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Executive Summaiy

1. t The mission consists of two Agency staff members: Mr. Froehlich, Head of Isotope

Hydrology Section and Ms. Sun, country officer of the Philippines, East Asia and Pacific Section.

The purposes of the mission were to assess the accomplishments of TC project PHI/8/016

"Isotope Techniques in Geothermal Hydrology"; to assist Philippine National Oil Company's

Energy Development Corporation (PNOC-EDC) to extend the benefit of isotope techniques to

other geothermal hydrology projects in the country; to identify further project activities in the

field; and to interface IAEA project on geothermal energy development with UNDP and World

Bank supported projects in the same field. The mission was financed under UNDP sectoral

support funds.

2. The mission visited Philippines from 27-31 March 1995. The mission visited the site

of UNDP supported project PHI/88/015 "Geothermal Agro-Industrial Demonstration Plant" in

Palinpinon, Valencia, Negros Oriental and the site of the World Bank supported project" Leyte-

Luzon Geothermal Project" in Tongonan, Leyte. The mission also had meetings with project

counterpart staff at PNOC-EDC and discussed about the geothermal energy development

programme during 1993-2000, the accomplishments of TC project PHI/8/016, and further co-

operation in this field.

3. The mission found that the Agency's technical assistance to PNOC-EDC, under

operational project PHI/8/016 since 1991, has resulted in the establishment of a sound

infrastructure at PNOC-EDC for application isotope techniques in geothermal exploration and

development including a group of well trained staff. PNOC-EDC staff is making efforts in the

establishment of its own stable isotope laboratory in 1995-96. That will enable them to conduct

independent isotopic investigation in the Philippines and generate results over a short period of

time for decision-making. The mission observed that isotope techniques is also being used in

aforementioned UNDP and the World Bank supported two projects in non-power application and

in power-generation of geothermal energy, respectively. These 3 projects have the same

counterpart institution: PNOC-EDC.

4. The mission noticed the growing concern on energy-environment related issues and was

glad to know the projects supported by UNDP, the World Bank and IAEA have contributed to

reducing CO2 emissions and increasing efficient use of geothermal resources.
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5. According to the mission's assessment, the TC project PHI/8/016 is in response to the

country's geothermal energy exploration and development programme which has significant

impact on national economic development. Therefore, PNOC-EDC obtained government's strong

support. The project intends to address and solve the problems pertaining to the geothermal

exploration and development as well as related environmental issues by using stable isotope

techniques. During the past years, PNOC-EDC has established a sound infrastructure and is

using the same technology in other geothermal fields. As such, the mission agreed with the

country programme framework (CPF) mission's recommendation, the project could deserve

identification as a model project.

6. The geothermal energy development in the Philippines and its future programme, the

status of 3 TC projects supported by UNDP, the World Bank and IAEA, and the

accomplishments of PHI/8/016 and further co-operation in geothermal field are summarized in

the full report.
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Full Report

I. Geotfaennal Eneigy Development in the Philippines

1. Geothermal energy is an indigenous resource that abounds in the Philippines. Potential

geothermal resources are conservatively estimated at least 4,000 MW(e). The Philippines is the

second largest producer of geothermal energy next to the United States. Currently, the

Philippines has a total installed generating capacity of 1079 MW(e).

2. During the last Medium Term Energy Plan (1988-1992), electricity generated by

geothermal power plant totalled 61,375 giga-watt-hours (GWH), displacing approximately 105.82

million barrels of fuel oil equivalent. Foreign exchange savings from the displacement of oil

imports during this period was estimated at US $2.3 billion. A major policy reform which

directly impacts on geothermal energy development was undertaken by the Government, which

allows the private sector to engage in power generation activities including construction,

operation and selling its power to the grid. Further policy reforms during 1990-1991 have

allowed greater participation of the local community in development of geothermal sites.

Moreover, the Government also provides a share of royalties and taxes earned from various

energy projects to local government, thus, boosting the acceptability of geothermal and other

energy projects of the host localities.

