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Mid-term Review Summary Sheet

1 Outline of the Project

Country: Republic of South Africa Project Title : the Project for Observational Studies in
Thematic Area : Natural Disaster Prevention South African Mines to Mitigate Seismic Risks in the
Division in Charge : Water Resources and Republic of South Africa
Disaster Management Group, Global Cooperation Scheme : SATREPS (Science and
Environment Department Technology Research Partnership for Sustainable
Development)

Project Period : August 2010~ August 2015 Total Cost : 380 Million JPY (JICA budget)

Supporting Organization in Japan : Counterpart Agency : DST(Department of Science and
Ritsumeikan University, Tokyo University, Technology), CSIR(Council for Scientific and
AIST(National Institute of Advanced Industrial Research), CGS(Council for Geoscience),
Industrial Science and Technology), Tohoku Witwatersrand University.

University.

1.1 Background of the Project

The Republic of South Africa is rich in mineral resources with many mines of gold, platinum and
coal. The mining industry contributes to the employment of 500,000 workforces, about 60% of which are
underground workers engaged in the mining of minerals in stopes and faced with the risk of mine disaster.
Mine disaster has been a big social issue in the country, but administrative guidance and self-reliant efforts
of mining companies towards enhanced mine safety have realized the decrease of casualties: from 1.00 - 1.20
per 1,000 persons in late 1980s (the number of victims were 677 - 855 person/year) to 0.56 — 0.75 per 1000
persons in early 2000s (the number of victims were 246 — 290 person/year). In recent years, however, the
trend of casualty decrease has been stagnating.

About 40% of the casualty and death of miners is presumably attributed to fall-of-ground accidents
not always but often caused by “mine tremor” - a quake resulting from abrupt failure of bedrock by excess
stress induced by mining activities. The mine tremor not only triggers fall-of-ground accidents in the
mining stopes underground but also sometimes damages buildings on the surface.

The deeper the depth of shafts is, the greater the risk of mine tremor becomes. Gold mines in South
Africa face high risks because many of them in South Africa are deeper than 3,000 m or mine remnants in
high stress. At abutments of mining, rock mass is often unable to endure the excess stress and abruptly
fails, thus inducing earthquakes. As such, in order to further decrease the victims of mine disaster, it is
very important to assess the risk of mine tremor more precisely, and adjust mining plans or confine mining
activities based on the risk assessment.

In South Africa, in-mine seismic monitoring and stress modeling, which have been commercially
available internationally (the former was developed in South Africa), and practical seismic hazard
assessment is operational. However, the assessment has stagnated because of limited understanding of
earthquakes. To enhance the hazard assessment, observational studies of mine tremor have been conducted

by Japanese researchers over the past 19 years in deep gold mines, which included monitoring significantly
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more sensitive and stable or higher in capacity than civil engineering or geotechnical monitoring and much
closer distance to hypocenters than in-mine seismic monitoring. The fine details that can never be
elucidated in other than South African gold mines have suggested that the enhancement of hazard assessment
is feasible to some extent. With this background, the Project for Observational Studies in South African
Mines to Mitigate Seismic Risk started in August 2010 under the JICA/JST cooperation scheme of
SATREPS. Being allowed much denser monitoring networks in three experimental sites than those in the
previous researches, the Project aims at much better understanding of the preparation and generation of
earthquakes that have been wanted over years.

In February 2013, at the halfway of the cooperation period, the Project is required to undergo the
Mid-term review in accordance with the Article V of the MoU (Memorandum of Understanding) signed in

February 2010.

1.2 Project Overview

1) Project Purpose
Understanding of the preparation and occurrence of earthquakes is enhanced, and the risk management
mechanism of mining-induced earthquakes is improved.

2) Outputs
1. Rock properties at seismic sources are elucidated.
2. Understanding of the preparation and forerunners of earthquakes in gold mines is enhanced.
3. Reliability of seismic hazard assessment in gold mines is improved.
4. Reliability of strong ground motion predictions in gold mines is improved.
5. Estimation of the locations of seismic events and damage assessment of seismic disasters become

more accurate.
3) Inputs
(Japanese Side)

- Eight researchers (short-term), totaling 749 days, and one project coordinator (long-term) dispatched.

* Short-term training for one researcher in Japan in 2012.

+ Observation equipment (e.g. Acoustic Emission Sensor, Strainmeter, Broad-band Seismometer,
Transmitter and Receiver, Dynamic Rupture Sensor, Tiltmeter, Data Recorder, Surface CGS National
Station).

* Local operation costs of 5.87 Million ZAR (total amount from August 2010 to January 2013 including
local contract, procurement of equipment, travel cost and allowance).

(South African Side)

+ Assignment of 30 counterpart personnel from CSIR, CGS and Witwatersrand University.

+ Local operation costs of 2.40 Million ZAR ( total amount of CSIR and CGS from 2010 through 2011).

+ Office space and equipment.

4) Project Area
Cooke4 mine (ex.Ezulwini) of Gold One, Moab Khotsong mine of Anglogold Ashanti, KDC West mine
(ex.Driefontein) of Sibanye Gold (ex.Gold Fields)
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Review Team

Member of the | 1. Mr. Hideo Miyamoto (Leader) Senior Advisor to the Director General, Global

Review Team Environment Department, JICA

2. Ms. Yuriko Doi (Survey Planning) Disaster Management Division II, Global
Environment Department, JICA
Mr. Hiroyuki Okuda (Evaluation & Analysis) Tekizaitekisho, LLC

4. Mr. Masayuki Sato (Observer) Principal Researcher, Research Partnership for
Sustainable Development Division, JST

5. Mr. Llanley Simpson (Leader) Director, Mining and Mineral Processing, DST

6. Ms. Lisa du Toit (Project Evaluation) Director, Development Partnerships, DST

7. Ms. Eudy Mabuza (Project Evaluation) Deputy Director, Development Partnerships,
DST

Review Period | 24 February 2013~14 March 2013 | Type of Evaluation : Mid-term Review

3

Project Performance

3.1 Achievements of Qutputs
(Output 1)

All planned drilling was completed by September 2012: totaling more than 70 holes and more than
2.8km in length, in the three mines. For each target mine, an anticipated seismic source (hypocenter
fault) was accurately located based on the geological features intersected by those holes.

Core specimen from the seismic source of Cooke 4 (and of Mponeng mine) was shipped to Japan by
May 2012 for specialized tests such as measurement of elastic properties, fracture

parameters/characteristics and stress constrained by cores.

(Output 2)

Surrounding the hypocenter fault at Cooke 4, the installation of about 30 acoustic emission sensors and
a AE recorder were completed by December 2010, and data has since been accumulated to monitor the
activities of micro fracturing and identify potential seismic sources. At Moab Khotsong, a similar
acoustic emission monitoring network is being established and the monitoring is scheduled to start in
April 2013.

On the hypocenter faults, the installation of sensitive strainmeters, tiltmeters, and broad-band
seismometer have been almost completed to monitor the accumulation and release of stress and to

compare the data with existing stress modeling.

(Output 3)

In a line intersecting the hypocenter fault at Cooke 4, one transmitter and three receivers
(accelerometers) were installed to monitor change in elastic wave transmitting through the fault.

It was confirmed that the AE network of the Project clearly delineated multiple planner distributions of
AE that evolved with time. They can be weak planes of potentially impending earthquakes.
Identifying weak plane is the first step to enhance seismic hazard assessment, which has been
successfully achieved.

Modified CCBO (compact conical-ended borehole overcoring) technique in BX size (60mm in
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diameter) was tested successfully in January and February 2013 at Mponeng and at Tau Tona mine,
completing the cycle of procedures necessary for an overcoring within much shorter time than current,
conventional methods.

(Output 4)

* On the hypocenter faults at Cooke 4, three dynamic rupture sensors assembled by an expert with
high-capacity acceleration sensors and strain gauges were installed in December 2010 and date has
since been monitored to fully record dynamic stress change at seismic rupture front. Another four
dynamic rupture sensors were installed at KDC West in January 2012 and has since been recording the
data.

(Output 5)

+  Ten surface CGS national stations was set up in Far West Rand area, where Cooke 4 and KDC West are
situated, by July 2012 to constitute SANSN (South African National Seismograph Network)

+ A new seismogram analysis computer system and new routines for processing data using Antelope

software for the surface CGS national stations were also establshed by July 2012.

3.2 Progress towards the Project Purpose

The Project has focused on the installation of moniting equipment in the first two years at the three
target mines. At Cooke 4, planned sensors were installed by December 2010 and underground data has
been accumulated for about two years. At Moab Khotsong, about 80% of underground installaion is
completed. At KDC West, the installation of equipment is also planned to be finished soon. CGS surface
national stations and new seismogram analysis computer system are operational since July 2012.

One of preriminary findings which lead to enhanced understanding of the earthquakes is that the AE
monitoing system of the Project finely delinieated the weak planes of concerns and could contstrain stress
and strengh on one of the planes. The most important steps to enhance seismic hazard assessment is to
identify a weak plane of concern more accurately and constrain stress and strengh on the plane, followed by
the caliburation of stress modeling for mine-wide application.

Regarding improved risk management mechanism, CCBO technique in BX size is proved to be much
faster and easier than the conventional overcoring techniques. The biggest advantage of CCBO is that it
can be done quickly, and hence it can be much cheaper and be an afforable method of stress measurement for

the first time at mines.

4 Review Based on the 5 Criteria

4.1 Relevance
The relevance of the Project is high.

1) The project is unique in that the South African mines, unlike any other environment in the world, provide
access to near hypocenter and allow observation of possible preparation and forerunners of earthquakes.
The Project aims at revealing the precursory phenomena by establishing an intensive monitoring network
in the vicinity of impending seismic source (identified faults near mining activities).

2) The project purpose is not only to enhance the understanding of preparation and occurrence of
earthquake, but also to improve risk management mechanism of mining-induced earthquake. If such

observation of sensitive monitoring proves to be practically viable, then the project findings can directly
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3)

4)

5)

contribute to mines’ risk management systems.

Government authorities emphasize the importance of safe and cost-efficient mining, to which the Project
can contribute when its research findings are applied and utilized in mines.

The project is aligned with the needs and expectation of counterpart organizations: CSIR/CMI (Center
for Mining Innovation), CGS and Witwatersrand University.

Science and Technology is one of prioritized areas in the bilateral cooperation between Japan and South
Africa. Science and Technology session was held, where SATREPS was noted with appreciation, on 28

February 2013, a day before the 12™ South Africa - Japan Partnership Forum.

4.2 Effectiveness

1)

2)

3)

4)

The effectiveness of the Project is medium.
Overall, the Project is making a steady progress towards achieving the Project Purpose. At the
Mid-term review, there are no immediate obstacles observed that can keep the Project from achieving its
goal. There are, however, several important assumptions involved towards the goal such as 1) mining
plans at the monitoring sites remain unchanged, 2) severe strike that stops research activity does not take
place at target mines, and 3) magnitude of seismic events is large enough within the range of sensor array
— M2 events are the targets of the Project.
The project is effective in that it has mobilized other funding sources and synthesized them towards the
achievement of project purpose.
Towards the second half of cooperation period, the Project is now required to be more strategic about
how research findings can be utilized for improvement of mine’s risk management mechanism. This is
a part of the Project Purpose. During the Mid-term review, discussions about ideas/approaches for the
implementation of research findings to risk management systems have just started.
The Project can become more effective by establishing verifiable indicators, which is not included in the

Master Plan attached to the MoU signed in 2010.

4.3 Efficiency

1)

2)

3)

The efficiency of the Project to date is high.

Master Plan of the Project is clear and well understood among those who are implementing the Project.
Project activities are being advanced generally in accordance with the Plan of Operation. There were
some delays of planned activities due to the strikes at the three target mines in 2012, during which no
entry to the project monitoring sites was allowed.

Inputs to the Project from the Japanese side are effective and highly appreciated by the South African
side. The MoU decides the measures to be taken by JICA: dispatch of experts, provision of
machinery/equipment, and training in Japan. Japanese researchers have shown a great level of
commitment to the Project. All the procurement of necessary equipment was completed by the end of
2012.

Inputs of South African side - assignment of counterpart personnel, office space and facilities, and
running expenses for the project implementation - are no less effective than Japanese inputs. Turnover
of the counterpart personnel is low and the cooperating relationship between the Japanese and South

African researchers is very stable. CGS and CSIR, as implementing agencies, have managed their
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budget in order to undertake project activities.

4) Efficiency of project implementation is high also because of the cooperation from mining industry. The
mining companies of the monitoring site have provided the Project with great support, convenience and
facilities.

5) The communication between Japanese researchers and South African researchers are excellent. The
Project is being implemented based on the consultation and discussion between the two sides. The
Project has so far held two JCC (Joint Coordination Committee) meeting, on 19 April 2011 and 9 May
2012.

4.4 Impact

The impact of the Project is still low at the time of Mid-term Review with respect to the Overall Goal, but

some other significant impacts have already been achieved.

1)

2)

3)

4)

Progress towards achieving the Overall Goal has not been observed as yet at the time of Mid-term
Review, but this is mainly expected in the next two years of the cooperation period.

One of notable impacts is that the Project scientists have been invited to speak at several international
meetings such as annual IMS(Institute of Mine Seismology) seminar since 2009.

Some technologies introduced by the Project (i.e. acoustic emission network and CCBO technique) have
already been considered for application by a mining company and a rock engineering service provider.
Surface network installed by the Project in Carletonville area is operational and the new Data Processing

Center is servicing two additional networks in mining areas (KOSH and Central Rand area).

4.5 Sustainability

1)

2)

3)

4)

The prospect of sustainability of the Project is relatively high.
It is indicated that the South African mining industry is in decline and that there has been a drastic
reduction in the investment in mining-related research in South Africa, both by government and industry,
over the years. Under such situation, the Project is aligned with the mission and responsibility of both
CSIR/CMI and CGS, and present institutional arrangement is suitable for the continuation and
development of project activities.
Most sensors and cables for underground can’t be recovered because they are permanently grouted in the
rocks. CGS is considering taking over a part of the underground equipment to collect data for a
research on the difference between mining-induced earthquake and flood-induced earthquake after the
mine is closed. CGS is covering all costs associated with maintenance and data communication for the
10 seismic station installed by the Project.
As for human resources, CSIR expects to maintain capacity at the current level. At CGS, the number of
permanent staff is growing and CGS is expecting more expertise in mining seismology in line with the
Geoscience Amendment Act (2010). CSIR and CGS indicates that the project is providing an excellent
environment for training young scientist and post-graduate students, which contribute to the capacity
development.
The prospect of sustainability from financial viewpoint is still uncertain because the continuation of
project work at CSIR largely depends on obtaining new research contracts from governmental

departments, private sector and research funding agencies in South Africa (e.g. MHSC) and abroad.

Xiv




MHSC (Mine Health and Safety Council) presently focuses on the application of scientific knowledge,

thus having stopped research funding.

4.6 Factors that have promoted or hindered the implementation of project

1) Several promoting factors observed are: the Project has received great support from mine management
and rock mechanics practitioners; local consultants from OHMS (Open House Management Solutions
Ltd.) and Seismogen, contracted by JICA, have had good performance; and a long history of
collaboration of researchers with mining companies and service providers has helped the Project
tremendously.

2) Some hindering factors indicated are: Industrial action (strike) at the mines; theft of cables and

equipment within the mine; and delays in obtaining permit to transport and hold rock specimens to Japan.

5 Results of the Mid-term Review

5.1 Conclusion

The relevance of the Project remains high as the Project is aligned with the needs of South African
society, and Science and Technology is one of prioritized areas in the bilateral cooperation between Japan
and South Africa. The Project is making a steady progress at each Output, but the effectiveness of the
Project is assessed medium as the Project can be more effective by setting up indicators and by specifying
how research findings can be applied to improve mines’ risk management mechanism. The efficiency of the
project is high because inputs such as experts, equipment, counterpart assignment and local operational costs
are all effectively used for project activities. The impact of the Project is still low at the time of Mid-term
Review with respect to the Overall Goal. Overall prospect of sustainability of the Project is assessed

relatively high though limited financial capacity of, mainly, CSIR/CMI is observed.

5.2 Recommendations
1) Project Design Matrix (PDM)

As a result of Mid-term review discussions, a draft PDM is designed, including indicators and
important assumptions. Mid-term Review mission suggested ICC to finalize the draft PDM and approve
it. The Project needs to put efforts to achieve these indicators during the remaining cooperation period.

2) Outreach for the application of research results

Some ideas/approaches for the application of research results were discussed during the Mid-term
Review as follows. The Project needs to continue to clarify the potential of each idea with stakeholders.

+ The Project can design functional specifications of the monitoring systems and procedures for mines to
be able adopt for themselves.

* The Project can submit formal recommendations on “leading Code of Practice” to MOSH (a team
within Chamber of Mines), rock mechanics practitioners at deep mines, organized labor, and MHSI
(Mine Health and Safety Inspectorate, DMR).

*+ With conducting more CCBO survey, the Project can help improve the stress computer modeling.

* Knowledge developed by the Project can be included in training conducted by MQA (Mining
Qualifications Authority). International/regional initiative such as AfricaArray can also be an arena
for knowledge transfer.

+ Uptake of the improved hazard management system by such a private organization as IMS can in effect
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help transfer technologies to mines and geotechnical consulting companies.
3) To share information with related governmental organization
The Project has already a good communication network amongst research institutes. This should be
expanded to other related organizations. Understandings of the potential of the Project outputs that can
support their activities should be promoted through occasions like workshops, seminars and JCC.
4) Support for acquiring research budget
Responsible organizations in the government can support research institutions to get access to new

budgets or research funds to continue research activities.
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MINUTE OF MEETINGS
BETWEEN
THE JAPANESE MID-TERM REVIEW TEAM
AND
THE AUTHORITIES CONCERNED OF THE GOVERNMENT OF SOUTH AFRICA
ON
JAPANESE TECHNICAL COOPERATION FOR

THE PROJECT FOR OBSERVATIONAL STUDIES IN SOUTH AFRICAN MINES TO
MITIGATE SEISMIC RISKS
IN THE REPUBLIC OF SOUTH AFRICA

The Japanese Mid-term Review Team (hereinafter referred to as “the Team™), organized by
Japan International Cooperation Agency (hereinafter referred to as “JICA”) headed by Mr.
Hideo Eguchi visited South Africa from February 24, 2013 to March 14, 2013 for the purpose of
conducting the Mid-term Review on the Japanese fechnical cooperation for the Project for
Observational Studies in South African mines to Mitigate Seismic Risks (hereinafter referred to as
“the Praject™). ‘

During its stay, the Team exchanged views and had a series of discussion with the South
African authorities concerned. And the Joint Coordinating Committee (hereinafter referred to as
“JCC”) was held on March 13, 2013.

