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Preface 

 

We, JICA Dam Advisors, have been assessing the risks that have arisen in ongoing dam 

construction projects in Indonesia for two years. Based on the results of this assessment, 

we confident the necessity of "the Risk Management in Dam Design and Construction" to 

minimize the risks in dam construction. This idea was presented in the workshops as 

"Dam Risk Management" at the INACOLD Seminars 2023 and 2024. 

The study has been carried out as following process: 

1) Definition of risks in dam construction 

2) Risk Analysis of Ongoing Dams in Indonesia: Preparation of a database and their 

analysis including several studies 

3) Approach to application of "Dam Risk Management" in Indonesia 

 

Currently, in Indonesia, to ensure the safety of dams, the Dam Safety Committee (KKB) 

and its unit conduct technical reviews at each stage of dam design, impoundment, and 

operation. This system is working very effectively. 

However, during our visit to the dam construction site, we found that many risks have 

arisen at the site due to design oversights and misinterpretation of geological structures. 

Dam construction is inherently risky because of the uncertainties and diverse factors 

involved in dam projects. To minimize risks in dam construction, it is believed that the 

current inspection system by the Dam Safety Committee and the introduction of a "risk 

management system" into local design and construction would be effective. 

 

In the future, we wish that PU (DSC, DSU, BTB) will continue an activities discussing 

and establishing system how to improve the dam construction situation in Indonesia. 

 

 

February 2025 

 

Team Leader 

 

 

Hiroshi SHIMIZU 
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PART 1 DAM RISKS IN DAM DESIGN & CONSTRUCTION  

 

1. Background of the Study 

Indonesia is a country habitually suffered with water-related disasters due to its fragile 

volcanic geology and frequent floods caused by torrential rain, like Japan. In response to 

these disasters, the GOI has been constructing multi-purpose dams with technical 

assistance from foreign countries since the 1960s. 

According to Rencana Strategi 2020-2024 (current plan), 61 dams are proposed in five 

years from 2015 to 2024. More than 20 dams have already been completed and 13 dams 

will be completed in this year. In addition, 11 new dam projects are planned to be 

implemented. 

Most of the dam projects are handled by Indonesian engineers in survey, planning, design 

and construction stages taking advantage of past experience in the dam construction. 

However, at the dam construction sites, many issues on design, geological judgment and 

construction methods have arisen, and it has been confirmed that there are many cases in 

which these problems have not been dealt with appropriately. 

In response to this situation, GOJ/JICA has dispatched the dam construction advisors to 

the Indonesia to support an improvement of the quality of dam construction in the 

Indonesia, in accordance with the request of the Government of Indonesia. 

In the activities of the Advisors, the advisors have recognized that the lack of risk 

management at sites. This has convinced of the importance of a system for awareness, 

identifying and responding to risks during the design and construction stages. 

1.1 Current Situations of Indonesian Dam Construction 

More than 200 dams have been constructed in Indonesia in cooperation with Japan and 

other countries. Indonesian dam engineers have accumulated experience in these 

cooperation projects and inherited their skills. In recent years, most of the dams have been 

constructed by the Indonesian Engineers themselves and have been facing to many 

problems and settled them but there have been issues cannot be adequately addressed.  

In order to timely and appropriately aware the various risks that need to be taken into 

account in safely and smoothly implementing dam projects, it is essential to 

establish ”Techniques/Systems for awareness and dealing with risks in dam projects‘’. 

Indonesia has an approval application system for dam construction, where information 

and data on dams proposed for construction, impounding, operation and damage/repair 

are submitted to the Dam Technical Centre (Balai Teknik Bendungan, BTB) for each 

approval application. And the results of DSU technical review and DSC comments are also 

stored in BTB, so it is possible to browse basic information from that BTB. 

Since these documents are digitized at the time of application for review, they will be 

obtained from BTB as information at each review stage. 
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Location of Objective 61 Dams (Progress as of Dec 2024) 

 

1.2 Dam Safety Organization in Indonesia 

As stated in Ministerial Regulation Number 72/PRT/1997, in order to carry out the dam 

safety, Minister of Public Works and Housing has been assisted by dam safety 

organization consisting of Dam Safety Commission and Dam Safety Unit. 

The DSC and DSU have been monitoring the works at site and making comments and 

giving advises to settle issues occurred in the works. For details of their activities, see 

Appendix 1. 

(1) Dam Safety Commission (DSC) 

Dam Safety Commission (DSC) provides recommendation and suggestion to the 

minister. The tasks of dam safety commission are as follow: 

a. Giving the recommendation about dam safety to the minister in every phase of 

dam development such as design, construction, operation, rehabilitation, and 

dam closure. 

b. Evaluating Dam Safety Unit activities in order to suggest to the minister 

c. Preparing the accountability report to the minister 

(2) Dam Safety Unit (DSU, under SDA-PU) 

Main duty of Dam Safety Unit is to provide technical support to DSC as below: 

a. Analyzing and evaluating dam safety in every phase of dam development such 

as design, construction, operation, rehabilitation, and dam removal. 

b. Collecting and managing data of dam 

c. Inspecting dam in order to analyze dam behavior to evaluate the safety of the 

dam 

 

 

 

調査対象となる 61 ダム位置(2024 年 12 月の進捗) 
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Pamukkulu 

Completed 47 dams 

Impounding 5 dams 

Construction 9 dams Benar 

Titab 

Rukoh 

Kalimantan Sulawesi Bali-NTT-NTB

Lambakan Pelosika Mbay

Riam Kiwa Jenelata

Marangkayu Ameroro Tiu Suntuk

Sepaku Semoi Budong-Budong
Added

Canceled

from Original
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(3) Risk Assessment in Indonesia 

To avoid the dam risks, following “Risk Assessment” has been recommended to 

carry out in Indonesia. 

(a) Risk Assessment at Feasibility Study Stage 

Risk assessment at the feasibility study stage is very important for high-risk 

dam construction activities. Based on UURI No. 24 of 2007 and PP No. 21 of 

2008, disaster risk analysis must be carried out for dams with a high hazard 

class. The hazard risk is influenced by the probability of dam failure and the 

impact of the failure, which can cause losses due to flooding downstream. Risk 

identification is carried out through topographic maps and local data, 

although flood inundation information is often not available at this stage. The 

main risks faced include floods, earthquakes, and seepage. 

(b) Risk Assessment at the Detailed Design Stage 

At the detailed design stage, a risk assessment is conducted to deepen the 

analysis that has been done at the feasibility study stage. More complete data 

allows for a more accurate risk assessment, including dam failure analysis. 

This assessment helps in making decisions regarding safety and improving 

the dam design. 

(c) Risk Assessment at the Management Stage (Operation and Maintenance) 

Risk assessment at the management stage aims to evaluate the risk profile 

and determine whether the risk is tolerable. If not, risk reduction options 

need to be planned. Risk assessment is also used to compare risks between 

several dams in the portfolio, assisting in prioritizing dam rehabilitation. An 

example of a dam that has undergone risk assessment at this stage is the 

Cirata Hydroelectric Dam. 

(d) Risk Assessment at the Dam Removal Stage 

Before removing the dam function, a risk assessment needs to be carried out 

to identify potential hazards and consequences of various treatment options. 

An example of a risk assessment at this stage is carried out on the Namuk 

Dam. 

(e) Dam Risk Assessment Frequency 

For dams that are already in operation, risk assessments need to be 

conducted periodically, recommended every 10 years, especially for dams with 

a height above 75 m or large storage volume. This aims to ensure that the 

risk remains within the tolerance limit and does not threaten the safety of 

the dam. 

2. Risk Management in Dam Design and Construction 

2.1 Necessity of Risk Management in Dam Project 

Dam is constructed by maximum use of the regional geology, climate, and natural 

resources. Planning, design, and construction of dam are forced to carry out in the face to 
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nature that is difficult to control, so there are almost always many issues that arise during 

construction stage. 

In response to these challenges, dam engineers need to; 

(1) Design Stage:  

To predict risks that may arise during construction and operation in advance as 

much as possible and reflect them in the design. 

(2) Construction Stage,  

To establish a system that allows for rapid and timely response. 

In order to promote awareness of these issues, one effective method would be to create a 

database of issues that have occurred at construction sites and how to deal with them, and 

a system that allows access to past cases. 

If engineers are able to recognize expected risks during investigation and design, 

communicate with experts, and prepare countermeasures, the quality of the design will 

improve and risks will be avoided during construction. 

3. Definition of Dam Risk 

Prior to the discussion, it is important to point out that the Dam Risk to be presented 

herewith is different from the risk of dams in ICOLD.  

(1) ICOLD 

Since the mid-1990s, ICOLD has been discussing dam risk assessment in light of 

factors such as the aging of dams, the application of risk analysis to the nuclear 

and aircraft industries, and responses to climate change. However, the majority of 

papers focused on risks related to safety assessment of existing dams, rather than 

issues occurring in design and construction stage. After further discussions, in 2003 

ICOLD published the ``ICOLD BULLETIN Risk Assessment in Dam Safety 

Management''. 

ICOLD defines dam risk in its Bulletin as follows. 

"The degree of probability and significance of an undesirable impact on human life, 

health, property or the environment. In the general case, risks are estimated by 

scenarios, probabilities of occurrence and consequences. In special cases, the 

average risk is It is estimated by the mathematical expectation of the outcome of 

an event (the product of the probability of occurrence and the outcome combined 

across all scenarios). 

And also, the term “Dam Risks” in the ICOLD is defined as “the risk of dam collapse 

or malfunction that may occur after the construction of a dam.” 

➢ The term risk when used in the context of dam safety is comprised of following 

three parts: 

✓ the likelihood of occurrence of a load (e.g. flood, earthquake, etc.),  

✓ the likelihood of an adverse structural response (e.g. dam failure, 

damaging spillway discharge, etc.), and  

✓ the magnitude of the consequences resulting from that adverse event (life 

loss, economic damages, environmental damages, etc.). 
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➢ Risk and Hazard: The definitions of risk and hazard given in the glossary are: 

✓ Risk: Measure of the probability and severity of an adverse effect to life, 

health, property or the environment. 

✓ Hazard: A threat or condition that may result from either an external 

cause (e.g. earthquake, flood or human agency) or an internal 

vulnerability with the potential to initiate a failure mode. A source of 

potential harm or a situation with the potential to cause loss. 

Risk is a measure of the probability and severity of an adverse effect on life, health, 

property, or the environment. 

In general, risk is estimated by combining the impact of all three combinations: 

scenarios, probabilities, and associated consequences. As a special case, the average 

(annual) risk can be estimated by the mathematical expectation of the outcome of 

an adverse event occurring (i.e., the combined probability and consequences across 

all scenarios). 

(2) US Army 

Risk is a function of three components:  

➢ The potential hazards or future loading,  

➢ the dams performance given that loading and  

➢ the consequences of a dam breach if the dam does not perform as intended.  

Potential hazards include large regional floods, earthquakes, landslides, rapid pool 

fluctuations, and other events. The expected performance of the dam is evaluated 

based on criteria used at the time of its design, construction documentation, 

historical performance, site investigations and advanced analysis. Consequences 

are estimated based on computer simulations of flood inundation extents, flood 

wave arrival times, warning times, the time of day at breach, and other factors. 

(3) This Study 

The risks to be discussed in this "Dam Risk Management System" are defined as 

"risks that arise during dam surveys, design, and construction. By identifying these 

risks in advance and taking measures to the greatest extent possible, we aim not 

only to ensure the safety of the dam after completion, but also to prevent accidents, 

delays, and rising construction costs during the construction period."  

This is a proactive approach and different from the ideas of ICOLD and US Army. 

3.2 Basic Policy on Risk Management 

The risk management for dam project proposed here is a strategic approach to predict and 

minimize risks during design and construction. It can be clarified and evaluated risks and 

determining response policies. 

The following points should be considered when implementing: 

 To correctly grasp possible risks and their characteristics at each stage of 

conception/planning, investigation, design, construction, and maintenance, and 

respond at the most appropriate time 

 To correctly grasp risks and their characteristics based on information available at 

each stage and process of the project, and information obtained by additional surveys, 

etc. as necessary 
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 To respond at the most appropriate project stage or process depending on the 

characteristics of the identified risks 

 To implement risk management continuously in consideration of how to respond to 

risks, including reviewing organizations and structures, taking into account at which 

stage it is optimal to respond to risks 

3.3 Approach to Establishing Risk Management System in Dam Construction Projects 

Following considerations were carried out as preparatory work for establishing a risk 

management system in dam construction projects. 

a. Collection and organization of Risks arising in Dam Projects 

b. Proposal of a risk management system 

c. Considerations for Risk Management for Dam Construction Project in particular 

practical geological issues 

3.4 Effects Expected by “Risk Management” 

In order to ensure the efficient implementation and safety of civil engineering projects, 

including dam projects, handling and response to the risks which are overlooked or 

unrecognized risks in particular geological risks, which used to be tacit knowledge, should 

be presented as explicit knowledge as much as possible, and risks should be appropriately 

evaluated. It is effective to introduce risk management system, which involves taking the 

optimal response. This can be expected to address the lack of experienced personnel and 

reduce human errors. 