II. The 1993 - 2000 Programme

1. In support of the power development programme in the country, an accelerated

geothermal energy development programme is being pursued in 1993-2000. This could be

achieved by setting specific and attainable goals, foremost of which is to ensure a ready market

for the efficient utilization of geothermal energy. In this regard, integrated steam field

development and power plant operation shall be pursued, together with the upgrading or

application of new technologies in geothermal steam utilization. Enhancing the social

acceptability should also be achieved during this period.
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The geothermal alternative remains as the country's least cost and environmentally

friendly option for power generation. The sector's programme focus on the following aspects:

to accelerate field development in proven geothermal areas;

to explore new or under explored prospective sites; and

to promote geothermal as an attractive investment opportunity for private sector.

In the near term (1993-97), development projects concentrate on proven geothermal

resources for development and construction of new geothermal power plants.

2. A total of two hundred and fifty-two (252) wells are programmed for drilling, of these,

189 wells (75%) have been committed by PNOC-EDC (Energy Development Corporation) and

rest by PGI. By the year 2000, total geothermal generating capacity is expected to reach 2,561

MW(e). Power generation from geothermal will contribute a cumulative 104,883 GWH by 2000,

translating to foreign exchange savings of US $3.19 billion over 1993-2000 planning period.

3. Towards maximizing the contribution of geothermal energy in the country's energy plan,

non-power applications of geothermal steam is also being evaluated and promoted. The PNOC-

EDC will complete a pilot thermal plant project within 1995 for an agro-industrial (crop-drying)

application in Palinpinon, Negros Oriental. This paves the way towards the development and

utilization of low temperature and marginal geothermal resources nationwide.

4. The 1993-2000 geothermal energy development programme entails capital expenditures

of about 20.8 billion Pesos, which correspondingly requires some US $445 million for foreign

cost expenditures and a local investment of 8.6 billion Pesos. Of the total investment

requirement, about US $420 million and 7.9 billion Pesos have been committed, while the

remainder still have to be sourced from private developers for the programmed uncommitted

wells.

III. TC Projects on Geothermal Eneigy Development

Because geothermal energy development has significant impact on national economic

development, 3 TC projects in the area are currently supported by UNDP, the World Bank and
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IAEA, respectively. These 3 projects are summarized as follows:

1. PHI/88/015 - 'Ceotheimal Agro-Industrial Demonstration Plant"

The project is financed by UNDP with total inputs of US $670,870 during 1992-

1995. It is implemented by PNOC-EDC, through its Energy Research and

Development Centre (ERDC).

The objective of the project is to enable the Philippines to become self-sufficient

in development and operation of geothermal resources for direct use in agro-

industrial applications.

The project involves the installation and operation of a 1.15 MW(t) pilot multi-

crop drying facility using low enthalpy waste geothermal heat, and the evaluation

of the techno-economic viability of this pilot plant.

The outputs of the project are a 1.15 MW(t) crop drying plant and improved

quality agricultural products which will be in greater demand and will sell at better

prices. Eventually, the result will be additional income to all sectors of the agro-

industry in the project area.

The mission visited the project in Palinpinon, Valencia, Negros Oriental. The process

used by the pilot multi-crop drying plant is quite simple. Low-enthalpy waste geothermal brine

for reinjection from 112.5 MW(e) Palinpinon geothermal power plant is diverted to the drying

plant. The waste brine (with a temperature of 160°C) is not fit for electricity generation but hot

enough for drying. The brine enters the plant's primary shell and tube heat exchanger where

secondary fluid (ground water at 80°C) extracts the heat of the brine. The brine is then returned

to the injection line, while the secondary (hot water at 98°C) flows into the air heater. The air

heater is composed of finned tubed heat exchanger and a centrifugal air blower. As the hot water

runs through the tubes, the blower blows ambient air to the tubes producing hot air (at 75°C)

which flows to the dryer. The hot water, after passing through this secondary heat exchanger,

is then returned to the primary heat exchanger. The dryer has a 1 m wide x 0.5 m deep x 6 m
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long trench which distributes the hot air to the drying boxes stacked on top. These boxes

contain the fresh coconut meat or other agricultural products. There are seven sets of such air

heaters and dryers in the plant.

