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ARTICLE INFO ABSTRACT

Dams are massive water structures built for a spesific purpose, usually used
for irrigation, raw water, flood control, and hydropower. Besides having
great benefits also have the potential for failure as well. With such a large
failure potential, the dam must continue to be monitored and maintained
by carrying out Routine Operation and Maintenance activities. With the
data obtained during the operation and Maintenance activites, we can
anticipate the potential dam failure by conducting a Risk Assessment. Risk
Assessment is used to determine repair and rehabilitation priorities that
are balanced with budget availability and restore the service function of the

I])(s{nwm ds: dam. Manggar Dam is a dam that built by damming the Manngar Besar
o River. The Manggar Dam is located on the Manggar Besar River under the

Risk Assessment, . . ‘ . . . .

Modified Andersen, River Basin UITlt (BWS) Kallmar_ltan III.1¥1 East Kallmanta_n Pr_ovmce. The

Manggar method used in this research is Modified Andersen, wich is based on
technical characteristics, safety plans, and the existing conditions of the
dam. Using Inspection data that BWS Kalimantan III and Dam Office get.
With visual inspections in the field, results of major inspection reports, and
other technical documents. The results of this study indicate that the
Manggar Dam is an old dam that has been repaired and built to enlarge its
capacity. With the Andersen Modification method, the Manggar Dam gets a
Total Risk Index Score (IRtot) of 19, wich means that the dam is in good
condition and has a low risk of failure. There are only a few improvements
that need to be made.
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1. INTRODUCTION

Dams are large water buildings built in several purposes such as hydroelectric power plants (PLTA),
natural attractions, flood control, and irrigation. Besides having great benefits for humans, dams also have
great potential for failure. Dam failure is a huge danger that can cause many fatalities. economic, as well as
material losses. On the other hand, some dams in Indonesia are close to and/or have passed their service
life. In addition, the influence of climate change and land use changes affect the sedimentation rate that
occurs and can reduce the life of the design that should be. With such a big risk, the government in an effort
to maintain the function of the dam requires good risk management. The mandate of the Law of the
Republic of Indonesia Number 24 of 2007 concerning Disaster Management Article 40 that every
development activity that has a high risk that causes disasters is equipped with a disaster risk analysis as
part of disaster management efforts. The obligation of disaster risk analysis in detail is mentioned in
Government Regulation Number 21 of 2008 concerning the Implementation of Disaster Management
article 12. In the Minister of Public Works No. 27 of 2015, it is stated that the management of dams and
their reservoirs for water resources management is aimed at ensuring the sustainability of the functions
and benefits of dams and their reservoirs, the effectiveness and efficiency of water utilization, and the safety
of dams. It is continued that the management stages are in the form of operation and maintenance, change
or rehabilitation, and elimination of functions (Minister of Public Works No. 27, 2015). In accordance with
the mandate mentioned above, it is necessary to carry out repairs or routine inspections in order to
increase the service life of existing dams in Indonesia. The need for improvement is contrary to the
availability of existing budget to the Government. Therefore, it is necessary to assess the risk of existing
dams in Indonesia by determining the risk class of the dam followed by prioritizing repairs carried out in
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order to maintain the safety of the dam. Risk assessment is expected to be able to provide an overview to
stakeholders in choosing the right action in decision making when there is a potential hazard at the dam.

According to Yuliningtyas et al (2016), risk assessment can provide another way for problems that
cannot be solved by traditional engineering methods or standards. Paramudawati et al, 2020 continued to
state that in dams that have been built or operated, one of the objectives of risk assessment is to determine
the priority or rating of repair or rehabilitation work needed to improve safety based on the risks that exist
in the dam. This prioritization is important because the budget allocation for dam maintenance activities
in Indonesia is allocated to operation and maintenance activities with very limited conditions for
maintenance (Soentoro et al, 2013).

According to the Directorate General of Natural Resources (2011), dam risk assessment is divided
into two, namely qualitative and quantitative assessment. Suprapto et al (2021) revealed that qualitative
methods explain risk considerations explicitly compared to standard methods, but do not express
uncertainty in probabilities. Quantitative methods consist of reality analysis methods, monte carlo
simulation, and full integration methods. Quantitative risk analysis requires a complete identification of the
physical and natural conditions that will explain the dam's response, as well as a complete list of
mechanisms. The simplest way is a qualitative method with an index and ranking scheme that requires
consideration of security and the consequences of failure.

