumibol Dam in 2011 (when
the great flood occurred in Thailand), and the movable
red dotted line is the inflow of the 20-year return period

Table 2. Comparison of average time required for each pro-
cess of conventional dam behavior monitoring per one dam
and DS-RMS.

inflow. By comparing these two datasets, it was obvious
that the inflow in early October was higher than that in the
20-year flood return period, indicating a high possibility
of flooding and that preventative steps and preparation for
potential disaster were necessary.

In addition, an advanced feature of this subsystem is
the newly developed flood routing simulation that can
provide the local staff with reservoir operation guidance.
Flood routing is a mathematical procedure that predicts
the changing magnitude, speed, and shape of a flood wave
at one or more points in a stream channel. One type
of flood routing that we focus on is reservoir flood rout-
ing, based on the assumption of a slow-rising flood wave,
where acceleration terms of the flood are relatively low.
This type of flood routing requires the following informa-
tion:

• Elevation-storage relation: the relation between
RWL and storage volume.

• Elevation-outflow relation: the relation between
RWL and outflow rate.

• Inflow hydrograph to reservoirs.

A continuity equation, based on the conservation of
mass, can then be used to predict the storage and outflow
for each subsequent time step. One has

(It + It+1)
2

− (Ot +Ot+1)
2

=
(St+1 −St)

Δt
, . . (1)

where It and It+1 are the inflows (in cubic meters per sec-
ond, cms) for time t and t + 1, respectively; Ot and Ot+1
are the corresponding outflows (in cms); St and St+1 are
the corresponding storage volumes (in million cubic me-
ters, MCM); and Δt is the difference between t + 1 and t,
which was 1 hour in this study.

For the simulation, RWL for the next hour is calculated
based on the information of the current hour. One can
rearrange Eq. (1) and obtain

(St+1 −St)
Δt

+
Ot+1

2
=

(It + It+1)
2

− Ot

2
. . . . (2)

Therefore, the terms on the left contain all of the infor-
mation regarding the next hour, i.e., St+1 and Ot+1. It is
noteworthy that It+1 is already known in the current hour
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Fig. 13. Flood prediction.

Fig. 14. Reservoir flood routing simulation.

because every time step of the inflow is known in advance
as the input of the simulation.

Reservoir flood routing simulation allows dam staff to
simulate situations with different scenarios of inflow hy-
drographs and an initial RWL. Consequently, the outflow
hydrograph and RWL can be observed as a function of
time. Moreover, the spillway gates in the simulation can
be controlled based on the operation manual. The manual
describes how high the gates should be opened depend-
ing on the situation (as described based on data including
current RWL and inflow). Therefore, reservoir flood rout-
ing simulation in DS-RMS can be used to assess various
situations by using several inflow hydrographs and spill-
way gate open rules as the inputs. One example of the
simulation result is shown in Fig. 14, where one can ob-
serve that the inflow is increased and decreased accord-
ing to 20-year return period inflow data. Then, the spill-
way gates are gradually opened to a maximum height of
5.5 m before closing down, and RWL is controlled around
the maximum pool level (dashed line). The simulation is
conducted weekly especially during monsoon. The result
can be used to consider whether normal operation rules
are sufficient to maintain the situation under control or
whether flood control operation is required.

3.3.3. Earthquake Monitoring
Currently, earthquake data are obtained from 21 seis-

mic stations installed around the reservoirs of dams lo-

Fig. 15. Earthquake monitoring system.

Fig. 16. Acceleration monitoring.

cated in seismic areas. Users can view the dam loca-
tions (black circle icons) and instant and historic earth-
quake magnitudes (circles in different colors), as shown in
Fig. 15. The circles vary in size and color, which indicate
different magnitudes and times. In addition, accelerations
at the dam body are monitored as an important factor in
safety evaluation. Equipment status and locations, as well
as acceleration waveforms, can be observed from the sub-
system, as depicted in Fig. 16.
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Fig. 17. Expert system for evaluating concrete dam safety status.

3.3.4. Expert System

Dam safety evaluation at EGAT has primarily relied on
the expertise of dam engineers and academic specialists.
The acquired dam data are analyzed together with addi-
tional manual inspections. However, experts are limited
in number and not always available when incidents oc-
cur. Furthermore, it is an important challenge to accu-
rately maintain the accumulated expertise and knowledge
of experts after they retire or are rotated.

