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SUMMARY

Indonesia Island consists of several big island$ &1 Sumatra, Java, Kalimantan and
west of Irian islands etc. This country has buitirexthan 284 large and small dams. Some of
those dams are not in good condition in terms d&étgaservice function, operation and
maintenance, as well as quantity and quality asuace of water. One of the 284 large dams
is Sermo dam which is located in Java Island amsl leen operated since 1996. It is
suspected that Sermo dam is suffered from defoomataused by earthquake, three-
dimensional position, etc so it is very urgent tonmor the dam.

A geodetic and hydrological engineering were desigio detect displacements in
Sermo dam using multi sensors permanently installédte multi sensors permanently
installed are 3D Robotic Total Station (RTS) sens@n array of permanently mounted
prisms, two units of GNSS CORS sensors, Automatiaté Level Recording (AWLR)
sensor, and Pan, Tilt, and Zoom digital IP Cam&alSS CORS sensors have been installed
using two towers. The first tower is for a baseista(SRM1) and the second tower at
upstream area of Sermo dam is for a back sighibstéSRM2) which one unit of prism has
also been installed. At the first tower, the RTS8l &NSS CORS have been installed which
the GNSS antenna was installed about 2.30 mebergeaRTS and. Distance between the
first and the second towers is about 2500 m. Mehiewl9 prisms as targets of RTS which
consist of 6 prisms at the downstream slope, angri8ns at the crest of center dam.
Automatic Water Level Recording sensor and Parn, Zdom digital IP Camera (CCTV) are
installed at Intake Sermo Dam
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1. INTRODUCTION

Indonesia, as an archipelago, located partly orEtivasian plate, which is subduction by
the three major plates: the Indo-Australian platéhie south and in the west; the Pacific plate
in the East and the Philippine Sea plate in thehn(Bock et al, 2003). These subduction
zones around Indonesia create a ring of volcanag;h is called “the Ring of Fire”.
Purbawinata et al., (1997) state that the subduaane is marked by a chain of active and
dormant volcanoes which spreads along Sumatra, Balia Lombok, Sulawesi to the eastern
part of Indonesian.

Fig.1. Indonesia Tectonic map with respect to IT®RB0.0. Arraws are indicating horizontal
displacements vector using GPS data in 1991 @1 2Bock et al, 2003).

Indonesia has built more than 284 large and snaatisd Some of those dams are not
in good condition in terms of safety, service fumat operation and maintenance, as well as
guantity and quality as a source of water. Expelitedge of dam is generally determined by
the characteristics of dam structure stability, hpdtynamical factors such as endogen,
exogenous, tectonic earthquake, and dam manageyspim. Dams are generally deformed
by static and dynamic movements. The deformatiopossibly caused by the reduction or
settlement embankment, earthquake, sliding, thmeessional position, cracks, shifting,
high-low water level, seepage or leakage. Tablelévibis shown the risk of damage to dams
that occurred in Indonesia. Magnitude is then diasksinto low level, moderate, high, and
extreme ranges where the low valuation of 0 tol&denate rating ranged between 16 to 45,
high appraisal values ranged between 46 to 75,agsdssment of extreme values ranging
between 76 to 90.
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Table.1. Risk Assessment of Dams in Indonesia (Adizan Samekto, 2008)

RISK SCORE OF INDONESIAN DAM

SCORE

One of the 284 large dams is Sermo dam which iatéacin Java Island and has been
operated since 1996. It is located in the villageaaof Hargowilis, Kokap district, Kulon
Progo, Yogyakarta province, Indonesia preciselyis Ttam is vulnerable to earthquake
hazards, approximately 7 km west of town Wates 6rk& west of Yogyakarta city
Indonesia.

uuuuuu
Peta Administrasi
Kabupaten Kulonprogo
Skala 1:180.000

e .

Max EWL 140.6
Max EWL 1

Min NWL 113.70C
105,

uuuuuu

@ (b)

Fig.2. (a) Map of Sermo dam with dark blue colod &b) is cross section of Sermo dam.