The Andersen Modification Method is a dam risk assessment method taken from literature made by
Glen R. Andersen in 2001 entitled "Risk Indexing Tool to Assist in Prioritizing Improvements to Embankment
Dam Inventories” which is included in the risk level index method due to urugan dam collapse. This method
is suitable for use in dams that have limited information about instrumentation and conditions during
construction. According to Andersen et al, (2001) the risk index used is based after identifying potential
failures in the physical condition of dams and the overall ranking of these failures in structural safety
aspects. A list of inspections is presented for on-site inspection and to determine the physical condition of
the sat. These conditions are defined in terms of condition functions that are based on the indexing scale of
the condition. The four main failure modes considered are (1) overtopping (2) external erosion (3) piping
(4) mass movement (slope instability). Absolute odds are specifically not taken into account in the analysis.
Conditional odds are estimated for each failure mode using a Bayesian update procedure based on dam
attributes. This method allows to assist in prioritizing maintenance and repair so that it is related to cost
effectiveness.

2, METHODS

The research location of the Manggar Dam is located in the Manggar Besar River, Karang Joang
Village, North Balikpapan District, Balikpapan City, East Kalimantan Province, which originates in the
Manggar Besar River and Bemuara in the Makassar Strait, which is 11.5 Km from Balikpapan City.

Figure 1 Location of Manggar Dam in East Kalimantan Province

Figure 2 Current Condition of Manggar Dam in Aerial Photos
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As shown in Figures 1 and 2. Geographically, the location is located at coordinates 128'56" North
Latitude and 116254'11" East Longitude. Kutai Karta Negara Regency borders the north, the south is
bordered by the Makassar Strait, the Makassar Strait borders the east, Sand Regency borders the west.
Manggar Dam is an earthen dam with a dam height of 13 m, a dam width of 6 m, and a length of 350 m and
a reservoir of 14.2 million m3. With a watershed area of 50.00 km2, with rainfall of 2,636 mm with a
discharge of Q100 313.15 m3/s, a discharge of Q1000 of 416.37 m3/s and a discharge of QPMF of 861.02
m3/s. This dam is a side spillway type without a door with type IV energy dampers. This dam was first built
in 1984 and has been operated in 1986 which in a period of almost 40 years, the dam has undergone many
events and changes that may affect the safety of the dam. The dam was upgraded because the water demand
in Balikpapan city was getting bigger in 1997. Because of these conditions, a risk assessment is used to
determine the risk class of the dam, determine the priority of repair and rehabilitation balanced with
budget availability, and restore the service function of the dam. The method used in this method is the
Andersen motifation method.

This method uses several parameters of technical characteristics, security planning, and existing
conditions. These parameters consist of various factors including the technical physical condition of the
dam in the form of reservoir capacity, dam height, the impact of downstream failures, instrument recording
and monitoring, data availability and emergency response plans. The flow chart of the Andersen method is
presented in Figure 3 below.

Studi Literature

Pengumpulan Data :
1. Data Teknis, Asbuilt Drawing
2. Laporan Inspeksi Bendungan
3. Pengamatan Langsung
4. Laporan OP Bendungan

l

Masukan Faktor-Faktor
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Evaluasi Metode Pekerjaan
Penimbunan Bendungan

v
Perhitungan Faktor Tingkat
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Risiko Total (IRtot)

Kesimpulan dan
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Figure 3 Andersen Method Flow Chart

1. Data Collection

The data used from this study are dam technical data, design and construction information,
operation and maintenance manual reports, large inspection reports of the Manggar Dam, demographic,
geographical and socio-economic data, and discussions with dam managers. Data was obtained from BWS
Kalimantan III as the manager of the Manggar Dam.