The pilot plant aims to improve the quality of dried agricultural products with the use

of clean air indirectly heated by geothermal brine. The process increases the value of these

products through better control of moisture content of the dried products and higher product

recovery with the improved handling of both raw materials and final products. These products

meet the high standards of export market resulting to a higher selling price. Coconut meat was

selected as the main crop to be dried due to its abundance in the area. Other agricultural

products, such as fruits, are also targeted for drying. The experience gained from this project will

serve as the basis for replication the technology in other geothermal areas throughout the country.

As has mentioned earlier, this will also pave the way towards the development and utilization of

low temperature and marginal geothermal resources in the country.

2. "Leyte - Luzon Geothermal Project" (Global Environmental Facility)

The project was initiated in 1994 and financed by the World Bank with Global

Environment Trust Fund under Global Environmental Facility (GEF). The input

from the World Bank are US $30 million. There are two recipients under the

project: PNOC-EDC and the National Power Corporation (NPC). Each of the

recipients will receive US $15 million from the World Bank during 1994-1998

period. However, the total investment of the project, including local and foreign

investment, is much higher. The financing plan for the project requires US

$1333.6 million from all financial sources.

The grant from the World Bank would provide financial support for the Leyte-

Luzon Geothermal Project, reducing its cost and making financially more attractive

for the use of environmentally preferable geothermal energy for power generation.

The objectives of the project include:

• to meet the rapidly increasing demand for power in Luzon using indigenous

and environmentally friendly geothermal energy;
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• to strengthen the energy sector by implementing institutional, planning and

financial improvements recommended by The Energy Sector Plan;

• to support the large ongoing private sector participation in power

generatioaand facilitate it by extending the national grid;

• to strengthen NPC's capacities in environmental and social impact analyses;

• to introduce Expanded Co-financing Operation (ECO) co-financing

in the Philippines; and

• to ensure the financial viability of NPC and PNOC for undertaking the long

investment programme.

The project includes the following components:

• PNOC-EDC will develop a 440 MW(e) geothermal energy field to expand

Leyte geothermal capacity from 200 MW(e) to 640 MW(e). This includes

drilling about 65 additional production and injection wells and constructing

the related sub-transmission system in Leyte; constructing a pilot reinjection

plant for CO2.

• NPC's main task is to install a submarine cable (about 19 km at 350 KV.

440 MW) crossing the San Bernardino strait (19 km), and linking the Leyte-

Luzon lines, and to contract two high voltage I X (HVDC) monopole

converter stations.

The project implementation has also divided to two parts:

• PNOC-EDC will undertake the geothermal development component and

contract with private sector to develop the geothermal power plants.

• NPC will implement the transmission component.
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The project will establish a reliable environmentally friendly power supply for the

Luzon region, which includes Metro Manila, the largest industrial and population

center in the Philippines. It would also interconnect the country's grid through the

Leyte system, which would dispatch power in an optimal manner and reduce the

reserve capacity required in the individual system. The export of 440 MW(e)

from Leyte island to Luzon island will be realized through this project, which will

contribute to the economic development in the country with considerable

environmental advantages.

The mission visited the geothermal field in Tongonan, Leyte with project counterpart

staff of PHI/8/016 and discussed the Leyte-Luzon Geothermal Project. The local manager of the

project also provided information on the development of the Leyte geothermal field. The mission

also visited the 112.5 MW(e) Tongonan I geothermal power plant in Tongonan. Then the

discussions focused on environment impact of geothermal energy development.