Location of Sermo dam covers Progo river regionkOparang Kulon Progo regency.
Coverage area of Sermo dam is at 110 ° 1 'up tc® 1K) east longitude and 7 ° 38 'up to 7 °
59' South (see Fig. 2(a)). The cross section ahSatam (see Fig. 2 (b)). The view of Sermo
dam (upstream and downstream) can be seen at f@aya8dd (b).
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"' Photo by

Fig.3. Sermo dam area where (@) is upstreami@nds(downstream area.

It is suspected that Sermo dam is suffered fronord&dtion caused by earthquake,
three-dimensional position, etc. Sermo dam is dneribcal dams in Indonesia (Azdan dan
Samekto, 2008), so itis very urgent to moniterdiam properly.

2. SERMO DAM MONITORING SYSTEM COMPONENTS

Safety is the primary and most important reasonnh@nitoring the deformations of
dams. A secondary reason is the need for improweing knowledge of the mechanical
behavior of dam embankments (Gikas and Sakellar&fl@8). Monitoring deformation
pattern is often one of the most effective waysb&informed the safety status of such
structures. The safety of large man-made structuhes environmental protection and the
development of associated mitigating measuresarcéise of natural disasters, require a good
understanding of the causes and the mechanisnedttuctural deformation proce&sikas
and Sakellariou, 2008).

Deformation monitoring systems are designed to oreathe deflection or distortion
of a structure under normal and extreme conditi@@ns, bridges, large and tall buildings
are examples of structures that are routinely sisddeand monitored (Choudhury and Rizos,
2011). Many man-made and natural structures sudbuidings, bridges, dams, and slopes
undergo various forms of deformations. Precise toang of the progressive deformations of
these structures can often provide vital information the stability and safety status.
Deformation monitoring can be carried out by mandaformation monitoring and an
automatic deformation monitoring system. Gikasl.e{2905) in their research concluded that
geodetic monitoring of Mornos dam since 1977 comsithat changes in its appearance have
been gradual. In their research, recent crest gsivased on GPS and precise leveling data
have consistently provided evidence that the dedtion pattern established years ago has
developed or matured only slightly.

With high-precision geodetic GPS receivers as agltrict surveying procedures and
data processing methods, the continuous or cam@@RfB surveying can be used to detect
ground deformation with an horizontal accuracy d4f @n/ year and a vertical accuracy of 0.3
cm/ year (Cai et al., 2008)asci (2010) in his research concluded that maxirhorizontal
movements caused by water load effect could occtine middle of the dam’s crest in arch
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dams was approved by applied GPS measurementseéomindtion analysis methods. It may
offer advantages over traditional surveying techeg) that measure relative geometric
quantities between selected points, and also oeehniques that employ geo-technical
instrumentation (Ali et al., 2005). Surface disglaents are an important indicator of
structural stability and surface monuments arenoftecluded in the overall monitoring

regime. In the long-term, dams can be subject terradting cycles of fast filling and rapid

drawdown. Therefore, instrumentation that can mleuineasures of horizontal and vertical
movement is desirable (Hanna 1973).

Global Navigation Satellites Systems (GNSS) areesy \popular technology for
monitoring of both “fast” and “slow” structural d@imation (Choudhury and Rizos, 2011).
GNSS technology is being extensively used for nwoimy the movement of engineering
structures such as bridges, tall buildings, damegkwaters, etc. Large structures increasingly
have one or more GNSS receivers installed on tlaem,this trend is expected to continue
unabated (Rizos et al., 2010).