In addition, it is known that significant benefits can be expected if the appropriate timing 

for risk management is selected according to the type of risk. In particular, it has been 

confirmed that if risk management is carried out at the investigation and design stage, 

risks that occur during construction can be significantly reduced. 

To avoid such human error risks, it is well known that Risk Management is functioned 

effectively.  

Expected effects are; 

Effect 1: Adequate Response to Risks in Advance 

It is difficult to ensure the efficient and safety of dam Projects, since the uncertainty issues 

or geological issues has been handled depending on the experience of field engineers. 

Effect 2: Appropriate Evaluation of Uncertain Risks 

Supporting the lack of experienced personnel and reducing human errors. 

Effect 3: Appropriate Timing for Risk Response 

Conducting the risk response in appropriate timing (during survey and design stages), 

arising risks (during construction stage) can be significantly reduced. 

3.5 Utilizing of Dam Risk Database in Risk Management 

Database of Risk Cases that have occurred in past dam projects, can help reach a cases 

and common consensus on dam risks. To accumulate such risk Information, data shall be 

shared among the Engineers and reconfirm or update them at each phase (planning, 

investigation, design, construction and maintenance). 
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And such Database will help, in particular, to achieve early awareness of risks, reduction 

of oversight of risks, and rational response to risks in "Risk Management in dam 

construction projects". 

3.6 Risk Factor: Human-Errors (Examples in Japan) 

During project implementation, due to unexpected troubles/issues occurred at 

construction sites, a number of problems have occurred, such as accidents during 

construction, delays of construction work, increases in construction costs, and 

malfunctions after operation started. 

To clarify the cause of such issues, in Japan, information from construction sites had been 

accumulated, analyzed, and assessed. It was verified that "Natural Factors" account for 

20% of the overall issues, while "Human 

Factors" account for 80%.  

As shown in this assessment results Project 

owner, Consultant and Contractors must 

recognize that "Human Factors play an 

important role in the occurrence of risk and to 

avoid such risks is own responsibility”. 

So, looking at the results of the assessment on 

risks of civil engineering projects in Japan, it 

is found that many risks can be prevented by:  

a. recognizing risks during planning and 

design stages and  

b. considering how to deal with them in 

advance (before construction starts) . 

 

Risk Factors in Japanese Infrastructure Project (Geological Issues) 

  
Source  :  Guidelines for geological and Foundation risk management in civil engineering projects ; 2020, 

MLIT (Ministry of Land, Infrastructure, Transport and Tourism) with PWRI (Public Works 
Research Institute) 

Risk Factors Detailes of Risk Factor Number Sub-Total Percentage

Difficult to predict where risk will occur 2

Difficult to predict when risk will occur 10

Heterogenious and irregularity geology 3

Overlooking risks related to terrain 11

Overlooking risks related to geological structure/characteristics 10

Insufficient investigation and evaluation of soil properties 1

Misjudging terrain risks 3

Misidentification of risk signs (events) 3

Misidentification of risks related to geological structures 2

Unsuitable design for geological conditions 1

Inappropriate Construction 2

Geological survey not conducted 7

Inadequate investigation plan 10

Insufficient accuracy of topographic maps 3

5 5 6.7%

2 2 2.7%

Total 75 100%

20 26.7%

Inadequate information sharing and communication regarding risks

Inappropriate Construction (Prioritize cost and schedule)

Risk factors that are difficult to avoid

Risk factors that are considered to be human-caused

Geology difficult to  Predict

or Understand

Lack of Quality and Quantity

of Geotechcal Survey

Error in interpretation or

engineering judgment

Lack of knowledge

15 20.0%

30 40.0%

3 4.0%
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3.7 Proposal of Establishment of Risk Management System in Indonesia 

As mentioned above, many of the issues that arose at dam construction sites are due to 

human error and can be avoided in advance. Furthermore, it is considered that knowledge 

of past cases will enable quick and appropriate responses when problem occurred at the 

site. Therefore, by creating a database of past events that occurred during dam 

construction and building a risk management system that can utilize this database, it is 

expected that future dam construction in Indonesia will become safer and more efficient.  



JICA Dam Construction Advisors 
Risk Management 

2-1 

 

PART 2 Risks Analysis in Dam Projects 

 

In order to prepare a dam risk database, 100 cases of issues that arose during the 

construction period and concerned by DSC as problematic issues in the 61 on-going dams 

were extracted and compiled, then analyzed and assessed in the type and location of the 

issues, their causes, and responses. 

1. Method of Risk Analysis 

Based on dam design documents and materials for technical session submitted to the Dam 

Safety Commission, 100 risk cases were extracted and assessed for 61 dams across 

Indonesia. However, it should be noted that the information is mainly limited to the DSC’s 

comments made during technical sessions and site inspections, so that the amount of 

information is limited. 

In sorting out the 100 risk cases, a format was filled for each identified risk. The items 

classified in this form were sorted into: 

1) Risk factors,  

2) Situation (location, occurrence), and  

3) Response and problematic items.  

These results will provide valuable information for identifying risks involved in proceeding 

with dam projects in Indonesia. 

 

Example of Database Format 
Note: In this case, during foundation excavation, it was found that the colluvium was distributed at a much 

thicker than estimated thickness at the time of design, raising concerns about the insufficient 

strength of the dam and spillway foundations and the leakage/piping through the colluvium. 

However, it was not possible to judge accurately whether the cause of the risk occurrence 

was human-related or not based on the collected data like Japanese assessment case (for 

example, insufficient amount of investigation, insufficient technical ability, experience 

and knowledge of the engineers in charge, inadequate management, etc.).  

This entry form need be confirmed by engineers at each dam construction site who will 

know how the issue arose. 

2. Collection and Organization of Cases in Indonesia  

This study compiled major issues occurred at site and assessed possible risks at 

Indonesian dam construction sites, based on the results of reviews, inspections and 
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discussions conducted by the Dam Safety Committee for dams completed or under 

construction since 2015. 

2.1 Dam Risk Entry Form 

The collected risk data was compiled in “Dam Risk Entry Form” shown in right figures. 

The completed form prepared in this survey is attached as Attachment 2. For reference, 

The Example of filling the form is shown in the following page: 

 

 

Dam Risk Entry Form 
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Filling Example of Dam Risk Entry Form 
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2.2 Summarizing Recognized Risks 

The 100 collected risks are summarized as shown in the table below. 

Summary of Observed Risks 

 

 

 

 

 

 

(P)

A B C Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ S F P α β γ Outline α β γ a b c d

1 Tapin Rockfill 70.0 Spillway Leakage
Water leakage was observed at upper part of
spillway with many crack during an
inspection after dam impounding.

1 1 1 1 1 1 1 1 1 Grouting 1 1 Operation 4 Construction D 8
Foundation
Treatment Grouting

2 Tapin Rockfill 70.0
Tunnel
(Diversion) Leakage

Water leakage was observed in top wall
of diversion during an inspection after
dam impounding.

1 1 1 1 1 1 1 Additional drainage 1 1 Operation 5 Operation - 9
Discharge
Facility Design Drainage

3 Tapin Rockfill 70.0
Tunnel
(Diversion) Leakage

It was observed that tunnel floor is
flooded due to clogged channel during an
inspection after dam impounding.

1 1 1 1 1 1 1 1 1

Additional study of tunnel
leakage
(No countermeasures have
been implemented)

1 1 Operation 3 Design D 9
Discharge
Facility Design Material

4 Tapin Rockfill 70.0 Dam site Sliding
The dam site is located relatively close to
the active Meratus Fault. 1 1 1 1 1 1 1 1 1 1

As the Meratus Fault is
located more than 50 km
from the dam site, its
impact on the project is
assessed as minor.

1 1 Operation 2
Dam site /
Dam type
selection

- 2 Earthquake Active Fault

5 Tukul Rockfill 70.3
Dam
foundation Leakage

More faults were observed than
estimated during the design phase during
foundation excavation.

1 1 1 1 1 1 1 1 1 1

Removal of the surface layer
of the fault, replacement with
concrete, and installation of
instruments

1 1 Construction 4 Construction - 8
Foundation
Treatment

Concrete
replacement

6 Tukul Rockfill 70.3 Dam body Leakage
Piezometer monitoring show that there is
high pore water pressure in dam body
(core zone).

1 1 1 1 1 1 1 1
Keeping a close eye on
monitoring results 1 1 Operation 5 Operation - 11

Monitoring
Equipment Pore ​​pressure

7 Tukul Rockfill 70.3 Dam body Subsidence
Multilayer settlement instrument show
high settlement of dam body (>1%). 1 1 1 1 1 1 1 1

Keeping a close eye on
monitoring results 1 1 Operation 4 Construction D 11

Monitoring
Equipment Settlement

8 Tukul Rockfill 70.3 Reservoir
Sedimentatio
n

It had been mentioned that Tukul Dam
has high sedimentation potential during
design phase.

1 1 1 1 1 1 1
Sabo or sediment control
facility will be installed at
upstream area.

1 1 Design 1 Plan D 15
Operation /
Maintenance
Plan

Sedimentatio
n

9 Napun Gete Rockfill 52.0 Dam body Leakage
During inspection for operation permit,
the leakage of dam body was observed in
downstream of dam (toe and abutment).

1 1 1 1 1 1 1 1 1

Additional counter weight
for controlling water
pressure at abutment
(under consideration)

1 1 Operation 4 Construction D 8
Foundation
Treatment Grouting

10 Napun Gete Rockfill 52.0 Dam body Sliding

The zoning of the embankment differed
between the design and construction.
Stability analysis after impounding was
carried out and show that sliding plane
through the rock fill zone deeply.

1 1 1 1 1 1 1 1 1
Additional counter weight
(under confirmation of
material condition )

1 1 Operation 3 Design D 7
Embankment
Design (Load /
Foundation)

Stability
analysis

11 Napun Gete Rockfill 52.0 Dam body Subsidence
Multilayer settlement instrument show
sudden settlement of dam body. 1 1 1 1 1 1 1 1

Keeping a close eye on
monitoring results 1 1 Operation 4 Construction D 11

Monitoring
Equipment Settlement

12 Kuningan Rockfill 43.0 Dam body Leakage
Piezometer monitoring at downsteam and
upstream of grouting almost has same
presure value.

1 1 1 1 1 1 1 1
Blanket grouting was
carried out. 1 1 Operation 4 Construction - 11

Monitoring
Equipment

Pore water
pressure
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Risk Factors (7, 4, 5) Risk (8, 12)
Character*1

(10)
Phase of Realization*2

(11)
Impact*3

(12)
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External Geology Material

Perspectives on Risk Classification
Risk Recognition Phase Items to Consider

Actual*4 Better way*4
(13)
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Ideal*6

Expected Effects*7
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Subdivision
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Certainty*5G
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Actual
(2)
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TypeNo. Dam Name
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*Factores are unclear
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(m)

Risk Awareness

(P)

1 Tapin Rockfill 70.0 Spillway Leakage
Water leakage was observed at upper part of
spillway with many crack during an
inspection after dam impounding.

1 1 1 1 1

5 Tukul Rockfill 70.3
Dam
foundation Leakage

More faults were observed than
estimated during the design phase during
foundation excavation.

1 1 1 1 1 1

11 Napun Gete Rockfill 52.0 Dam body Subsidence
Multilayer settlement instrument show
sudden settlement of dam body. 1 1 1 1

14 Way
Sekampung Rockfill 47.0 Spillway Erosion

Erosion and sliding were observed on the
excavation surface* around the outlet of
the channel. *sandstone-conglomerate
with moderately to highly weathered
(class D to CL).

1 1 1 1

W
ater U

seDam
TypeNo. Dam Name

Internal Phenomenon

*Factores are unclear

Stability (S)

Dam
Hight
(m)

Risk Awareness

Categories

Function (F) Others
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ater (including spring)
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Risk Factors (7, 4, 5) Risk (8, 12)
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(3, 9)
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ent
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Perm
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voidance
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Outline
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H
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Low

Special C
ases

1 Tapin 1 1 1 1 Grouting 1 1 Operation 4 Construction D 8
Foundation
Treatment Grouting

Were records kept of spring
locations and how they were
dealt with during construction?