Due to its high transmission costs (installation of a submarine cable), the Leyte Luzon

Project is not the least cost expansion project. However, it provides considerable environmental

benefits compared to "least-cost solution", i.e. imported coal fired power plants. The GEF grant

will compensate the Government for part of this additional cost, and therefore the grant has been

a critical factor for PNOC, NPC and the government in prioritizing the project. The emission

of CO2 from geothermal power generation are just about 5% - 6% of those of an equivalent coal

plant. The Leyte-Luzon Project would reduce CO2 productions substantially as it includes a pilot

project for reinjection of additional global warming gases into deep wells, a technique which has

not been tried elsewhere and, if successful, could have useful applications in other geothermal

projects.

In related to the addition economic cost incurred in choosing Leyte-Luzon instead of a

coal plant, the cost of per ton of COj reduced would be $4.05, a very low level compared to the

cost of energy efficient efforts in the regions which range from $13.5 - $22.8.

The reduction in CO2 emissions associated to the Leyte geothermal development would

be even higher, because similar benefit would be obtained from the parallel implementation of

this Leyte-Cebu Geothermal Project (200 MWe), which is financially viable without any GEF

contribution.
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3. PHI/8/016 - 'Isotope Techniques in Geothermal Hydrology"

The project was initiated at PNOC-EDC in 1991 and supported by the Agency from

1991-96. This operational TC project in this area has effectively demonstrated the Agency's

assistance to this crucial energy sector. The infrastructure built during the past years should cater

to the routine service needs in the near term geothermal energy exploration and development.

However, a continuing assistance would seem to be justified for quality assurance for isotope

analysis, investigation of acidic fluids and effects of shallow injection of geothermal waste-water.

The details of the project's accomplishments and further development were discussed in the last

two parts of the report.

IV. Outcome of the Discussions During the Mission

1. Visit to Geothennal Fields and PNOC

The mission recognized that currently isotope techniques are becoming a routine tool in

geothermal exploration and efficient management of geothermal resources.

So far, isotope applications in the Philippines focussed on gathering baseline data for isotope

applications, in particular on the establishment of the Local Meteoric Water Line (isotopic

composition of rainfall). Moreover, the use of isotope techniques enabled to determine the origin

of geothermal fluids. Currently, geothermal wells are being sampled twice per month for water

and gas geochemistry. Isotope analyses are being periodically carried out for 20 wells at

Palinpinon I and 10 wells at Palinpinon II. In future, geochemical monitoring will be

supplemented by isotopic analyses.

Isotope monitoring of rainfall is being conducted since 1993 at a few locations. The mission

identified the need for strengthening the network of stations for rain collection and proposed the

establishment of a "National Network for Isotopes in Precipitation in the Philippines". This

network is expected to provide information on the spatial and temporal variability of the isotopic

composition in rain needed for the isotopic characterization of the recharge to the geothermal

reservoirs.

The mission was apprised that one of the main fields of practical application of isotope

techniques in the Philippines is the re-injection of geothermal fluids into the geothermal system -

after extraction of heat for electricity generation. These fluids are highly mineralized and
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represent a pollutant source for adjacent fresh groundwater. In comparison with adjacent

groundwater, re-injection fluids have a distinct isotopic signiture and thus can easily be identified

in mixtures between these two end members.

The vulnerability of groundwater against pollution by re-injected geothermal fluids is especial ly

high in Southern Negros because of the high permeability of the rock matrix in this area.

Therefore, Southern Negros is considered as typical example for the application of isotopes to

indicate reinjected fluids. This study envisaged to be carried out in 1996 will be prepared by an

expert service to be provided in 1995 (Prof. H. Zojer, Joanneum Graz, Austria).

The investigation of the impact of re-injected geothermal fluids on the adjacent groundwater is

highly relevant to the operation of the Palinpinon Drying Plant, which disposes its waste water

(geothermal fluid from which heat was extracted for drying crops and other plants) in geological

structures connected with the groundwater aquifers.