After discussions in respect of recommendations and issues for the successful implementation
of the Project, the JCC approved the mid-term review report as attached hereto (Appendix 1) and
the respective representatives of the South African side and the Japanese side agreed to the matters
referred to in the documents attached hereto and forward it to the respective Governments.

Pretoria, March 13, 2013

mﬁ%’“’ﬁ/ o/ﬁ/ﬁvf

Mr. Hideo Mivamoto
Leader
Mid-Term Review Team

Japan International Cooperation Agency

Mr. Llaﬁe{r Sm@

Director

Mining and Mineral Processing
Department of Science and Technology
The Republic of South Africa



Appendix 1

Joint Mid-term Review Report
For

the Project for Observational Studies in South African Mines
to Mitigate Seismic Risks

13th March, 2013
Joint Mid-term Review Team
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OECD-DAC Organisation for Economic Co-operation and Development - Development Assistance
Committee
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Chapter 1: Qutline of the Mid-term Review
1.1 Background

The Republic of South Africa is rich in mineral resources with many mines of gold, platinum and coal. The
mining industry contributes to the employment of 500,000 workforces, about 60% of which are underground workers
engaged in the mining of minerals in stopes and faced with the risk of mine disaster., Mine disaster has been a big
social issue in the country, but administrative guidance and self-reliant efforts of mining company towards enhanced
mine safety has realized the decrease of casualties: from 1.00 - 1.20 per 1,000 persons in late 1980s (the number of
victims were 677 - 855 person/year) to 0.56 — 0.75 per 1000 persons in early 2000s (the number of victims were 246
—290 person/year). In recent years, however, the trend of casualty decrease is stalled.

About 40% of the casualty and death of miners is presumably attributed to fall-of-ground accidents not
always but often caused by “mine tremor” - a quake resulting from abrupt failure of bedrock by excess stress induced
by mining activities. The mine tremor not only triggers fall-of-ground accidents in the mining stopes and
developments, underground but also sometimes damages buildings on the surface.

The deeper the depth of shafls is, the greater the risk of mine tremor becomes. Gold mines in South Africa
face high risks because many of them in South Aftica are deeper than 3,000 m or mine remnants in high stress. At
abutments of mining, rock mass is often unable to endure the excess stress and abruptly fails, thus inducing
earthquakes. As such, in order to further decrease the victims of mine disaster, it is very important to assess the risk
of mine tremor more precisely, and adjust mining plans or confine mining activities based on the risk assessment.

In South Africa, in-mine seismic monitoring and stress modeling, which have been commercially available
internationally (the former was developed in South Africa), and practical seismic hazard assessment is operational.
However, the assessment has stagnated because of limited understanding of earthquakes. To enhance the hazard
assessment, observational studies of mine tremor have been conducted by Japanese researchers over the past 19 years
in deep gold mines, which included monitoring significantly more sensitive and stable or higher in capacity than civil
engineering or geotechnical monitoring and much closer distance to hypocenters than in-mine seismic monitoring.
The fine details that can never be elucidated in other than South African gold mines have suggested that the
enhancement of hazard assessment is feasible to some extent. With this background, the Project for Observational
Studies in South African Mines to Mitigate Seismic Risk started in August 2010 under the JICA/IST cooperation
scheme of SATREPS (Science and Technology Research Partnership for Sustainable Development). Being allowed
much denser monitoring networks in three experimental sites than those in the previous researches, the Project aims
at much better understanding of the preparation and generaﬁon of earthquakes that have been wanted over years.

In February 2013, at the halfway of the cooperation period, the Project is required to undergo the Mid-term
review in accordance with the Article V of the Memorandum of Understanding signed for the Project in February
2010.

1.2 Objectives of the Mid-term Review Study

The objectives of the Mid-term review are to:

1) conduct a joint review by the team consisting of Japanese and South African reviewers;
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2) confirm actual inputs, activities and the degree of achievements of the outputs, and the prospect of achieving

the project purpose;

3) assess the Project based on the five evaluation criteria - Relevance, Effectiveness, Efficiency, Impact and

Sustainability;

4)  make recommendations on the measures to be taken during the remaining cooperation period and beyond in

consultation with agencies concerned; and

5)  confirm the results of the review above with South African authorities and agree on the minutes of meetings.

1.3 Qutline of the Project

The Master Plan in the MoU dated 26™ February 2010 sets forth the outline of the Project. (Annex 1) The
Plan of Operation approved at the 2" JCC meeting on 9 May 2012 describes the latest activity plan. (Annex 2)

1) Project Purpose

Understanding of the preparation and occurrence of earthquakes is enhanced, and the risk management

mechanism of mining-induced earthquakes is improved.

2) Output

1. Rock properties at seismic sources are elucidated.

2. Understanding of the preparation and forerunners of earthquakes in gold mines is enhanced.

3. Reliability of seismic hazard assessment in gold mines is improved.

4, Reliability of strong ground motion predictions in gold mines is improved.

5. Estimation of the locations of seismic events and damage assessment of seismic disasters become more

accurate,

1.4 Member of the Mid-term Review Team

The review was conducted by the team composed by the following members:

(Japanese Side)
Name Position Title
Mr. Hideo MIYAMOTO Leader Senior Advisor to the Director General, Global Environment

Department, JICA

Ms. Yuriko DOI

Survey Planning

Disaster Management Division II, Global Environmental
Department, JICA

Mr. Hiroyuki OKUDA

Evalvation and

Tekizaitekisho, LLC

Analysis .
Mr. Masayuki SATO Observer PDré32}gglmfziiegzzli1:itgl§?§;rch Partnership for Sustainable
(South African Side)
Name Position Title
Mr. Llanley Simpson Leader Director, Mining and Mineral Processing, DST

Ms. Lisa du Toit

Project Evaluation

Director, Development Partnerships, DST

%
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Ms. Eudy Mabuza Project Evaluation |Deputy Director, Development Partnerships, DST

1.5 Schedule of the Mission

The schedule of the mission is attached (Annex 3)

1.6 Methodology of the Mid-term Review

The Mid-term Review is carried out in accordance with “the JICA New Guideline for Project Evaluation, Ver. 1
(June 2010)”, which mainly follows “the Principles for Evaluation of Development Assistance, 19917 issued by
Organization for Economic Co-operation and Development — Development Assistance Committee (OECD-DAC).

The Master Plan with the statement of the Project Purpose, Outputs and Activities in the MoU was used as the
basic reference point for the review, As a framework to collect and sort out relevant data and information as
prescribed in the JICA Guideline, two types of grid — Grid of Project Progress and Evaluation Grid - were prepared
in reference to reports and documents on the Project. The Grid of Project Progress was completed by the Project in
preparation for the Mid-term review. To collect information for the Evaluation Grid, questionnaires were prepared
and forwarded in advance of the review mission to the counterpart organizations. During the review mission, the
team conducted interviews with counterparts based on the questionnaire, hearings with related organizations, and
visited project sites. (Annex 4)

Findings and information from reports, interviews, questionnaire survey and site visits were collected and
analyzed in the grids. The team confirmed the achievements, assessed the Project based on the five criteria, and
made recommendations.

The criteria used for the evaluation are the following five criteria: relevance, effectiveness, efficiency, impact

and sustainability.

Relevance Relevance is reviewed by the validity of the Project Purpose in light of South Africa’s
development policies and needs as well as Japanese cooperation policies.

Effectiveness | Effectiveness is assessed to what extent the Project is achieving the Project Purpose, clarifying
the relationship between the Project Purpose and Qutputs.

Efficiency Efficiency is analyzed with emphasis on the relationship between Outputs and Inputs in terms
of timing, quality, and quantity.
Impact Impact examines direct effects extended by the Project, mainly the advancement towards

achieving the Overall Goal. The analysis also includes positive/negative and
expected/unexpected influence caused by the Project.

Sustainability | Sustainability is assessed in terms of institutional, financial, and technical aspects by
examining the extent to which the achievements of the Project will be sustained after the
Project is completed.

Chapter 2: Achievement of the Project
2.1 Results of Input

(Japanese side)
1) Dispatch of Japanese Experts/Researchers
Following the signing of MoU on 26™ February 2010, the Project started in August 2010 when the Project
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Coordinator arrived at his post. Until March 2013, eight Japanese researchers have visited South Africa 34 times,

totaling 749 days. There was a change of Project Coordinator assigned by JICA in November 2012. (Annex 5)

2) Provision of Machinery and Equipment
Equipment for monitoring of micro-fracturing, rock deformation, seismic ground motion, and seismic
monitoring system were procured and installed in 3 mines: Moab Khotsong, Cooke 4 (former Ezulwini} and KDC

West (former Driefontein). (Annex 6)

3) Counterpart Training in Japan
One researcher from CSIR attended a short-term training at Tohoku University and Tokyo University in Japan
in2012. (Annex7)

4) Local Operational Costs
Japanese side has provided a part of necessary expenses for carrying out project activities. The total of local
operational costs from August 2010 to January 2013 is 5,873,544 ZAR, including local consultant fees, travel

expenses/allowances, and purchase of equipment and consumables. (Annex 8)

(South Aftican side)
1) Assignment of Counterpart Personnel

Project Director and Project Manager are assigned from DST and CSIR, respectively. As of the Mid-term
Review, 30 researchers are listed as counterpart personnel: 18 from CSIR/Witwatersrand University and 12 from

CGS. There are also 11 collaborating personnel from mining companies involved in the Project. (Annex 9)

2) Local Operational Costs
CISR and CGS has borne a part of running expenses necessary for Project implementation, the amounts of
which to date are 159,714 ZAR and 80,846 ZAR, respectively. (Annex 8)

2.2 Project Progress and Achievement

Achievements and progress of the Project are examined in detail in the Grid of Project Progress (Progress at the
Activity Level) and Project Status at the Target Mine: Cooke 4, Moab Khotsong and KDC West. (Annex 10 and 11)
And project members wrote papers and did presentations in conference and meeting, All papers and
presentations are shown as Annex 12.
(Output 1)

- All planned drilling was completed by September 2012: totaling more than 70 holes and more than 2.8km in
length, in the three mines. The expenses for the drilling were borne by other Japanese funds. For each target
mine, an anticipated seismic source (hypocenter fault) was accurately located based on the geological features
intersected by those holes.

+  Core specimen from the seismic source of Cooke 4 (and of Mponeng mine) was shipped to Japan by May 2012

for specialized tests such as measurement of elastic properties, fracture parameters/characteristics and stress
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constrained by cores. School of Mining Engineering, Witwatersrand University, will conducts laboratory

experiments in South Africa of core specimen from the seismic source of the three target mines.

{Output 2)

+ In those holes were installed the following sensitive sensors:

a) Surrounding the hypocenter fault in Cooke 4, the installation of 24 sensitive acoustic emission sensors, 3
accelerometers, and a AE recorder were completed by December 2010, and data has since been accumulated
to monitor the activities of micro fracturing and identify potential seismic sources.

b) In Moab Khotsong, a similar acoustic emission monitoring network is being established with AE sensors and
a AE recorder procured by another Japanese fund. The monitoring is scheduled to start in April 2013.

¢) On the hypocenter faults, sensitive strainmeters (Cooke 4 in December 2010; Moab Khotsong in December
2011; and KDC West in August 2012), tiltmeters (Moab Khotsong in January 2013; and KDC West June and
November 2012), and Broad-band seismometer (Cooke 4) have been installed to monitor the accumulation
and release of stress and to compare the data with existing stress modeling.

+  Equipment yet to be installed is one broad-band seismometers and one tilimeter in Moab Khotsong. Closure
meter systems are also yet to be installed in Moab Khotsong and KDC West; it took time to develop the system
and found a company to manufacture it.

+  Acoustic Emission monitoring network, tiltmeter monitoring, strainmeter monitoring of the Project are built

upon the previous works of JAGUARS, SeeSA, and other projects.

(Output 3)

+  In those holes were installed the following sensitive sensors:

a) In a line intersecting the hypocenter fault in Cooke 4, one transmitter and three receivers (accelerometers)
was installed to monitor change in elastic wave transmitting through the fault.

- Edquipment yet to be installed is 3 receivers (accelerometers) in Moab Khotsong where 2 transmitters have
already been set up.

- It was confirmed that the AE network of the Praject clearly delineated multiple planner distributions of AE that
evolved with time. They can be weak planes of potentially impending earthquakes. Identifying weak plane
is the first step to enhance seismic hazard assessment, which has been successfully achieved.

- It was proven that the Project can estimate stress drop for abundant AE. The Project can expect that
fundamentally much dense information of stress will be available, which can contribute to calibrate stress
modeling or discuss the quality of other indirect method to estimate stress on the plane of concern or imminence
of earthquake.

- A Japanese stress measurement technique which International society of Rock Mechanics suggested was
implemented in South African gold mines., With the special tools which was originally available only in Japan,
modified CCBO (compact conical-ended borehole overcoring) technique in BX size (60mm in diameter) was
tested successfully in January and February 2013 at Mponeng mine (at 3.4km depth with minimal mining) and
at Tau Tona mine (at 3.0km depth near a M1.5 damage) all at mine’s own cost. It was revealed that the Tau

Tona stress (145 MPa, 4000 pstrain) was much larger than others. It was also larger with significant difference
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than the predicted values of existing computer modeling although the Project must discuss with great care if this

resulted from a technical problem,

{(Output 4)
- In those holes were installed the following high-capacity sensors that would not be clipped even for very
dynamic change;

a) On the hypocenter faults ﬁt Cooke 4, three dynamic rupture sensors assembled by an expert with
high-capacity acceleration sensors and strain gauges were installed in December 2010 and date has since been
monitored to fully record dynamic stress change at seismic rupture front. Another four dynamic rupture
sensors were installed at KDC West in January 2012 and has since been recording the data.

Stope strong motion recording system (10 seismic transducers) has been procured and scheduled to be installed

in a few weeks in the stope of Moab Khotsong and KIDC West for 1 set (5 seismic transducers) each.

(Qutput 5)
+  Ten surface CGS national stations was set up in Far West Rand area, where Cooke 4 and KDC West are situated,
by July 2012 to constitute the South African National Seismograph Network (SANSN)
A new seismogram analysis computer system and new routines for processing data using Antelope software for
the surface CGS national stations were also establshed by July 2012,
K

2.3 Progress towards the Project Purpose

The Project has focused on the installation of moniting equipment in the first two years at the three target mines.
At Cooke 4, planned sensors were installed by December 2010 and underground data has been accumulated for about
two years. At Moab Khotsong, about 80% of underground installaion for Japanese activities has been completed
and that for South Afrcian activity (tilemeter, closure meter system, and seismic transducers) is planned to be
completed in a few weeks. At KDC West, strainments, dynamic rupture sensors, tiltmeters were set up and the
installation of other equipment is also planned to be finshed soon. CGS surface national stations and new
seismogram analysis computer system are operational since July 2012.

One of preriminary findings which lead to enhanced understanding of the earthquakes is that the AE monitoing
system of the Project finely delinieated the weak planes of concerns and could contstrain stress and strengh on one of
the planes. The most important steps to enhance seismic hazard assessment is to identify a weak plane of concern
more accurately and constrain stress and strengh on the plane, followed by the caliburation of stress modeling for
mine-wide application. Fundamental technical problem that caused less frequent stress measurement was solved.

Regarding improved risk management mechanism, CCBO technique in BX size is proved to be much faster and
easier than the conventional overcoring techniques and it can complete the cycle of procedures necessary for an
overcoring — including shaping the borehole-end conically, gluing a 16-element strain cell, and overcoring — within
2.5 hours. The biggest advantage of CCBO is that it can be done quickly, and hence it can be much cheaper and be

an afforable method of stress measurement for the first time at mines.

AN
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2.4 ITmplementation Process

Japanese and South African researchers have divided into 5 groups corresponding to 5 outputs. Three local
consultants contracted by JICA are currently working for the Project as site managers, having greatly facilitated the
installation of monitoring equipment at target mines for both Japanese and South African researchers. " The project
office is housed in CGS.

Chapter 3: Review by the Five Criteria
3.1 Relevance

The relevance of the Project is high.

1) The project is unique in that the South African mines provide (unlike any other environment in the world) access
to the near hypocenter and opportunities to observe the possible preparation and forerunners of earthquakes. The
hypothesis of the Project is summarized in a paper published in 2012'; there are measurable changes in some or all
of the following physical parameters that can be used to predict the time and location of mining-induced
earthquakes: stress, strain rate, tilt rate, acoustic emission rate, seismic source parameters, electromagnetic
ernission rate, and microcrack density. The Project aims at revealing the precursory phenomena, which have
never been observed before, by establishing an intensive monitoring network in the vicinity of impending seismic
source, i.e. identified faults near mining activities. It is also expected to advance our understanding of natural
earthquakes .

2) The project purpose is not only to enhance the understanding of preparation and occwirence of earthquakes, but
also to improve procedures to manage and mitigate the risk posed by mining-induced earthquakes. The South
African mines have operated IMS seismic systems since the 1990s and make use of standard IMS procedures to
assess seismic hazard. The sensitivity threshold on most mines is about Magnitude -1 using geophones installed
at least a few hundred meters apart from each other. The sensor networks installed by the Project are far more
sensitive, the threshold is Magnitude -4 achieved using Acoustic Emission sensor, and equipped with additional
sensors such as tiltmeters, strainmeters and transmission lines installed within a volume of at most 100m on all
sides. The Project will examine if this additional information obtained with the sensitive network can provide any
reliable indication of changes in seismic hazard. Should any of the methods prove to be practically viable, then
the project findings can directly feed into mines’ risk management systems.