5 Tukul 1 1 1 1

Removal of the surface layer
of the fault, replacement with
concrete, and installation of
instruments

1 1 Construction 4 Construction - 8
Foundation
Treatment

Concrete
replacement

Have the foundation excavation
surfaces been observed and
recorded?

11 Napun Gete 1 1 1 1
Keeping a close eye on
monitoring results 1 1 Operation 4 Construction D 11

Monitoring
Equipment Settlement

Are the monitoring instruments
properly installed?

14 Way
Sekampung 1 1 1 1

The slope surface was
protected by shotcrete. 1 1 Operation 3 Design D 10

Foundation/Cutt
ing Slope
Design for
Other Facilities

Slope
Protection

Has slope protection been
considered (including whether it
is necessary)?

Actual
(2)

No. Dam Name

Ideal*6

Expected Effects*7
(w

hen actual and ideal differ)

Major Divisions*8

Subdivision

Certainty*5

Check Item

Character*1
(10)

Phase of Realization*2
(11)

Impact*3
(12)

Correspondence

Perspectives on Risk Classification
Risk Recognition Phase Items to Consider

Actual*4 Better way*4
(13)
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2.3 Assessment of Results of Risk Analysis 

In order to understand the trends of risks that may arise in dam construction projects in 

Indonesia, we checked the frequency of occurrence of events for each item such as Risk 

Factor, Risk Location, Risk Content, Risk triggers, natural or human factors, and so on. 

2.3.1 Risk Factor  

Risk factors means factors that have the 

potential to realize a risk.  

The results of risk analysis on Risk Factor, 

revealed that more than 60% of the risks at 

dam sites were related to the geology, 

including embankment materials, while 

20% were related to design and construction 

management, and 3% were due to external 

factors such as floods and earthquakes.  

Of the internal factors, approximately 70% 

are design related. 

 

2.3.2 Location of Risk Occurs 

Risks observed in almost all areas of dam 

construction site, and the cause is largely 

related to geology. 

Approximately 50% of the risk factors are 

identified in the dam body, foundations and 

materials, with the rest in spillways, 

tunnels and reservoirs.  

 

 

2.3.3 Type of Risk 

The risks are mainly classified into four types:  

a. Water leakage and spring water (from dam 

foundation, dam body, tunnel and other 

structures),  

b. Deformation (foundation, dam body (in 

particular core zone), tunnels and other 

structures including sliding at structural 

foundation),  

c. Landslides (collapse of natural slopes and cut 

slopes), and  

d. Erosion at waterway.  
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The percentage of each type is as shown in right figure and three types of risks, namely 

Leakage, deformation and Landslide, account for just under 90% of the total.  

2.3.4 Trigger: Human -related Factor  

Risk triggers can be classified into natural and human 

factors. Natural factors include weather and 

earthquakes or unforeseen events, human factors 

include inadequate engineering and management 

judgement. 

Through this study, it was assumed that most of risks 

(classified as Human-rerated factor) can be avoided 

(94%) in case carrying out adequate survey and design.  

During each stage of survey and design, therefore, risk 

analysis and assessment, namely "RISK Management" 

should be conducted to recognize the potential risks 

and respond them.  

Furthermore, It is expected that risks can be avoided or mitigated as each engineer 

accumulate their experience and improves their technical capabilities. 

2.3.5 Risk Similarity  

Many of the risks observed in each dam 

construction site are similar, so the risks were 

categorized and analyzed according to their 

similarities as follows: 

 Risks that can be recognized at other sites 

➢ High: Response methods 

have been established.  

➢ Middle: Response methods 

have not been established or 

responses vary from site to site 

➢ Low:  Risks that be expected 

difficult  

 (only similar topographical and geological conditions, etc.) 

 Risks that arise due to special conditions at each site (special dam operations, etc.) 

60% of the identified risks are similar to risks identified at other sites, so It is expected 

that risks will be respond efficiently based on similar risk cases.  

40% of the identified risks are due to the characteristics of the site. 

The goal is to respond to the risks efficiently by applying "learned from risk analysis". 
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2.3.6 Results of Response to Risk 

Of the recognized risks, 46% are avoided, 30% are 

reduced, and 24% are retained. 

Each term is defined as follows: 

 Avoidance refers to redesign and providing 

countermeasures,  

 Reduction refers to mainly repairs, and  

 Retention involves only monitoring.  

Even if these risks can be addressed after 

completion, it is essential that risks are eliminated 

before the dam is completed. 

2.3.7 Project Phase for Risk Response 

Most of the risk cases organized in this study were identified during the construction and 

operation phases, but from the perspective of risk management, many of them are better 

to identify ideally during the DD phase. 

Because the cost of avoiding or reducing risks depends on the project phase. By identifying 

risks in an early phase and handling them at the appropriate phase, it is often possible to 

avoid increased costs. 

By reassessing the project phase in which the risks collected this time could be addressed 

based on our opinion, it can be judged that more than 80% of the risks can be addressed 

during the survey, design, and construction phases. 

 
Note : "Ideal" refers to a reevaluation result of events in construction stage whether it could be dealt with 

during planning and design stages.  

  

2.4 Findings 

Through the assessment of the dam risks occurred in Indonesian on-going dams, 

followings were founded: 

 Geological Risks : more than 60% 
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 Importance of appropriate geological surveys, improvement of the capabilities of 

geological engineers and advice from experienced engineers. 

 Most Risks are due to Human Factors (insufficient investigation, misinterpretation of 

geology, inappropriate design, etc.) 

 Improve the capabilities of dam engineers and have experienced engineers’ review. 

 Of the identified risks, approximately 60% were Similar Risks that were observed in 

other dams. 

 If risks are recognized earlier, measures can be taken . 

 55% of risks were Recognized during Construction Stage and 44% after completion. 

 More than 50% of risks can be recognized at the time of survey and design stage. Many 

risks can be prevented if risks are recognized. 
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PART 3 Establishment of Dam Risk Management System 

 

According to the results of risk analysis compiled here, the majority of risks in dam 

construction are caused by human related factors. In other words, if risks are recognized 

and addressed at the survey, design, and construction management stages, a significant 

number of risks occurring on-site can be prevented. 

One method for achieving this is to introduce a risk management system. 

There is a view that Risk Assessment is highly valuable as an supporting tool in decision-

making regarding dam safety, and as a meaningful method of decision-making from both 

safety and economic standpoints when deciding on the modification/upgrading of existing 

dams or the development of new dam projects, and it is hopefully expected that risk 

assessment would be implemented in Indonesia's dam projects, in particular planning and 

design stages, in future. And such risk assessment should be conducted the engineer in 

charge of the work inviting experts. 

To achieve this, it is essential to establish an organization and to prepare the guidelines 

for implementation. 

1. Initiatives in Japan in Risk Management in Civil Engineering Project 

1.1 Background of Japanese Guideline 

In Japan, there are Damages/Accidents caused by Geological Issues in construction or 

after completion, same as in Indonesia, and many "Geological Risks", containing in dam 

projects, have been treated through so-called “Tacit Knowledge” of the well experienced 

engineers. However, currently, due to a “Lack of Experienced Engineers”, it has become 

difficult to expect this.  

Furthermore, Social Monitoring has become stricter, because of several issues at site such 

as serious accidents, cost increases, delay of schedule, and modification/change of projects. 

So “More Efficient Project Implementation” is required,  

In response to this, in 2020, MLIT ( Ministry of Land, Infrastructure, Transport and 

Tourism ) with PWRI ( Public Works Research Institute ) published the "Guidelines for 

Geological and Ground Risk Management in Civil Engineering Projects“*1). 

This guideline aims “to Eliminate Undesirable Elements” that occur during construction 

and management by conducting risk management for uncertain elements in the promotion 

of civil engineering projects. 

1.2 Concept of Risk Management Guideline 

The guideline was prepared based on the following concepts: 

 To make clear Procedure of Risk Recognition 

➢ To manage risks in the Projects, firstly recognizing expected risks.  

➢ how to handle various risks in projects;  

➢ how to respond to them, as well as the structure and process of general risk 

management. 

 Practical Uses of Risk Management System in Project 
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➢ Implementation Procedures of risk management in recognition of risks 

➢ Methods and Notable Points that can be applied during implementation. 

1.3 Basic Policy for Preparation of Guideline 

This guideline has been prepared with the following objectives: 

a. To present the concept and basic ideas of risk management in civil engineering 

projects. 

b. To propose the roles and functions of the project office and related parties 

implementing risk management, as well as the ideal form of collaboration. 

c. To present the procedures and methodology for introducing and implementing 

geological/geotechnical risk management. 

d. To indicate points to note when implementing geological/geotechnical risk 

management. 

e. To refer to the concepts of ISO 31000 (Risk management - Guidelines) and apply 

them to civil engineering projects. 

1.4 Focus Points 

The guideline was prepared with a focus on the following two points: 

a. Impact of Uncertainties on Projects 

➢ Geology and ground are formed naturally, and their distribution and properties 

are nonuniformity and complex. 

➢ This uncertainty causes an impact on project safety, such as the occurrence of 

accidents. 

b. Handling of Uncertainties on Projects 

➢ It is necessary to evaluate risks after understanding the estimation and 

uncertainty of geological and ground conditions. 

➢ There is a need for a framework for stakeholders to recognize and share 

geological and ground uncertainties, and a mechanism for assessing the impact 

on projects and responding to risks. 

1.5 Application of ISO31000 Risk Management 

This guideline compiles the concepts of frameworks and procedures, as well as their 

introduction and operation, in accordance with the concepts of ISO 31000 (Risk 

Management - Guidelines). 

Risk management for civil engineering projects, including dam projects, has not only a 

purpose to avoid unfavorable impacts such as accidents and losses, but also to obtain 

advantageous opportunities such as to select a geologically advantageous damsite or dam 

type.  

ISO 31000 (Risk Management - Guidelines) also defines risk management as “Creating 

and Protecting Value." 

In other words, by creating an optimal plan and design for the entire project, we aim to 

create new value through efficient project Implementation so the goals of both are the 

same. 
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2. Implementation Method of Risk Management in Civil Projects 

2.1 General 

Risk management in projects is applied to various stages of the 

project and is implemented continuously throughout the project to 

optimize risk response. For this reason, it is necessary to establish 

clear policies not only for procedures such as risk assessment and 

risk response methods, but also for the operation of the 

management process, such as risk management planning, 

communication and discussion, and continuous improvement of 

management. 

Therefore, the risk management will be implemented as shown in 

following ISO-31000 methodology. 

2.2 Implementation Procedures 

Risk management consists of the following five steps. 

By continually repeating this process for identified 

risks throughout the project, more effective results 

can be achieved. 

1) Communication and consultation 

2) Risk Management Plan 

3) Risk Assessment 

4) Risk Treatment 

5) Continuous Improvement of Risk 

Management  

2.3 Contents of Each Step 

(1) Communication and Consultation  

"Communication and Consultation" is the most 

important element in the risk management 

framework and process. It is important to 

continuously carry out "communication and 

Consultation" in the risk management process and 

keep risk awareness and response always up to 

date. 

"Communication and consultation" consists of the 

following: 

a. Internal communication and discussion 

b. External communication and consultation 

Notable Points for Communication and Consultation are;  

➢ Carrying out communication continuously in Risk Assessment and Treatment,  

➢ Estimating/Confirming the roles, abilities, and functions of those involved in 

system and organization,  

Risk Management 

Process in ISO-31000 
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➢ It should be conducted prior to drafting a risk management plan. 

Specifically, it will be as follows: 

➢ confirmation of the relationship and uncertainty of the performance required 

for the design and construction of a project or structure,  

➢ reorganization of the potential of risks from performance of foundation, 

geological structure and other conditions which obtained from surveys and 

analysis, etc., and  

➢ share an understanding of aware risks.   

Although such discussion have traditionally been set up for process adjustments 

and project execution, it is important to have communication and discussions with 

a clear purpose, rather than simply sharing information. 

(2) Risk Management Plan 

Establishment of a Management Policies and 

Processes in advance applicable to all stages. 

Policies and management processes will need to be 

Modified/Updated in accordance with actual 

conditions of each project stages.  

