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EDITORIAL NOTE

Although great care has been taken to maintain the accuracy of
information contained in this publication, neither the IAEA nor its
Member States assume any responsibility for consequences which
may arise from its use.

The designations employed and the presentation of material in
all maps in this atlas do not imply the expression of any opinion
whatsoever on the part of the Secretariats of the International
Atomic Energy Agency and of the United Nations concerning the
legal status of any country, territory, city or area or of its authorities,
or concerning the delimitation of its frontiers or boundaries.

The mention of names of specific companies or products (whether or
not indicated as registered) does not imply any intention to infringe
proprietary rights, nor should it be construed as an endorsement or
recommendation on the part of the IAEA.
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FOREWORD

At the core of all efforts for sustainable human development lies an adequate supply of freshwater. With
increasing population numbers and economic growth, it is imperative that we reach a balance between
demand and the availability of freshwater, protect available resources in rivers, lakes and aquifers, and
prevent disputes over shared resources. Although a significant portion of the Earth’s freshwater is renewed
by the hydrological cycle, freshwater is still a finite resource and, unlike many other strategic resources, it
has no substitute in most of its uses. Nearly half of all freshwater used for drinking and irrigation worldwide
is groundwater, on which irrigation and the world’s food supply are dependent. Yet, the world’s groundwater
resources are not well understood.

Water resources management and related policy development require widely acceptable scientific information
on the hydrology of water bodies. Naturally occurring isotopes in water provide unique hydrological
information and the associated techniques are highly cost effective. The applications of isotopes in hydrology
have from the very beginning been part of the IAEA’s programmes related to the peaceful applications of
nuclear energy. The focus of the IAEA’s work has been to develop appropriate methods for use in water
resources management and to assist its Member States in using those methods.

The IAEA has helped create a large body of isotope data on the world’s rivers, lakes and aquifers that can
be used for resource assessment and management on a local, regional and continental scale. I am pleased
to see that a number of isotope hydrology atlases are now being produced using these data from nearly one
hundred countries. By making the data easily available to scientists worldwide, I hope that the IAEA can
facilitate the integration of isotope hydrology into the practice of water resources management.

Vienna, September 2008 Mohamed ElBaradei

N,

Director General
International Atomic Energy Agency






PREFACE

Despite the importance of groundwater for many societies, there
is a lack of corresponding public concern about its protection,
perhaps because the extent and availability of groundwater are not
easily measured. The impact of increasing degrees of temporal and
spatial climatic variability on water resources is also an important
consideration, and groundwater to some extent provides an
opportunity to mitigate the impacts of climate change.

Applications of isotopes in hydrology are based on the general
concept of “tracing”, in which naturally occurring or environmental
isotopes (either radioactive or stable) are used to study hydrological
processes on large temporal and spatial scales through their natural
distribution in a hydrological system. Thus, environmental isotope
methodologies are unique in regional studies of water resources
to obtain integrated characteristics of groundwater systems. The
most frequently used environmental isotopes include those of the
water molecule, hydrogen (?H or D, also called deuterium, and 3H,
also called tritium) and oxygen (*#0), as well as of carbon (**C and
14C, also called radiocarbon or carbon-14) occurring in water as
constituents of dissolved inorganic and organic carbon compounds.
2H, 13C and 80 are stable isotopes of the respective elements,
whereas 3H and *C are radioactive isotopes.

Among the most important areas where isotopes are useful in
groundwater applications are aquifer recharge and discharge
processes, flow and interconnections between aquifers, and the
sources, fate and transport of pollutants. In particular, under
arid and semi-arid climatic conditions, isotope techniques
constitute virtually the only approach for the identification and
quantification of groundwater recharge. Pollution of shallow
and deep aquifers by anthropogenic contaminants is one of

ATLAS OF ISOTOPE HYDROLOGY — ASIA AND THE PACIFIC

the central problems in the management of water resources.
Environmental isotopes can be used to trace the pathways
and predict the spatial distribution and temporal changes in
pollution patterns for assessing pollution migration scenarios
and in planning for aquifer remediation.

This isotope hydrology atlas focuses on projects in IAEA Member
States in the Asia and Pacific region, where environmental isotopes
were used to assess water resources in terms of quantity or quality.
It presents location maps of study areas, summary statistics and
relevant data plots. Nearly 16 000 isotope records from 105 projects
carried out between 1973 and 2007 in 16 Member States are
included. For each country, a physiographic map is provided that
shows major water bodies, locations of stations in the IAEA/WMO
Global Network of Isotopes in Precipitation (GNIP) and the project
study areas. For each project, a map of the study area is provided,
together with data tables and plots for median and mean values of
60 and &%H, average annual precipitation and air temperature,
tritium and radiocarbon values.