3) Government authorities emphasize the importance of safe and cost-efficient mining, to which the Project can
contribute when its research findings are applied and utilized in mines. According to the DMR, the government
intends to extend the life of gold mines but the main issue is to reach deeper ore without exposing mine workers to
risks. MHSC, contacted in the first time during the Mid-term Review, also shows interest in the Project as the
research results can be applied to improve the safety of mining activity. MHSC recognizes that this is the only

international cooperation by bi-lateral agency in South Africa that can confribute to the improvement of mine

! DURRHEIM, R.J. and OGASAWARA,H. Can mine tremors be predicted? Observational studies of
earthquake nucleation, triggering and rupture in South African Mines, in Proceedings of the Second Southern
Hemisphere International Rock Mechanics Symposium, The Southern African Institute of Mining and
Metallurgy, Johannesburg, 2012, Pp.327-343.

i :

A-11



safety.

4) The project is aligned with the needs and expectation of counterpart organizations: CSIR/CMI, CGS and
Witwatersrand University. Research at CSIR/CMI takes place in three areas - Human factors, Real-time risk
management, and Novel mining techniques — and the Project contributes to studies in the second area.
Witwatersrand University established WMIR in September 2012 to advance the sustainability of the mining sector
and affected societies. As for CGS, the project is also fully aligned. Before 2010, CGS had only a few
observational stations in the mining districts. Starting from 2010, CGS has now installed more than 50 stations,
10 of which were established by the Project in Far West Rand area in 2012.

3) Science and Technology is one of prioritized areas in the bilateral cooperation between Japan and South Africa.
A Science and Technology session was held on 28 February 2013, a day before the 12" South Africa - Japan
Partnership Forum on 1March 2013, which was a bilateral cooperation mechanism to strengthen relations in the
areas of trade and investment, developmental assistance, political dialogue and science and technology.
SATREPS was noted with appreciation during the session.  Also, in the Rolling Plan of Japan’s ODA policy for
South Africa, the Project is included in Science & Technology and Climate Change Program under the priority area

of Human Resource Development for Growth Initiative.
3.2 Effectiveness

Effectiveness of the Project is medium,

1) Overall, the Project is making a steady progress towards achieving the Project Purpose. The management of
drilling (more than 70 holes and greater than 2.8km in length), scoping (with a borehole camera} and cleaning of
those holes, installation of monitoring equipment and data acquisition underground are complex and wearisome
processes. The Project, however, has almost completed the installation of monitoring equipment by now, and has
started accumulating necessary. data for seismic analysis. At the Mid-term review, there are no immediate

_ obstacles obseryed.that ean keep fl{e Project from achieving its goal. As such, the Project is likely to achieve the

'fi’rojgcf;Pﬁjqusg;;byithc\@gd-,eﬁ;p"aoperation period. There are, however, several important assumptions involved
towards the goal such -as-1J wining plans at the monitoring sites remain unchanged, 2) severe sirikes that
stopresearch activity do not take place at target mines, and 3) seismic events with large enough magnitudes occur
within the range of the sensor array — M2 events (source faults of about 100m across) are the targets of the Project.

2) The project is effective in that it has mobilized other funding sources and synthesized them towards the
achievement of project purpose. The Japanese activities of the Project have been supported by the co-finaneing
from other Japanese funds (Grants-in-Aid for Scientific Research, and MEXT’s Observation and Research Program
for Prediction of Earthquakes and Voleanic Eruptions) for procurement and installation of monitoring equipment.
The South African activities have been supported by the DST, CSIR, CGS and NRF. Mining companies have
provided significant in-kind support,

3} The Project has just started discussion about ideas/approach for the research findings to be applied for the
implement of risk management system through Mid-term Review. This is a part of the Project Purpose and

important for the overall goals of the Projects.

-
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3.3 Efficiency

The efficiency of the Project is high.

1) Master Plan of the Project in the MoU signed on 26 February 2010 is clear and well understood among those who
are implementing the Project. Project activities are being advanced generally in accordance with the Plan of
Operation approved at the 2™ JCC meetings on 9 May, 2012. There were some delays of planned activities due to
the strikes at the three target mines in 2012, during which no entry to the project monitoring sites was allowed.

2) Inputs to the Project from the Japanese side are effective and highly appreciated by the South African side. The
MoU decides the measures to be taken by JICA: dispatch of Japanese experts, provision of machinery and
equipment, and training in Japan. Japanese researchers have shown a great level of commitment to the Project;
for example, the Japanese Chief Advisor is effectively on five-year sabbatical to be fully engaged in the Project and
has devoted as many as 341 days in South Africa since the beginning of the Project. All the procurement of
necessary equipment was completed by the end of 2012 with the efforts of Project Coordinator, CSIR and
Ritsumeikan University. As for training, one South African researcher so far has attended training in Japan, and in
2013, two lecturers of the School of Mining Engineering, Witwatersrand University, are scheduled to participate in
training at AIST.

3) Inputs of South African side as agreed in the MoU are no less effective than those of Japanese side- assignment of
counterpart personnel, office space and its facilities, and running expenses necessary for the project implementation.
Thirty researchers are engaged in the project as counterparts at the time of Mid-term review. It is notable that
there is low turnover of the counterpart personnel and the cooperating relationship between the Japanese and South
African researchers is very stable. However, some of the counterpart indicates that they have not been able to
devote as much time to the project as they expected because of their competing duties. CGS and CSIR, as
implementing agencies, have managed their budget in order to undertake project activities. CGS has also
provided office space for the Project.

4) Efficiency of project implementation is high also because of the cooperation froxﬁ mining industry. The mining
companies of the monitoring site have provided the Project with great support, convenience and facilities.
Engineers from the mining companies have been coopted to the Project as collaborating researchers.

5) The communication between Japanese researchers and South African researchers is excellent. The Project is
being implemented based on the consultation and discussion between the two sides. The Project has so far held
two JCC meetings, on 19 April 2011 and 9 May 2012, with the participation of observers from DMR, the Embassy
of Japan, and JST. As for the communication among the five research groups, it is indicated that Lhe mteractlons
between Qutput 1-4 {CSIR/Wits Univ.) and Output 5 (CGS) was not intense because the connection of underground
and surface monitoring networks is not intended in the Project. At present, those two groups sustain the
communication in the Project for the exchange of information,

6) There are many promoting factors identified for the Project advancing to its goal: .

+  the Project has received great support from mine management and rock mechanics practitioners; i

+ local consultants from OHMS and Seismogen, contracted by JICA, have performed well;

+ a long history of collaboration of researchers with mining companies and service providers has helpad.the
Project tremendously.

7) On the other hand, some hindering factors are also identified that have affected project progress:

» #
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+  Industrial action (strikes) at the mines;
+  theft of cables and equipment within the mine;
» delays in obtaining permits to hold rock specimens that may contain precious metals and to transport the rock

specimens to Japan;
3.4 Impacts

The impact of the Project is still low at the time of Mid-term Review with respect to the Overall Goal, but some other

significant impacts have already been achieved.

1) Progress towards achieving the Overall Goal has not been observed as yet at the time of Mid-term Review, but this
is expected in the next two years of the cooperation period. To date, the main efforts of the Project were devoted
to the establishment of the research sites, such as identifying monitoring sites, procuring the equipment and
initiating underground monitoring. While establishing monitoring network, Scuth African technicians and
engineers at companies such as Seismogen, OHMS and CSIR, gained valuable experience and knowledge.

2) One of the notable impacts is that the Project scientists have been invited to speak at several international
meetings: annual IMS seminar since 2009, Deep and High Stress Mining Seminars in Chile (2010) and Australia
(2012), American Geophysical Union Fall Meeting (2012), Southern Hemisphere International Rock Mechanics
Symposium in South Aftica (2012), and the New Development Rock Mechanics Symposium in China (2012).
This year, the IMS seminar will be held on 18-19 March at Hobart, Australia, to which the Project Manager and the
Chief Advisor are invited.

3) Some technologies introduced by the Project have already been considered for application by a mining company
and a rock engineering service provider. An acoustic emission network is planned to be set up in another mining
areg.by a mining company, and a demonstration of CCBO technique under the supervision of Japanese engineer is
planned by the geotechnical service company. _

4) The surface network installed by the Project in Carletonville area is operational and the new Data Processing

Center is servicing two additional networks in mining areas (KOSH and Central Rand areas).
3.5 Sustainability

The prospect of sustainability of the Project is relatively high.

1) Institutional arrangement is suitable for the continuation and development of project activities. The Project ig
aligned with the mission, role and responsibility of both CSIR/CMI and CGS. It is, however, widely indicated bx
those involved in the Project that the South African mining industry is in decline, by referring to regulatory
uncertainty, debate about nationalization of mines, threats of industrial action/strike, frequent change of ownership
and name of mines, and decreasing number of mining researchers. Over the past 20 years, there has been a drastic
reduction in the investment in mining-related research in South Africa, both by government and industry. In spite
of such trend as above, the commitment of CSIR/CMI and CGS are high as leading institutions.

2) From a technical point of view, mainly in term of continued use of installed equipment, it should be noted that it is
nearly impossible to recover most sensors and cables for underground because they are permanently grouted in the

rocks. These sensors are operational for a few years while mining activities are conducted nearby and will finish
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A-14

%
%



its initial role when the mining stopes move to other areas. Data recorders can be used for other projects. CGS
is considering taking over a part of underground equipment to collect data to conduct research on the difference
between mining-induced and flood-induced earthquakes after the mine is closed. As for the 10 seismic station
installed by the Project, the CGS is covering all costs associated with maintenance and data communication. The
Project chose its equipment specifications to be compatible with South African standards for effective
maintenance.

3) As for human resources, CSIR expects to maintain capacity at the current level in spite of budgetary cutback in the
recent years. At CGS, the number of permanent staff is growing and CGS is expecting more expertise in mining
seismology in line with the Geoscience Amendment Act (2010). CSIR and CGS indicates that the project is
providing an excellent environment for training young scientist and post-graduate students, which contribute to the
capacity development.

4) The prospect of sustainability from a financial viewpoint is still uncertain because the continuation of project work
at CSIR iarcely depends on obtaining new research contracts. CSIR receives an annual government grant,
through DST, which accounts for about 40% of its total budget. The remainder comes from research contracts
with governmental departments at national, provincial and municipal levels, the private sector and reseatch funding
agencies in South Africa (e.g. MHSC) and abroad. MHSC presently focuses on the application of scientific
knowledge, thus having stopped research funding,

5) Some private companies have recognized the effectiveness of the observation method that is used by the project
and have started to import it into their existing systems. This is a remarkable achievement and indicates the

possibility of cutcome utilization.
Chapter 4: Recommendation

1) Project Design Matrix (PDM)

The Project can become more effective by establishing verifiable indicators. However, the Master Plan
attached to the MoU doesn’t include Indicators. The level of project performance needs to be assessed by Indicators
at the time of terminal evaluation. The Mid-term Review is a good opportunity to assess the project progress so far,
and discuss and agree on such indicators by foreseeing the targets to be reached in the next two years.

As the result of the Mid-term Review discussions, a draft PDM is designed with indicators and important
assumptions in addition to Project Purpose, Outputs and Activities which were already defined at the Master Plan.
Mid-term Review mission suggested JCC to finalize the draft PDM and approve it.

The Project needs to put efforts to achieve these indicators during the remaining of cooperation period.

2) Qutreach for the application of research results
Towards the second half of cooperation period, the Project is required to be more strategic about how
research findings can be utilized for improvement of mine’s risk management mechanism. This is a part of the
Project Purpose In the Mid-term Review, there were several discussions about ideas/approaches for the

implementation of research findings to risk management systems. Project members also submitted suggestions.

SATREPS aims not only at the promoetion of research cooperation but also at the application of research

%
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findings to realize developmental, social benefits. From an academic research viewpoint, the prerequisite is that
the Project should, at the very teast, be able to determine if there is any practical way that can detect forerunners of
rockbursts, and that the research results should be acknowledged in academia through the publication of
peer-reviewed papers and at international professional meetings. On the other hand, from a practical engineering
viewpoint, the Project has already transferred modified overcoring technique successfully to two mines and two
geotechnical consulting companies. This is a practical tool that can contribute to seismic risk assessment.

As such, some ideas/approaches for the application are discussed during the Mid-term Review as foliow:

+ If the network of acoustic emission and other sensors is proved to be helpful in observing
precursory  phenomena, then the Project can formulate functional specitications of the monitoring
systems and procedures for mines to be abie adopt for themselves.

- After publication in scientific journals, the Project can submit formal recommendations on “leading
Code of Practice” to MOSH (a team within Chamber of Mines - mining industry employers’
organization), rock mechanics practitioners at deep mines, organized labor, and Mine Health and
Safety Inspectorate (DMR).

+  With conducting more CCBO survey, the Project can help improve the stress computer modeling.

+ Knowledge developed by the Project can be included in training conducted by the Mining
Qualifications Authority, a statutory body for education and training for the South African mining
and minerals sector. International/regional initiative such as AfricaArray, which supports trainings
and research for geoscientist in Africa, can also be an arena for knowledge transfer.

IMS is the world’s largest research, development and service provider of
methodologies/technologies on seismic rock mass response to mining. Uptake of the improved
hazard management system by such a private organization can, in effect, hélp transfer technologies
to mines and geotechnical consulting companies.

This discussion is just started. The Project needs to continue to clarify potential of each idea with stake

holders.

3) To share information with related governmental organization |

According to the results of the interviews, it was confirmed that some public organizations are very
interested in the Project outputs. Therefore it is very important to share the progress' with related organizations
outside of project, namely DMR, COM, MHSC, MQA etc, because the Outcomes of this Project can be also utilized
into these organization’s activities.

The Project has already a good communication network amongst research institutes. This should be
expanded to the other related organizations, An understanding of the potential of the Project outputs to support their

activities should be promoted through occasions like workshops, seminars and the JCC.

4) Support for acquiring Research Budget
It is mentioned in this Mid-Term Review report in section 3.5 Sustainability, 4) that a budgetary cutback
for research by South African Government will give negative impact on sustainability of the Project’s output.
Responsible organizations in government can support research institution to get access to new budgets or research

funds to continue to research activities.

-
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Annex 1: Master Plan

1. Project Purpose
Understanding of the preparation and occurrence of earthquakes is enhanced, and the risk managerent mechanism of

mining-induced earthquakes is improved.

2. Qutputs
(1) Rock properties at seismic sources are elucidated.
(2) Understanding of the preparation and forerunners of earthquakes in gold mines is enhanced.
(3) Reliability of seismic hazard assessment in gold mines is improved.
(4) Reliability of strong ground motion predictions in gold mines s improved.

(5) Estimation of the locations of seismic events, and damage assessment of seismic disasters become more accurate.

3. Activities
(1)-1 Observe and collect rock samples at seismic sources and its surroundings
{1)-2 Investigate rock propertics in laboratory

(2)-1 Install monitoring systems for micro-fracturing and rock deformation, and sensitive long period seismometers in the
vicinity of impending earthquake sources

(2)-2 Monitor the activities of micro fracturing

(2)-3 Monitor the accumulation and release of stress in and around the impending earthquake source

(2)-4 Analyze the monitored data to clarify the forerenning phenomena and its characteristics

(3)-1 Evaluate spatiotemporal changes in stress and rock mass stability based on the data produced by mine’s mictoseismic
network

(3)-2 Upgrade the scheme of seismic hazard assessment by calibrating existing schemes with the data obtained through the
activities 2-2, 2-3 and 3-1

(4)-1 Install accelerometers and high capacity strainmeter in the vicinity of impending earthquake sources to monitor the
dynamic slip and stress change

(4)-2 Analyze the data obtained through the activity 4-1 to clarify the process of rock mass failure and strong motion
generation

{(4)-3 Install strong motion meters and geophones in underground working places to monitor strong motion at disaster sites

(4)-4 Compare strong ground motions at the source with those at damage sites to clarify the characteristics of site
amplification of strong motion

(4)-5 Compare the monitored dynamic stress change and fault slip with existing lab-experimental results to clarify the scaling
relationship in dynamic rupture process

(5)-1 Install seismic stations in the Far West Rand mining district (Carletonville area) on the surface to monitor surface ground
motion caused by mine tremors

(5)-2 Upgrade the Data Center in the Silverton offices of the Council for Geoscience

{5)-3 Develop and validate a parametric model that will be capable of predicting strong ground motion

D
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Annex 2: Plan of Operation

Activity

2010 2011 2012 2013 2014 2015
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1 Source rock property
(Ouiput 1: Rock Property group)

1-1. On-site observation

1-2, Laboratory analysis

2 Sensitive close monitoring
(Output 2: Deformation group)

2-1. Array development

2-2, Micro fracturing monitoring

2-3. Rock deformation monitoring

2-4, Analysis

3 Hazard assessment
(Output 3: Hazard assessment group)

3-1. Mine seismic data re-evaluation

3-2. Upgrade assessment scheme

4 Strong motion
(Qutput 4; Strong motion group)

4-1. Install on-fault rupture sensors

4-2. Source motion analysis

4-3. On-site monitoring

44, Site motion analysis

4-5. Scaling law

5 Extension of the SANSN
(Output 5: Surface cluster)

5-1. Installation of a cluster of seismic station

5-2. Upgrade seismological Data Center

5-3. Strong ground motion prediction

JCC (as project management activity)

This is the PO approved at the2nd JCC meeting on May 09, 2012
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Annex 3: Schedule of Review Mission