GNSS Continuously Operating Reference Station (CORSt only provides
navigation services based on pseudorange obsearsatiout also offers carrier phase
observations to develop realtime and quasi-realtole@ormation monitoring techniques
(Jiang-xiang and Hong, 2009). The development @digtion methods, which allow a
determination of deformations and stress distrdyuind comparison of predicted values with
observed, constitutes very valid tools to contrafey (Chrzanowski et al., 2008%everal
other trends of GNSS CORS are also emerging (Ret@d., 2010): integrated deformation
monitoring systems, real-time kinematic (RTK) bealmost exclusively the GNSS technique
that is used, the use of low cost L1-only GNSS @ensn the deforming structure, system
control platforms that link to and manage the dagging and control of many sensors
(including GNSS), increased use of sophisticatetk tseries analysis to characterize the
movement of structures, and use of installed peema@NSS reference station infrastructure.

The dynamics of the structure typically defines tfaure of the coordinate analysis
(Rizos et al., 2010). Three dimentional monitoruging manual or Robotic Total Stations
and reflective targets is a useful and practicathwe to determine whether structures are
undergoing any deformation as a result of extenmflluences. Continuous geodetic
deformation monitoring applications typically rebn positioning or coordinate solutions
(provided by GNSS, Total Station or other manuakhotomatic survey technology) and a
subsequent (or near-real-time) statistical analysiscedure to unambiguously identify
movement of the target or monitoring instrument teanterpreted as structural deformation
(Choudhury and Rizos, 2011). The analysis led tmraclusion that the optimal monitoring
scheme should be based mainly on the use of pentianiestalled Robotic Total Stations
with the automatic target recognition and permagenstalled object prisms on the crests
and downstream faces of the dams in combinatioh aitew continuously operating GNSS
monitoring stations on the dam crests and the afenéioned geotechnical instrumentation.
Monitoring the integrity of engineered structuresrands very high precision displacement
measurements from a robust system, as close a®lposs real-time (Chrzanowski et al.,
1986). Motorized total stations (TPS) with automatflector recognition are now widely
accepted as ideal sensors for ,any monitoring pi®jéligh accuracy GPS receivers have also
gained acceptance to be deployed in such applic&ticanenbroeck et al., 2004).

Curently, total station and electronic theodolitee ghe most commonly used
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instrument in surveying. Recent technology withbwtc’ funtion provides total station and
electronic theodolite with sermo drive mechanisrhisTmechanism enables instruments to
aim automatically to the points to be measuredi@rsand Idris, 2008). The total stations will
be remotely operated and will automatically colldotee dimensional data on a set time
schedule. These total stations will also be linte@&NSS CORS which will be programmed
to turn on the RTS whenever a preset tolerancd dveeformation is exceeded due to, for
instance, an earthquake or abrupt settlement.

The foundation of shelter has been designed acuptdi the geology of each location to
provide as stable a structure as possible. A hdlnetGNSS antenna will be permanently
mounted to a structural support on the roof of shelter, directly above the center of the
instrument so that, whenever needed, the stalifityhe foundation/pillar can be monitored
by the GNSS control surveys connected to the @n-géodetic control network. Three
Dimensional monitoring using Robotic Total StatiRI'S) and reflective targets is a useful
and practical method to determine whether strustare undergoing any deformation as a
result of external influences. Measurements cartaken automatically, depending on the
required frequency, accessibility and accuracy.uRedrom this technique provide three-
dimensional deformation of the structure and alfowpost survey analysis to quantify the
degree of deformation.

Component for Sermo dam monotoring system consistsemote area (in Sermo dam
area) and computer center system. In the romete #ne components of the monitoring
scheme consist of two main systems, there are :

a) Dam Deformation Monitoring System (DDMS) which indes a number of monitored
object points on the dams and a network of locgremce stations with respect to which
displacements of the object points are to be detein

b) On-site GNSS CORS System is the system for mongothe stability of the area
surrounding the reservoir (ridge lines) and foraktieg and updating positions of DDMS
reference stations.

The computer center system consists of server amintinication system from the remote

area to computer center.