The Isotope Hydrology Information System (ISOHIS), maintained by
the IAEA, is the source of the hydrological and isotope information
used in the compilation of this atlas. Isotope data and relevant
information of GNIP stations in Asia and the Pacific are available
through the on-line application WISER at www.iaea.org/water.

The following IAEA staff were involved in the preparation of this
atlas: P.K. Aggarwal, M.A. Choudhry, S. Eder, S. Hofko, E. Izewski,
T. Kurttas and S. Terzer. The technical officers responsible for this
publication were K.M. Kulkarni and L. Araguas-Araguds of the
Division of Physical and Chemical Sciences.

iii






STRUCTURE OF THE ATLAS

The countries in this atlas are listed alphabetically. The projects
are arranged chronologically: first national projects and then
regional projects, with each country having a group of plates in
the atlas. The first plate in each group contains a map of the
country showing the project areas. This plate also includes a brief
background of each project. The following plates provide maps of
each project area, a summary table of isotope data, and relevant
isotope plots.

Physiographical maps for countries and study areas were taken
from commercial GIS software [1]. Country boundaries have been
taken from the United Nations Geographical Information Working
Group [2].

Project types and codes

Each IAEA technical cooperation project as well as research
contract has a unique code number that appears on the plates of
the atlas. National projects include investigations at the national
or local level, whereas regional projects comprise investigations in
a group of Member States. Research contracts form a part of more
focused coordinated research projects (CRPs) on selected research
themes.

The codes for the three categories of projects mentioned above
are described below.

Interagency projects: Projects implemented by other UN agencies
in cooperation with the IAEA are represented by the code of
the respective agencies and the original number/code (e.g.
UNDP/FAO-AFG—-10). Multiple study areas investigated in a project
are shown on different plates with details. In such cases, a letter
is placed after the project code, for example, UNDP-IND-73-008H
and UNDP-IND-73-008W.
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National projects: The code consists of a three letter string for
the country, followed by the number 8, which stands for the
thematic field of the project (i.e. water resources and industrial
applications). Finally, a three digit sequential code is assigned
(e.g. BGD8016, CPR8014, etc.). These codes are used in the plates
describing national projects. Multiple study areas investigated in
a project are shown in different plates with details. In such cases,
a letter is placed after the project code, for example, MAL8008K
and MAL80OS8P.

Regional projects: The code consists of a three letter string RAS,
followed by the thematic field area number (8) and a three digit
sequential code (e.g. RAS8084, RAS8104, etc.). A three letter code
identifying the participating country is added after this code.
The regional project plates show a code such as, for example,
RAS8092-MAL or RAS8084-SRL, etc. When multiple study areas
are investigated in a given country, they are shown on different
plates with details. In such cases a letter is placed after the
project code, for example, RAS8104L—PAK and RAS8104P-PAK.

Research contracts: The research contract code consists of a
three letter country code, followed by the assigned number of
the contract (e.g. VIE-5840). When multiple study areas are
investigated in a given country, they are shown on different plates
with details. In such cases an arbitrary letter is placed after the
project code, for example, IND-10802B and IND-10802J.

Combined projects: Whenever different projects are combined in
one plate, their codes are shown in the heading.