When risk management at each stage is planned, 

followings shall be considered and confirmed; 

➢ Purpose and Role of Risk Management at 

objective stage in the whole project and 

Relationship with other stages, 

➢ Management Plan shall be In line with the 

overall policy.  

(3) Risk Assessment 

The purpose of risk assessment in dam project is to 

evaluate; 

a. What kind of results will occur as a result of the 

combination of the construction of dam with 

geological characteristics and other conditions 

or external forces, and 

b. What kind of impact will there be on the project?  

In other words, risk assessment is a task that 

provides materials for determining risk responses 

and their priorities. It is necessary to grasp the 

estimated performance of the dam based on the 

limited information required for the design and construction or structure has been 

obtained, and the degree of uncertainty. It is also necessary to clarify the 

prerequisites for information such as investigations and analyses as materials 

necessary for judgment. 

Of the tasks of risk assessment, investigations are not always carried out prior to 

risk identification and risk analysis. Sometimes, it may be carried out as a result 

of risk identification and risk evaluation, or when it is determined that additional 

investigations are necessary as an option for risk response.  
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In order not to overlook risks with large impacts, it is important to recognize risks 

at an early stage of the project, confirm the necessity, and carry out additional 

investigations and analyses. 

(4) Risk Treatment 

Risk response is the process of modifying recognized 

risks by avoiding, reducing, transferring, retaining, 

etc. Risk response is the process of making decisions 

on response policies, in which the characteristics of 

the risks evaluated in the risk assessment and the 

magnitude of their impact are compared with the risk 

criteria, and the optimal response option is selected 

and implemented. 

As the business progresses, information on these 

recognized risks is updated, and as the design 

progresses, their content and magnitude change. For 

this reason, it is necessary to revise risk responses, such as (1) making the response 

measures in the previous stage more detailed, (2) changing the response policy, or 

(3) selecting the response measures for the remaining risks in the previous stage 

at that time. For this reason, it is important that risk response does not simply 

select the response measures for the risks, but also indicates the risk response 

status and the monitoring concept, including cases where the selection of the 

response measures for the risks is postponed. 

(5) Continuous Improvement of Risk Management 

It is important to continue Risk Management 

throughout the entire project and at each stage of the 

project, and it is necessary to consider reviewing the 

organization and system in line with progress. 

For continuous improvement of Risk Management in 

the Project; 

a. Monitoring project progress, changes in external 

conditions, changes in risk information, and the 

current status of systems and organizations 

b. Conducting Reviews to determine whether 

appropriate responses can be taken.  

It is also necessary to record the whole works to 

ensure that the information obtained through risk management and its results are 

shared and passed on. 

3. Organizing Risk Management Team  

3.1 Implementation Team  

When implementing geological/ground risk management, the operator shall involve 

internal and external parties with the necessary skills and knowledge, and clarify the 

coordination system of these parties, their functions, roles, and responsibility divisions. 

shall be. In addition, all parties concerned shall confirm in advance the division of roles 
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and responsibilities of each person, and endeavor to ensure that they have the necessary 

abilities and functions to fulfill their assigned roles. 

In dam risk management, close cooperation between each party is important as well as 

the roles and responsibilities of each party. In particular, because geological conditions in 

damsite and reservoir (mountain Area) are uncertain, unexpected situations often occur. 

In doing so, it is important to note that there are many cases in which work that was not 

initially set out is required, and in such cases, gaps in roles and responsibilities arise, such 

as insufficient communication of information or insufficient sharing of information 

regarding risks, leading to undesirable results. is necessary. 

Therefore, it is important to work together on a regular basis, closely share information 

on risks, have a common understanding, and handle risks in a ONE-TEAM system. 

3.2 Team Composition and Its Role 

Right figure shows an example of the 

structure of the team involved in 

geological/ground risk management 

proposed in the Japanese Guideline. 

Since this is based on the general 

project of the MLIT, Japan, the system 

in Indonesia may be implemented 

with a different system, structure, and 

role division depending on the 

Indonesian project implementation 

system. 

Since Dam Risks cover multiple 

specialized technical fields, it is 

basically handled by a team made up 

of related specialists according to the 

process. The following are examples of 

things that play a role as a team 

within a risk management system. 

Risk identification team:  
A team to extract and identify risks 

without overlooking them. 

Risk analysis team:  

A team that analyzes risks 

Risk assessment team:  

A team that evaluates risks 

Risk response review team:  

Develops risk response measures based on risk assessment results. 

Construction risk response team:  
A team that responds to risks arised during construction. 

3.3 Proposed Dam Risk Management Team Composition in Indonesia 

Following table shows a sample of members of dam risk management team in Indonesia. 

In Indonesia, Dam Safety Commission  

Note: This is an example based on the general project of the MLIT 

Japan, so that arrangements would be required depending on the 

circumstances of each country. 
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Table Sample of Members of Dam Risk Management Team 
 

Role 

Implementing Agency 

(Dam Office / BWS) 

A person who makes decisions of project 

implementation, planning and management of 

geological surveys, etc., and risk treatment. 

Risk Manager 

(Appointed by IA) 

A person in charge of overall dam engineering 

(structural/geological) risk management 

in/from the Implementing Agency. 

Risk Sub-Manager 

(Appointed by IA) 
A person who assists in the operation of risk 

management conducted by the risk manager. 

Dam/geology Risk Advisors 

(Commissioned / DSC) 

A dam and geology specialists who supports 

dam risk managers and risk management 

operations from a professional standpoint. 

Dam Design Engineer 

(Consultant/dam engineer) 
A person who designs dam/structures, etc. 

Geotechnical Engineer 

(Consultant/geologist) 

A person who conducts geological survey and 

analysis, etc. 

Construction Engineer 

(Contractor) 

A person who constructs structures, etc. based 

on the design. 

OM Engineer (if necessary)  

(Consultant) 

A person who conducts inspections in the 

maintenance and management of structures. 

 

4. Timing of Risk Management 

Risk management is a concept that can be applied at any stage of a project, but analysis 

of data collected to develop the guidelines in Japan has confirmed that implementing it 

early can have a greater impact. 

The benefits of starting early are: 

a. More Options for dealing with uncertainty and risk can be considered. 

b. Damage can be minimized, and  

c. Better Results can be achieved (even if starting midway through the project). 

d. More benefits can be expected. 

Example of Benefit  

 a. In dam projects, there is a possibility to avoid a risky damsite in an early stage, but 

once the project has commenced, it becomes difficult to change the site, and due to 

countermeasures, there is a high risk of increasing of construction cost and extending 

of construction time.  

 b. In case information would not be obtained sufficiently, decision making for 

finalizing the treatment may be postponed. Because an insufficient information or 

many assumptions, even though carrying out the precise design, the result will be in 

overdesign, or in the worst case, too optimistic assumptions may derive accidents.  

By Identifying risks early which have a large impact and Responding strategically, the 

project may be implemented more efficiently. 
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5. Implementation Procedure of the Dam Risk Management System 

Followings are idea of procedure for implementing with dam projects while being aware 

of risks, as well as methods that can be applied during implementation and points to keep 

in mind. 

a. Timings of Risk Management are mainly set based on the technical session by dam 

safety commission (but the session maybe need more frequently).  

b. Before the technical session, the dam implementation agency (such as BWS), etc.) 

shall conduct a ``Risk Recognition in the project using Event Summary Report and 

Database.'' 

c. Prior to the technical session, Preliminary Discussions regarding the content of the 

check list shall be carried out with specialists (such as BTB (DSU), PUSAIR, BINTEK, 

etc.) 

d. Applying this process, all dam implementing agencies can prepare the Individual 

Event Summary Report at the necessary stage. 

6. Establishment of Indonesian Guideline for Dam Risk Management 

The following points should be considered when establishing a dam risk management 

system in Indonesia. 

6.1 Risk Management Plan 

(1) No Need to built up a fixed system：  

It is implemented using the most appropriate system available at the time, 

depending on the purpose and characteristics of the project. In Indonesia, a review 

system by the Dam Safety Committee has been established, so it is necessary to 

consider how to link the DSC with this dam risk management system and how to 

utilize the DSC. 

(2) Maximum Use of Existing System: 

If there is an existing management system, it may be possible to utilize and 

reorganize this and add or improve the necessary parts to the system. 

6.2 Risk Assessment 

Sets Up the Data Compiling and Display of Risk Level, based on the policy of risk 

assessment.  

For setting them up 

➢ to consider to be applicable in the risk assessment and risk treatment,  

➢ “Communication and Consultation" within the team shall be held,  

➢ Select applicable methods based on the purpose of the project and target 

structures. 
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7. Preparation of Guidelines of Risk Management 

The Contents of Dam Risk Management Guideline may be as shown below: 

 

 Table of Content  

Dam Construction Risk Management 
Basic Concept of These Guidelines  
1.  Purpose of the Guidelines 
2.  Applicable Subjects 
3.  Definition of Terms 
4.  Basics of Dam Risk Management 

4.1  Basic Policy for Dam Risk Management 
4.2  Dam Risk Management System and Organization 
4.3  Structure and Process of Dam Risk Management 

5.  Dam Risk Management Implementation Methods 
5.1  General 
5.2  Communication and Consultation 
5.3  Risk Management Planning 

5.3.1  Setting Objectives and Targets 
5.3.2  Establishment of the System 
5.3.3  Planning 

5.4  Risk Assessment 
5.4.1  Survey of Geology, Ground Conditions, Design etc. 
5.4.2  Risk Identification 
5.4.3  Risk Analysis 
5.4.4  Risk Assessment 

5.5  Risk Response 
5.6  Monitoring and Review 
5.7  Continual Improvement of Risk Management 
5.8  Record-keeping and Reporting 
 

8. Configuring the System in Other Countries (reference) 

8.1 Risk Management System in Other Countries 

A concept of risk management has been 

introduced and operated in civil engineering 

projects in overseas countries for a long time.  

Table shows the technical methods of risk 

assessment and risk management systems 

used in overseas countries.  

Various methods are used depending on the 

circumstances of each country. 

However, in many cases, risk management 

systems are introduced for the purpose of 

“Avoiding Conflicts” between ordering 

parties". 
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8.2 Comparison with Japanese Guideline 

The risk management systems in overseas countries are different from the risk 

management systems that take into account civil engineering projects that emphasize 

cooperative relationships, such as those in Japan.  

Japanese guideline: proposes a Qualitative Method for assessment. 

The concepts are as follows:  

 Information shall be added and updated in the risk management applying the latest 

survey results and progress of construction.  

 Risks and measures shall be re-evaluated the uncertainties and be compared with 

original design conditions. 

 The implementation method of risk management shall be reviewed and modified from 

time to time in accordance with latest information.  

 The system is based on ISO-31000 (Risk Mitigation and Creating Value). 

In this presentation, the Japanese guidelines was introduced, but when introducing a risk 

management system to Indonesia, it is necessary to make a decision after detailed 

research and deep consideration. 

9. Recommendation and Conclusion 

9.1 Recommendation 

Currently, in Indonesia, DSC/DSU is conducting technical studies at each stage of dam 

design, water storage, and operation to ensure dam safety. This system is working very 

effectively. However, when we inspected many dam construction sites with DSC, it was 

verified that there were many issues arising at the site due to oversights during the survey 

and design stages and misunderstandings due to insufficient geological investigation. 

When constructing a dam, there are geological uncertainties, and risks cannot be avoided. 

But it is supposed that risks in dam construction can be minimized by incorporating the 

"Risk Management System for Civil Engineering Projects" proposed here into the current 

Dam Safety Committee review system. 

Furthermore, by accumulating and creating a database of issues that arise, their 

responses, and results, it is possible to improve the risk management system one by one. 

This database can also be used as a reference for the next risk response. In particular, 

BTB has been storing data related to the risks of all dams in Indonesia, and the materials 

for establishing this system are already avairable. 

By creating such a system, i.e., organizational structure, risk management methods, 

database and guidelines showing organizational structure, and utilizing it in the field, it 

is possible to minimize the damage currently occurring in the field.  

Using the management system proposed here, 

a. Identify risks and reflect them in the design once the dam survey is complete 

b. As the design progresses, we take measures to address newly identified risks 

during the design process. 

c. If construction is carried out and it is found that there is some deviation from 

the design, the risk will be reflected in changes in the design or construction 

method in advance. 
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This will likely lead to delays in construction, increased costs, and the prevention of 

accidents. 

So, it is recommended introducing this system to design and construction sites in 

Indonesia. 

9.2 Conclusion 

 Currently, to ensure the safety of dams, Dam Safety Commission and Unit have been 

conducting technical reviews at each stage of dam design, impounding, and operation, 

in Indonesia. This system has been working very effectively. 