Some photos of the condition of the Manggar Dam as below.
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Figure 8 Water Conditions of Manggar Reservoir

1. Andersen Modification Method
In the Andersen modification method there are 10 vulnerability function factors whose results are
obtained from large inspections and direct observations in the field, these results are entered into
several tables. The 8 vulnerability function factors in question are:
a. Internal Characteristic Factor of Dam Height in Meters (I1)
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Table 1 Dam Height Factors in Meters
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b. Dam Type Internal Characteristic Factor (I12)
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c. Foundation Type Internal Characteristic Factor (I13)
Table 3 Foundation Type Factors_
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e. Internal Characteristic Factors of Reservoir Age (E1)
Table 5 Age Factors pf Reservoirs
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f. External Seismity Characteristic Factors (E2)
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g. Spillway Capacity Characteristic Factor (D1)
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h. Characteristic Factor of Safe Deformation Number (D2)
Table 8 Deformation Safe Number Factors

CondRicrs Cxone
in (Fa]
2} Emvary pomiliriens
Splbear capaciiy = lass than knlf G mauoed = ]
Spillway capaciny & Ewemes than half mmmnm;.—:
Spllway capacitr o Eeemr tan reqireed 1
R Rt
Gpdlaan capscit o s |hu rugpairnd [ E

SHllwan capseit 5 Eastw thin seguied

Paone: Dy satect knvoumn coadmons of » ydrelome amd levdondic anal-
wui by baan panfresggl

The parameters mentioned above are entered into the Formula as follows:

g+ L+ 4, + 1) (5 + B) (B, + D)
& ]

F=

Where V is the Total Vulnerability Factor. After obtaining the value of V in the risk analysis of the
andersen method, there is a value of the potential hazard range (H). There are three ranges of high potential
hazards with a score of 10 classified in terms of potential loss of life, medium with a score of 5 with large
economic losses, and low with a score of 1 which are classified as not causing loss of life and large economic
losses. After obtaining these two values, V and H are found the value of the Dam Importance Level (Idam)
in the following formula:

L.=TFT=H

With a maximum Craving value is 10,000. After obtaining the Idam value, it is continued by taking
into account the consideration of the direct physical conditions contained in the dam. This must be done
directly in the field or by looking at a large inspection report with BWS Kalimantan III and Balai Damungan.
9 physical conditions can cause a dam to burst according to the Andersen risk analysis method. The factors
are as follows:

1) Loss of spillway capacity

2) Erosion on spillways

3) Loss of outlet work function

4) Dam height loss

5) Loss of embankment surface protective material
6) Piping on embankments or along outlets

7) Piping on the foundation

8) Landslide on embankment

9) Landslides on foundations and embankments.

Of the 9 failure factors, they are condensed into 4 failure factors that often occur in urugan type
dams. The shrinking of the above factors can be seen in the picture below.
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Figure 4 Failure Factor Merger

The relative importance factor of the dam is derived from the following equation:
RL=P[M/|F]1=xP[C | M]xLum
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Where R]j is the relative importance factor of the physical condition to j, P[MilF] is the conditional
probability of the variety of failures to i, P[CjIMi] is the conditional probability of the physical condition to
j- The paremeter is a mixture of parameters that are very difficult to obtain. This is due to limited data on
dam failure in Indonesia, so careful analysis has not been carried out. The 9 factors are as follows along

with the table:
a. Spillway obstruction (CF1)

Table 9 Physical Condition of Spillway Capacity Inspection

Indator
(1)

Suggesied
aandition
range
2)

Part of the spillway crows section if obaructed
0-10%% ghsmacmd

10-25%, chemcted
<25% chamced

1-18
i
-4

Mote In the sbeence of ooy obstrartfion aasim & condifen of 10

b. High reduction in care (CF2)
Table 10 Physical Condition of Maintenance Height Reduction Capacity Inspection

c. Dispensing channel barrier

Indacator
{1}

Suggested
condition
rangs
{2)

Devianions Som cngiss] et elevation @ tenms of
l{rs of desigmed or estumated reeboard

15%, loae
Trees on of st cmat
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HE
04
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Hom: I the shoence of eher mficarer assiom a2 condinon of 10

(CF3)

Table 11 Physical Condition of Inspection of Barriers in Outlet Channels

Imdicator
{1}

Suggested
conditicn
range
{2)

Obstmoctions in cross section of ouflet pipes
0—10%: obstucted
10—25“{- obstmacted
=25% obsmmcied
uspechad but umverified ohstucton
Walves and gates for outlet wozks
Funchonuug}xcpeﬂa carecenﬂl Tepaired
Mot operated recentl;
Crormer mot willins thI exarcize valves and gares
Valves and gates cannot be
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4-7
o
T-10

G610

05

0-1
L]

HMote: In absence of any indicator assign a condidon of 10, If there is

oo low-level cuidet then do not consides.

d. Erosion of spillways (CF4)
Table 12 Physical Condition of Spillway Erosion Inspection

e.