Date JICA Mr. Miyamoto JICA Ms. Doi Consultant Mr. Okuda JST Mr. Sato South Affican Reviewers
(Leader) {Survey Planning) (Evaluation & Analysis) {Observer)
23 Sat 22:05 Dep Japan
Feb
24 Sun 16:25 Arrival JNB EK763 Move from JNB to Pretoria
(19:30) Meeting with Ms. Kanto from JICA SA Office
25 Mon (09:30 - 15:30) Meeting with Prof, Ogasawara & Mr. Takashima @ Project
Office (CGS Room 306)
26 Tue 06:30 Move to INB
(08:50 - 10:00) Meeting at MHSC
(10:30 - 12:30) CSIR CMI interview (Project Manager Prof. Durrheim, Dr.
Milev and their team)
(14:30 - 16:00) Wits Univ interview (Dr. Durrtheim and his team)
27 Wed (08:00 - 09:00) Interview with Mr.Thabo (OMR) @ MHSC
(11:30 - 12:00) Visiting Goldfields
(13:15 — 15:00) Hearing at Anglogold Ashanti Rock Engineering Department
Move to Stilfontein
{17:30) Bricfing with Mr. Raymond and M. Gilbert for MK mine
28 Thu {05:30 - 14:00 ) Moab Kotsong pick-up by Mr. Raymond from guest house
(14:00 - 16:00) OHMS interview
Move to Fochville
1 Fri (05:15 - 12:00) Cooke 4 visit
Mar (12:30 — 13:15) Seismogen Hearing
(14:00 — 15:00) Goldfield hearing
2 Sat Report Preparation
3 Sun Report Preparation
4 Mon Move from Carletonville to INB
(14:00 - 15:30) Ground Work hearing
5 Tue Dep. Japan Move from JNB to Pretoria Dep. Japan
(10:00 - 12:30) CGS Courtesy call & Interview {Dr. Cichowicz and his team)
(14:00 - 15:30) Meeting at Project Office (CGS Room #306)
6 Wed Arr. Pretoria (09:00 - 11:00) Draft Report Preparation @ JICA SA Office Arr. Pretoria
(12:00 - 13:00) DST for explanation of draft report (Ms. Lisa & Ms. Eudy) (12:00 - 13:00) Meeting for Report
7 Thu (11:00) JICA SA Office
{14:00 - 15:00) Coutesy call to Embassy of Japan
8 Fri Site visit to CGS [ (10:30 - 14:30) Report writing and Pre-meeting @ JICA SA Office [ Site visit to CGS
9 Sat Dep, Japan Writing up the Report
10 Sun Arri. Fochville Move from Pretoria to Fochville
11 Mon | (08:30 - 09:00) Goldfields Seismic Monitoring Centre?
(09:30 - 17:30) Seminar participation
12 Tue Pre-JCC mecting
(13:30 - 14:30) Meeting at JICA (13:00 - 15:00) Meeting with the
(15:00 — 16:00) Meeting at DST Japanese team
13 Wed | (10:00 - 12:30) JCC at DST (17:00) Dep. Pretoria
(12:30 - 16:00) Post-JCC meeting at CSIR (Pretoria)
14 Thu { (09:30 - 10:30) Reporting JICA SA Office
(£0:30) Dep. Pretoria, Arr. INB Airport
(13:50) Departure JNB EK762
15 Fri Arr Tokyo




Annex 4: List of Interviewees

1 South Aftican Side
1) Counterpart and Collaborating Organizations
1 Prof. Ray Durrheim CSIR/Witwatersrand Univ. 2126
2 Dr. Alexander Milev Principal Scientist, CSIR 2126
3 Mr. Benon M Kagezl Senior Research Engineer, CSIR 2126
4 Dr. Jan Kuijpers Technical Consultant, Rock Engineering, CSIR 2126
5 Mr. Van Zyl Brink Competence Area Manager, Real Time Risk Management, CSIR 2126
6 Mr. Pieter Share MSc Witwatersrand Univ. / CSIR 2126
7 Mr. Gideon Ferreira CSIR 2/26
8 Mr. Siyanda Mngadi Student, Witwatersrand Univ. 2/26
9 Mr. Geroge Henry CSIR 226
10 Dr. Declan Vogt Strategic Research Manager, CSIR 2126
11 Dr. Halil Yilmaz Senior Lecturer, School of Mining Engineering, Wits Univ. 2126
12 Mr. Tawanda Zvarivadza Research Student (Junior Lecturer), School of Mining Engineering, Wits Univ,  2/26
13 Mr. Ali Sarfraz PhD Scholar, Wits Univ. 2/26
14  Mr. Simon Sebothoma Honours Student, Wits Univ. 2126
15  Prof. Fred Cawood Head of School, School of Mining Engineering 226
16 Mr. Daniel Fale Seismic Department, Goldfields 2127
17  Mr. Jomo Seismic Department, Goldfields 2/27
18  Mr, Richard Masetue Seismologist, Wits Univ and Goldfields 2127
19 Mr. Shaun Murphy Vice President of Geotechnical, Anglogold Ashanti 227
20  Mr. Gerhard Hofmann Senior Mine Sesmologist, Anglogold Ashanti 227
21 Mr Johan Egelbrecht Moab Khotsong 2128
22 Mr. Peter Watsoal Moab Khotsong 2/28
23 M. Stephan van Aswegen Moab Khotsong 2/28
24 Mr. Viok Visser Director, OHMS 2/28
25  Mr. Tony Ward Ezulwini Shaft Rock Engineer, Director, Seismogen 3/1
26 Mr. Luiz Ribgiro Geotchnical Systems Administrator, MCSE, Seismogen 31
27  Mr. Kevin Riemer Group Secismologist, Sibanye Gold (ex. GoldFields), Driefontein Gold&Mine  3/1
28  Mr. Phil Piper Managing Director, Groundwork 3/4
29  Dr. Artur Cichowicz Senior Spectalist, SeismologyUnit, CGS 3/5
30  Mr. Robert Kometsi Seismic Instrumentation, CGS 3/5
31 M David Ngobeni Seismic Moment Tensor Solutions 3/5
32  Mr. Denver Birch 3DEC (3D-Distinet Element Code) Modelling, CGS a5
33 Mr. Ganesh W. Rathod Seismic Hazard, UDEC (Universal Distinct Element Code), CGS 3/5
34  Mr Azangi Mangongolo Seismologist, Seismology Unit, CGS 3/5
2) Relevant Organizations
1  Mr Navin Singh Chief Research & Operaticn Officer, MHSC 2126
2 Mr. Thabo Dube DMR (Acting CEQ, MHSC) 2127
3  Mr David Molapo Chief Financal Officer, MHSC 2127
| 2 Japanese Side
1) Project
1 Prof. Hiroshi Ogasawara College of Science and Engineering, Ritsumeikan Univ. 2125
2 Mr. Jun Takashima Project Coordinator 2125
3 Mr. Raymond Vermeulen Site Manager, OHMS 2127
4  Mr. Gilbert Morema Underground Site Manager, Seismogen 2027
5  Mr Thabang Masakale Site Manager, OHMS 31
7 Dr. Takashi Satoh Active Fault and Earthquake Research Center, GSJ/AIST 3/11
8 Dr. Yasuo Yabe Associate Professor, Graduate School of Science, Tohoku University 311
2) Embassy of Japan & JICA South Africa Office
1  Ms. Yuko Kanto Project Formulation Advisor 224
2 Mr. Mpho Pekane Program Officer 3/6
3 - Mr. Masao Shino Representative 3/6
4 Mr. Toshiyuki Nakamura Chief Representative ki
5  Mr. SEKI Tomochiro Senior Representative 377
6 Mr Ken Okaniwa Minister, Embassy of Japan 3/7
7 Mr. Yasushi Naito Counselor, Embassy of Japan, 3/7
8  Mr. Tomohide Yamada First Secretary, Economic Division, Embassy of Japan 3/7
9  Ms. Namiko Yamada Special Researcher for Economic Affairs, Embassy of Japan 37
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Annex 5: Dispatch of Japanese Experts/Researchers

As of Mar 2013
Duration in South Africa (days of stay)
Group Name Ist year {Aug 2010 -  Mar2011) 2nd year (Apr2011 -  Mar2012) 3rd year {Apr2012- Mar2013) | Total
(Qutput) Ist - o Ist 2nd o Da
(@th) 2 3 (4th) (5th) 3 Ist 2nd ird ys
Output 1 Dr. Takashi SATO 3/2- 303 310-305 (18)
(12) &)
10/3-10/30 | 1211-12/23 | 2/6 -2/27 4/3 - 5/30 3/11-3/27 4/8 - 517 12/1-12/23
28 23 22 58 17
Qutput 2 Dr. Masao NAKATANI (28) (23) 22) £8) a7 30) 23) (221)
3/12-3/31
20
Dr. Hironori KAWAKATA 49 - 4120 . 10029 - 117 Z o 22)
Qutput 3 (12) (19)
. 11/13 - 11/28
Mr. Yasuyuki KANOU (16)
(16)
10/3 - 10/21 12/7-12/120 | 3/9-3/14 10/28 - 1 - - -
Dr. Yasuo YABE Q-3 0/28 - 1112 5/2-5/13 12/8-12/24 | 3/10-3/15 ©9)
Output 4 (19 (14) ) 25) {12 a7 ()
/3 - 10121
Mr. Takashi NAKAYAMA 1o a9 (19
9M19-10/14 | 11/12-12/11 | 1/7-1/29 4/10 - 4/23 5/16 - 6/17 7/15 - 9/30 4/17- 5/28 1/12-2/3 2/24-3/15
26 30 23 14 33 78 42 23 20
Dr. Hiroshi OGASAWARA (26) 80 @3) (1) (33) {78) 2) @3) (20) (341)
2/27-3/13 1111-11/27 | 11/30- 12/19
Output 5
(15) an (20}
11730 - 12/12
Mr. Shigeru NAKAO 10 (13)
a3
Total (749)
Mr. Koichiro MIYARA Aug 2010 - Aug 2012
Project Coordinator
Mr. Jun TAKASHIMA Nov 2012 - Present
Hired by the Project Name Company Position and Period
Local consuitant Mr. Raymond Vermeulen Open House Management Solutions Ltd Site Manager - Moab Khotsong (Oct 2010 — Mar 2013)
Mr. Martin Lotz Open House Management Solutions Ltd Site Menager (Oct 2010 — Apr 2011)

Mr. Sifiso Khambule

Open House Management Solutions Ltd

Technician (Oct 2010 — Apr 2011), Site Manager (May 2011 — Apr 2012)

Mr. Thabang Masakale

Open House Management Solutions Ltd

Technician (Oct 2010 — Dec 2011),  Site Manager - Cooke 4 (May 2012 - Mar 2013)

Mr. Khanya Luthuli

Open House Management Solutions Ltd

Technician (Oct 2010 — Dec 2011)

Mr. Wian Blom

Open House Management Solutions Ltd

Technician (May 2011 — Sep 2011}

Mr. Gilbert Morema

Seismogen CC

Underground Site Manger (Oct 2010 — Mar 2013)
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Annex 6: Provision of Machinery and Equipment

. As of February 2013
I;?:_‘ Deseription in A4 Make / Specification In-charge Researchers Dg:;:;y lgll:::;gtg Coocke 4 Kl'ltg (t)szg,ng lévlzg Kloof Progress
1 Multi-type Recorder National Instrument/ BTO Dr. Kawakata 212 2.3 1 (1} 0 0
2 Sensitive strain-meter Techno Sugaya Ltd/ NBHS42-3C Dr. Ogasawara 10/10 23 2 3 3 {2}
3 Low-power recorder Hakusan Kogyo / LS-7000XT Dr. Ogasawara 1/1 23 1 0 U 0 Completed
4 Broad-band seismometer Kinemetrics / SBEPI Dr. Naoi 212 2 1 48] 0 0
5 Dynamic rupture recorder National Instrument / BTO Dr. Yabe 1/1 4 0 0 1 0 Completed
& Dynamic rupture amplifier National Instrument / BTO Dr. Yabe 1/1 4 0 0 1 0 Completed
7 Dynamic rupture sensor Assembled by Dr. Yabe Dr. Yabe 77 4 3 0 4 0 Completed
8 Transmission unit GMuG / Tailor Made r. Kawakata 3/3 3 1 (2) 0 0
9 Transmitter GMuG / Tailor Made Dr. Kawakata 373 3 1 (2) 0 0
10 | Accelerometer power supply GMuG / Tailor Made Dr. Nakatani 33/33 2 21 (12) 0 0
13 AE recorder GMuG / Tailor Made Dr. Nakatani 1/1 2 i 0 0 0 Completed
12 | AE main amp. GMuG / Tailor Made Dr. Nakatani 33 2 3 0 0 0 Completed
13 | Groutable AE sensor GMuG / Tailor Made Dr, Nakatani 30/30 2 30 0 0 0 Completed
14 1 Borehole camera Raax Co.Ltd / Smart Camera Dr, Ogasawara 11 1 0 i 0 ) Completed
15 | Overcoring tools Akema Boring Co.Ltd Dr. Ogasawara Y1 1,3 0 1 0 0 Completed
16 | Installation rods Techno Sugatani Lid. Dr. Ogasawara 1/1 2,34 0 1 0 0 Completed
17 | Off-line data logger Kinemetrics / Granite Dr, Milev 1/1 2 - 1 - - Completed
18 | Seismic transducers SM6 Dr. Milev 10/10 4 - {5) (5) -
19 Borehole tiltmeter Applied Geomechanics Dr. Milev 4/4 2 - (1) 2 - Completed
20 | Closure meter system CSIR Dr, Milev 2/2 2 - [0)] (1) -
21 Seismic system software Kinemerics / Antelope Dr. Cichowicz 1/1 5 - - - - CGS, Completed
22 RAID system Kinemetrics / Data Center Hardware Dr. Cichowicz 1711 5 - - - - CGS, Completed
23 | Accelerometer Kinemetrics / ES-T
23-1. Accelerometer for SANSN Dr. Cichowicz 10/10 5 - - - - West Rand, Completed
23-2. Accelerometer 3A25k Dr. Nakatani 5/5 2 k) 2 0 0 Completed
23-3. Accelerometer 3A10k Dr. Kawakata 2R 3 2 0 0 0 Completed
23-4, Accelerometer 3A10k Dr. Kawakata 1/1 3 0 1 0 0 Completed
24 | Data Acquisition System Kinemetrics / Q330 A Dr. Cichowicz 10/10 5 - - - - Comgpleted
25 Field Processor Kinemetrics / Marmot Dr. Cichowicz 10/10 5 - - - - Completed
26 | Lightening Protection K.inemetrics / Protection Dr. Cichowicz 10/10 5 - - - - Completed
27 Modem CGS / EWON Dr. Cichowicz 12/12 5 - - - - Completed
28 | Power component CGS Dr. Cichowicz 10/10 5 - - - - Completed
29 | Office equipment
A3 B/W photo copy Miyara i1 - - - - Completed
A3 color laser printer Dr. Nakatani, Miyara 33 - - - - Completed
A3 Scanner Dr. Nakatani 212 - - - - Completed
Laptop PC Dr. Opasawara 22 - - - - Completed
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Annex 7: Training in Japan

As of Feb 2013
Scheme Name Organization Period Visited Institutions and Courses
Term (Departure and Arrival)
Tohoku University (micto fracturing and Jocating earthquake sources), Tokyo
Short-term Mr, Thabang Ephraim Setlabosigo Kgarume | Researcher, CSIR 4 Nov 2012 — 23 Nov 2012 University (management of observation data and discussion on analysis
method)
Long-term - - - -




Annex 9: Assignment of Counterpart Personnel (and Collaborating Researchers)

As of March 2013
Name Position Organization Responsibility in the Project Period
1 Ray Durrheim CSIR/Wits Univ. Project Manager, Quiput I leader, Qutput 3 leader, Qutput 4 Jun 2009 -
2 Thabang Kgarume CSIR Qutpue 1,2,3 Qct 2009 -
3 Jan Kuijpers CSIR/Wits Univ Qutput 1 Oct 2609 -
4 George Henry CSIR Output 1 Oct 2009 -
5 Halil Yilmaz Wits Univ Qutput 1 Oct 2009 -
6 G. Oniyide Wits Univ Cutput 1 May 2012 -
7 Tawanda Zvarivadza Wits Univ. Output 1 May 2012 -
8 P. Mosakoa Wits Univ. Qutput 1 May 2012 -
9 S. Letlotla CSIR Qutput i May 2012 -
10 Alex Milev CSIR Cutput 2 leader, Output 4 leader Jun 2009 -
11 Pieter Share CSIR Qutput 2,3 May 2011 -
12 Richard Masethe Gold Fields/ Wits Univ, Cutput 2,3,4 QOet 2009 -
13 Jonas Machake CSIR Quiput 2, 4 Jun 2009 -
i4 B. Kagezi CSIR Qutput 2, 4 May 2012 -
15 Gideon Ferreira CSIR Qutput 4 May 2012 -
16 Lynsv Linzer Wits Univ Output 4, 5 Oct 2009 -
17 A. Yenwong-Fai Wits Univ. Qutput 4 Oct 2009 -
18 H, Uzoegbo Wits Univ. Output 4 Oct 2009 -
19 Artur Cichowicz CGS Qutpat 4, Output 5 leader Jun 2009 -
20 Denver Birch CGS Qutput 2, 5 Jun 2009 -
21 S. Zulu CGS Qutput 3 Apr2010-
22 Eldridge Kgawane CGS Output 5 Oct 2009 -
23 Gerhard van Aswegen Jnr CGS Qutput 5 Oct 2009 -
24 Paul Adamos CGS Qutput 5 Oct 2009 -
25 Robert Kometsi CGS Qutput § Oct 2009 -
26 Leonard Tzbane CGS Output 5 Oct 2009 -
27 Linda Akromah CGS Qutput 5 Qct 2009 -
28 Lizelle Labuschagne (Brink) CGS Qutput 5 Qct 2009 -
29 Timothy Molea CGS Qutput 5 Oct 2009 -
30 Briar Zula CGS Qutput 5 Apr 2011 -
31 Johan Oclofse Moab Khotsong mine Output 2 Jun 2009 -
32 Jerry Wienand KDC West mine Qutput 2 Jun 2009 -
33 Anthony K. Ward Cooke4 mine Output 2 Jun 2009 -
34 Steve Spossiswocde Individual Consultant Quiput 3, 4,5 Qct 2009 -
35 Shaun K. Murphy AngloGold Ashanti Lid. Quiput 1,3 Jun 2009 -
36 Gerhard Hoffman AngloGold Ashanti 1td. Output 3 Jun 2009 -
37 Kevin Riemer Sibanye Gold Ltd. Qutput 3 Jun 2009 -
38 Patrick Lenegan Sibanye Gold Ltd. Gutput 3 Jun 2009 -
39 Nin Naicker Sibanye Gold Ltd, Qutput 3 Jun 2009 -
40 Dave Roberts AngloGold Ashanti ltd. Qutput 1 Qct 2009 -
41 Gerrie van Aswegen Institute of Mine Seismology Cutput Jun 2009 -