 During my dam construction site inspection, however, I found many risks arising at 

site due to oversight in design, mis-interpretation of geological structure and so on.  

 Risks are unavoidable in dam construction due to uncertain and diverse factors in 

Dam Project. 

 It is supposed that adaptation of “Risk Management System" into the current review 

system by Dam Safety Commission as well as the design and construction on project 

site will help to minimize risks in dam construction. 

 We hope that Indonesian dam-related parties (Benda, BTB, DSC etc.) will continue to 

discuss this concept and system and make efforts to make dam construction in 

Indonesia safer and smoother. We would like to continue to support them. 



JICA Dam Construction Advisors 
Risk Management 

4-1 

 

PART 4 Considerations on Geological Issues in Each Phase 

 

1. Introduction 

1.1 Background and Purpose of This Study 

As a result of analyzing risk cases for 61 dams, the following was found. 

 Many of the risk factors are geological. 

 If many of the issues identified during the construction phase had been recognized 

before the detailed design stage, it may have been possible to reduce the costs of 

countermeasures against the risks, or to improve the safety and functionality of the 

completed structures. 

Therefore, based on risk case studies and risk analysis results for 61 dams, this study 

proposes considerations for dam risk management at each project stage from a 

topographical and geological perspective. 

1.2 Define and Identify Risk 

The definition of risk in this study is as follows: 

 In our study, risk refers to a situation/condition where the occurrence of an event may 

have significant undesirable impacts on the dam project. 

 The impacts refer to dam breaches and the failure of dam functions, as well as 

negative effects of the projects on stakeholders. 

Dam risk management aims to achieve the following goals by managing the above risks. 

 Dam safety and functionality. 

 Rationalization of Project Costs 

1.3 Geological Risk Factor (Georisk Factor) 

Risk is identified through issues or events in planning, investigation, design, construction, 

and operation phase. The risk identification, analysis, assessment, and response in our 

study are positioned in a cause-and-effect relationship as shown in the Figure 1.1.  

This relationship is a case of dam foundation of Bagong dam. At the Bagong Dam site, 

foundation excavation during the construction phase revealed the "distribution of thick 

colluvium" which had not been estimated at the detailed design phase, and this was 

identified as a geological risk factor (hereafter referred to as georisk factor). To reduce or 

avoid the risks expected due to geological factors, additional geological surveys were 

carried out and the foundation treatment and foundation excavation lines were 

reconsidered. In this study, the considerations at each project phase were examined, 

focusing on the geological risk factors such mentioned above. 
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Figure 1.1 Cause-and-Effect Relationship for Risk Management (Bagong Dam) 

 

2. Considerations for Each Phase 

2.1 Planning & Preliminary Design 

(1) Active Fault 

Active faults have a significant impact on dam projects depending on their 

distribution. Furthermore, regarding the active faults distributed around the 

proposed dam site, it may not be sufficient to simply refer to existing active fault 

maps. For this reason, it is recommended that active fault study be carried out 

during the planning and preliminary design phase. Furthermore, active fault study 

also helps to identify the georisk factors of potential dam sites from the perspective 

of regional structural geology. Here, geological risk factors refer to loosening of rock 

mass, landslides, reservoir sedimentation, etc. 

Figure 2.1 shows the flowchart of active fault study around reservoirs in Japanese 

dam projects. In this process, red text indicates judgment and evaluation. 

(A) Literature Review, (B) Topographic Interpretation, (C) Site Inspection, (D) 

Comprehensive Evaluation based on the results of (A), (B) and (C). If there is a 

possibility of active faults existing at the dam site, go to (E) Geological Survey, (F) 

Comprehensive Evaluation based on the results of (E). When assessing that active 

faults are distributed at the dam site, Better to change the dam site. 

However, there are a few cases overseas where fault displacement is considering in 

the design. 

Here, the reason why lineaments and faults with a length of 10 km or more are 

targeted, because it is empirically believed that faults on the ground surface are 

formed by magnitude 6.5 or more and the length 10 km or more. The 3 km distance 

is based on the idea of a group of faults. 

Foundation 
excavation 
as designed

Foundation 
instability, erosion 
and piping

Damage to spillway, 
dam breach causing 
flooding downstream

Redesign using 
colluvium as 
foundation

Redesign without using colluvium as 
foundation (Excavation/removal, etc.)

Sliding of the right 
bank foundation during 
the excavation 
⇒ Additional geological 
survey
⇒ Identification of 

distribution of thick 
colluvium

(Background) (Identification & analysis)

(Response/Countermeasures)

(Assessment)

Dam inspection 
and measurement

(Monitoring & Review)
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Figure 2.1  Flow of Active Fault Study for Dam Projects in Japan 

 

Figure 2.2 is an example of photograph and sketch of trench in active fault surveys 

in Japan. A fault is considered active if it cuts or deforms strata that were formed 

within the past tens of thousands of years. In addition, samples are taken based on 

the fault's structure and C14 dating is carried out to study the activity history of 

the fault. 

 
Figure 2.2  Example of Trench Survey of Active Fault in Japan 
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(2) Reservoir Sedimentation 

Reservoir Sedimentation has a huge impact on maintaining the dam functions. For 

this reason, it is recommended that sediment yield study be carried out during the 

planning and preliminary design phase. Furthermore, since the topographical and 

geological conditions of the basin greatly affect sediment yield potential, it is 

effective to have geological engineers involved in reservoir sediment management 

(Figure 2.3). For reference, a literature shows the suspended sediment yield around 

Indonesia as shown in the Figure 2.4. 

       
Figure 2.3 Different Topography of Sediment Yield 

 

   
Figure 2.4 Suspended Sediment Yield around Indonesia 

Source: Walling & Web (1983) 

【Reference】 Sediment Yield Intensity Map 

In Japan, the sediment volume for dam design is determined based on the actual sediment 

volumes of existing dams that have similar topography and geology to the basin of the 

proposed dam. Figure 2.5 estimates the potential sediment yield of Japan using an 

estimation formula developed based on the actual sediment volumes of existing dam 

reservoirs. The estimation formula uses the topography and geology of the basin as 

parameters. Such studies are useful for planning new dams. 

 (a) Low Sediment Yield  (b) High Sediment Yield
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Figure 2.5 Example of Sediment Yield Map of Japan 

Note :  This potential sediment yield is the long-term annual average value, and the amount 

of sediment runoff during floods would be much greater. 

(3) Landslides around Reservoir 

The occurrence of large-scale landslides or many landslides around the reservoir 

would have a huge impact on the safety and functionality of the dam. The 

construction of countermeasures after impounding often results in increased costs. 

For this reason, it is recommended that potential landslide study around the 

reservoir be carried out during the planning and preliminary design phase. 

Figure 2.6 shows the flowchart of potential landslide study around reservoirs in 

Japanese dam projects. In this process, red text indicates judgment and evaluation. 

(A) Literature Review, (B) Topographic Interpretation, (C) Site Inspection, (D) 

Comprehensive Evaluation based on the results of (A), (B) and (C), determine the 

need for additional geological surveys and analysis, if necessary, go to (E), in (F), 

determine the need for countermeasures based on the results of process (E). 

Furthermore, it is important to prepare ledgers of potential landslides based on the 

site inspection results shown in Figure 2.7, and to update the ledger after geological 

study, design of countermeasures, and construction them, and use them for 

monitoring after impounding. 
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Figure 2.6 Flow of Potential Landslide Study for Dam Projects in Japan 

 

 
Figure 2.7 Ledger of Potential Landslide 

 

Figure 2.8 shows a large landslide that occurred in a dam reservoir in Japan in 2008 by a 

magnitude 7.2 earthquake. The landslide was about 900m wide and 1,300m long, 67 

million m3 volume. Fortunately, this landslide occurred about 1 km upstream from the 

dam, so the dam breach did not occur. 

This landslide had been identified as a potential landslide before the earthquake, but the 

risk of a landslide was retained, considering the likelihood of occurrence and the 

countermeasure cost. After the landslide, countermeasures were carried out to stabilize 

the cliff, suppression of sediment runoff, and stabilize the end block of the landslide. 
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Figure 2.8 Large-scale Landslide in the Dam Reservoir in Japan 

 

Figure 2.9 shows a large landslide that occurred in a dam reservoir in Japan in 2008 by a 

magnitude 7.2 earthquake. The landslide was about 900m wide and 1,300m long, 67 

million m3 volume. Fortunately, this landslide occurred about 1 km upstream from the 

dam, so the dam breach did not occur. 

This landslide had been identified as a potential landslide before the earthquake, but the 

risk of a landslide was retained, considering the likelihood of occurrence and the 

countermeasure cost. After the landslide, countermeasures were carried out to stabilize 

the cliff, suppression of sediment runoff, and stabilize the end block of the landslide. 

 
 Figure 2.9 Large-scale Landslide in the Upstream of Bili-Bili Dam (2004) 

 

(4) Keep in Mind 

These are things to keep in mind during the planning and preliminary design 

phase. 

➢ Consider how to deal with the risks identified in the planning and preliminary 

design phase. 
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➢ All information regarding risks identified in the planning and preliminary 

design phase will be carried over to the detailed design phase without exception. 

➢ During the detailed design phase, investigations and considerations will be 

carried out on risks that cannot be avoided during the planning and 

preliminary design phase. 

2.2 Detailed Design 

(1) Dam Foundation 

The risks located in the dam foundation have a huge impact on the safety of the 

dam body. Redesigning a dam foundation during construction would delay the 

project schedule and increase costs. For this reason, during the detailed design 

phase, it is important that the geological conditions of the site are interpreted 

properly, and reasonable excavation line are designed. 

Figure 2.10 is a geological cross section of Bagong Dam. The above figure is design 

phase, and the below is construction phase. On both the left and right banks, the 

thickness of the colluvial layer distribution was significantly different between the 

detailed design phase and the construction phase. 

It is estimated that the cause of this was a lack of geological surveys and incorrect 

geological interpretation in design phase. 

 
Figure 2.10 Example of Change in Foundation Excavation Line (Bagong Dam) 

 

The following are some considerations for designing a rational foundation excavation line. 

(a) Seismic Exploration 

Seismic exploration is also called elastic wave exploration. Generally, rock 

foundations can be evaluated using P waves, while soil foundations can be 
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evaluated using S waves. Figure 2.11 shows a seismic exploration analysis 

result of rock mass foundation. There is a correlation like this between P-

wave velocity and rock grade (D to CH). 

 
Figure 2.11 Schematic Analysis Result of Seismic Exploration Dam) 

 

(b) Grouting: Characteristics of Each Geology 

According to the results of our risk case analysis, the main risk factors for 

leakage are extrusive rocks and pyroclastic rocks. For this reason, grouting 

will be adopted and designed considering such geological characteristics 

shown in Table 2.1. 
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Table 2.1 Grouting: Characteristics of Each Geology 

 
 

(c) Grouting: Lugeon Map 

To design a reasonable curtain grouting, it is necessary to study the Lugeon 

map considering the geological stratigraphy, geological structure, and rock 

grade.  

This is because the permeability of rock mass depends on the distribution and 

continuity of fractures. 
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Figure 2.12 Grouting：Lugeon Map 

 

(d) Grouting: Curtain Grouting Area 

The area of the curtain and rim grouting is designed so that the dam body 

and foundation work together to provide watertightness. 

(i) Width (Rim) 

From the foundation to the intersection of the groundwater level with 

the reservoir water level or with the low permeability zone (Figure 2.13). 

(ii) Depth (Curtain) 

From the foundation to the low permeability zone. However, 

empirically, the depth is set to between half the dam height and the 

equivalent of the dam height. 
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In addition, to carry out reasonable grouting work, it is important to 

conduct a review of the improvement areas based on the results of pilot 

hole grouting during the construction phase. 

 
Figure 2.13 Basic Concept of Curtain Grouting Area 

 

(e) Reasonable Excavation Line 

The foundation excavation line is examined comprehensively based on the 

strength and deformability required for the foundation (refer to Rock grade), 

water permeability (refer to Lugeon map) and improvement by grouting (refer 

to Grouting test results). 

For example, in Figure 2.14, CL class is selected as the foundation from the 

perspective of strength and deformability. If it is appropriate to excavate rock 

mass with 10 Lu or more as much as possible from the perspective of grouting 

improvement and cost, the excavation line may be designed like this. 

