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<Notes and Disclaimers>

* This report is produced by the trust corporation based on the contract with JICA. The contents of this report
are based on the information at the time of preparing the report which may differ from current information
due to the changes in the situation, changes in laws, etc. In addition, the information and comments posted
include subjective judgment of the trust corporation. Please be noted that any actions taken by the users
based on the contents of this report shall be done at user’s own risk.

* Neither JICA nor the trust corporation shall be responsible for any loss or damages incurred by use of such

information provided in this report.
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Highly Accurate Crack Measurement Method in Laos
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1. BACKGROUND

KUMONOS CORPORATION (as KC hereinafter) is located in Minoh-City, Osaka-Prefecture, Japan
established in 1995. KC provides an inspection and measurement services for infrastructures. KC's main
products are (i) a ground-shape measurement using 3D laser scanners, (ii) an underwater-shape
measurement using underwater sonars, and (iii) a crack measurement of concrete structures by unique
survey equipment. All kinds of structures shall be recorded as digital data and engaged in KC’s business
activities to preserve data that can be used in the future. KC's measurement technology has been highly
evaluated in Japan. Since, in recent years KC has been commended by the Ministry of Land,
Infrastructure, Transport and Tourism in two (2) awards: (i) the "Japan Construction International
Award," which recognizes its efforts to expand overseas to Thailand, and (ii) "i-Construction Grand
Prize," which recognizes the efficient and accurate measurement of concrete cracks of dams in Japan.

In Lao PDR, they are actively developing the hydropower resources with the aim of becoming "Battery
in Southeast Asia." As of 2022, the installed hydropower capacity and power generation were recorded
8,108MW and 21,000GWh, respectively. Electricity is expected to be a major export product and a
source of foreign currency for the country revenue after commencement of Teun-Hinboun HPP
(260MW), which was launched in April 1998, and Houay-Ho HPP (152MW) in September 1999. They
had opened the new era of large-scale hydropower development by private capital as IPP (Independent
Power Producer).

On the other hand, it is difficult to say that the dams built by such IPP were necessarily constructed
under an adequate management with strict quality control. Since, there are some concerns at many cases
where even the design documents/drawings have not been kept. Accordingly, the future challengeable
issues related to power infrastructure in Lao PDR would be summarized in the following three (3) items:

(i) Expiry of Concession Period: Many IPP hydropower projects operated by BOT (Built-Operate-
Transfer) are about to be reimbursed sequentially to the Lao side upon expire of the general
concession period (25-30 years). So, it is necessary to establish an asset management system to
perform a uniform quality control for all reimbursed projects, which ranges in a wide range of all
fields, such as organizations, laws, regulations, personnel, technologies, and budgets.

(if) International Standards: In future, it will become to be difficult to continue the smooth operation
and maintenance after reimbursement of the hydropower structures, that were designed/constructed
without the international technical standards/specifications. Because, for which even as-built
drawings and design documents are not left. In particular, as the concrete structures had been
damaged even with aged 30 years and more, the rational inspection methods would be required for
the enormous number of the target structures.

(iii) Unified Management Standard: In order to operate the dams and powerplants handed over from
IPPs stably and safety, it is essential to apply the unified management standards. Since, they had
been operated and maintained by many different IPPs under their own management methods. It is
desirable for the government to take the lead in designating a model dam and powerplant for his
O&M. They can disseminate the advanced O&M methods not only to EDL and EDL-Gen, but also
to IPPs by applying the state-of-the-art technologies in effective and practical ways.

2. OUTLINE OF FORMULATION SURVEY FOR DISSEMINATING KC’S
TECHNOLOGIES

(1) Purpose
This SDGs Business Model Formulation Survey by JICA was conducted to examine the potential use
of Japanese companies’ products and technologies for the further JICA projects. The scopes of the

formulation survey include a network building and an information/data collection for his promotion.

(2) Survey Activities




The activities of this formulation survey are listed in the table below:

Activity 1: Development Issues in Target Countries and Regions

1. Identification of development issues in target countries and regions
2. Collection of development plans, policies, laws and regulations, etc.

Contents 3. Confirmation of Japan’s Development Cooperation Policy
4. Investigating precedent cases of ODA projects and other donors
5. Study of the possibility on contribution to solving development issues
<In Japan>
1. Literature research through government documents, etc.
2. Survey of development cooperation policies by country
3. Survey of donor organizations' websites, etc.
Methodology <In Lao P!DR> . . . o
4. Interview and consultation with government agencies, related organizations, IPPs, and
universities
5. Collecting statistical data
6. Interview to Overseas public interest agencies (JETRO, Chamber of Commerce) and
Japanese companies
1. Development issues in the target countries and regions will be organized in detail.
2. The development policy and current status of construction management and maintenance
management standards, which serve as quality control standards for dams, will be clarified.
Results 3. Japan's country-specific development cooperation policies related to the development issues

and the possibility of contributing to them will be organized.