This is a counterpart list updated during the Mid-term Review from the one attached to the minutes of 2™ JCC meeting (9 May 2012)
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Annex 10: Grid of Project Progress (Progress at the Activity Level)

As of Feb 2013

Higher Level Post-project Objectives: Apply the seismic hazard assessment and control schemes developed in this project in deep South African mines and worldwide

Project Objectives: Understanding of the preparation and occurrence of earthquakes is enhanced, and risk management mechanism of mining-induced earthquakes is improved

Indicator : The number of experimental sites and the quantity of knowledge that are obtained only by closed proximity monitoring in South African gold mines and contribute to improve systems to mitigate seismic risk

Researchers Advance rate
Activity Achievement since the project was launched in August 2010 (Japanese side) (%%) Activity to be taken in the future
(South African side} Actual/Plan
Output 1:Rock properties at seismic sources are elucidated
Indicator 1-1: On-site observation and sample collection {Cook 4, KDC West, Moab Khotsong, and Mponeng mine) and the number of paper (one)
Indicator 1-2: The number of [ab investigations (twe) and papers (one submitted)
1-1. Observe and collect rock samples at | The number and total length of the holes drilled in the proximity of anticipated Satoh, Nakatani, Yabe, 100/100 -
seismic sources and its surroundings hypocentral areas: about 70 holes and about 2.8 km respectively. Kawakata,
Qgasawara, Lei
Those intersecting the anticipated hypocenter fault: more than ten and several Durrheim, Milev
holes.
Borehole scoping: almost all.
Photo log of drilled core: almost all.
The number of anticipated hypocenter faults of M2-3 accurately located : 3
The variety of mining scenarios or earthquake occurrence condition to be able to
study: 3
1-2. Investigate rock properties in The plans of lab experiments for rock specimen collected from earthquake source: | Satoh, Lei, Yabe, 20/50 Lab experiments for the core samples of KDC
laboratory the measurement of elastic properties, fracture parameters and characteristics, Kawakata, Otsuki, West and Moab Khotsong,
stress constrained by cores. Ogasawara
Roberts, Durrheim, Taking implementation of the outcome into
The rock specimen exported to Japan: (a) The 80m core intersecting a M2 Yilmaz consideration, apply the obtained data to
earthquake source at 3.4km depth at Mponeng mine. (b) The selected cores (about upgrade seismic risk assessment scheme (for
10m long in total) of drilling intersecting anticipated seismic faults at 1km depth at example, elastic moduli will be used to convert
Cooke 4 mine. measured strain to stress; the constrained stress
will be used to calibrate stress modelling)
The cores we could carry out lab-tests: (a)
Fosterage South African younger researchers
Prompt lab experiments of our core sample in
South Africa
Output 2:Understanding of the preparation and forerunners of earthquakes in gold mines is enhanced
Indieator 2-1:The number of monitoring network (Cooke 4, Moab Khotseng, KDC West mines; published one related paper)
Indicator 2-2: Micro fracturing monitoring (Cocke 4 and Moab Khotsong mine; published one related paper)
Indicator 2-3: Rock deformation monitoring {(Cooke 4, KDC West, Moab Khotsong and other mines; published two related papers)
Indicator 2-4: Data analyses of the sensitive close monitoring (published cne related paper; three papers in preparation)
2-1. Install monitoring systems for Cooke 4 mine: Completed the installation plan (the sensors currently in operation Nakatani, Ogasawara, 100/100
migro-fracturing and rock are several tens of AE sensors, several acceleration sensors, two strainmeters, one and others
deformation, and sensitive long broadband seismometer) Kgarume and others 100/100
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period seismometers in the vicinity

of impending earthquake sources Moab Khotsong mine: Installed are all planned three strainmeters (three), two third 70/100 Complete the installation of AE sensors and
of the planned AE sensors (several tens), Nakatani, Cgasawara broad band seismometers.
Two tiltmeters, two broadband seismometers, stope closure system are to be 207100 Complete the installation of tiltmeters and
installed. Milev and others stope closure meters.
KDC West mine; Completed the installation; three strain meters and two tilimeters. 100/100
Stope closure system is to be installed. Ogasawara 80/100 Complete the installation of a stope closure
Milev and others system.
2-2.Monitor the activities of micro Cooke 4 mine: AE has been monitored since 2011, Nakatani and others 60/70 At the both mines, seismicity is getting active
fracturing Moab Khotsong mine: to be started by the 2™ quarter of 2013, Kgarume and others 60/70 in the near future, being monitored until the
seismicity will cease.
2-3. Monitor the accumulation and Cooke 4 mine: Strain has been monitored since the end of 2010. Established an Ogasawara and others 80/70 Get the automatic reporting system in operation
release of stress in and around the autornatic reporting system (currently not in operation because of the shaft cable
impending carthquake source problem).
KDC West mine: Strain has been monitored since the end of 2011, and Tilt since Ogasawara and others 60/70 Get the automatic reporting system in
the end 0f 2012, operation.
Milev and others 60/70 Start stope closure monitoring
Moab Khotsong ming: started monitering two strainmeters at 95L since the end of | Ogasawara and others 40/70 Start strain monitoring at 98L, and establish an
2012, automatic reporting system.
Milev and others 20/70 Start monitoring of tilt at 95 and 98 levels, and
stope closure monitoring,
At the above three mines, the seismicity is
getting active in the near future, Monitor the
data associated with the seismicity.
Assisted South Deep mine to monitor strain. Planned to assist strain monitoring at | Ogasawara and others 50/No Start Kloof mine monitoring.
KDC East mine,
Transferring Japanese technology to measure in-situ rocks stress in a procedure Ogasawara and others 50/No Increase the number of meassrements.
modified most suitably for South African gold mine working condition. Establish a structure in South Africa to procure
Suceeeded measurements at Moab Khotsong mine. necessary tools and carry out measurement.
On the above topics, write papers (some of the
papers might be published afier the project
period only).
2-4, Analyze the monitored data to Mponeng mine: found very clear forerunning strain change for an M0 earthquake. | Katsura, Ogasawara 50/0 Increase the number of case studies and write
clarify the forerunning phenomena papers.
and its characteristics Cooke 4 mine;
AE: Completed locating some of the monitored events and estimating the Nakatani, Naoi, 50/30 Wait for target events as seismicity is getting
magnitudes. Found (1) very small fracturing prevailing on some existing weak Murakami active. Analyze data increasing with time,
planes, (2) AE activities that suggest quasi-static development of fracture in areas
with high differential stress. Manuscripts for three papers are now in
preparation,
Strain: Ogasawara and others 50/30 Same as above.
Moab Khotsong mine:
AE: Nakatani, Naoi, 0/30 Same as above.
Murakami
Kgarume 030 Same as above.
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Strain: Ogasawara and others 530 Same as above.
Tilt: Milev and others 0/30 Same as above.
Stope closure: Milev and others 0/30 Same as above.
KDC West mine:
Strain; Ogasawara and others 20/30 Same as above.
Tilt: Milev and others 10/30 Same as above.
Stope closure: Milev and others 0/30 Same as above.
Other mines: Ogasawara 5o Same as above.
Write papers on the above topic (some of the
papers might be published after the project
period only).
Output 3: Reliability of seismic hazard assessment in gold mines is improved.
Indicator 3-1: The number of papers on the studies on stress change and rock mass instability (published one; one in preparation).
Indicator 3-2: The number of papers on upgrading the scheme of hazard assessment (published one; one in preparation).
3-1. Evaluate spatiotemporal changes in | Installation of transmitier, receiver (accelerometer), transmission unit, and Kawakata, Nakatani, 30/40 Anatyze data being obtained at Cook 4 and
stress and rock mass stability based | multi-type recorder at Cooke 4 {and to be installed at Moab Khotsong) Yabe, Wada, Naoi, Moab Khotsong mine.
on the data produced by mine’s Dot, Murakami
migroseismic network Could estimate stress drops in higher accuracy for the accelerograms obtained at Write papers on the above fopic (some of the
Mponeng mine. The variance of the stress drop in a narrow spatto-temporal range papers might be published after the project
{<1day, <100m?) were acceptably small, which could contribute to estimate period only),
spatio-temporal distribution of stress drop. A paper is in preparation.
3-2. Upgrade the scheme of seismic Found AE activities cluster at Cook 4 mine. So, for each cluster, started estimating | Naoi, Nakatani, 540 Analyze AE data at Cooke 4 and Moab
hazard assessment by calibrating stress drop, activity of microfructuring and the magnitude-frequency relationship, Murakami, Khotsong mines.
existing schemes with the data which will contribuie to calibrate existing seismic risk assessment. Kawakata, Doi
obtained through the activitics 2-2, Analyze the data of fault-transmitting-wave
2-3 and 3-1 experiments at Cooke 4 and Moab Khotsong
mines.
Analyze any spatio-temporal relationship
between larger seismic events and the above
data.
Attempted to constrain stress and strength on 2 M2 seismic fault based on stress Ogasawara 10/40 Increase the number of case studics.
modelling (published one paper). However, introducing in-situ stress data, the Hofimann

analysis has to be upgraded.

Write papers on the above topic (some of the
papers might be published after the project
period only).

Qutput 4:Reliability of strong motion predictions in gold mines is improved

Indieator 4-1: On-fanlt monitoring of dynamic stress change (Cooke 4 and KDC west mines; published 2 papers; 1 in preparation)

Indicator 4-2: The number of papers on analyses of observed strong motion (some are in progress)

Indicator 4-3: The number of papers on monitoring of strong motion at underground stope in gold mines (to be started in 2013; published one paper to

describe the scope of the monitoring)

Indicator 4-4; The number of papers on site motion analysis.

Indicator 4-5: Number of papers on scaling law.
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Indicator 5-3: The number of papers on the obtained parameters to befter predict strong ground motion on surface

5-1. Install seismic stations in the Far Completed the installation of the planned 10 stations. Cichowicz, CGS 100/100 -
West Rand mining district
(Carletonville area) on the surface to | The number of surface stations in the Far West Rand district became 10 times
monitor surface ground motion larger than before.
caused by mine tremors
Strong motion at the Far West Rand now can be recorded without being clipped.
In-mine underground seismic networks have been unable to fully record strong
motion.
5-2. Upgrade the Data Center in the Installed a new seismogram analysis computer system that enables CGS to locate Cichowicz, CGS 100/100 -
Silverton offices of the Council for | more than before and within accuracies better than before. Group
Geoscience
Establishing new routines for processing data using Antelope system, which
involves retraining a group of analysts,
5-3. Develop and validate a parametetric | Surface soil velocity structure was investigated {one report; one paper). Cichowicz, CGS 1040 Develop and validate a parametetric model that
model that will be capable of Group will be capable of predicting sirong ground

predicting strong ground motion

motion.

Write papers on the above topic (some of the
papers might be published after the project
period only).
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Annex 11: The Project Status as at February 2013

Gold Mine Name

Cooke 4 (ex. Ezulwini}

Moab Khotsong

KDC West (ex. Dricfontein)

Owner

Gold One

Anglogold Ashanti

Sibanye Gold (ex. Gold Fields)

Cre body at experimental site

Several reef packages 10s of metres thick

Single thin tabular reef (<< 2m), many faults

Single thin tabular reef (< 2m), few faults

Mining Scenario

Extraction of sheft pillar, 400 m dia.

Extensive scattered mining

Sequential grid mining

Depth

About 1 kim

About 3km

About 3km

Concern

Instability of faults in the shaft pillar

Instability of large faults

Instability of dip pillar

Fault Characteristics

Fault gouge a few 10s of cm thick

Fault zone, a few 10s of meter thick

Fault gauge a few cm thick

Applicability of Research to Mining

Final stage mining e.g. shaft pillars

Mining in highly faulted districts

Sequential grid mining at depth

Japanese Activity

(Velocity & attenuation)

(Dr. Kawakata)

Accelerometer) and another 1 Receiver (**)

1 Receiver (#23-4, Accelerometer) and another 2

Source Rock Property Analysis Qutput | Core specimen from the seismic source - -
(Dr. Sato) shipped to Japan for specialized test.
Sensitive Acoustic Emission Monitoring Qutput 2 A few tens out of 30 AE sensors (#13)and 3 | Installed 3/4 of a few tens out of AE sensors (*, **) -
(Dr. Nakatani) accelerometer (#23-2) in operation. and 2 accelerometers (#23-2)
AE Recorder (#11) in operation AE Recorder (*) was installed on 28 Feb 2013,
Sensitive Strain Monitoring Qutput 2,3 2 strainmeters (#2) installed in December 3 strainmeters (#2) installed in December 2011 and2 | 3 strainmeters (#2) installed in August 2012
(Dr, Ogasawara) 2010, and currently in operation are currently in operation and currently in operation
Slow fault slip Qutput 2 1 Broad-band seismometer (#4) in operation | 1 Broad-band seismometer (#4) to be installed. -
{Dr. Naoi) Angther Broad-band seismometer (*) to be installed
Fault Transmitted Wave Output 3 1 Transmitter (#8, #9), 2 Receivers (#23-3 2 Transmitters (#8, #9) installed. -

in operation (#1) Receivers (**) to be installed (#1)

In-situ Stress Measurement with Output 1.3 Planned Completed with overcoring tools (#15) Planned

Geological Drilling (Dr. Ogasawara)

Dynamic Siress Change at Rupture Front Qutput 4 3 Dynamic Rupture Sensor (#7) near fault in - 4 Dynamic Rupture Sensor (#7, #5, #6) near
(Dr. Yabe} operation fault in operation

South African Activity

Source Rock Property Analysis Qutput 1 Core specimen from the seismic source to be | Core specimen from the seismic source to be Core specimen from the seismic source to
(Dr. Durrheim) analyzed at Wits Univ analyzed at Wits Univ analyzed at Wits Univ.

Borehole Radar Output 1 - Survey completed (Procured with CSIR budget) -
(Dr. Durrheim)

Sensitive Tilt Monitoring Output 2 - 1 tiitmeter (#19) instatted 2 tiltmeters (#19) in operation
(Dr. Milev) Another 1 tilimeter (#19) to be installed

Stope Closure Monitoring Output 2 - 1 set (#20 closure meter system) to be procured 1 set (#20 closure meter system) to be
(Dr. Milev) procured

Stope Ground Motion Output 4 - 1 set accelerometers (#18 5 Seismic transducers) to 1 set accelerometers (#18 5 Seismic
(Dr. Milev) be procured transducers) to be procured

Surface ground motion Output 5 Ten surface CGS national stations were 5 accelerometers (#23-1) CGS own network is not yet | Ten surface CGS national stations was

(Dr. Cichowicz)

completed by JICA in Far West Rand area.
(#24, #25, #26, #27,#28)

completed

completed by JICA in Far West Rand area.
(#24, #25, #26, #27#28)

Status of Project activity as at February 2013

Have accumulated underground data for
about 2 years

Completed drilling and 80% of underground
installation

Completed Japanese installation

The number in the parenthesis is the item number of machinery and equipment as listed in the Annex 7.
(*) Procured with Japan Grants-in-Aid for Scientific Research
(**) Procured with MEXT’s Observation and Research Program for Prediction of Earthquakes and Volcanic Eruptions




Annex 12: A list of publications and presentations

1. Reviewed Papers

1.

[INVITED] Ogasawara, H., H. Kawakata, H. Ishii, M. Nakatani, Y. Yabe, Y. lio, and The
Research Group for the Semi-controlled Earthquake-generation Experiments at Deep Gold
Mines, South Africa, Semi-controlled Earthquake-generation Experiments in Deep Gold Mines,
South Africa — Monitoring at Closest Proximity to Elucidate Seismogenic Process-, Zisin
(Journal of the Seismological Society of Japan), 61, 8563-8573, 2009.

Ogasawara, H., R.J . Durrheim, M. Nakatani, Y. Yabe, A. Milev, A, Cichowicz, H. Kawakata, H.
Moriya, JST-JICA SA research group, a Japanese - South African collaboration to mitigate
seismic risks in deep gold mines, Proceedings of 1st Hard Rock Safe Safety Conference, South
African Institute of Mining and Metallurgy, 115-134, 2009.

Durrheim, R.J., H. Ogasawara, M. Nakatani, Y. Yabe, A. Milev, A. Cichowicz, H. Kawakata, H.
Moriya and the JST-JICA SA research group, Observational study to mitigate seismic risks in
mines: a new Japanese —South African collaborative project, Proceedings of South African
Geophysical Association Biennial Technical Meeting and Exhibition, 73-79, 2009.

Yabe, Y., J. Philipp, M. Nakatani, G. Morema, M. Naoi, H. Kawakata, T. Igarashi, G. Dresen, H.
Ogasawara, and JAGUARS, Observation of numerous aftershocks of an Mw 1.9 earthquake
with an AE network installed in a deep gold mine in South Africa, Earth Planets Space, 61,
e49-¢52, 2009.

Durrheim, R.J., H. Ogasawara, M. Nakatani, Y. Yabe, A.M. Milev, A. Cichowicz, H. Kawakata,
H. Moriya, and SATREPS Research Group, Observational studies to mitigate seismic risks in
mines: a new Japanese - South African collaborative research project, The proceedings of the
fifth International Seminar on Deep and High Stress Mining, 6-8 Octobér 2010, Santiago, Chile,
Australian Centre for Geomechanics, 215-226, 2010.