 
Figure 2.14 Example of Excavation Line Setting for Impervious Zone Foundation  

 

(2) Cut Slope 

At dam sites, large cut slopes are often constructed around spillways, intake 

towers, and tunnel entrances. The occurrence of a landslide on a large cut slope can 

have a huge impact on the safety and functionality of a dam. For this reason, during 

the detailed design phase, the layout of facilities*, the cutting gradient, drainage 

facilities and protective works are designed considering the loosening and strength 

reduction due to excavation and georisk factors. Here, the layout of the facilities is 

related to the scale and direction (Relationship with geological structure: dip slope, 

reverse dip slope, etc.) of the cut slope. 
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(a) Geological Study Flow  

Geological study to design large cut slope is carried out using the process 

shown in Figure 2.15 in Japan. (A) Literature Review, (B) Topographic 

Interpretation, in process (B), it is necessary to focus on the such 

topographical risk factors shown in the Figure 2.16, (C) Site inspection, (D) 

Comprehensive Evaluation, based on the results of (A), (B) and (C), determine 

the need for geological surveys, if necessary, go to (E), (F), determine the need 

for countermeasure works based on the results of process (E). 

 
Figure 2.15 Geological Study Flow for Large Cut Slope Design in Japan 

 

 
Figure 2.16 Examples of Topographical Factors to be Focused 

 

(b) Loosening due to Excavation  

According to the idea of SRR (Stress Release Ratio), empirically, sliding of a 

maximum thickness equivalent to the cutting thickness is estimated in the 

middle part of the cut slope. This indicates that the impact of loosening due 

to excavation is large. 
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Figure 2.17 Idea of SRR (Stress Release Ratio) 
Source: Kimura et.al (2015) 

(c) Georisk Factors 

Cut slopes will be designed considering the following georisk factors. 

(i) Discontinuity 

The strength of the surface layer reduces due to the opening of cracks 

caused by stress release during excavation, the infiltration of 

groundwater into the cracks, and the progression of weathering along 

the cracks (Figure 2.18 a)). 

(ii) Hydrogeological Structure 

Water easily seeps into the slope, causing the phreatic surface to rise 

and the strength of the hydraulic boundary to decrease (Figure 2.18 b)). 

(iii) Slaking/Swelling 

The swelling of clay minerals and repeated drying and wetting destroy 

the rock structure and significantly reduce its strength (Figure 2.18 c)). 

 
Figure 2.18 Georisk Factors of Cut Slope 

 

(d)  

(i) Discontinuity 

Figure 2.19 shows a case of a landslide caused by discontinuities. This 

landslide occurred at the intake tower site of Rukoh Dam. The scale of 

SRR=σV0/σV1≒2

σV0

σV1 Maximum sliding depth

SRR=σV0/σV1 

Here,  

σV0: Overburden pressure before cutting. 

σV1: Overburden pressure after cutting. 

 

Sliding

a) Discontinuity

Fault

c) Slaking/Swelling

Sliding
Highly weathered or

Highly permeable rock

Ordinarily

Sliding

Heavy rain

b) Hydrogeological Structure
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the sliding has grown over time. Fold structures have developed around 

the dam site, and the sandstone-dominated alternation distributed at 

the dam site are inclined at high angles. It is estimated that under such 

geological conditions, high-angle faults have also developed in the 

bedrock, which led to this large-scale collapse. 

Considering these geological conditions, it is necessary to change the 

shape of the cut slope during the excavation or measures are needed to 

prevent the bedrock from loosening. 

 
Figure 2.19 Large-scale Sliding Occurred on Cut Slope (Rukoh Dam)  

 

(ii) Hydrogeological Structure 

Figure 2.20 shows a case of a landslide caused by hydrogeological 

structures. This landslide occurred at the spillway site of Temef Dam. 

The geology of the cut slope is a claystone layer with an overlying 

limestone layer. In addition to the hydrogeological structure, the 

claystone layer was also a cause of the landslide because it was scaly 

clay. Considering these geological conditions, measures are needed to 

prevent the bedrock from loosening and to remove groundwater from 

the slope as much as possible. 
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Figure 2.20 Large-scale Sliding Occurred on Cut Slope (Temef Dam) 

 

(iii) Slaking/Swelling 

Figure 2.21 shows a case of a landslide caused by slaking. This landslide 

occurred at the intake tower site of Jragung Dam. The geology of the cut 

slope is claystone. There is also a folded structure around the dam site, 

with small high-angle faults as shown in the photo. I believe this was 

also a cause of the landslide. Considering these geological conditions, 

measures are needed to prevent deterioration of the bedrock and to 

prevent the infiltration of surface water into the cut slope. 

 
Figure 2.21 Large-scale Sliding Occurred on Cut Slope (Jragung Dam) 
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【Reference】 Slope Countermeasure Method 

Figure 2.22 shows some countermeasures that are commonly used in Japan. Anchors can 

withstand higher earth pressure than rock bolts. 

 

Figure 2.22  Slope Countermeasure Method 
 

(3) Tunnel 

Deformation or collapse of the intake and discharge tunnels has a significant 

impact on the schedule and cost during construction, maintaining the dam’s 

functions after impounding. For this reason, during the detailed design phase, 

reasonable supports system will be designed, considering deformability of the 

ground and georisk factors. 

For reference, geological study to design tunnel is carried out using this process 

shown in Figure 2.23 in Japan. (A) Desk Study, (B) Site Inspection, (C) Geological 

Survey, in (D) Comprehensive Evaluation, based on the results of (A), (B) and (C), 

determine the need for additional geological surveys, if necessary, go to (E), in (F), 

determine the need for special or auxiliary measures based on the results of process 

(E). 
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Figure 2.23 Geological Study Flow for Tunnel Design in Japan 

 

The following are some points to consider for rational support design. 

(a) Seismic Exploration 

To obtain sufficient geological information along the planned tunnel, seismic 

exploration will be used in addition to drilling surveys (Figure 2.24). If 

possible, it is more efficient to determine the locations of drilling survey based 

on the results of seismic exploration. In addition, the tunnel entrance must 

be designed considering thin ground and distribution of weathered rock. 

 
Figure 2.24 Seismic Exploration Results and Drilling Survey Layout 

 

(b) Crack Coefficient and Competence Factor 

To evaluate the tunnel ground, “Crack coefficient (Cr)” is useful as an index 

for cracked rock mass, while “Competence factor (Cf)” is useful as an index 

for soft rock mass. The crack coefficient Cr is calculated from the ratio of the 

elastic wave velocity of the ground to that of intact rock. Table 2.2 shows the 

Cr index depending on the rock condition. 

The competence factor Cf is calculated from the ratio of the compressive 

strength of the rock mass to the overburden pressure. If the rock mass is 

without cracks, the compressive strength is almost equal to that of intact 

rock. The compressive strength of rock mass with many cracks can be 
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calculated using that of intact rock and the crack coefficient Cr. The Cf index 

less than 2 indicates a high risk of deformation due to plastic pressure (Table 

2.3). 

 

Table 2.2 Relationship between Cr and Rock mass condition 

 
 

Table 2.3 Relationship between Cf and Earth Pressure Characteristics 

 
 

(c) Georisk Factors 

The tunnel will be designed considering the following georisk factors same as 

the cut slopes. 

✓ Discontinuity: Direction of development of discontinuities 

✓ Hydrogeological Structure: Large amounts of spring water 

✓ Swelling: Deformation due to swelling (swelling pressure) 

However, since it is difficult to estimate in advance whether a large amount 

of spring water will occur, if the risk is high, ahead survey can be carried out 

during construction. The next chapter describes a geological survey method 

(ahead exploration) that can help solve this problem. The survey methods are 

presented in the next section. 

Crack coefficient: Cr=1-(Vp1/Vp0)2 

Competence factor: Cf=qu/P  

for Fissured rock mass: Cf=qu’/P 

qu’=(1-Cr) x qu, P=γH  
Here, Vp1: P-wave velocity of rock mass 

 Vp0: P-wave velocity of rock 
 qu: Compressive strength of rock 
 qu’: Compressive strength of fissured rock mass 
 P: Overburden pressure 
 γ: Unit Weight 
 H: Overburden height 
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(i) Discontinuity 

Figure 2.25 shows a case of roof collapse in the diversion tunnel of Bagong 

Dam. The cause of the collapse, the georisk factor, was a low-angle 

discontinuity developed along the bedding plane. Since such geological 

structures can be predicted in advance, it is possible to design auxiliary works 

such as fore poling at the design phase. 

 
Figure 2.25 Auxiliary Construction for Tunnel Roof Collapse 

 

(ii) Slaking/Swelling 

Figure 2.26 shows a case of the deformation in the spillway tunnel of 

Manikin Dam. The cause is the swelling pressure of scaly clay. 
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Figure 2.26  Tunnel Deformation due to Swelling (Manikin Dam) 

 

There are two main types of support systems that respond to swelling 

pressure (Figure 2.27). One is a flexible support system that can follow 

deformation, and the other is a heavy support system that can resist 

swelling pressure. The left image shows a flexible support system called 

a Yielding Support, and the right image shows a Multiple Steel Rib 

Support used in NATM. 

 
Figure 2.27  Tunnel Deformation due to Swelling (Manikin Dam) 

 

(d) Keep in Mind 

These are things to keep in mind during the detailed design phase. 

✓ Consider how to deal with the risks identified in the detailed design phase. 

✓ All information regarding risks identified in the detailed design phase 

will be carried over to the construction phase without exception. 
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✓ During the construction phase, additional investigations and 

considerations will be carried out on risks that were carried over from the 

detailed design phase to avoid or reduce risks. 

2.3 Construction 

(1) Dam Foundation: Checking Excavation Surface 

Geological engineers will check the excavation surface and evaluate its suitability 

as a dam foundation in terms of strength, deformability, and permeability, and will 

propose the implementation of dental work and auxiliary grouting if necessary. 

For reference, geological checking, and response to excavate foundation is carried 

out using this process shown in Figure 2.28 in Japan. 

(A) Checking Excavation Surface, Record (sketch) the geology and rock conditions 

and compare them with the estimates at the design phase, in (B) Based on the 

results of (A), Determine the need for additional geological survey and analysis, if 

necessary, go to (C), in (D), Determine the need for additional measures based on 

the results of process (C). 

 
Figure 2.28 Dam Foundation: Checking Excavation Surface 

 

For reference, Figure 2.29 shows a sketch of a rockfill dam foundation in Japan. 

The orange and yellow parts are bedrock, mainly dacite. The light blue parts are 

terrace deposits. 
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Figure 2.29  Geotechnical Sketch of Rockfill Dam Foundation (Geology) 

 

Figure 2.30 shows a sketch of a rockfill dam foundation in Japan. Green is CM class, yellow 

is CL class and red is D class. The blue box here is the dental work area of the fault zone. 

In Japan, dam foundations are traditionally recorded in detail for cracks and spring points. 

Such information is used for monitoring after impounding. Sketching not only the dam 

foundation but also the spillway foundation can help investigate the cause of leakage 

confirmed after impounding. 
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Figure 2.30 Geotechnical Sketch of Rockfill Dam Foundation (Rock Grade) 

 

(2) Cut Slope: Checking Excavation Surface 

Geological engineers will check the excavation surface and evaluate the suitability 

of the cut slope design. If necessary, they will propose countermeasures such as re-

excavation, or the slope protection.  

It is recommended for large cut slopes to measure the surface displacement by 

surveying during construction. If a large surface displacement is confirmed, 

underground displacement will also be measured using borehole inclinometers etc. 

to design the countermeasures. 

For reference, geological checking and response to excavate slope is carried out 

using this process same as foundation excavation surface (Figure 2.31).  

(A) Checking Excavation Surface, Record (sketch) the geology and rock conditions 

and compare them with the estimates at the design phase, in (B) Based on the 

results of (A), determine the need for additional geological survey and analysis, if 

necessary, go to (C), in (D), determine the need for additional measures based on 

the results of process (C). 
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Figure 2.31 Geological Study Flow for Large Cut Slope construction in Japan 

 

For reference, Figure 2.32 shows a geological sketch of a large cut slope in Japan. 

At this site, framework was constructed in the green area, considering the direction 

of the faults on the cut slope and the bedrock conditions. By having geologists check 

the excavation surface and implementing countermeasures based on the results, 

the safety of the completed cut slope can be further increased. 