Beyond 1996, isotope techniques will be used as a routine tool for reservoir management and

geothermal exploration. Following the upgrading of the mass spectrometer for stable isotopes,

special studies of environmental processes will be prioritized. This includes a continuation of

the studies on groundwater contamination (relationship between shallow groundwater and

geothermal resource), started within PHI/8/016. Furthermore, aspects of air pollution are

envisaged to be addressed by investigating the oxygen and carbon isotopic composition of air-

Finally, the mission was apprised with the problem of the origin of acidic fluids which also is

envisaged to be tackled by application of isotope techniques. Acidic fluids play a major role in

the future exploration and exploitation of geothermal resources in the Philippines. The acidic

fluids are abundant in geothermal systems such as those in the Philippines (volcanic terrain). The

acidic fluids give rise to corrosion of pipes and other parts in contact with these fluids. Sulphur

and oxygen isotopes in sulphates appear to be suitable for isotopic characterization of acidic

fluids, of their hydrology and their origin.

It is expected that, through participation in an forthcoming IAEA CRP on geothermics, the

potential of these isotopes for identifying the origin of acidic fluids will be explored. The study

of acidic fluids also requires expert services and training. It was emphasized that training should

be provided in the country to have the opportunity to include more local staff.
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Possibilities for getting sulphur isotopes mesaured are seen through collaboration with laboratories

in New Zealand, Indonesia and/or Pakistan. Currently, there is a good collaboration with New

Zealand concerning the use of oxygen and hydrogen isotopes (18O and 2H) in geothermal fluids.

2. Visit to the National Hydraulic Research Center fNHRQ

In order to explore possibilities to interface the geothermal project PHI/8/016 with the ongoing

groundwater project PHI/8/018, a visit was payed to the NHRC, the counterpart of this project.

The project represents a follow up of an earlier one which was focussed on saltwater intrusion

in the northern part of the study area adjacent to the sea. The present project is aimed at studying

the interrelationship between polluted Laguna Lake water and adjacent groundwater, used for the

water supply of Metro Manila. The mission could hardly identify, which governmental

organization is responsible for the groundwater resources development and protection in the study

area of the project.There are several organizations involved, out of which the Laguna Lake

Development Organization appeared to be the most competent one. Moreover, the Groundwater

Works and Sanitary System (GWSS) has responsibility for the groundwater resources

development and management in that region, especially with respect to groundwater

contamination in Metro Manila.

10 professionals (civil engineers) of NHRC are envisaged to be involved in the implementation

of the project. Their approach is an engineering one and mainly related to mathematical

modelling. The project was included in the 1993-94 cycle of the technical co-operation

programme. The start of the project was shifted to 1994. In 1994 a two-week mission of an

Australian expert took place. During this visit, no reconnaissance sampling was carried out. The

counterpart did not follow the workplan of the expert, which envisaged, among other things, the

sampling of the Laguna lake. There seems to be no efficient collaboration between organizations

concerned with water problems in the project's investigation area. Since the expert mission in

1994, practically no activities were undertaken by the counterpart. They were waiting for field

equipment to start field work. During our visit we have strongly recommended to start

immediately a reconnaissance sampling of Laguna Lake water, sea water and shallow

groundwater. Such a sampling does not require special field equipment which is being supplied

by the IAEA for more comprehensive field work including sampling.

We have also suggested that PNOC-EDC, the counterpart of the geothermal project, should

support NHRC through provision of expertise in the application of isotope techniques and

analytical service ( measurements of 18O and 2H after upgrading of the mass spectrometer). The
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competent staff of PNOC indicated their readiness to give such technical support to NHRC for

implementation and follow-up of project PHI/8/018.

3. Final Discussion at PNR1

A follow-up project of PHI/8/016 was envisaged for the 1997-98 cycle of the IAEA technical co-

operation programme. The project should focus on environmental impact of geothermal activities

in the Philippines. It would be end-user oriented and is expected to have a visible socio-economic

impact. Isotope techniques, together with hydrogeological investigations, enable to study the

influence of re-injected geothermal fluids on adjacent groundwater and thus to sustain supply of

good-quality groundwater to the people in the region. In this connection, a network of sampling

stations at various elevations should be established to study the isotopic variations in rainwater

from island to island and at various elevations. This task will be implemented when the mass

spectrometer becomes operational.