Cichowicz, A., D. Birch, and H. Ogasawara, Multi-Channel Analysis of Surface Waves:
Inversion Strategy, Proceedings of the thirteenth International Conference on Civil, Structural
and Environmental Engineering Computing, Edited by: B.H.V. Topping and Y. Tsompanakis,
Civil-Comp Press, Stirlingshire, 2011, dei:10.4203/ccp.96.205.

Naoi, M., M. Nakatani, Y. Yabe, G. Kwiatek, T. Igarashi, and K. Plenkers, Twenty thousand
aftershocks of a very small (M2} earthquake and their relation to the mainshock rupture and
geological structures, Bulletin of the Seismological Society of America, 101 (5), 2399-2407,
2011, doi: 10.1785/0120100346.

Durrheim, R.J., H. Ogasawara, M. Nakatani, Y. Yabe, A.M. Milev, A, Cichowicz, H, Kawakata,
O. Murakami, M. Naoi, N. Yoshimitsu, T. Kgarume, and the SATREPS Research Group, a

Japanese - South African collaboration fo mitigate seismic risks in mines: establishment of
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10.

11.

12,

i3.

14.

15.

i6.

17.

experimental sites, Proceedings of the sixth International Seminar on Deep and High Stress
Mining, 23-30 March 2012, Perth, Australia (ed. Yves Potvin), Australian Centre for
Geomechanics, pp.173-187.

[Invited] Durrheim, RJ, Mitigating the risk of rockbursts in the deep hard rock mines of South
Africa: 100 years of research, In Extracting the Science: a century of mining research, J. Brune
(editor), Society for Mining, Metallurgy, and Exploration, Inc, ISBN: 978-0-87335-322-9, pp.
156-171, 2012,

Ogasawara, H., H. Kato, G. Hofiann, and P. de Bruin, Trial of the BX conical ended borehole
overcoring stress measurement technique, Proceedings of the second Southern Hemisphere
International Rock Mechanics Symposium, South African Institute of Mining and Metallurgy,
15 May 2012, Sun City, South Africa, pp. 169-179, 2012. ‘
Durrheim, R.J. and H. Ogasawara, Can mine tremors be predicted? Observational studies of
earthquake nucleation, triggering and rupture in South African mines, Proceedings of the
second Southern Hemisphere International Rock Mechanics Symposium, South African
Institute of Mining and Metallurgy, 16 May 2012, Sun City, South Africa, pp. 327-343, 2012.
Ledwaba, L.S., J.B. Scheepers, R.J. Durrheim, and S. Spottiswoode, 2012, Seismic damage
mechanism at Impala platinum mine. In Proceedings of the Second Southern Hemisphere Rock
Mechanics Symposium, Symposium Series S71, South African Institute of Mining and
Metallurgy, ISBN 978-1-920410-27-8, pp. 367-385.

Hofmann, G., H. Ogasawara, T. Katsura, and D. Roberts, An attempt to constrain the stress and
strength of a dyke that accommodated a ML2.1 seismic event, Proceedings of the second
Southern Hemisphere International Rock Mechanics Symposium, South African Institute of
Mining and Metallurgy, 16 May 2012, Sun City, South Africa, pp. 436-450, 2012,
[Invited]Riemer, K., and R.J. Durrheim, Mining seismicity in the Witwatersrand Basin:
monitoring, mechanisms and mitigation strategies in perspective, Journal of Rock Mechanics
and Geotechnical Engineering. 2012, 4 (3): 228-249.

Ogasawara, H., H. Kato, G. Hofinann, and P. de Bruin, Trial of the BX conical ended borehole
overcoring stress measurement technique, J. South African Institute of Mining and Metallurgy,
102 (8), pp.479-753,2012.

Yoshimitsu, N., H. Kawakata, A. Yamamoto, H. Ogasawara, and Y. lio, Temporal changes in
attenuation of S waves through a fault zone in a South African gold mine, Geophysical Journal
International, doi: 10.1111/.1365-246X.2012.05678.x, 2012.

Moriya, H., M. Naoi, M. Nakatani, O. Murakami, T. Kgarume, A.K. Ward, R. Durrheim, J,
Philipp, Y. Yabe, H. Kawakata, and H. Ogasawara, Detection of mining-induced fractures
around a stope in Ezulwini gold mine, South Africa, by using AE events with similar

waveforms, Proc. 21th Int. Acoustic Emission Sym., Jap. Soc. for Non-Destructive Inspection,
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Tokyo, 2012. 181-186.

18. OGASAWARA, H., H. KATO, G. Hofmann, P. de Bruin, and K. Sakaguchi, Trial of a
downsized ccbo technique optimized for South African highly stressed deep levels gold mines,
Proc. 13™ Symp. Jpn. Soc. Rock Mech., pp.465-470, 2013.

19. Cichowicz, A., D. Birch, and H. Ogasawara, Non-invasive method of estimation of stiffness of
near surface material using surface wave, Geotechnical and Geophysical Site Characterizationd
(Coutinho & Mayne, eds), Taylor & Francis Group, London, pp. 1321-1325, 2013.

20. 2. Presentations at scientific meetings

21. 2.1 Invited presentations

22. Ogasawara, H. and Research Group for SeeSA (Semi-controlled Earthquake-generation
Experiment in deep South African gold mines), Monitoring, Prediction and Control of Seismic
Activity in deep South African gold mines, Programme and Abstracts, The Seismological
Society of Japan, 2009 Fall meeting, D11-06, October 21, 2009, Kyoto, Japan.

23. Nakatani, M., Semi-controlled Earthquake-generation Experiment in deep South African gold
mines, the 124th Fukada Geological Institute seminar, January 15, 2010, The Fukada
Geological Institute, Tokyo, Japan.

24, Ogasawara, H., C. Srinivasan, A. Cichowicz, O. Goldbach, K. Bosman, Water-ingress induced
seismicity in mines in Japan, India and South Africa, ICDP Workshop "Scientific Deep Drilling
to Study Reservoir Triggered Earthquakes at Koyna, India", 21 March 2011, Hyderabad, India.

25. Ogasawara, H., Keynote: the great eastern Japanese earthquake and tsunami of 11 March 2011
and the research we are doing in South African gold mines, AfricaArray Workshop 2011, 21
November 2011, University of Witwatersrand, Johannesburg, South Africa.

26. Riemer, K., and R.J. Durrheim, Mining seismicity in the Witwatersrand Basin: monitoring,
mechanisms and mitigation strategies in perspective, International Top-level Forum on
Engineering Science —Safe Construction and Risk Management of Major Underground
Engineering, 18-19 May 2012, Wuhan, China.

27. Durrheim, R.J., A keynote address: Observational studies in South African mines to mitigate
seismic risks, The Fourth International Conference on New Development in Rock Mechanics &
Engineering (NDRM2012), 14-17 September 2012, Shenyang, China.

2.2 Oral presentation at scientific meetings (Japanese domestic 7, International 10)

1. Nakatani, M., M. Naoi, Y. Yabe, H. Ogasawara and JAGUARS, Acoustic Emission
Measurements in the Vicinity of a M2 Earthquake Rupture in a Deep Gold Mine in South
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10,

Africa, French-Japanese International Workshop on Earthquake Source, 5 October 2009, Paris,
France.

Ogasawara, H., R.J. Durrheim, M. Nakatani, Y. Yabe, A. Milev, A. Cichowicz, H. Kawakata, H.
Moriya, T. Satoh, SATREPS, A Japanese-South African Collaboration for Observational Study
to Mitigate Seismic Risks in Mines, Programme and Abstracts, The Seismological Society of
Japan, 2009 Fall meeting, A31-01, October 23, 2009, Kyoto, Japan.

Milev, A., R.J. Durrheim, M. Nakatani, Y. Yabe, H. Ogasawara, JAGUARS Research Group,
and SATREPS, SA Gold Mine Research Group, Joint South African and Japanese studies of
rock mass behavior around deep level mining in South Africa, Programme and Abstracts, The
Seismological Society of Japan, 2009 Fall meeting, A31-02, October 23, 2009, Kyoto, Japan.
Naoi, M., M. Nakatani, G. Kwiatek, K. Plenkers, Y. Yabe and JAGUARS group, Aftershock
activity of @ M2 EQ in a deep South African gold mine - spatial distribution and
magnitude-frequency relation -, Programme and Abstracts, The Seismological Society of Japan,
2009 Fall meeting, A31-02, October 23, 2009, Kyoto, Japan.

Ogasawara H., R. Durrheim, M. Nakatani, Y. Yabe, A. Milev, A. Cichowicz, H. Kawakata, H.
Moriya, T. Satoh, S. Murphy, A. Ward, G. Morema, M. Kataka, R. Vermeulen, G. van Aswegen,
Research Group of SATREPS, A Japanese - South African Collaboration for Observational
Studies to Mitigate Seismic Risks in Mines (2), ABSTRACTS, Japan Geoscience Union
Meeting 2010, SSS020-13, May 26, 2010, Chiba, Japan.

Durrheim, R.J., H. Ogasawara, M. Nakatani, Y. Yabe, A M. Milev, A. Cichowicz, H. Kawakata,
H. Moriya, and the SATREPS research group, Observational studies to mitigate seismic risks in
mines: a new Japanese - South African collaborative research project, The proceedings of the
fifth International Seminar on Deep and High Stress Mining, 6-8 October 2010, Santiago,
Chile.

Ogasawara, H., M. Nakatani, Y. Yabe, H. Kawakata and SATREPS Research Group, Fault
instability monitoring at South African mines, ISS Mini Seminar at Western Levels, South
Africa, 19 November 2010, Western Levels, South Africa.

Milev, A.M., Yabe, Y., Naoi, M., Nakatani, M., Durrheim, R.J., Ogasawara, H., Scholz, C.H.,
Coseismic and aseismic deformations of the rock mass around deep level mining in South
Africa - Joint South African and Japanese study, Abstracts S34B-05 presented at 2010 Fall
Meeting, AGU, 13-17 December 2010, San Francisco, USA.

gasawara, H., R. Durrheim, M. Nakatani, Y. Yabe, A. Milev, A. Cichowicz, H. Kawakata, O.
Murakami, M. Naoi, H. Moriya, T. Satoh, Research Group, Semi-controlled
earthquake-generation experiments in South African gold mines (2010), ABSTRACTS, Japan
Geoscience Union Meeting 2011, 885029-07, May 23, 2010, Chiba, Japan.

Ogasawara, H., Monitoring of Stress Build-up and Instability on Faults, Institute of Mine
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11,

12.

13.

14.

15.

16.

17.

Seismology, 2011 Seminar on the future of monitoring seismic rock mass response to mining,
23 May 2011, Hermanus, South Aftica.

Ogasawara, H., Multidisciplinary monitoring of flooding induced seismicity in Japan and what
we can do in South Africa, Council for Geoscience 4th Annual Seismology Workshop on
Fluid-induced seismicity, 16 August 2011, Council for Geoscience, Pretoria, South Africa.
Ogasawara, H., R. Durrheim, M. Nakatani, Y, Yabe, A. Milev, A. Cichowicz, H. Kawakata, O.
Murakami, M. Naoi, H. Moriya, T. Satoh, SATREPS research group. Observational studies of
earthquake preparation and generation to mitigate seismic risks in mines, ITUGG, 3 July 2011,
IUGG, Melbourne, Australia.

Kawakata, H., N. Yoshimitsu, M. Nakatani, J. Philipp, I. Doi, M. Naoi, T. Ward, G. Morema, V.
Visser, S. Khambule, T. Masakale, A. Milev, R. Durrheim, L. Ribeiro, M. Ward, H.
Ogasawara, Monitoring transmitted waves across a fault with a high potential for mining
induced earthquakes — the Ezulwini gold mine in South Africa, Programme and Abstracts, The
Seismological Society of Japan, 2011 Fall meeting, D21-08, October 13, 2011, Shizuoka,
Japan.

Ogasawara, H., G. Hofmann, D. Roberts, S. Nakao, H. Kato, Attempts to constrain stress and
strength in seismogenic volumes at deep South African gold mines, Programme and Abstracts,
The Seismological Society of Japan, 2011 Fall meeting, C22-03, October 13, 2011, Shizuoka
Japan.

Durrheim, R.J., H. Ogasawara, M. Nakatani, A. Milev, A. Cichowicz, H. Kawakata, Y. Yabe, O.
Murakami, M, Naoi, H. Moriya, and T. Satoh,. Observational Studies of Earthquake Preparation
and Generation to Mitigate Seismic Risks in Mines, Abstracts S41D-058 presented at 2011 Fall
Meeting, AGU December 2011, San Fransisco.

Durrheim, R.J., H. Ogasawara, M. Nakatani, Y. Yabe, A.M. Milev, A. Cichowicz, H. Kawakata,
0. Murakami, M. Naoi, N. Yoshimitsu, and T. Kgarume, Establishment of SATREPS
experimental sites in South African gold mines to monitor phenomena associated with
earthquake nucleation and rupture, Sixth International Seminar on Deep and High Stress
Mining 2012, 9:00, 30 March 2012, Perth, Australia.

Ogasawara, H., H. Kato, G. Hofmann, P. de Bruin, A modified CCBO technique optimised for
regular geological drilling procedures in South African gold mines, ACG Stress Measurement
Workshop, 31 March 2012, Perth, Australia,

2.3 Posters presented at scientific meetings (Japanese Domestic 7, International 3)

1.

Naoi, M., M. Nakatani, G Kwiatek, K. Plenkers, Y. Yabe, Aftershock activity of a M2
earthquake in a deep South African gold mine — spatial distribution and magnitude-frequency
relation — AGU Fall Meeting 2009, Dec. 15, 2009, San Francisco, USA.
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Watanabe, T., M. Naoi, Y. Yabe, M. Nakatani, JAGUARS (Japanese-German Underground
Acoustic Emission Research in South Africa), Relocation of AE hypocenterts before an M2.1
earthquake in a South African deep gold mine (2), Programme and Abstracts, The
Seismological Society of Japan, 2009 Fall meeting, P1-65, October 21, 2009, Kyoto, Japan.
Katsura, T., H. Ogasawara, G. Yasutake, H. Kawakata, A. Yamamoto, M. Nakatani, M. Naoi, Y.
Yabe, H. Ishii, E. Pinder, G. Morema, JAGUARS, The M~2 events on the mode II edges of M2
fault and strain changes monitored with close two strainmeters, Mponeng mine, Programme and
Abstracts, The Seismological Society of Japan, 2009 Fall meeting, P1-66, October 21, 2009,
Kyoto, Japan,

Wada, N., M. Nakatani, Y. Yabe, M. Naoi, K. Miyakawa, H. Ogasawara, H. Kawakata, G.
Yasutake, N. Yoshimitsu, H. Miyake, S. Ide, T. Igarashi, G. Morema, E. Pinder, Near-field 3D
array observation of high-frequency sampling in an M2 hypocenter region at a gold mine in
South Africa, Programme and Abstracts, The Seismological Society of Japan, 2009 Fall
meeting, P3-45, October 21, 2009, Kyoto, Japan,

Wada, N., H. Ogasawara, H. Kawakata, M. Nakatani, Y. Yabe, M. Naoi, K. Miyakawa, G.
Yasutake, N. Yoshimitsu, H. Miyake, S. Ide, T. Igarashi, G Morema, E. Pinder, The
measurement of stress drops for -3<M<0 earthquakes recorded within 200 meters from the
sources with 48 kHz sampling, ABSTRACTS, Japan Geoscience Union Meeting 2010,
SS§8011-P05, May 26, 2010, Chiba, Japan.

Wada, N., H. Kawakata, O. Murakami, H. Ogasawara, 1. Doi, M. Nakatani, Y. Yabe, M. Naoi, K.
Miyakawa, N. Yoshimitsu, H. Miyakem S Ide, T. Igarashi, G. Morema, E. Pinder, Estimating
corner frequencies for ultra-micro earthquakes (-3 < M < -1) with code wave spectral ratios,
Programme and Abstracts, The Seismological Society of Japan, 2010 Fall meeting, P3-34,
QOctober 29, 2010, Hiroshima, Japan.

Yoshimitsu, N., H. Kawakata, M. Nakatani, J. Philipp, M. Naoi, 1. Doi, T. Ward, V. Visser, G.
Morema, S. Khambule, T. Masakale, A. Milev, R. J. Durrheim, L. Ribeiro, M. Ward, H,
Ogasawara, Comparison between the Green’s function from cross correlation of ambient noise
and transmitted wave in a South African deep gold mine, Programme and Abstracts, The
Seismological Society of Japan, 2011 Fall meeting, P2-57, October 13, 2011, Shizuoka, Japan.
Kawakata, H., N. Yoshimitsu, M. Nakatani, J. Philipp, L. Doi, M. Naoi, T. Ward, V. Visser, G
Morema, S. Khambule, T. Masakale, A. Milev, R. J. Durrheim, L. Ribeiro, M. Ward, and H.
Ogasawara, Monitoring transmitted waves across a fault with a high potential for mining
induced earthquakes —the Ezulwini gold mine in South Africa, Abstracts S31C-2257, 2011 Fall
Meeting, AGU, 7 December 2011, San Francisco.

Wada, N., H. Kawakata, O. Murakami, I. Doi. N. Yoshimitsu, M. Nakatani, Y. Yabe, M. Naoi, K.
Miyakawa, H. Miyake, S. Ide, T. Igarashi, G. Morema, E. Pinder, and H. Ogasawara, Scaling
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11.

12

i3,

14.

15.

16.

17.

18.

relationship between comer frequencies and seismic moments of ultra micro earthquakes
estimated with coda-wave spectral ratic —the Mponeng mine in South Africa, Abstracts
S41B-2190, 2011 Fall Meeting, AGU, 8 December 2011, San Francisco.

Durrheim, R.J, and Riemer, K.L., 2012, History of Endeavours to Mitigate the Rockburst Risk
in South African Mines, International Mining History Congress, 17-20 April 2012,
Johannesburg, South Africa.

Milev, A., R. Durrheim, M. Nakatani, Y. Yabe, H. Ogasawara, and M. Naoi, Seismic risk
mitigation in deep level South African mines by state of the art underground monitoring - Joint
South African and Japanese study, EGU General Assembly 2012, Vienna, Austria Center
Vienna, 26 April, 2012.