 
Figure 2.32 Geotechnical Observations of a Large Cut Slope 

Source: Okazaki et al. (2005) 

Figure 2.33 shows a large cut slope of the spillway of Ameroro Dam. This is an 

example where the excavation surface was checked well by geological engineers. At 

this site, Geo-net was used in the upstream area where fresh bedrock is distributed, 

and shotcrete (10 cm thick) and concrete walls (15 cm thick) were constructed in 

the downstream area where weathered rock is distributed, based on the condition 

of the cut slope (rock grade). 
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Figure 2.33 Construction of Countermeasures based on Geotechnical Observations 

(Ameroro Dam) 

 

(3) Tunnel: Ahead Survey 

For the safety of construction and the selection of a reasonable support system, it 

is useful to understand the geological conditions ahead of the tunnel face in 

advance. There are the following survey methods. 

(a) Drilling Survey 

Horizontal drilling is used to take core samples to confirm the geology ahead 

of the face, and if there is confined groundwater, this drilling can reduce the 

confined water pressure to prevent the collapse of the tunnel face (Figure 

2.34). 

 
Figure 2.34  Drilling Survey (Horizontal) 

Source: https://www.kajima.co.jp/gallery/const_museum/tunnel/gijutsu/article/tunnel_g_06.html 

(b) Drilling Exploration 

This method includes drilling horizontally, similar to drilling surveys, but 

instead of taking core samples, the ground conditions are evaluated based on 

the drilling speed and drilling resistance (Figure 2.35). 
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Figure 2.35 Drilling Exploration 

Source: https://kensetsu.ipros.jp/product/detail/2000557827 

(c) Elastic Wave Exploration 

This is conducted using the excavation vibrations of a hydraulic breaker as 

the vibration source and using the heads of rock bolts installed at regular 

intervals on the tunnel wall as the receiving points for reflected waves (Figure 

2.36). 

 
Figure 2.36 Elastic Wave Exploration 

Source: https://www.shimz.co.jp/company/about/about/news-release/2019/2019034.html 

(4) Keep in Mind 

These are things to keep in mind during the construction phase. 

➢ All information regarding the results of risk responses during the construction 

phase, as well as any newly identified risks, will be carried over to the 

operation phase. 

➢ All records of design changes and quality control during construction will be 

carried over to the operation phase. 

2.4 Operation 

(1) Reservoir Sedimentation 

The progression of reservoir sedimentation, which far exceeds the initial plan, could 

have a significant impact on the dam function in the future. For this reason, 
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Regular surveys of reservoir sedimentation are recommended as part of dam 

operation and maintenance.  

As shown in the Figure 2.37, early response to the progression of sedimentation 

reduces costs and technical difficulty. 

 
Figure 2.37 Changes in Sediment Volume Over Time 

 

Figure 2.38 show recent bathymetry technology, Multibeam Echo Sounding and 

Airborne Laser Bathymetry. In Multibeam Echo Sounding, water depth is 

measured in three dimensions by transmitting sound waves in a fan shape (Figure 

2.38 a)). In Airborne Laser Bathymetry, water depth is calculated based on the 

difference in reflection time between a green laser and an infrared laser (Figure 

2.38 b)). 

 
Figure 2.38 Recent Bathymetry Technology 

 

(2) Landslides around Reservoir 

The inflow of large amounts of sediment into a reservoir due to a large landslide 

can have a significant impact on the dam function. For this reason, it is desirable 

to develop methods that can monitor efficiently the movement of slopes around 

reservoirs. 

As shown in Figure 2.39, large-scale slope movements can be measured using SAR 

(Synthetic Aperture Radar) mounted on a satellite, and this technology is expected 

to be useful for monitoring the landslide around the reservoir. In the Figure 2.40, 

blue indicates subsidence and red indicates uplift. It is estimated to be rotational 

movement caused by a large landslide. 
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Figure 2.39 Conceptual Diagram of Measurement by SAR (Synthetic Aperture Radar) 

 

 
Figure 2.40 Displacement Distribution Map by SAR 

Source:  

3. Engineering Sense 

This chapter describes the keep in mind that geological engineers should have to 

contribute to risk management (Figure 3.1). 

 
Figure 3.1 Displacement Distribution Map by SAR 

Source: https://www.istockphoto.com/jp/ 

3.1 Perspective and Imagination 

It is recommended to imagine the geological conditions of the site not only at the normal 

scale but also at the macro-scale and micro-scale to avoid overlooking the georisks of the 

project site. 
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 Macro-scale: Wide-area topographical and geological features, distribution of active 

faults, as well as the arrangement of plates and the formation of islands, etc. 

 Micro-scale: The rocks that make up the bedrock, the minerals that make up those 

rocks, the types of minerals and their chemical properties, etc. 

 Normal-scale: Site and outcrop inspections consideration macro- and micro-scale site 

geology. 

3.2 Integrated interpretation. 

Geological analysis requires integrated interpretation of findings from different types and 

scales, and this interpretation is essential for identifying and assessing georisks (Figure 

3.2). Appropriate geological interpretation and collaboration between geologists and 

design engineers are essential for reasonable design. Thinking the distribution of strata 

and geological structures in three dimensions is one of the good practices for integrated 

interpretation. 

 
Figure 3.2 Image of Integrated Interpretation 

 

【Reference】CIM: Construction Information Modeling/Management 

In relation to three-dimensional analysis, for reference, we would like to introduce the 

Construction Information Modeling/Management in Japan. We believe that CIM can also 

be used for risk management. 

In recent years, CIM has been introduced into the design of civil engineering structures in 

Japan to improve the efficiency of construction and maintenance. CIM has the following 

main features: 

 It is a three-dimensional model, and survey and test results can also be stored as 

attribute data (Figure 3.3). 

 CIM can be shared among stakeholders, and information can be easily carried over to 

the design, construction, and operation phases (Figure 3.4). 
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Figure 3.3 3D Model of Cut Slope for Design (Rock Grade) 

Source: https://www.oyogeotools.com/products/octas.html 

 
Figure 3.4 Basic Concepts of CIM 
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Dam Safety System in Indonesia 

 

1. Dam Project Approval System in Indonesia 

In Indonesia, the safety management of dam construction was introduced in 1989 by the Ministry of 
Public Works with the publication of the Dam Safety Guideline (SNI No.1731-1989-F). This guideline 
describes the establishment of a commission in charge of approving dam safety assessments, including 
technical assessments on construction, impounding, operation, and dam removal. In 1997, the Ministry 
of Public Works also issued Ministerial Regulation 72/PRT/1997 on Dam Safety. This dam safety 
regulation requires that technical assessments to minimize damage caused by dams at each stage of dam 
development (design, construction, impounding, operation, rehabilitation, and dam removal) must be 
conducted by the Dam Safety Commission (DSC) and the Dam Safety Unit (DSU) and approved by the 
Minister. In addition, regulations on dams were issued in Water Resources Law No. 7 of 2004 and 
Government Regulation No. 37 of 2010 on Dams. The regulation clearly states the requirement for 
licensing at all stages of dam development and management and also includes the need for Emergency 
Action Plans as part of the dam safety concept. 

In this way, the concept of dam safety in Indonesia is not limited to technical aspects of safety before 
construction but also takes into consideration post-construction maintenance and responses to 
unexpected events, and is legally regulated. 

 
 Figure 2-1  Dam safety concept 

 

1.1 Legal background (Ministerial Order on dam construction approval) 

Ministerial Decree of the Ministry of Public Works and Housing of the Republic of Indonesia on 
Dams No. 27/PRT / M/ 2015 BENDUNGAN DENGAN RAHMAT TUHAN YANG MAHA ESA 
MENTERI PEKERJAAN UMUM DAN PERUMAHAN RAKYAT The Indonesian Republic 
(Republik Indonesia ) enacted the 2015 Act (Document 1) , which reiterates the requirements for dam 
construction. 
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The translation of the preamble to this Act is as follows: 

a. As per Article 15 of the Government Rules 35 of 1991 on Rivers, for the purpose of public 
welfare and safety, it is necessary to construct reservoirs to store water as part of water resources 
development, to store excess water during rainy season and to meet the demand for water as 
required and also to control the destructive power of water. 

b. The environmental and safety reservoirs in question include dams for storing water, as well as 
dams for storing mine waste (tailings dams) and dams for handling sludge. 

c. In order to store the water, mine waste and mud mentioned in a and b, dams need to be built. 

d. In order to construct a dam that functions in line with development objectives, technical 
regulations are necessary to ensure the safety of the dam. 

e. It is essential to maintain and manage the reservoir in order to ensure the sustainability of its 
function in line with the development objectives under Article 16 of the 1991 Government 
Decree on Rivers, Article 35. 

f. Pursuant to Articles a, b, c, d and Law No. 11 of 1974 on Irrigation, the Minister of Public Works 
and Housing has the authority and responsibility to manage the operation of water resources and 
carry out projects; 

g. In order to provide a basis and guidance for the construction and management of the reservoirs 
mentioned in a and e, it is necessary to formulate guidelines for the construction and management 
of dams and their reservoirs. 

h. Based on considerations a, b, c, d, e, f and g , the Minister of Public Works and Housing has 
formulated regulations regarding this dam. 

The following six laws have been established as relevant laws. 

1. Law No. 11 of 1974 on Irrigation (Supplement to the Annual Report of the Republic of Indonesia 
No. 65 of 1974, National Gazette No. 3046). 

2. Law No. 23 of 2014 on Local Government (Supplement to the National Gazette of the Republic 
of Indonesia No. 244 of 2014, No. 5587 of the National Gazette of the Republic of Indonesia); 

3. Government Regulation No. 22 of 1982 on Water Management (Supplement to Article 37, No. 
3225 of the National Gazette of the Republic of Indonesia of 1982). 

4. Article 7 of the Presidential Regulation of the Republic of Indonesia on the Organization of the 
Ministry of State (Ministry of State of the Republic of Indonesia No. 8 of 2015). 

5. Article 15 of the Presidential Regulation of the Republic of Indonesia of 2015 on the Minister of 
Public Works and Housing (National Gazette of the Republic of Indonesia No. 16 of 2015). 
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6. Regulation of the Minister of Public Works No. 08/PRT/M/2010 on the organization and working 
procedures of the Ministry of Public Works (Ministry of State of the Republic of Indonesia Year 
2010 No. 1304); 

1.2 Dams subject to approval 

Dams that are eligible for approval are large dams that meet the following criteria. Furthermore, 
eligible for approval are large dams that meet the following criteria including not only reservoir dams, 
but also tailings dams, erosion control dams, and mudflow storage dams. 

1) The dam capacity is more than 100,000 m3 and the dam height is more than 15 meters 

2) A dam with a reservoir capacity of more than 500,000 m3 even if the dam height is less than 15 m 

3) Dams that qualify as water infrastructure as separately defined by the Dam Safety Committee 

1.3 Overview of dam construction approval 

The dam construction approval review is carried out by the Dam Safety Commission (DSC) , which 
is governed by Ministerial Decree No. 72/PRT/1997 on Dam Safety, and covers the design, construction, 
operation, maintenance, redevelopment and demolition of dams. 

The details of the implementation are summarized in the Presentation on Dam Safety Concept & 
Regulation prepared by the Dam Safety Committee. Although this document was prepared in 2008, the 
Department of Dams of the Ministry of Public Works and Housing has confirmed that there have been 
no changes to the content other than the members of the committee. 

Anissa Mayangsari and Mr. Tri Bayu Adji, who were members of the Dam Safety Unit in 2015 , gave 
a brief overview of dam approval in Indonesia to Hydropower. The report was presented at the 2015 
Symposium on Dam Safety in Indonesia held in Stavanger, Norway on June 15-16, 2015 (Document 3). 

The outline of the dam construction approval is as follows: 

(1) Types of Dam Safety Approvals 

dam safety approvals: 

(a) Design Certification (Design Certification/Construction Permit) 

A review of the design, required for construction work to commence. Obtained before 
placing an order for construction work. 

(b) Initial Impounding Certification 

At the end of construction, the construction work (especially the quality control and 
progress control results) is reviewed to ensure that impoundment (or disposal of tailings 
in the case of tailings dams) will not cause any problems. Once construction has 
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progressed to a certain extent, an application for approval can be submitted. Impoundment 
can begin only after approval has been issued. 

(c) Operation Certificate 

impoundment is completed (the reservoir reaches the designed water level) or two 
years have passed since impoundment began, the results of test impoundment (including 
an analysis of the dam's behavior) will be obtained to determine whether the dam can be 
operated safely. 

(d) Abandonment Certification 

When a dam is to be abandoned, a dam abandonment plan, including removal methods, 
must be presented in advance and an application for dam removal permission must be 
filed before the dam can be removed. 