3. DESIGN AND INSTALLATION SERMO DAM MONIRORING.

Automatic deformation monitoring systems provideriéical function for the customer.
Sermo Dam monitoring using multi sensor will be rgped to be an automatic deformation
monitoring system. The multi sensors of this resdegrermanently installed are 3D of RTS
sensor, an array of permanently mounted prisms, tnms of GNSS CORS sensors,
Automatic Water Level Recording (AWLR) sensor, aRdn, Tilt, and Zoom digital IP
Camera. The design of dam monitoring system an8ewonsists of base station, back sight
station, monitoring points, and communication systeBase station has been used as
reference station. At the base station, this plecebeen selected where dam deformation will
not affect with respect to it and it has been bailtbwer as a first tower for installation of
GNSS CORS receiver and Robotic Total Station (RTBg base station is usually selected at
downstream or upstream depends on the situatioohwhiable to monitor dam body. After
several site visits to Sermo dam, the design of damitoring system at Sermo was carried
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out. The first priority to the design is look folape as base and back sight station. Then the
base station was designed at downstream area anddok sight station was designed at
upstream area. The next design is to look for p&cenonitoring points at Sermo dam body.
The design for monitoring points is to look for ggaabout 20 points to be distributed at
Sermo dam body and its surrounding of Sermo dara. arbe distribution of monitoring
points : about 19 prisms and 1 point as targefRT#. The 19 prisms consists of 13 points
are selected at crest of Sermo dam, 6 pointataiee slope of downstream Sermo dam and
1 points is at back sight station. Automatic Watevel Recording sensor and Pan, Tilt, Zoom
digital IP Camera are have been designed at Ir§akeno Dam.

To install the base and back sight station, catibn of two towers are very important. The
first tower has been installed GNSS CORS for a lstestion (SRM1). At the first tower, the
RTS and GNSS CORS have been installed which theSEfenna was installed about 2.30
meters above RTS. The second tower has been @st@INSS CORS as back sight station
(SRM2) at upstream area of Sermo dam, in thietdvas also been installed one unit of
prism. Distance between the first and the secowdr®is about 2500 m.

3.1 GNSS CORS sensors at Base Station

The GNSS CORS sensors consits of Leica and Jacad/ee. The Leica receiver has been
installed at the first tower and the Javad recdmser been installed at the second tower.

The GNSS- CORS Receiver Main Monitoring Receiver Leica GRXQ20and antenna
CHOKE RING - GNSS Antenna with Dome, geodetic tgsebase station, at the first tower
as SRML1 station (see Fig 4 (a)).

GNSS .77

Robotic Total E
Station

Water
Torn

(@) (b) (©)
Fig.4. (a) Design and (b) the first tower for Rai® GNSS CORS at SRM1 station,
(c) box for GNSS CORS receiver at SRM1 station.

Robotic Total Station and GNSS receiver has beersdwin an “observation shelter”. This

observation shelter is located at DMU station (Eig.The window has been constructed of
four large glass panels joined in a faceted arnawege, similar to a control tower window at

the airport. Windows has been 6 mm thick soda litoat glass. This glass has 91%
transmission of light due to low iron content. Mi@dow has been installed at a slight angle.
This is to prevent the theodolite line of sightgeardicular to the glass panel.
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3.2 Prism as Monitoring points

The survey of object points has been accomplislyadiing radial shots in direct and reverse
mode to all the object prisms. The RTS has beentored horizontal and vertical directions,
and slope distances. One of the reference staéi®imse station (presumably the most stable
one) has been assigned as the main reference igatKa direction measurements as DMU
area.

(a) (b)
Fig.5. (a) Crest of Sermo dam where points morfgasms with yellow color) have been
installed.

Prisms are mounted on each of the points to betoredli together with two stable reference
points, with their observation controlled by a GEOBIsoftware application. The number of
monitoring points depends on the need of monitoitsgf and will be installed at center line
dam body and slope of dam body. In this reseanehntimber of monitoring points are 20
points which are distributed 12 points at cressefmo dam, 6 targets of monitoring points
have been installed slope of Sermo dam at dowmstegaa and one unit of prism monitoring
point has been installed at second tower.