Durrheim, R.J., Can rockbursts ever be prevented or predicted? Testing the hypotheses, Institute
of Mine Seismology 22nd Seminar — The Future of Monitoring the Seismic Rock Mass
Response to Mining, 10 May 2012, Stellenbosch, South Africa.

Ogasawara, H., In-situ monitoring of rock mass response to mining at the piilars in South
African gold mines, Institute of Mine Seismology 22nd Seminar — The Future of Monitoring
the Seismic Rock Mass Response to Mining, 11 May 2012, Stellenbosch, South Africa.
Ogasawara, H., H. Kato, G. Hofmann, and P. de Bruin, Trial of the BX conical ended borehole
overcoring stress measurement fechnique, Proceedings of the second Southern Hemisphere
International Rock Mechanics Symposium, South African Institute of Mining and Metallurgy,
15 May 2012, Sun City, South Africa, pp. 169-179, 2012,

Durrheim, R.J. and H. Ogasawara, Can mine tremors be predicted? Observational studies of
carthquake nucleation, triggering and rupture in South African mines, Proceedings of the
second Southern Hemisphere International Rock Mechanics Symposium, South African
Institute of Mining and Metallurgy, 16 May 2012, Sun City, South Africa, pp. 327-343, 2012.
Ledwaba, L.S., J.B. Scheepers, R.J. Durrheim, and S. Spottiswoode, 2012, Seismic damage
mechanism at Impala platinum mine. In Proceedings of the Second Southern Hemisphere Rock
Mechanics Symposium (16 May 2012, Sun City, South Africa), Symposium Series 871, South
African Institute of Mining and Metallurgy, ISBN 978-1-920410-27-8, pp. 367-385.

Hofmann, G., H. Ogasawara, T. Katsura, and D. Roberts, An attempt to constrain the stress and
strength of a dyke that accommodated a ML2.1 seismic event, Proceedings of the second
Southern Hemisphere International Rock Mechanics Symposium, South African Institute of
Mining and Metallurgy, 16 May 2012, Sun City, South Africa, pp. 436-450, 2012,

Naoi, M., M. Nakatani, J. Philipp, S. Horiuchi, K. Otsuki, T. Kgarume, G. Morema, S,
Khambule, T. Masakale, K. Miyakawa, A. Watanabe, H. Moriya, O. Murakami, Y. Yasuo, H.
Kawakata, N. Yoshimitsu, and H. Ogasawara, AE measurements at 1km depth in a deep South

African gold mine and their activities related to two MO earthquakes, Japan Geoscience Union
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20.

21,

22,

23.

24.

25.

26.

27.

Meeting 2012, S§S28-07, 24 May 2012, Chiba.

Cichowicz, A., D. Birch, and H. Ogasawara, Non-invasive method of estimation of stiffness of
near surface material using surface wave, 4th International Conference on Geotechnical and
Geophysical Site Characterization (ISC'4), Brazil 17-20 September 2012.

Ogasawara, H., Semi-controlled earthquake generation experiments in South African gold
mines, Symp. on Future Vision of the Research on Earthquake and Volcanic Eruption, 5 July
2012, Tokyo.

Fai, YW., A, RJ. Durrheim, and A. Every, A guided elastic waves in a periodically joined
interface in a rock mass, Eighth South African Conference on Computational and Applied
Mechanics (SACAM2012), 3 September 2012, Johannesburg, Scuth Africa,

Naoi, M., M. Nakatani, J. Philipp, S. Horiuchi, K. Otsuki, T. Kgarume, G. Morema, S.
Khambule, T, Masakale, K. Miyakawa, A. Watanabe, H. Moriya, O. Murakami, Y. Yabe, H.
Kawakata, N. Yoshimitsu, T. Ward, R. Durrheim, and H. Ogasawara, Quasi-static growth of
20-m scale crack suggested by acoustic emission in a South African gold mine, Programme and
Abstracts, The Seismological Society of Japan, 2011 Fall meeting, A21-12. 18 October 2012,
Hakodate.

Ogasawara, H., and H. Kato, Towards sufficient number of in-situ stress measurements in
seismogenic volumes at deep level South African gold mines, Programme and Abstracts, The
Seismological Society of Japan, 2011 Fall meeting, A32-03. 19 October 2012, Hakodate.
Moriya, H., M. Naoi, M. Nakatani, O. Murakami, T. Kgarume, A.K. Ward, R. Durrheim, J.
Philipp, Y. Yabe, H. Kawakata, and H. Ogasawara, Detection of mining-induced fractures
around a stope in Ezulwini gold mine, South Africa, by using AE events with similar
waveforms, 21th Int. Acoustic Emission Sym., Jap. Soc. for Non-Destructive Inspection, 30
November 2012, Okinawa.

Ogasawara, H., H. Kato, G Hofmann,P. de Bruin, and K. Sakaguchi, Trial of a downsized
CCBO technique optimized for South African highly stressed deep levels gold mines, 13th
Symp. Jpn. Soc. Rock Mech., 9 January 2013, Okinawa.

Naoi, M., M. Nakatani, J. Philipp, 8. Horiuchi, K. Otsuki, T. Kgarume, G. Morema, S.
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Annex 13: Evaluation Grid (Information and Data for the 3 Criteria)

Evaluation Criteria

Evaluation Question

Source

Information through Questionnaire, Inferview and relevant reports

I. Relevance

1.1 Development of policies/programs
of the country associated with
seismic risk mitigation,

DMR

- The government position is the extension of the life of mines: how we can reach decper ore without putting mine workers more risks and
cost-efficient. ‘The Project can contribute the industry more profitable.

- DMR could arrange a session convening mining company to make them aware of the research activity.

- DMR can also recommengd to the Minister, in future.

MHSC

- MHSC can’t directly contribute to the Project but continues to be an interested stakeholder in term of how the project results can be
applied. What MHSC want to support is mineral production safely and economically, and not findamental research.

- MHSC has stopped research funding; we have to use already-gained knowledge into implementation first, then we will find what we will
study more.

- Chamber of Mine, through MOSH (Mining Industry Occupational Safety and Health), not conducting research but promoting
dissemination of technology among companies, may give the Project access to mine managers for technology transfer,

- From the national perspective, this is the only project MHSC is aware of which is working on the improvement of mine safety. MHSC
initiated a project to monitor mining-related seismicity in Central Rand and KOSH (Klerksdorp-Orkney-Stilfontein-Hartebeestfontein),
but this is for mines closed and flooded

- MHSC’s budget is about 1/5 of the Project budget, which is 70 million ZAR for five years (JICA, IST and Grand-in Aid for Scientific
Research and others combined)

CGs

- The Geoscience Amendment Act (2010) accepted by Parliament, CGS has become the custodians of all seismological (geo-scientific) data
in South Africa.

1.2 Importance of the research

CSIR/Wits

- The main avenue of the Project was summarized in a paper published by Dr.Durrheim and Dr.Ogasawara (2012), The hypothesis is that
there are measurable changes in some or all of the following physical parameters that than be used to predict the time and [ocation of
mining-induced ruptures: stress, strain rate, tilt rate, acoustic emission rate, seismic source parameters, ¢lectromagnetic emission rate, and
microcrack density.

- Past attempis to observe precursory phenomena in South Africa mines have already been reviewed, as these studies provide the baseline
for the project present experiment.  The Project hopes that the array of sate-of-the-art instruments will reveal precursory phenomena that
have hitherto been obscured by noise, as well as co-seismic rupture phenomena that have never been observed in the near-field.

- The Project givens us a unique opportunities to have access to near hypocenter of mining-induced earthquakes and to see forerunners
which has never been observed before.

- Installation for integrated system for quasi-static and dynamic monitoring will contribute significantly in understanding mine induced
seismic events in all instances.

Gold Fields
(Driefontein)

- The project, for example stress measurement, is very relevant for the mining industry. A big mine such as Driefontein which normally
has 50 panels (mining front) of 30 m long, thus taking out significant amount of rock. Mining is & primary cause to induce carthquakes.
- The project tells a lot of strain and data for numerical modeling, and leans more about earthquake source area.

1.3 Alignment of the Project with the
needs and expectation of the
implementing organizations.

CSIR/Wits

- The Project is fully aligned with the CSIR’s needs. Research of CSIR CIM takes place in three areas;
1} Human factors (heat stroke death, silicosis from dust, noise-induced hearing loss);
2) Real-time risk management (sensor and communication system, “AziSA” to manage risk such as rock falls, rock bursts and seismic
events, and mining process optimization)
3) Novel mining (such as mechanization/automation, improved ore-body information to lower mining costs)

Wits Univ.

- WMRI (Wits Mining Research Institute) was launched in September 2012 to advance the sustainability of the mining sector and affected
societies. It aims to serve as Africa’s leading multidisciplinary research in all technical, social and economic aspects of mining, helping
the key part of SA economy to reach its potential,

CGS

- The Project is fully aligned. Before 2010, CGS had only a few stations in the mining districts,  Starting from 2010, CGS had installed
more than 50 stations in the mining districts. The new station are in KOSH area (25 stations), Far West Rand area (12 stations, 10 of
which were sponsored by JICA Project) and Central Basin area (12 stations already installed and 5 in the process of installation)

1.4 Changes of structure/staff of the
implementing organizations that
may affect the Project

CSIR/Wits

- There are several turnover of counterpart personnel of CSIR and Wits University




implementation.

1.5 Priority areas of the Government
of Japan for the cooperation to
South Africa.

Hearing
(Project,
JICA)

- Science and Technology session was held on 28 February 2013, a day before the 12™ South Africa — Japan Partnership Forum on 1¥ March
2013, which was a bilateral cooperation mechanism between Japan and South Aftica.
- Science and Technology is one of prioritized areas and SATREPS is drawing strong attention of South African government.

2. Effectiveness

2.1 Progress and prospect of
completion of each output,

Output 1 — Rock properties at
seismic sources are
elucidated.

CSIR/Wits

- No problems are anticipated. All planned boreholes have been drilled and logged and core specimen has been stored. The MTS
(Material Testing Systems) rock testing machine at Wits Univ has been refurbished. A permit to conduct research on rocks has been
obtained and rock specimens are exported to Japan for specialized testing, Research students for rock testing in Wits University have
been recruited

- Two researchers of CSIR with MSc will be registered for PhD o work on the Project.

- The number of testing could be: 3~4 different rock types X 5 repetition X 3 sites = about 60 rock testing.

Qutput 2 -- Understanding of the
preparation and

forerunners of earthquakes in
gold mines is enhanced.

CSIR/Wits

- Installation of monitoring equipment and data acquisition for underground is complex and tedious process. It also has to comply the
production cycles and mini-specific cultural and economic situation. This part is not easily predictable and can cause defays.

- South African activity for Cutput 2 & 4 are conducted at only two site: Moab Khotsong and KDC West, There are some delays in Output 2
& 4 in term of equipment installation,

- During 2012 there were strikes on all three target mines, The mines are operational again, but it’s possible that the industrial action could
recur.

- It is also possible that mine management could adjust/change mining plans, which may affect the collection of intended data from the
monitoring network.  This is the biggest concern (in particular for Moeab Khotsong)

OHMS

- Anglogold Ashanti has rock engineering department, but seismology is outsourced to IMS which is responsible for the maintenance of
monitoring software and hardware,

- OHMS has 14 technicians in the Seismic Department, 7 out of which are working in this office. Out of the 7, only Mr. Raymond and Mr.
Thabang are working for the Project. (Previously maximum 4 OHMS technicians worked for the projects)

- The last equipment will be installed next month at Moab Khotsong as soon as the planned place is cleaned up of rocks and debris.

- IMS designs and delivers seismic equipment (geophones) and it’s almost monopoly in the world.

Output 3 — Reliability of seismic
hazard assessment in gold mines
is improved.

CSIR/Wits

- This output depends on the availability of data. Progress could be affected if there are delays in mining activities near project target arca.
(see output 3)

Expert

- Current overcoring requires high quality drilling and intact rock mass of at least 30cm long. It takes at least a few days to complete a
cycle of tasks necessary for a single overcoring.

- CCBO (compact conical-ended borehole overcoring) technique in BX size (60mm in diameter) was successfully conducted in August and
September 2011 at Moab Khotsong (at 3.0km depth), overcoring of 19cm at a distance of about 14m of the hole from the sidewall of the
tunnel. ‘The cycle of procedures necessary for an overcoring, including shaping the borehole-end conically, gluing a 16-clement strain
cell, and overcoring was completed within 2.5 hours.

- With the tools procured in South Africa, BX CCBO techniques was conducted in January and February 2013 at Mponeng (at 3.4km depth
with minimal mining) and Tau Tona (at 3.0km depth near a M1.5 damage). The Tau Tona stress (145 MPa, 4000 pstrain) was much
larger than Mponeng (90 MPa, 2600 [istrain) and Moab Khotsong (80 MPa, 2000 strain)

- The stress is greater with significant difference than the predicted values of existing numerical computer model.

- CCBO requires only 10cm overcoring to complete stress relief; it is faster and easier than current techniques and may enable a successful
overcoring in heavily fractured condition.

- The CCBO techniques was transferred to the people from two mines (Anglogold Ashanti) and two geotechnical consulting companies
(Seismogen and Ground Work)

Gold Fields
(KDXC West)

- The company already has a good hazard assessment system, monitoring seismic events of Driefontein with about 30 geophones placed 2-3
km in underground at the Central control room.

- The company has “Shert Term Seismic Hazard Ratings Table” and the ratings system is different from company from company as there
are still lots of unknown, Gold Fields has their own rating while ¢.g. Anglogold Ashanti uses IMS rating although both companies uses
the IMS seismic monitoring system..

- What we need to do is ) increase the sensitivity of monitoring system as that of geophones is limited, 2) directly measure the stress.
However, these will not be verified until a seismic event occurs,
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- Stress measurement was very expensive before, could cost 300,000 ZAR for a single measurement. Now the CCBO could be 3 times
cheaper, about 100,000 ZAR and for the first time an affordable method for stress measurement.  This instrument can also contribute to
more accurate computer modeling.

Ground Work | - CCBO is faster and can measure the stress with much shorter length. The biggest advantage is that it can be done quickly. With this
technique, mine should do more measurement and can modify mining design, size and crientation.
Output 4 — Reliability of strong CSIR/Wits - The major risk is reliability of in-stope instruments (strong ground motion monitors and ultrasonic closure meters) which are exposed to
ground motion predictions in gold extremely demanding environmental conditions (high humidity and temperatures, corrosive atmospheres, blasting, water-jetting)
mines is improved,
Output 5 — Estimation of the CGS - CGS does not see obstacles that could affect the Quiput.
locations of seismic events and CSIR/Wits - The strong ground motion network is operational, but it cannot be guaranteed that events large enough to produce strong ground motion
damage assessment of seismic will occur.
disasters become more accurate,
22 Clarification of Indicator 3-2 Experts - The monitoring network developed by the Project covers only about 100m on all sides in the vicinity of earthquake sources out of tens of

(status of upgrading the scheme
of hazard assessment)

km square of a mine. Mining companies have already had their monitoring and safety system.

- It is not possible for the Project to immediately help improve companies’ entire mine~-wide monitoring and safety system based on the
cbservation in the very limited area. This intensive monitoring network will not be extended as it is to the entire mine; it requires
developing a modified AE network that mines can adopt for themselves,

CSIR/Wilts - Most South African mines operate IMS seismic systems and make use of standard IMS procedures to assess seismic hazard. The
sensitivity threshold on most mines is about M=-1,
- The networks of the Project are more sensitive (threshold M=-4) and equipped with additional sensors such as tiltmeters, strainmeters and
transmission lines.
- The goal of the Project is to test rigorously if this addition information of the Project provides any reliable indication of changes i seismic
hazard,
- Should any of the methods prove to be practically viable, the Project will publish functional specifications of the systems and procedures
required to implement the methods.
CGSs - Monitoring the seismicity is the first step towards assessment of the seismic hazard and risk in mining districts,
Seismogen - Rock burst and fali are the cause of most common injury. The Project will bring about the safety benefit, The Project will also improve
seismic monitoring.
2.3 Clarification of Indicator 5-2 CGSs - The obtained upgrade of national network in the Far West Rand from 1 to 12 stations is significant. CGS is planning to add additional
{status of upgrading data Center) stations in this area to further improve accuracy of location of seismic events.
- New Center process seismic data using Antelope software, The most processing is done automatically. The old system aflow for
manuat processing only.
Indicator for Output 5 is:
5-1) The rumber of South African national statien installed (10)
5-2) CGS report on upgraded Data Center and a routine data processing (1)
5-3) CGS report on the obtained parameters to better predict strong ground motion on surface (3)
2.4 Prospect of achieving the Project CSIR/Wits - The Praject will mostly achieve the Project Purpose.

Purpose (Understanding of the
preparation and occurrence of
earthqgirakes is enhanced, and the
risk management mechanism of
mining-induced earthquakes is
improved)

1) Understanding of the preparation and occnrrence of earthquakes:

-The Project sites offer the best opportunity anywhere in the world to make new discoveries regarding the physics of carthquakes.
However, rock is highly heterogeneous material and its behavior is difficult to predict. Hence the Project cannot guarantee that large
events will occur within the aperture of sensor arrays, and are not absolutely sure that we will make significant discoveries.

- Using a state of the art monitoring systems installed in close proximity to a potential seismic source will increase the knowledge of the
processes related to mining induced seismic events.

- The Project has already gained some new insights into the spatial nucleation of seismic events from acoustic emission (AE) data
collected at the Cooke 4 and the analysis of AE and tilt data collected at Mponeng mine in 2007 coupled with stress modeling,

2) Management of the risk posed by mining-induced earthquakes;
- The Project focuses on the prediction of rockbursts. At the very least the Project should be able to determine if there is any practical
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way we can detect forerunners of rock bursts. If it proves to be impossible, then risk mitigation will rely on efforts to develop
technologies to make excavations rockburst-resistant and to reduce the exposure of mine workers.