4. A table will be completed that lists the precedents of ODA projects and other donors related
to the development issue, as well as the feasibility and actions to collaborate with them.

5. The possibility of contributing to solving development issues is organized.

Activity 2: Local Adoptability of Proposed Products

Contents

1. On-site adaptability surveys of environmental conditions affecting the field measurement
surveys.
2. On-site adoptability survey in terms of technology

Methodology

<lIn Japan> Literature survey through statistical data, etc.
<In Lao PDR> Dam site visits

Results

By clarifying the influence of climate and the environment issues around the dam on
measurement survey, the scale and type of the dam, the range of adoption is clarified.

Activity 3: Realization of Business Model

Contents

Market research and analysis

Research and analysis on competitors

Potential partner survey

Examination of possible issues with risk and countermeasures
Survey of needs in fields other than dam inspections
Formulation of business model proposal

ouaprwdE

Methodology

<In Japan>
1. Literature survey through statistical data, etc.
2. Consider business model proposals based on the collected information.
<In Lao PDR>
Interviews with government agencies and related organizations, and statistical data collection
Interview to Overseas public interest agencies and Japanese companies
Discussions with potential partners
Information/data collection at seminars, discussions with private companies

Results

Dam statistical data and list

Competitor company profiles, products and services (contents, prices, etc.), domains, etc. are

organized.

3. Atable is created that organizes the proposal of the expansion form, the characteristics of
partner candidates, and the advantages and disadvantages of collaboration.

4. Alist of possible issues, risks, and countermeasures is prepared.

5. Based on this survey, a business model plan (entry form, sales plan, and monetization

roadmap) will be prepared.

D R

Activity 4: ODA Business Plan and Possibility of Collaboration

Contents

1.  Feasibility study with existing ODA Projects
2. Feasibility study of new ODA Projects

-3 -




<In Japan>
1.  Formulation of plans for new ODA projects

Methodology | <In Lao PDR>

2. Interview to Japanese companies and Overseas public interest agencies
3. Discuss ODA projects with counterpart candidate organizations

1. Pilot study by Shin-Kumonos adapting to Nam Ngum 1 HPP Expansion Project by

Results Japanese ODA

2. Achievement of implementation plan for promotion, demonstration and commercialization

(3) Information of Products

“Shin-Kumonos” shown in Figurel is a system to remotely measure a width, a position, and a shape of

cracks on concrete structures, combining the technologies of “KUMONOS” -

a crack measuring

equipment based on Total Station, and an image analysis. The edit accuracy of photo image and the
extraction accuracy of cracks have been improved by Shin-Kumonos with the advantages shown in
Table 1. These improvements of accuracies had been challengeable issues on the crack measurement by
the conventional method. There is an advantage in an aging comparison and a shortening of the
measurement period.

New technology for crack measurements with combination of KUMONOS and photogrammetry

[

KUMONOS Photo

More accurate measurements with combination of two methods
Measure crack width of 0.2mm from 120m away

Avoid missing areas of inspection for any visible damages
Enhanced accuracy of the crack location: within = 3mm
Detect crack widths more accurately with photo correction
Create detailed drawings from a remote location

Reduce required days of field work

Figure 1: System Overview diagram of Shin-Kumonos

Table 1: Features and Advantages of Shin-Kumonos

<Features>

Since Shin-Kumonos will edit an image by using the shape of the structure took by KUMONOS
as a parameter, the image straightening process can be performed without distortion even
without drawings of structures.

Since Shin-Kumonos will extract cracks based on the cracks measured by KUMONOS, the
crack width could be measured with high accuracy.

<Advantages>

The digitized cracks with high accuracy by a periodical measurement will make it possible to
compare the aging progress of cracks.

In order to eliminate the installation and removal works for scaffoldings, the work time will be
shortened by about 33% compared with the conventional method.




(4) Counterpart Organization

The counterparts of this formulation survey are not organized yet. However, the prospective counterparts
of this survey are as listed below:

(i)  Ministry of Energy and Mining (MEM)
(i)  Electricite du Laos (EDL)
(iii)  Electricite du Laos — Generation Public Company (EDL-Gen)

(5) Target Area and Prospective Beneficiaries

The target area of this formulation survey is the dams and hydropower plants owned and operated by
EDL and EDL-Gen. The prospective beneficiaries are the hydropower dam owners including IPPs in
Lao PDR.