(@)

Fig.6. Target of monitoring with prism at slope 8&rmo dam body

Leica TCA2003 total stations with the automaticgédrrecognition and with a specially
calibrated EDM component have been selected asotiwic total stations for this research.

They offer standard deviation of distance measungsnef ¥ (1mm)* + (2pPm)® 5nq angle
measurements (one set in average atmospheric wogjitvith a standard deviation of 1.5”
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or better. The targeting of the total station taheprism is typically achieved by automatic
target recognition. An Automatic Target Recogniti@gXfrR) uses a charge-coupled device
(CCD) camera mounted in the telescope of the sbédion to measure the return from a laser.
The resulting image is analyzed to identify anysiprilocated in the field of view and to
calculate the offsets between the centre of tharpend the axis of the telescope. Using ATR,
the centre of the prism can be reliably found tehimi a few millimeters with the current
specified range of monitoring total stations ofrd {Brown et al., 2011).

3.3 GNSS CORS sensorsat Back sight station

@ ) (©)
Fig.7. An antenna of the second GNSS CORS anagtesnf Prism as back sight (a) and (b);
(c) box for GNSS CORS receiver at SRM2 station.

The second tower has been used to installed aSGN3RS and one unit of prism as a back
side monitoring as SRM2 station where the statan upstream area of Sermo dam.

At the back sight station has been install GNSS SQRvad Delta G3T GNSS Basic
(GPS+Glonass) and Javad antenna GrAntG3T with @drieh is locaited in climatologyy
Station. The distance between the first and therstowers is about 2500 m.

3.4 Sensorsof Tilt, Zoom digital IP Camera (CCTV)

Sensors of Tilt, Zoom digital IP Camera has bestalfed at Intake Sermo Dam. This sensor
is ued to show video situation directly in upatreand downstream area.

(a) (b)
Fig. 8. (a) Is IP Camere presentation (CCTV), (ij &) are AWLR (Automatic Water
Level Recording)
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3.5 Thesensor of Automatic Water Level Recorder (AWLR)

The sensor of Automatic Water Level Recorder (AWbRSs been instaleed at intake Sermo
dam. This sensor has been used to record thediueh of water in the upstream area.

3.6 Installation of Communication System

The total stations will be linked to a computerteys that will automatically and remotely
control all functions.

(a)
Fig. 9. Design for distribution of prism at Sermendwhere US: Upstream, DS : Down
Stream
Explanation
¢ : AWLR :_Prism

@ : Back sight station at SRTM2
§ : GNSS Reference/Monitoring Station af®R
m : Robotic Total station

:_Wireless communication
_: B (CCTV)

The system has operated on a set time schedulbandutomatically turn on at the correct
time and start direction (horizontal and vertiGatyd distance measurement sets. The RTS has
been programmed to collect a prescribed numberetsf of angles at predetermined time
intervals to achieve a preset level of accuracyeltollection of all the prescribed sets of the
observation data will be completed, the data wellttansmitted to the main office computer
for its evaluation, processing and deformation ysial The distribution of monitoring points
surrounding Sermo dam body is plotted at Fig. 1€cokding to the final design, the DDM
system has been installed a permanently mounted &Ti$e first tower for monitoring 20
object targets (EDM prisms) mounted on a pillaretyponuments. The 13 targets stations are
at the crest of Sermo dam and 6 targets at tipe slam body at the downstream area and one
prism at the back sight. The total station arrag baen installed to keep all distance
measurements at 400 m or less. At least one refeteack sight targets will be installed and
included in the observation scheme at each robaitit station.