Study areas
The approximate spatial distribution of the study areas of all the

projects is shown in Fig. 1. Project codes and study areas are
listed in Table 1.
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FIGURE 1. Map of the Asia and Pacific region showing areas covered by the IAEA projects on water resources that are included in this atlas.
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TABLE 1. Summary table showing the list of projects with their codes and study areas.
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RAS8092-INS Lahendong geothermal area, Sulawesi
RAS8097-INS Jakarta city area
Country Project Study Area Indonesia INS-5306W Western Java geothermal areas
INS-5306E Central and Eastern Java geothermal areas
Afghanistan UNDP/FAO-AFG-10 Hari River aquifers INS-9717 Sibajak geothermallarea, Sumatra
UNDP-BGD-74-009-01 AIIuvfaI aquffers of Bangladesh ety 1PN-10230 Ollabegesdianel ars
BGD8016 AIIuv!aI aqu!fers of Bangladesh RAS8084-ROK T clE
Bangladesh BGD8018 Alluvial aq%ufers: of Bangladesh ' ‘ Korea, RASS092-ROK PreemgesilcElarcas
RAS8097-BGD Urba.n.aqwfe.rs in Dhaka, Narayanganj and Tungi areas Republic of RAS8097-ROK e PR
BGD-10068 DupiTila aquifer, Dhaka ROK-11323 Cheju Island coastal aquifers
CPR8014 Black River basin - -
i MALB8008K Kuala Rompin aquifers
CPR80T7 Ero.l.c.)s basin ) MAL8008P Kuala Perlis area
RAS8084-CPR Shijiazhuang basin MALS00SL Ll ene
RAS8097D-CPR Datong basin . o
. ) . Malaysia MAL8018 Taiping area
RAS8097Y-CPR Yangtze River deltaic aquifers RASS084-MAL LesE el
China CPR-4850 T T RAS8092-MAL Tawau geothermal area, Northern Borneo
CPR-9180Z RAS8097-MAL Pulau Burung area
CPR-7277 Xiangshan ore field MONB8002G Gobi desert aquifers
CPR-8199 Beijing urban aquifers Mongolia MON8002T Tsambagarav area, Western Mongolia
CPR-9180H Hebei Plain geothermal area MONB8004 Tuul and Khangal River basins
CPR-11730 Guanzhong basin MON8006 Orkhon River basin
UNDP-IND-73-008H Northwestern Himalayan springs Myanmar MYA8003 Lake Inle
UNDP-IND-73-008W West coast springs e e e NZE-5961 Northern Island geothermal systems
UNDP/FAO-IND-81-010 Alluvial aquifers, Haryana State NZE-10232 Auckland area
RAS8084R-IND Urban aquifers, Raipur city RAS8084-PAK Sheikhupura area
RAS8084P-IND Purna River basin RAS8092-PAK Koh Sultan volcano area, Chagi
RAS8092-IND Tattapani geothermal area RAS8097M-PAK Multan area
RAS8097D-IND Landfill areas, Delhi RAS8097L-PAK Lahore area
RAS8097B-IND Alluvial aquifers, Ghazipur area RAS8104P-PAK Peshawar area
RAS8104T-IND Tiruvadanai aquifers RAS8104R-PAK Rechna Doab
India RAS8104S-IND Sasthamkotta Lake RAS8104C-PAK Chashma Nuclear Power Plant area

IND-6234
IND-7746

IND-7904B
IND-10802B

IND-7904)
IND-7904I
IND-8398
IND-10283
IND-10802J

Tapoban and Badrinath geothermal areas
Lake Naini area, Nainital

Bhadka-Bheemda area, Barmer

Kishangarh—-Ghotaru area, Jaisalmer
Indira Gandhi Canal Scheme, Rajasthan
Delang—Puri Sector, Orissa

Alluvial aquifers, Kolkata city

Arid zone aquifers, Jalore area

Pakistan

RAS8104T-PAK
RAS8104Q-PAK
PAK-3620
PAK-4255
PAK-4794
PAK-8591

PAK-9826
PAK-11516

PAK-11322

Tarbela dam area
Quetta area
Mardan area
Chaj Doab
Haripur area
Ziarat area

Kasur area

Karachi coastal aquifer

vii



viii

ATLAS OF ISOTOPE HYDROLOGY — ASIA AND THE PACIFIC

TABLE 1. Summary table showing the list of projects with their codes and study areas (continued).

Country Project Study Area

PHI8011M Metro Manila area

PHI8011D

RAS8084-PHI Davao city area

RAS8097-PHI

PHI8011C Cebu city

PHI8016L

Leyte geothermal field

PHI-9719L

PHI8016S

RAS8092-PHI Southern Negros geothermal area

PHI-9719S

PHI8018 Laguna Lake basin

PHI8022

RAS8097-PHI La Mesa, Rodriguez-Montalban and Angat dam sites
Philippines RAS8093-PHI

PHI8025 Bacolod area

RAS8075Mo-PHI
RAS8075Ma-PHI

PHI-6019MB
PHI-6019BM
PHI-9719BM

PHI-6019MA
PHI-6019MC
PHI-6019MP
PHI-6019Pi

PHI-6019Bi

PHI-6019ML
PHI-6019NN

Montelago-Mabini geothermal areas

Mount Bulusan-BacMan area

Mount Ampiro geothermal area
Mount Cagua geothermal area
Mount Parker geothermal area
Mount Pinatubo geothermal area
Mount Biliran geothermal area
Mount Labo geothermal area
Northern Negros geothermal area