(2) Organization 

The following two organizations are responsible for a series of inspections and approvals 
related to dam safety, and their activities are supported by the Ministry of Public Works and 
Housing. 

a) Dam Safety Commission (DSC) 

b) Dam Safety Unit (DSU) 

The DSC is the body that assists the Minister in managing dam safety, and the Dam Safety 
Unit is an organization established to provide technical assistance to the DSC and to carry out 
technical reviews (specifically, members of the PU-PR Balai Bendungan (Ministry of Public 
Works and Housing's Department of Dams)). 

In addition, if a dam development is deemed to require technical studies on dam safety such 
as those listed below, the dam owner (project implementer) must establish a "Dam Panel" as 
proposed by the DSC and DSU. The Dam Panel will function during the design, construction 
and impoundment of the dam reservoir. 

a. When new technologies are applied in the design and construction of dams; 

b. Dams with a height of 75 m or more and a storage capacity of 100 million cubic 
meters or more and 

c. Dams deemed to be at high risk 
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 Figure 2-2  Organizational chart of the Dam Safety Committee 

 

Ministerial Decree No. 1234/KPTS/M/2023 appointed the members of the Dam Safety 
Committee from 2023 onwards. The members of the committee are as shown in Table 2-1. 
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Table 2-1  DSC Members 

 

 

 
 

In addition to these two organizations, the Indonesian Association of Dam Engineers and the 
Indonesian Council for Large Dams (INACOLD) (also members of the DSC) provide technical 
support when necessary. 
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The technical review of the dam itself will be carried out by experts from INACOLD and 
HATHI as well as technical staff from the Dam Bureau. 

(3) Criteria used in the review 

The criteria applied to the review are as follows, but are not limited to these as necessary. 

Table 2-2  Criteria applicable to the review 

 

 
 

In addition to the above, the following standards are typically used in design, and technical 
discussions are based on these standards: 



A1-8 

 

⬧ 03-PRT-M-2009 The Social Engineering Guidelines for dam development 

⬧ Pd T-08-2004-A The Instrumentation of Dam Body for Earth -fill and Embankment type 

⬧ Pd T-14-2004-A The Stability Analysis of Fill Dam type due to Earthquake loads 

⬧ Pd. M-01-2004-A Construction Quality Tests for Dam Body for Fill type Dam 

⬧ Pt-M-03-2000-A The Quantification Capillarity Method for Reservoir Storage 

⬧ RSNI M-02-2002 Analysis Method of Water Seepage Control Way for fill ( Urugan ) Type 

Dam 

⬧ RSNI M-03-2002 Static Slope Stability Analysis Method of Fill ( Urugan ) Type Dam 

⬧ RSNI T-01-2002 The Body Design of Fill ( Urugan ) Type Dam 

⬧ Pdm-18-1995-03 Data Processing Methods of Climatology 

⬧ Pd T-02-2005-A Carrying capacity analysis of shallow foundation soils in the hydrological 

structure 

⬧ Pd T-03.1-2005-A Geotechnical Investigation for the foundation of hydrological structure vol. 

1 to 3 

⬧ Pd T-03-2005-A Geotechnical Investigation Guidelines for the foundation of hydrological 

structure vol. 1 

⬧ Pd T-06-2004-A River Discharge Forecasting 

⬧ Pd T-10-2004-A measurement and mapping of Terrestris River 

⬧ Pd T-40-2000-A Procedures of descripting and investigating field conditions in soil project 

⬧ Pd. M-01-2004-A quality test for dam body in fill ( urugan ) type Dam 

⬧ Pd T-44-2000-A Soil Compaction Procedures 

⬧ RSNI M-01-2002 Method of measuring the potential of land collapse in the laboratories 

⬧ SNI 03-1724-1989 Planning procedures for hydrology and hydraulics for structure on the 

river 

⬧ SNI 03-2415-1991 Flood discharge calculation method 

⬧ SNI 03-2435-1991 Method of laboratory testing for soil samples 

⬧ SNI 03-2849-1992 Procedures of geological mapping technique 

⬧ SNI 03-3422-1994 Testing method for soil shrinkage threshold 

⬧ SNI 03-3637-1994 Method of soil testing for weight mold with fine-grained objects test 

⬧ SNI 03-3637-1994 Method of testing the strong cohesive soil-free press 

⬧ Pd M-22-1996-03 Triaxial testing methods of cohesive soil in the absence of drainage and 

consolidation 

⬧ SNI 03-3961-1991 Testing methods of sediment content laying levels using gravimetric 

⬧ with precipitation 

⬧ SNI 03-3962-1995 Testing methods of distribution of grains of sediment laying using 

⬧ gravimetric with sieve 

⬧ SNI 03-4145-1996 Testing method of weight types of sediment laying with pycnometer 

⬧ Dynamic analysis guidelines-of Fill ( Urugan ) Type Dam, Ditjen SDA, 2008 

⬧ Construction Guidelines for Rockfill Type dam with concrete membrane (CFRD), Ditjen SDA, 

2011 

⬧ Guidelines for dams hazard classification, Ditjen SDA, 2011. 

⬧ Planning criteria-Irrigation planning standard, Ditjen of Water Resources December 1986 

and its revisions. 

⬧ Technical requirements section of the PT 01, 02, 03 and 04, Irrigation standard planning, 

Ditjen of Water Resources , December 1986 and its revisions. 

⬧ Structure Standard for Irrigation BI-01 and irrigation structure type BI-02, Irrigation 

standard planning, Ditjen of Water Resources, December 1986 and those revisions. 

⬧ Construction guidelines for Fill ( urugan ) Type Dam: An hydrological analysis, Ditjen of 

Water Resources, July 1999. 

⬧ Feasibility study guidelines for irrigation development, Ditjen of Water Resources, 

September 1998. 

⬧ Seismic map in Indonesia for dynamic analysis of hydrological structure, the Center for 

research and development of water resources, Ministry of Public Work, December 2012. 



A1-9 

 

1.4 Documents to be Submitted 

The documents to be submitted for design approval are as follows: 

(1) Permissions (prepared by the owner) 

(a) Permissions for Dam Location and Water Use 

Dam site permission from local government 

(b) Environmental Impact Assessment (AMDAL) 

Certificate of Approval from the Local Government Environment Agency 
(BAPEDALDA) for the Environmental Impact Assessment and Environmental 
Monitoring Plan 

(2) Feasibility Study Report (Business plan: loaned by the owner to the contractor) 

(3) Finalized Design Reports (Technical documents related to design: Prepared by the 
contractor. However, past survey and design documents are provided by the client) 

(a) Main Report 

(b) Executive Summary Report 

(c) Supporting Report 
Design Criteria (Design criteria applied to the project) 

Geotechnical Investigation Report 

Hydrological Analysis 

Measurement Report 

Model Test (Flood spillway hydraulic model test report: prepared by test contractor) 

Design Calculation (specially stability analysis and seismic design of dams are discussed) 

Design Note (Design background data collection) 

Operation and Initial Maintenance (Maintenance Manual) 

Technical Specification (Tender Documents) 

Design Drawings 

BoQ (Bulk of Quantity), etc. 

(d) Review Design (If a design review is performed: The owner will prepare the 
optimum design revisions. The contractor will provide support.) 

(e) Executive Summary on Environmental Analysis (ANDAL), Environmental 
Management Plan (RKL) , Environmental Monitoring Plan (RPL) (Environmental 
Impact Assessment, Environmental Management Plan, Monitoring Plan: Prepared 
by the Owner ).  
These documents are required for the Environmental Authorization (AMDAL) 
issued by the Environment Agency. 

(f) Brief description on matters related to design, including the items as attached 
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is ”Daftar Simak” 

A checklist of documents to be submitted and a summary of their outline. Also, a list 
of questions, etc. For example, a plan to conduct additional design studies (a document 
proving the plan to conduct additional necessary studies and the start of their 
implementation) 

(g) Dam Technical Data (Project Feature of the Dam) 

A dam plan outline in accordance with the Dam Safety Committee format 

(h) Prospective Location for Dam Body 

Photo collection of dam sites, reservoirs, quarries, etc. 

Soft copies of these documents will also be required at the time of filing. A sample of list of 
submitted documents for dam construction is shown in table below: 

Table 2-3  Documents to be submitted and responsible person 

 
 

1.5 Process for Certificate Acquisition 

The process leading up to design approval is shown in the flowchart created by DSU in Figure 2-2. 
Specifically, the following procedures are to be followed: 

1. Preliminary meeting with DSU, presentation of dam plan and design 

2. Send a letter of request for review to the DSC Secretary 

3. Submit documents, reports and data to DSU 

Required Documents Remarks  

(1)            Permissions    

(a) Permissions for Dam Location and Water Use 地方政府によるダムサイトの使用許可  

(b) Environmental Impact Assessment (ANDAL)  環境影響評価と環境モニタリングプランの地方政府の環境局（BAPEDALDA）による承認
証 

 

(2)            Feasibility Study Report 事業計画書：施主が請負者に貸与  

(3)            Finalized Design Reports （設計にかかる技術資料：請負者が準備。但し、過去の調査・設計資料は施主が提供）  

(a) Main Report    

(b) Executive Summary Report    

(c) Supporting Report    

• Design Criteria 事業に適用した設計基準  

• Geotechnical Investigation Report 地質調査報告書。ボーリングログ・試験データ含む。  

• Hydrological Analysis 水文解析報告書  

• Measurement Report 測量結果  

• Model Test 洪水吐水理模型実験報告書：実験請負者が準備。実験結果に基づく設計修正必要  

• Design Calculation    

• Design Note    

• Operation and Initial Maintenance    

• Technical Specification 技術特記仕様書のみで入札図書は、おそらく不要。  

• Design Drawings    

• BoQ 工事数量表  

(d) Review Design 設計のレヴューを行っている場合に必要。VEによる修正は、施主が準備。請負者がサポー

ト 
 

(e) Executive Summary on Environmental Analysis (ANDAL),  
• Environmental Management Plan (RKL), 
• Environmental Monitoring Plan (RPL) 

環境影響評価（ANDAL)、環境管理計画（PKL)、モニタリング計画（RPL)。 

これらの図書は、環境局が発行する環境認可（AMDAL）に必要。 
 

(f) Brief description on matters related to design, including the 
items as attached is ”Daftar Simak” 

提出書類のチェックリストとその概要をまとめたものト質問事項などのリスト。例えば、設計

の追加検討の実施予定（追加で必要な検討の実施予定 と 実施にとりかかることを証明す

る物。 

 

(g) Dam Technical Data (Project Feature of the Dam) ダム安全委員会の書式に則ったダムの計画概要書  

(h) Prospective Location for Dam Body ダムサイトや貯水池、採石場などの写真集  
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4. Document review by DSU 

5. DSU site visits and comments submitted (several times) 

6. Responses from project implementers 

7. Technical Session (usually 2 sessions) and Q&A 

8. Repeatedly modify the design and explain to DSU to create and submit the final answer 

9. Plenary Session (DSC General Meeting. Held at each dam) 

10. Design modification (0.5 months). DSC made recommendation to the Minister of PUPR for 
certification. 

11. Planning approval (subject to Ministerial agenda) 

 
 Figure 2-3  Screening Flowchart 

 

DSC事務局（Secretary）に審査要

請依頼レター・添付図書の送付 

DSUによる書類審査 

DSUの現地視察と

コメントの提示

（数回） 

技術会議（通常 2

回程度）と質問・

コメント 

DSC総会。各ダ

ム個別に行われ

る。 
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2. Implementation Schedule for Certificate Acquisition 

As mentioned above, the approval process involves a site inspection by the Dam Safety Committee, 
a technical conference, and a general meeting, so even if the application is submitted with all the 
necessary documents, past examples show that it takes at least four months at the earliest, and usually 
six months to a year. 

An example of an implementation schedule that has actually been obtained is shown in Table 3-1. In 
this case, AMDAL (environmental impact assessment) and spillway hydraulic model tests were 
conducted in parallel with the approval process. In this way, even if all documents are not available, the 
review can begin if the implementation schedule is clear. 

The general process is as follows: 

① First comment received in  about two months 
from submission 

② About one month has passed since the first Technical Session, which was held after the reply and 
correction to the comments.  

③ About one month has passed since the second technical session started.  

④ about one month after replying to comments and making corrections  

⑤ Minor revisions to the report and approval by the Minister of PUPR (not finalized due to the 
Minister's circumstances) will take  approximately 
one month. 

Table 3-1  Example of dam approval application implementation process 

 
Note:  Implementation process up to approval of reservoir dams in Indonesia 

 



 

 

 

 

 

 

 

 

 

Attachment 2 Completed Dam Risk Entry Form  
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