(6) Survey Duration
This formulation survey was started in November 2022 and finished in July 2023 (for 9 months).
(7) Field Survey Schedule

The 1st field survey was conducted in November - December, 2022 and the 2nd one in February, 2023
for an each half month.

3. ACHIEVEMENT OF THE SURVEY

(1) Introduction of Technologies and Consulting Status

KC introduced its technology to the authorities/organizations/consultants related to dams in Lao PDR,
and received high interest from them on the technology. MEM and EDL-Gen agreed in principle that
KC would continue the activities related to improving dam safety in Lao PDR.

As aresult, KC proposes to conclude an MOU (Minutes of Understanding) to introduce the measurement
methods using KC's skills and to show the information on the dam maintenance technology in Japan.
However, since the signing by MEM on the MOU requires approval from MOFA (Ministry of Foreign
Affairs) as well as MPI (Ministry of Planning and Investment) of Lao PDR, the MOU has not been
concluded yet. Then, KC considers to make the alternative by LOI (Letter of Interest) for MEM.

(2) Local Adaptability of Proposed Technology

Through interviews with EDL-Gen’s engineers and inspections to the four (4) dams shown in the figure
below, KC confirmed the local adaptability of the technology as indispensable one.

In Lao PDR, as a regular crack measurement is not mandatory, it is not carried out at all, or performed
only in the areas where easy to measure. It has been revealed for the crack measurement not to be
performed efficiently.

Since Shin-Kumonos can efficiently measure cracks remotely even in places not close to each other, it
can be said that the system is likely to satisfy the local needs to improve the efficiency of crack
measurement.

In addition, as the cracks are not recognized one of the important inspection items, it is necessary to
make a lecture the importance of analyzing and evaluating cracks. As Shin-Kumonos can visualize the
crack development on a drawing overlapped by a photograph of the target structure for presenting to
anyone in an easy-to-understand manner, the dam managers and engineers will understand deeply the
importance of cracks. As a result, it is expected to improve the technical capabilities of dam engineering
in Lao PDR.
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Figure 2: Location Map of Visited Dams in Lao PDR

4. FUTURE PROSPECTS

(1) Impacts and Effects on the Concerned Development Issues through Business Development of the
Product/Technology in the Surveyed Country

As a technology for recording cracks in concrete structures with digital data, Shin-Kumonos can
contribute to the dam safety management in Lao PDR in the following issues:

*  The individuality of the measurement result can be eliminated, and a homogeneous inspection
result as the basis of quality control can be obtained.

*  Even for dams not having the historical records at the design and construction stages and the
management records at the operation stage, the high accuracy of the measurement results can be
expected to improve safety analysis and evaluation accuracy.

*  Cracks measured by Shin-Kumonos can be digitally recorded and accumulated aging, so that the
progress of concrete deterioration can be grasped continuously, even if the dam owners are
transferred from the IPPs to the government.

(2) Lessons Learned and Recommendation through the Survey

(i) Legislation of Periodical Crack Measurement

Japanese regulation requires the periodic inspections for dams and other infrastructures every three (3)
years in general, so the outsiders other than the dam owners could confirm whether maintenance and
management are being carried out appropriately. In addition, as the evidence for the dam managers to
explain the dam management adequately, the results of crack measurements are used for safety
evaluation indicator. In Lao PDR, such a regular safety assessment system has not been established
officially yet, then the apparent damages on dams occurred are to be solved with on a case-by-case basis
only. At present, it may cause the physical difficulties for dam managers to measure cracks regularly, so
KC would propose that a measurement and evaluation system on cracks is urgently established using
the advanced technology as one of the safety evaluation guidelines.

(i) Conduct of MOU

In order to procced our proposal step by step, KC would request GOL (the Government of Laos) to
conduct MOU (Minutes of Understanding) involving the following implement objects:

*  Both GOL and KC (the Parties hereinafter) shall make the joint dam inspection in order to find a
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possible application of the advanced digital (DX hereinafter) equipment,

The Parties shall hold jointly the seminars, workshops and symposium with the aim of promoting
the DX equipment to the engineers both of the governmental and the private IPP enterprises,

The Parties shall exchange the information of dam safety management both in Lao PDR and Japan.

KC shall make the capacity building programs of the DX equipment, and shall transfer how-to
operate them, consequently.
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