Indicatosr
{1

Suggested
contion
range
{2}

Dibserved ercsion'deenomaton of sprlhaay chammel
Mane 5o TG
Some to modeate
Sempas to exmEnse
Critical wizh =11 Jast

T=ID
b
14

Maote. In absence of any erosion o deterioration asten a condition of

Protective material on dam surface (CF5)

Table 13 Physical Conditions of Inspection of Protective Materials on Dam Surfaces
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Sugpesied
condition
Inuticator range
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Hooe In evemt of 5o boss of surface Prolecnion marsnl paiss § (oo
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f. Reed erosion of the dam body (CF6)
Table 14 Physical Condition of Reed Erosion Inspection on Weir Body
Suggested
conditon
Indicatne rangs
{1} {2}
Trbad Hows
Ewidence of pricr ocommence that has sone uncor-
rected 2=7
Actvely oo o-2
Simkheles or depressions on the srface of dam 05
Bwmid-up of pore wamnsr pressm= i smbanloment a3 in-
ferred by 1mconmoiled seepage areat
Changes im urface vesstanom -1
Soft'wet ar==s on e Axface 4+-8
Constant swface fow 27
Invrexung mrface Sow o—4
Strmps and rood systEms ]Eﬂmpiammmmhmn
or small animial 3 present 0—3

Maore: In shaence of oy ndicwror, avzen o comdrnon of 10

g. Reed erosion of dam foundations (CF7)
Table 15 Physical Condition of Dam Body Stability Inspection

Suggested
oondition
Inclicaior range
{1 £23
Terbid flows
Eudence of prior ocommece -7
Actvsly OOOETIRE o
Slakhicles of Geprestions ob dam. s oF abUETEGE -5
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a et
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Sofv'wei ameas oo mriace 48
Consmnr morface Sow 3-7
TTekanpg maniace Sow n—

Mol In the shseace of aoy indicator i2tign 2 coadision of 10

h. Dam body stability (CF8)

Table 16 Physical Condition of Dam Body and Foundation Stability Inspection

Suggested
condition
Indicator range
(1) 2)
Buldup of pore water presmme in embankonent as i
ferred by umconmolled seepase arens
Chanmes m surfsce vegerEnon F-10
Soft'wes areas om the samiace +-3
Comamat nariace Sow 2=7
Inwreasines surface fow 0—
Surface enidence of Mass MOVemmend ach
e
in the et ox b the
smbankment and foundsnon
Sienor amd locabeed -8
Mdzjor and extensne -2

Hote: In the sbsence of any indicssor assien 3 condition of 10

i. Dam body stability and foundation (CF9)
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Table 17 Physical Condition of Dam Body and Foundation Stability Inspection

Suggestes
condition
Indicaior ramge
(1) {2}
Buldap of pore Walsl pressime m embeanioment amnd
foundaton a5 infemed by sncongolled seepage
aneas
Change: m mwrface vegedaion 3-10
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After all these values are obtained, just look for the Total Risk Index (IRtot) value. The Total Risk Index
is a factor that describes dam risk, obtained by combining the weighted value of field conditions (CFi)
with the relative importance factor using the following equation :

IR, = Rx({10-CF,)/ 10
IR = TIR

Where CFj is the weight of the field condition to j. The prioritization of the risk level of the Andersen
modification method is determined based on the order of the largest total risk index (IRtot).