Data communication and remote access between g &Cs running the total stations
and the survey office will be accomplished usingpaead spectrum wireless LAN system.
Differences between the independently calculatedlacements of those common points will
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serve as the final check on the quality of obs@matand stability of the reference system.
4. RESULT AND DISCUSSION

The current system at Sermo dam consists of coiwvetsensors (reservoir water level,
seepage at v-notch building, ground water levedndtpipe piezometer, vibrating wire
piezometer, seismograph, settlement gauge, incitemextensometer, and climatology data,
etc) and computerised multi sensors. This resea@hitoring system has been carried using
complerized multi sensors. Data will be able toldgged over time to provide information
regarding the effects of aging, earthquakes, enostorm events, and other variables on the
overall health of the dam. With an effective moriiig program, these causes can be detected
early and repaired or mitigated. Due to the numbkrfactors involved (hydrological,
geotechnical, structural, and power related), eewidriety of measurements are required for
dams monitoring systems. Automated monitoring systeave become an important part of
many dam maintenance programs. The systems wilekile enough to measure the wide
variety of sensors used in dam monitoring applkiceti Their low power requirements and
rugged design allow them to operate unattendedarshhenvironments for long periods of
time. Telemetry options provide real-time data af@ms to assist remote management
system.

The GNSS CORS raw data have been computed in atepgrocess using the GAMIT (GPS
Analysis Package Developed at MIT) and GLOBK sofave define base station and back
sight station.

The coordinates results (3 D Cartisian , Geodetdt @TM system) of base station SRM1
and back sight SRM2 are shown tables as follows&8tyo and Basuki, 2012) :

Based on Table 2 the precision of 3 D cartesiamdinates for SRM1 and SRM2 are
very high, the precision is about 5 to 2 mm. It nsethat the result of precision for base and
back sight stations are very high and can be usegbad reference. The condition of base
and back sight stations are very stable and ar@oseo will not be affected by the
displacements of Sermo dam. The installation ofrhitoring points are supposed to be
enough for monitoring of Sermo dam. The AWLR andT@Gensors will be integrated to be
one system of Sermo dam monitoring.

To carry out the future monitoring system at Seam several steps will be done such as
preparation, data acquisition, data processinglysisa publication of analysis using web
base.

Table. 2. Coordinates and their precision for SRividl SRM2 stations

Sta. Numerical Value
LAT. -7° 46’ 32,92201 | LON. 110° 7’ 38, 71838 | h(m) 231,43555
SRM1. X(m) -2.174.538,94742 | Y(m) 5.933.406,28999 | Z(m) -862.922,86462
oy (mm) 5,130 cy(mm) 4,158 | g,(mm) 3,054
E (m) 403.787,192 N(m) 9.140.387,265
LAT. -7° 45’ 58,03710 | LON. 110° 7' 00,59983 | h(m) 202,71629
SRM?2 X (m) -2.173.483,16108 | Y(m) 5.933.919,11690 | Z(m) -861.850,60211
oy (mm) 5,470 | oy(mm) 4,030 | g,(mm) 2,062
E(m) 402.617,347 N(m) 9.141.456,224
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5. CONCLUDING REMARKS

The results presented here that first step dam toramg using integration of two GNSS
receivers and one Robotic Total Station : a chsdy at Sermo dam, Yogyakarta province,
Indonesia has the following summary comments camdge as follows:

1. Safety and precise monitoring of Sermo dam defaonatare the most important task to
provide vital information on the stability and sgfetatus.

2. GNSS technology will be extensively used for mamitp Sermo dam deformation; here
two GNSS receivers have been installed at two rdiffee towers (first and second
towers). The first tower has been installed a GN&®iver and a Robotic Total Station.
The second tower has been a GNSS receiver andhiLtpogetmonitoring.

3. The installation of 20 points which have been thsted along the center line of Sermo
dam body (13 points), slope of Sermo dam body (@tppand 1 point at the second
tower are supposed to be enuogh for Sermo dam amiorgt

4. The installation of multi sensors (GNSS CORS, RPSYLR, and CCTV) to be
integrated in one system will be a good automaéior® dam deformation monitoring
system.
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