The Agency's input to the follow-up project should focus on expert service and provision of

training. In addition to support through technical co-operation, PNOC-EDC is keen to join the

Agency's planned CRP on geothermics to learn more about the potential of stable isotopes for

indicating the origin of acidic fluids.

The follow-up project should also address the impact of geothermal activitiy on atmospheric

pollution by release of H2S and on the greenhouse effect by release of CO2 • Through analysis

of the isotopic ratios of carbon, oxygen and sulphur isotopes it is deemed to be possible to

indicate the origin of these gases.

To reduce the release of CO2, re-injection of this greenhouse gas into the geothermal system is

envisaged within the framework of GEF funded activities. Through these funds the purchase of

a mass spectrometer is considered which would enable measurements of carbon and oxygen

isotopes in CO2.

During the visit to NHRC the status of the ongoing project PHI/8/018 was reviewed. Problems

were identified which so far hampered the implementation of the project. Immediate actions

were proposed including a reconnaissance field investigation. Emphasis was place on the need

to interface the activities related to the two ongoing projects PHI/8/016 and PHI/8/018. This

includes the establishment of closer co-operation between PNOQEDC) representing the

geothermal sector, and the Department of Environment and Natural Resources, Laguna Lake
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Development Authority and the National Hydraulic Research Centre, representing the water

sector.

V. Conclusions and Recommendations

The Philippine geothermal energy development will continue to escalate in the next five

to ten years. Isotopes have been integrated in their local geochemical and hydrological

investigations, either to explore for new geothermal resources or manage the geothermal reservoir.

The local capability for stable isotopic investigations and interpretation is likewise developed.

Still the country requires the following assistance to which the Agency can have a significant

input:

1. Quality Assurance for the Isotnpp I flboratoiy

The Agency is assisting the Philippines until 1996 to develop its isotope laboratory by upgrading

the mass spectrometer and setting up the sample preparation lines for oxygen-18 and deuterium.

However, as the laboratory is set up, the results of analyses should be compared with more

established laboratories, to ensure the quality of measurements. The Philippines can participate

in the Agency organized intercomparison exercises; or compare isotope results with certified

isotope laboratories in the region like PINSTECH, Pakistan; IGNS, New Zealand; Academia

Sinica, China.

Likewise, despite the training of three of its scientific staff on mass spectrometry, the operation

of the isotope laboratory demands the experience to handle operational problems. This would

necessitate periodic expert assistance to the country, of at least twice a year.

2. Investigation of Acidic Fluids

Acidic fluids are encountered in a number of Philippine geothermal systems, including Southern

Negros. Their commonly postulated origins are: a) condensation of H2S-rich steam into

groundwater to form acid-sulfate waters; 2) direct input of sulfur dioxide and other volcanic

gases; and 3) remobilization of sulfur deposits at depths. But the understanding of their actual

origin and occurrence enable better development and drilling strategies.

The actual origin of acidic fluids can only be confirmed by the use of ^S. The use of MS and

complementing isotopes such as I8O in sulfate and stable isotopes have been initiated to
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investigate these fluids. However, the skills for data interpretation; and to expand the usefulness

of the data to calculating temperatures of fluids at depth still has to be learned. The Philippines

can be assisted in terms of expert assistance in this regard, which will also indirectly enable the

development of local manpower for data interpretation.

3. Effects of Shallow Injection of Geothermal Wastewater

There emerges a growing concern for the availability and quality of the groundwater resources

in the vicinity of geothermal areas. The most recent of which is the possible impact of shallow

wastewater injection on the groundwater resources.