In DS-RMS, a rule-based expert system was developed
to enhance the conventional dam safety evaluation proce-
dures. This is a unique characteristic when compared with
KDSMS which only provides dam experts with the data
library to evaluate dam safety at a later time. Knowledge
bases are built by acquiring knowledge from experienced
engineers and experts. Data of a given case are entered
into the working memory. The inference engine repeat-
edly applies the rules to the memory and queries the user
for further information, such as manually inspected data,
until a goal state is confirmed where safety status is rep-
resented in colors: NORMAL (green), ALERT (yellow),
and ALARM (orange).

An example of an expert system for a concrete dam
is shown in Fig. 17, where 13 possible failure modes in
static, earthquake, and flood conditions were defined. The
inference rules for the earthquake conditions are shown
in Fig. 18 and Tables 3 and 4. Earthquake parame-
ters such as magnitude, distance from the epicenter, peak
ground acceleration (PGA), and acceleration at the dam
crest were obtained from the earthquake monitoring sys-
tem. If more information is required, the system will pro-
vide the user with specific directions to perform actions
and questions to answer. For example, if an earthquake
with a PGA greater than 0.2 g is detected, the safety sta-
tus ALARM will be displayed, and an SMS and email will

Fig. 18. Rules the earthquake condition of a concrete dam.

Table 3. Condition 1 of safety evaluation in earthquake
condition.

Table 4. Condition 2 of safety evaluation in earthquake
condition.

be sent to relevant staff. The staff will manually inspect
the dam movements using a CCTV and on-site surveys,
and then report the evidence they obtain to the system. If
movements are discovered, then dam maintenance must
be performed and the result is reported to the system so
that the safety status will be changed to NORMAL. The
status will remain unchanged until appropriate actions are
taken and reported.

Figure 19 shows an image example of the expert sys-
tem web page at the headquarters. The page summarizes
the dam safety status of each dam in three failure condi-
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Fig. 19. Safety status summary on expert system page.

tions, represented by the graphics of the dam and different
colors. Details of each failure mode can be observed by
clicking on a failure mode icon.

The current limitation of this automatic evaluation sys-
tem is that some tasks that require manually collected
data, such as settlements and displacements, may not be
completely processed because the data is not entered by
local staff into the database sufficiently and quickly. A
mobile application is being developed to allow staff to in-
put field data into the database as soon as manual data
collection is completed.

3.3.5. Public Communication
Public safety is of utmost importance and is the main

objective of the EGAT dam safety program. The down-
stream community should be aware of the correct and
updated information of the dam they live nearby. Cur-
rently, DS-RMS can only be accessed by authorized staff;
however, some information has been selected to be made
available to the public via mobile applications. This pub-
licly available data includes dam safety status, RWL,
reservoir volume, earthquake magnitude and location,
CCTV, and general announcements. The application in-
terfaces are illustrated in Fig. 20, from which public users
can view dam status, real-time CCTV, and reservoir vol-
ume information.

4. Conclusions

In this paper, we described the development of a remote
dam safety monitoring and evaluation system, DS-RMS,
which has been deployed at the EGAT’s fourteen large
dams across Thailand. The system was designed to en-
hance the way EGAT carries out its dam safety pro-
gram, to better meet international standards. This is
achieved through the effective use of instrumentation-
based dam monitoring. DS-RMS consists of five key
subsystems: Dam Behavior, Reservoir Operation, Earth-
quake Monitoring, Expert System, and Public Commu-

Fig. 20. DS-RMS mobile application – from left to right:
Homepage, Dam Status, CCTV.

nication. DS-RMS provides staff with a web-based por-
tal such that they can conveniently input manually col-
lected data, and acquire data from automatic instruments
via RTUs. The collected data can be visualized rapidly in
various graphical illustrations. DS-RMS supports the pre-
diction of flood return period and reservoir management.
The newly developed expert system automatically and
promptly evaluates dam safety conditions, and sends mes-
sages to relevant staff to perform the appropriate actions
for further damage prevention. Finally, the system com-
municates the safety condition to the downstream com-
munities to ensure that the dam conditions are thoroughly
monitored.
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