3. RESULTS AND DISCUSSION
Risk assessment of the Manggar dam Andersen modification method based on the latest Manggar
Dam Inspection Report in 2018. The Risk Index assessment of the Andersen Modified Method is as follows:
Table 18 Calculation of Manggar Dam Idam

No |Kriteria Kode|Data Bendungan Score
1|Tinggi Bendungan |11 12,6 6
2|Tipe Bendungan |12 Urugan Tanah 10
3[Tipe Pondasi 13 Batuan 1
4{Kapasitas Waduk |14 13230,9 6
5|Umur Waduk El 38 5
6|Seismitas E2 5 1
7|Kapasitas Spillway|D1 [>QPMF 1
8|SF Deformasi D2 |SF>2.35 1
EINY 17,25

10|H Potensi Kehilangan Nyawa 10
11|l dam V xH 172,5

After obtaining the value of Importance of Dam (Idam) continued by determining the value of the
Relative Importance Factor. The conditional probability value of the variety of failures to i, P [ Mi I F] is
obtained from direct observations in the field, and the report is contained in the inspection report of the
Manggar Dam. These values are condensed in 4 failure criteria for overtopping, external erosion, piping, and
mass movement. The possibility of failure of the Manggar Dam after seeing from the field inspection report
found the possibility of failure due to overtopping by 40%, failure with external erosion by 30%, failure
due to piping is 20% and failure due to mass movement by 10%. So the value of P[Mi I F] is as follows as in
Table 19.

Table 19 Conditional Probability Values of Failure Variety (P[MiI F])

No |Kriteria Kode |Keterangan Data Bendungan|Nilai
1|Overtopping PMiF1 |Tidak ada Penghalang 40
2|Overtopping PMiF2 |Terdapat Keretakan Minor 40
3|Overtopping PMiF3 |Terdapat sedikit halangan 40
4|External Erosion [PMiF4 |Tidak ada 30
5|External Erosion |PMiF5 [Terdapat Retakan 30
6|Piping PMiF6 |Tidak ada 20|
7|Piping PMiF7 |Tidak ada 20|
8|Mass Movement |PMiF8 [Minor Cracking 10
9|Mass Movement |PMiF9 [Minor Cracking 10

After finding the value of P [Mi I F] according to the conditions in the field and shown in the table
above, then proceed to find the conditional probability value in physical conditions to j P [Cj I Mi].

Manggar Dam Risk Assessment Based On The Andersen Modification Method. Yudha Pratama Narra
Putra, et.al
1239



S’ http://ejournal.seaninstitute.or.id/index.php/Ekonomi

I

Jurnal Ekonomi, Volume 12, No 03, 2023
ISSN: 2301-6280 (print) ISSN: 2721-9879 (online)

Table 20 Conditional Probability Values on Physical Conditions to

No |Kriteria Kode Keterangan Data Bendungan |[Nilai
Penghalang pada e g .

1 - PCjMil [Tidak ada P hala 10
saluran pelimpah SV idak aca Fenghaang

2 ?engurangan tinggl PCjMi2 [Terdapat Keretakan Minor 40
agaan

3 Penghalang pada PCjMi3 | Terdapat sedikit halangan 50
saluran pengeluaran

4 |Brosipada saluran PCjMi4 [ Tidak ada 40
pelimpah
Material pelindung

5 |pada permukaan PCjMi5 [ Terdapat Retakan 60
bendungan

6 Erosi buluh pada tubuh PCjMi6 | Tidak ada 70
bendungan

7 |Erosibuluh pada PCjMi7 [ Tidak ada 30
fondasi bendungan
Stabilitas tubuh

8 abritas P CjMi8 [Minor Cracking 50
bendungan

o |Stabilitas tubuh dan gy ninor Cracking 50
fondasi bendungan

|[URNAL EKONOMI

(PCj I Mi])

After obtaining this value, it is entered in the Rlj equation, after that we determine the value of the
weight of the field condition to j, with symbols CF1 to CF9 as in the table below.

Table 21 Field Condition Weight Value to j (CFj)

No |Kriteria Kode Keterangan Data Bendungan|Nilai
P hal d

1 engha ang- pada CF1 Tidak ada Penghalang 9,5
saluran pelimpah
P ti i

2 R engurangan tinggl CF2 Terdapat Keretakan Minor 9,5
jagaan
P hal d

3 enghalang pada CF3 Terdapat sedikit halangan 9
saluran pengeluaran

4 |Eresipadasaluran o, Tidak ada °
pelimpah
Material pelindung

5 pada permukaan CF5 Terdapat Retakan 9
bendungan
Erosi buluh pada .