- This is the most ambitious mine-related seismology project ever conducted, The Project can also contribute to these efforts.

- Studies of strong ground metion and rock mass response to that will improve mining layout design and in-stope support system.

CGS - As for the activities related to CGS, the project will be fully achieved. CGS is going to develop expertise in mining seismology. CGS is
going to mainly focus on routine processing and research activities.
Anglogold - What is applied from the Project could be: 1) AE monitoring, 2) Stress measurement.  There is a problem that the software is in Japanese.
Ashanti - Anglogold Ashanti Rock Engineering Department was transferred technology of CCBO when it was conducted at Mponeng and Tau Tona
(Moab mines in January and February 2013, along with Ground Word and Seismogen.
Khotsong) - Anglogold Ashanti likes to use the technology and implement the system  This could be mentioned by the speaker from the company at
the seminar on 11 March 2013.
OHMS - Example of technology transferred by the Project is Borehole Camera that can inspect the inside of holes in 100m deep. Dr. Ogasawara,
Dr. Nakatani, Dr. Yabe and Mr Raymond(?), Masakale, Khambule designed the camera together.
Ground Work | - Evety mine must have rock engineer by law. Big company such as Anglogold Ashanii has their own rock engineer. Small mine
contracts out rock engineering services (e.g. Cooke 4 has contracted Seismogen for rock engineering services.)
2.5 Clarification of the Indicator for
Project Purpose
‘The number of experimental sites | CSIR/Wits - The Project aims to ¢stablish sites on three mines: Cooke 4, Moab Khotsong and KDC West
The quantity of knowledge that CSIR/Wits - Results will be reported at scientific meetings convened by the following professional and scientific organizations: SANIRE (South
are obtained only by closed African National Institute of Rock Engineering), SAIMM (the Southern African Institute of Mining and Metallurgy) and SAGA (South
proximity monitoring African Geophysical Association), Annual MineSafe Conference etc.
- These meeting/seminar are to be not only for scientists but also for practitioners,
- The Project expects to publish a total of 6 papers on this topic (4 papers in referred conference proceedings and 2 papers in international
journals)
CGs - It is difficult to predict a number of scientific papers. CGS has been producing several reports per year and participated in several
international conferences but not many papers appeared in scientific journals.
Improve systeins to mitigate CSIR/Wits - Legislation requires mines in SA to formulate “Code of Practice” in which they describe their standard operating procedures. Mines are
seismic risk required to revise the “Code of Practice” from time-to-time and adopt “leading practices”, which are established through the publication
of peer reviewed papers, workshops, elc,
- The Project will submit formal recommendations on leading practice to MOSH team (Chamber of Mines), rock mechanics practitioners at
deep mines, organized labour, and the Mine safety Inspectorate.
CGS - Installation of 50 seismic stations in the mining district will require development of new services for hazard/risk assessment by CGS.
Experts - There could be two applications of the research findings for public benefits.
1) In case that AE is proved to be helpful in identifying mine induced seismic events, then the Project can propose a modified/simplified AE
network that mines can adopt for themselves.
2) CCBO conducted in 7 and 8 February 2013 revealed that the stress was greater with significant difference than the predicted values of
existing numerical computer medeling. With conducting more CCBO survey, the Project can help improve the strain computer modeling.
3. Efficiency 3.1 Clarity of the overall plan of the CSIR/Wits - The overall plan is very clear.
Project. Master Plan and PO CGS - Very clear.
3.2 Inputs of Japanese side —dispatch | CSIR/Wits - Good: the Japanese experts have shown great commitment, a great level of commitment, to the Project
of expertsfresearchers. CGSs - Administration input and help from Mz, Miyara and now from Mr. Takashima is unique and very valuable.
Experts - The principal Japanese researcher, Dr. Ogasawara is effectively on five-year sabbatical to be fully engaged in the Project.
GHMS - Japanese experts are very punctual and focus on the finest detail, try to be 100% accurate.  Also the payment upon our invoice is very
fast. These are rare in South Africa and OHMS very much appreciates it.
Ground Work | - Dr. Ogasawara is very committed and pro-active to transfer technology. He is very organized and manages the project very well. Asa
commercial company, it is an absolute pleasure to work with a professor like him.
3.3 Inputs of Japanese side - CSIR/Wits - Good: The Project Cocrdinator has procured all equipment according to the project plan.
provision of machinery and CGS - Procurement process is professional, From a researcher point of view any simplification would be greatly appreciated,

equipment.
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3.4 Inputs of Japanese side — training | CSIR/Wits - Satisfactory: So far only two South African (Mr. Spottiswoode and Mr. Kgarume) have visited Japan for training and research activities.
in Japan This has been appropriate. The number is expected to increase as the Project enters the data analysis and interpretation phase.
- Three of the key researchers of the Project have been supported by the Project to present the current output of the project on the
international conferences once 2 year since the beginning of the Project.
CGS - Need improvement: This is not satisfactory because of JICA restriction. There is no one in CGS who would be willing to spend several
months in Japan without family.
Experts - Training in Japan is planned in July-2013 at AIST for two lecturers of the School of Mining Engineering, Wits Univ.
3.5 Inputs of South African side — CSIR/Wits - Satisfactory: CSIR is a contract R&D organization, and thus some researchers have not been able to devote as much time to the project as
assignment of counterpart they would like.
personnel - Wits staff members carry quite heavy teaching and supervision loads.
- Indication of how much time the counterpart personnel spend on the Project:
e.g. Dr. Durrheim (10%6), Dr. Milev (50%), Mr.Share? {less than 50%)
CGS - CGS need only communicate with mining companies to perform its task, and this communication is satisfactory,
3.6 Inputs of South African side — CSIR/Wits - Satisfactory: CSIR, CGS, Wits Univ. and DST have all met their commitment to the Project.
budget disbursement for the CGS - CGS is covering all costs associated with maintenance and data communication of 10 seismic stations sponsored by JICA.
project implementation
3.7 Communication {periodical and CSIR/Wits - Good: communication by the scientific advisor (Dr. Ogasawara), Project leader (Dr. Nakatani, Dr, Yabe) and Project Administrator (Mr.
daily) for project coordination — Miyara, Mr. Takashima) has been excellent, exceptionally good.
between South African CGS - Communication is perfect,
researchers and Japanese
researchers
3.8 Communication {pericdical and CSIR/Wits - Satisfactory: At times there have been failures in communication owing to competing commitments. It depends on the availability of time.
daily) for project coordination — The activities are not fully funded and in-kind contribution
among South African - Good: Beside some shortfalls, the periodical and daily communication was good.
organizations CGS - There is low level of activity in this regard because connecting surface and underground network is not planned or an objective of the
Project, but only the exchange of information.
- The underground network ¢an be connecied to the surface network, if requested, as CGS may use the data of magnitude 0 or -1.
- Exchange of information with Cutput 1-4 is expected (such as stress measurement and rock property for 3D modeling and monitoring
resulis for locating seismic events})
3.9 Promoting/hindering factors that CSIR/Wits 1) Promoting factors
may have affected the Project - The project has received great support from mine management and rock mechanics practitioners.
implementation - Local contractors have generally worked diligently and well.
- A long history of collaboration with mining companies and service providers has helped the project tremendousty,
- Prof. Ogasawara’s research dates back to 1994.
2} Hindering factors
- The Project has had to deal with industrial action at the mines (strike)
- Theft of cables and equipment within the mines.
- The Project has experienced some defays in obtaining a permit to transport and hold rock specimens that may confain gold from the
Precious Metal Regulator.
- There also have been some delays in the construction of in-stope closure meter.
Moab - The strike lasted six weeks. It took two more weeks for various safety checks, and another one weeks before it resumed full production.
Khotsong
OHMS - Presence of senior representative of the Project who can negotiate with mine (specifically when Dr, Ogasawara is not in South Africa)
could lead to better project management.  For example, the Project spent thousands of ZAR te make boreholes in Moab Khotsong, and
when it wes done, the mine stopped mining and so these holes were just abandoned.  This could have been avoided through negotiation
at a proper time.
- OHMS technicians get paid by JICA on daily rate, not fixed-monthly rate. As such, it is difficult for OHMS to plan or foresee their
income.
Gold Fields - South Africa has lots of politics and unstable environment. Frequent change of company (and the name). Change of policy of the

Government: 6 day off for every fatal accident. The 1 month strike costs 12 billion ZAR for the mining industry.
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Experts - IMS (ex. ISS), the largest independent research organization on developing methodologies, technologies and services to understand
seismic rock mass response to mining has relocated its HQ from Stellenbosch, (South Africa) to Hobart (Australia).
- Some Japanese and South African co-financing funds (name: )
4. Impact 4.1 Any positive/negative impact CSIR/Wits - So far the project effort has been devoted to establishing research sites (identify monitoring sites, procure the equipment and initiate
brought about by the Project (e.g. underground monitering). Implementable findings are only expected in the next two years of the five year project.
Policy and research development, - The South African mining industry is going through a period of turmeil, Debates about nationalizations of mines, strikes and economic
Poverty reduction, environmental cycles have all contributed to this.
protection, etc.) OHMS - The Project has helped develop OHMS’s technicians by giving them much responsibility than usual; that is an excellent development of
carrier. Usually technicians are not left with much room of technical development, but the Project always moves into next phase and
brings into something new.  That way, a technician involved in the Project left OHMS for belter carrier opportunity.
Expert - Anglogold Ashanti plans to install Acoustic Emission at Mponeng mine.
- The Project outcomes have been reported at the intemational seminar hosted by IMS (ISS) since 199X?.  This year, the seminar will be
held on 18-19 March 2013 at Hobart, Australia.
Ground Work | - Ground Work plan to invite Dr. Kato and to conduct CCBO with this supervision as soon as testing sites become available at KDC East (
Kloof) mine.
4.2 Ongoing/possible collaborations, CSIR/Wits 1) Science plan to address natural hazards in Africa (2007-present) by ICSU Regional Office for Africa
if any, with multi/bi-lateral 2) Regional Programme for sub-Saharan Africa (2010-present) by Global Earthquake Model (GEM)
development partners (UN, NGO, 3) AfricaArray projects (2005-present) by AfricArray
civil society, and private sector). CGS - Observational Seismology by the University of Trieste, Italy, for the exchange of expertise in interpretation of strong ground motion data.
5. Sustainability 5.1 Prospect from instituticnal CSIR/Wits Relatively High
viewpoint (e.g. annual plan, - For CSIR and Wits, mining research is an identifted focus. There is no doubt that teaching and research will continue. However, it is
operational guideline/MOU among difficult to guarantee the scope and foous of the research work. Over the last 20 years there has been a drastic reduction in the investment
involved organizations) in mining-related research in South Africa, both by government and by industry.
- CSIR CMI has prepared a business plan for FY Mar 2013- Apr 2014,
CGS High: Part of CGS responsibility is monitoring seismic activity.
5.2 Prospect from technical CSIR/Wits Relatively high
viewpoint (e.g. maintenance of - Most sensors and cables installed underground will not be recovered because they are permanently grouted in the rocks.  They will not be
precured equipment, training useful when mining moves to other areas.  They will be used only few years while mining is conducted in the area.
opportunities and update of - Data recorders and tiltmeters will be retrieved and used for other projects.
expertise/knowledge) - Surface network {CGS seismic stations) will operate into the future.
CGs High
- Maintenance of national neiwork has no problem for CGS.
- CGS could consider taking over the underground monitoring network and collecting data during its life as CGS is also interested in the
difference between the mining and flooding earthquake after closure.
5.3 Prospect from Human Resource | CSIR/Wits Relatively High
viewpoint (continued assignment of - CSIR/Wits hope to maintain capacity at current levels.
responsible personnel, - It should be noted that there has been a huge decline in mining-related rescarch capacity in South Africa over the past decades. The
collaboration with other WMRI seeks to reverse the trend,
organizations) - This project provides an excellent environment for training young scientists and post-graduate students.
CGS High
- CGS is going to develop more expertise in mining seismology.
- Seismology Department, CGS, has 30 staff members: 5 for electronic laboratory, 6 analyst for data processing, and 20 seismologists)
- CGS is lucky to have new face and the number is growing. They are permanent, thus the growth is not on soft money.
5.4 Prospect from Funding CSIR/Wits Relatively high
viewpoint {budget allocation for the - Continuation of project work at CSIR depends on wining new research contracts frem mining companies or the MISC (or sourcing
activities, external financing from additional funds to cover the research time spent on the Project). This cannot be guaranteed.
private sector/donors) CGS Relatively high

- CGS has financial support from DMR and private sector.
- CGS is going to develop and sell some services (such as training to mining industry on scismic hazard)
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Annex 14: Draft PDM

Project Name: The Project for Observational Studies in South African Mines to Mitigate Seismic Risks

Cooperation Duration: 5 years (August 2010 — August 2015)

Implementing Institution; DST, CSIR, CGS, Witwatersrand University, Ritsumeikan University, University of Tokyo, AIST
Target Area and Beneficiary: Researchers of Implementing Institutions, several South African mines and mine workers

Version 1: March 2013

disasters become more accurate.

processing is published.
5-2 Three CGS reports on the obtained parameters 1o better predict
strong ground mofion on surface are published.

Narrative Summary Objectively Verifiable Indicators Means of Verification Important Assumptions
[Overall Goall
Apply the seismic hazard assessment and control schemes developed in this project - -
in deep South African mines and worldwide.
[Project Purpose]
Understanding of the preparation and occurrence of earthquakes is enhanced, and the | 1. Results of the Project is reported at least 5 international, professional | Project report CSIR, CGS and mining
risk management mechanism of mining-induced earthquakes is improved. meetings. Hearing companies continue
2. Formal recommendation on leading Code of Practice is submitted to self-reliant project
MOSH team, rock mechanics practitioners, organized labor, and the activities.
Mine Health and Safety Inspectorate.
3. At least two transferred technologies are adopted in South African
mines.
4. At least four young researchers obtain advanced degree on project
related research.
[Outputs]
1. Reck propeﬂ_ics at seismic sources are efucidated, 1-1 Three target faults for observation network are identified. Project report Each output is ﬁ.llly
1-2 One survey report of rock properties at seismic sources is Survey report achieved.
published.
Cooperation of mining
2. Understanding of the preparation and forerunners of earthquakes in gold mines is | 2-1 Three monitoring sites are established and monitored. Project report companies continue.
enhanced. 2-2 Three papers on the preparation and forerunners of earthquakes are | Scientific Journal
published.
3. Reliability of seismic hazard assessment in gold mines is improved. 3-1 Three papers on stress change and rock mass instability are Project teport
published. Scientific Journal
3-2 Functional specifications of the system and procedures required to
observe precursory phenomena in mine are designed.
4. Reliability of strong ground motion predictions in gold mines is improved. 4-1 At least one paper on on-fault dynamic stress change is published. Project report
4-2 Two reports on information for better prediction of strong motion Scientific Journal
are produced. (on surface and at stopes)
5. Estimation of the locations of seismic events, and damage assessment of seismic 5-1 One CGS report on upgraded Data Centre and its routine data Project report

[ Activities]
1.1 Observe and collect rock samples at seismic sources and its surroundings
1.2 Investigate rock properties in laboratory

2.1 Install monitoring systems for micro-fracturing and rock deformation, and
sensitive long period seismometers in the vicinity of impending earthquake
sources

2.2 Monitor the activities of micro fracturing

2.3 Menitor the accumulation and release of stress in and around the impending

earthquake source

[Inputs]
(Japanese side)
1) Dispatch of Experts
- Source rock property
- Sensitive close monitoring
- Hazard assessment
- Strong motion
- Extension of SANSN
2) Provision of Machinery and Equipment

- Equipment for monitoring of micro-fracturing, rock deformation, and scismic motion

1. Mining plans at the
monitoring sites remain
unchanged.

2. Strike does not take
place at target mines.

3. Seismic events big
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2.4 Analyze the monitored data to clarify the forerunning phenomena and its
characteristics

3.1 Evaluate spatiotemporal changes in stress and rock mass stability based on the
data produced by mine’s microseismic network

3.2 Upgrade the scheme of seismic hazard assessment by calibrating existing
schemes with the data obtained through the activities 2-2, 2-3 and 3-1

4.1 Tnstall accelerometers and high capacity streinmeter in the vicinity of impending
carthquake sources to monitor the dynamic slip and stress change

4.2 Analyze the data obtained through the activity 4-1 to clarify the process of rock
mass failure and strong motion generation

4.3 Install strong motion meters and geophones in underground working places to
monitor strong motion at disaster sites

4.4 Compare strong ground moticns at the source with those at damage sites to
clarify the characteristics of site amplification of strong motion

4.5 Compare the monitored dynamic stress change and fault slip with existing
[ab-experimental results to clarify the scaling relationship in dynamic rupture
process

5.1 Install seismic stations in the Far West Rand mining district (Carletonville area)
on the surface to monitor surface ground motion caused by mine tremors

5.2 Upgrade the Data Center in the Silverton offices of the Council for Geoscience

5.3 Develop and validate a parametetric model that will be capable of predicting
strong ground motion

- Equipment for seismic monitoring network on the ground surface
- Equipment for data analysis
- Office equipment
-Other equipment as necessary
3) Training in Japan
4) Local Qperational Cost

(South African Side)
1} Service of Counterpart and Administrative Personnel
- Source rock property
- Sensitive close monitoring
- Hazard assessment
- Strong motion
- Extension of SANSN
2} Office Space and its Facilities
- Office and facilities for the duties of JICA experts
- Land or space for equipment installation
- Other facilities as necessary
3) Running expenses necessary for Project Implementation
4) Cooperation and contribution of mining company

enough to collect
intended data aceur,

[Pre-conditions]

DST( Department of Science and Technology), CSIR(Council for Scientific and Industrial Research), CGS(Council for Geoscience), AIST(National Institute of Advanced Industrial Science and Technology), MOSH(Mining
Industry Occupational Safety and Health, Chamber of Mines), SANSN(South African National Seismograph Network), MOU(Memorundum of Understanding), Mine Health and Safety Inspectorate (Department of Mineral

Resources)
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