As has been demonstrated in the past, conservative chemical constituents like Cl and sensitive

tools like stable isotopes can illustrate explicitly the origin and mixing of different fluids. The

cold injected fluids shall be exposed to the atmosphere for prolonged periods. That condition

will cause fast fractionation and enrichment of stable isotopes to values much greater than other

existing waters in the area. This "labelling effect" generates a natural tracer out of the injected

fluid that would enable the monitoring of the paths of the cold injected fluid and investigation

of mixing processes.

doc. name.UNDP-REP



Annex I
Work Programme in the Philippines

(27-31 March 1995)

27 March
(Monday)

07:00 -

13:00

14:00 -

12:30

17:00

28 March
(Tuesday)

08:00

10:30

14:00

- 10:00

13:30

- 16:00

16:30 - 19:30

19:30 - 22:00

Departure from the Hotel and
travel to Negros Oriental via air.

Arrival in Palinpinon, Negros Oriental.

Visit to Palinpinon geothermal power plant
and Geothermal Agro-Industrial
Demonstraiton Plant supported under UNDP
project PHI/88/015.

Meeting with project counterpart staff and
discussions on exploration and development
of geothermal field in Negros oriental.

Travel to Manila via air.

Visit to PNOC-EDC Laboratory and
discussions with counterpart staff on TC
project PHI/8/016.

Travel to Leyte via air.

Travel from airport to Tongonan by car.

29 March 08:00 - 10:00
(Wednesday)

10:30 - 12:00

14:00- 17:00

18:30 - 20:30

Briefing seminar given by staff of
PNOC-EDC and "Leyte-Luzon Geothermal
Project" supported by the World Bank.
Discussion on the project and related
environmental concern.

Visit to the site of Tongonan I geothermal
power plant and geothermal field.

Travel from Tongonan to airport by car.

Travel from Leyte to Manila via air.
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30 March
(Tuesday)

08:00 -

10:00 -

09:30

12:00

31 March
(Friday)

12:30 -

15:00 -

10:00

10:00 -

14:00

16:30

12:00

Visit to National Hydraulic Research Centre,
University of Philippines. Discussions with
project counterpart of PHI/8/018.

Conclusion discussion with PNRI,
PNOC-EDC, UNDP and other
government authorities.

Lunch hosted by Deputy Director of PNRI,
Ms. Eugenio.

Meeting with PNRI staff.

Mr. Froehlich's departure from the Hotel to
airport and travel back to Vienna.

Ms. Sun meeting with Ms. Roceles and
discussions on operational project and
1997-98 programme.

14:30 Ms. Sun departure from the hotel to airport
and travel back to Vienna.



Annex II
Persons contacted in the Philippines

1. Philippine Nuclear Research Institute (PNRI)

Ms. A.D. Eugenio

Ms. P.C. Roceles

Mr. D.B. Domondon

Mr. E.A. Cabalfin

Ms. A.M. De La Rosa

And Project Counterparts of PNRI.

Deputy Director of PNRI, Co-
ordinator of Human Health.

Head of Technical Assistance, TC
Liaison Officer.

Co-ordinator for Industry Application,
Chief Science Research Specialist.

Co-ordinator for Radiation Protection
and Radwaste Management.

Co-ordinator for Food and
Agriculture, Chief Science Research
Specialist.

3.

Philippine National Oil Company (PNOC)

Mr. H. Ferrer

Ms. R. Alvis-Isidro

Mr. C. Morantte

Ms. R. V.J. Pascual

Mr. V.C. Capalungun

Mr. G.F. Abito

Mr. R. Palma

[Mguna Lake Development Authority

Ms. D. Gemeniano

Manager, Geothermal Exploration,
PNOC-EDC.

Geochemist, PNOC-EDC.

Chief of PNOC-EDC Laboratory.

Staff of PNOC-EDC.

Staff of PNOC-EDC.

Staff of PNOC-ERDC.

Senior engineer of Leyte-Luzon
Geothermal Project.

Chief, Pollution Control Section.
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4. National Hvdraulics Research Centre

Mr. E. Gregorio

5. Department of Energy (DOE)

Mr. Z.C. Espino

6. UNDP Office in Manila. Philippines

Ms. I. Manal

Project counterpart of PHI/8/018.

Representative of DOE.

Programme Officer.