6 tubuh bendungan CF6 Tidak ada 8

7 |Erosi buluh pada CF7 Tidak ada 8
fondasi bendungan

g [Stabilitas tubuh cFs Minor Cracking °
bendungan
Stabilitas tubuh dan

9 CF9 Mi C ki 9
fondasi bendungan inor tracking

After all factors are met, the equation can be entered to find the value of the Ratio Index (Rij). The
value (Rij) is mentioned in the table below.

Table 22 Index Values of the Ratio to j (Ri])

No |Kriteria Kode Keterangan Data Bendungan|Nilai
1 Penghalang' pada Rij1 Tidak ada Penghalang 6,9
saluran pelimpah
o -
2 !:)engurangan inget Rij2 Terdapat Keretakan Minor 27,6
jagaan
penghalang pada . s
3 Rij3 Terdapat sedikit halangan 34,5
saluran pengeluaran
i d I
4 [Srostpacasaluran lgija  |Tidak ada 20,7
pelimpah
material pelindung
5 pada permukaan Rij5 Terdapat Retakan 31,1
bendungan
erosi buluh pada
6 Rij6 Tidak ad 24,2
tubuh bendungan Y ‘cqak ada
i buluh d
7 |&rost buluh pada Rij7 Tidak ada 10,4
fondasi bendungan
g [stabilitas tubuh Rij8 Minor Cracking 8,63
bendungan
tabilitas tubuh d
o [Stabilitas tubuh gan Jgiio Minor Cracking 8,63
fondasi bendungan

The value of the Ratio Index (Ri) will be added up and the Total Ratio Index value is obtained. The
value of the Total Manggar Dam Ratio Index is in the table below.

Manggar Dam Risk Assessment Based On The Andersen Modification Method. Yudha Pratama Narra

Putra, et.al
1240



Jurnal Ekonomi, Volume 12, No 03, 2023
I ISSN: 2301-6280 (print) ISSN: 2721-9879 (online)

’ http://ejournal.seaninstitute.or.id/index.php/Ekonomi S R
S JURNAL EKONOMI

No |Kriteria Kode Keterangan Data Bendungan|Nilai
Penghalang pada

1 > IRj1 Tidak ada Penghalang 0,35
saluran pelimpah
P "
2 .pengurangar\ ‘nesel IRj2 Terdapat Keretakan Minor 1,38
jagaan
penghalang pada N -
3 IRj3 Terdapat sedikit halangan 3,45

saluran pengeluaran

i d 1
4 |Grostpacasaiuran | grja Tidak ada 2,07
pelimpah
material pelindung
5 pada permukaan IRj5 Terdapat Retakan 3,11
bendungan
erosi buluh pada
tubuh bendungan
erosi buluh pada . .
7 fondasi bendungan IRj7 Tidak ada 2,07
tabilitas tubuh
g |Frabliitas tubu IRjS Minor Cracking o,86
bendungan
tabilitas tubuh d
o |StEPIitas tubuh gan | grjo Minor Cracking o,86
fondasi bendungan
Indeks Rasio Total (IRtot) Bendungan Pacal 19

IRj6 Tidak ada 4,83

It was found that the total IRvalue for the Manggar Dam was 19. According to Dery Indrawan, Mahdi
[brahim Tanjung, and Nurlia Sadikin in the Risk Index Assessment of the Andersen Modification Method
and ICOLD Modification for 12 Dams in Java, the IRtot value can indicate the priority of improvement on
the dam. The smaller the Total Ratio Index (IRtot) value, the less damage indicates that the dam is still in
excellent condition. The dam is in excellent condition only needs regular maintenance and normal
operation.

4, CONCLUSION

Based on the risk assessment of Andersen's modification method, the Manggar Dam is an old dam
that has been repaired and built to enlarge the reservoir. The dam received a Total Risk Index score of 19
which means that the dam is in good condition and has a low risk of failure. There are very few
improvements that need to be made.
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