SRL8018 Kukuleganga-Victoria—Randenigla dam areas
RAS8084-SRL Hambantota area
Sri Lanka .
RAS8093-SRL Samanalawewa reservoir area
RAS8097-SRL Nanu Oya and Bomburella basins
THA8011 Khon Kaen area
RAS8075-THA
Fang and Mae Hong Son geothermal areas
RAS8092-THA
) RAS8084-THA Ronphibun mining area
Thailand
RAS8097-THA o
Hat Yai basin
THA-4803H
THA-4803C Chao Phraya basin
THA-6233 Chiang Mai basin
VIES003 .
Mekong Delta aquifers
RAS8084-VIE
VIE8008
VIE8012
Ho Chi Minh City area
VIEB016
RAS8097M-VIE
Vietnam

RAS8084-VIE
RAS8097H-VIE
RAS8104H-VIE

RAS8093-VIE
RAS8104D-VIE

VIE-5840

Hanoi city area

Dong Mo dam area

Trungbo geothermal area




Oxygen-18 and deuterium

Oxygen-18 and deuterium contents in water samples are expressed
as & values (60, &%H), which are permil deviations from an
internationally accepted standard. The & unit is defined as:

R -R
6(%0) — sample VSMOV X 103
RVSMOV

where, Ris the isotope ratio 2H/*H or ¥0/*¢0.

In the case of water, the internationally accepted standard is
called Vienna Standard Mean Ocean Water (VSMOW) [3, 4]. The
’H and 0 isotope ratios are determined by mass spectrometric
methods. The measurements reported in this atlas generally have
a precision of about #0.1%o for &%0 and *1%. for &°H at one
standard deviation level.

Tritium

Tritium concentration is expressed in tritium units (TU). One
TU is defined as one atom of *H per 10 atoms of 'H, which is
equivalent to an activity of 0.118 Bq or 3.193 pGCi per litre of
water. The half-life of tritium is 12.32 years (4500 days) [5].
Due to this relatively short half-life, tritium has been used in
hydrogeology as an excellent environmental tracer to identify
modern recharge in aquifer systems. Tritium content is measured
by counting its radioactive decay, using liquid scintillation
spectrometers. Due to very low levels of tritium in natural waters,
electrolytic enrichment of tritium is done before counting the

radioactive decay. The analytical uncertainty for tritium analysis
is usually reported with each measurement. Current analytical
methods involving electrolytic enrichment followed by Lliquid
scintillation counting provide uncertainty values of the order of
+0.3 TU for tritium levels lower than 5 TU.

Carbon-14

For hydrogeological applications, radiocarbon or carbon-14
activity is expressed as a percentage of modern carbon (pMC). The
activity of modern carbon is 95% of the specific activity of the
carbon of NBS oxalic acid supplied by the US National Institute of
Standards and Technology (NIST). One hundred per cent modern
carbon corresponds to a carbon-14 specific activity of 13.56 * 0.07
disintegrations per minute per gram of carbon. Measurement of
carbon-14 activity is generally carried out by decay counting using
liquid scintillation spectrometry or, more recently, by measurement
of atoms using accelerator mass spectrometry (AMS) methods.
Carbon-14 is a key dating tool for groundwaters between 5000 and
40 000 years before present (B.P.).

The analysis of temporal and spatial variations of isotope contents
in the different components of the water cycle is required for
the characterization of different sources of recharge for aquifers,
springs, lakes, rivers, reservoirs, etc.

Ultimately, precipitation is the source of all recharge. Therefore,
definition of the isotope signals (H, 0 and °*H) in precipitation
is required for proper assessment of location and mechanism
of recharge. In other cases, isotopes in precipitation can aid in
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identifying fossil groundwater (complementary to the use of carbon-
14 dating of groundwater) because of the isotopic contrast between
modern and past precipitation.

GNIP is one of the main sources of information on isotope signals
of precipitation worldwide. This global monitoring programme has
been in operation since 1961 through a joint collaboration between
the IAEA and the World Meteorological Organization (WMO).

The GNIP database, which is also accessible through WISER
(http://www.iaea.org/water), provides basic isotope data for the
application of isotopes in hydrological sciences.

The isotope contents of precipitation over Asia and the Pacific have
been monitored at more than 100 stations for the last 40 years. The
raw isotope data, as well as the summary information (statistical
treatment of meteorological and isotope data), are available at:
http://www.iaea.org/water.

The locations of GNIP stations in Asia are shown in Fig. 2 and
are listed in Table 2. The long term weighted mean &%0 and &°H
values of precipitation calculated for the nearest GNIP station
for each study area have been included in the summary table for
each project.

ix
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FIGURE 2. Locations of selected GNIP stations in the Asia and Pacific region.
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TABLE 2. Selected GNIP stations in the Asia and Pacific region.
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GNIP code Station name Latitude Longitude
4094900 Kabul, Afganistan 34°34'N 69°13'E
4157101 Nilore/Islamabad, Pakistan 33°39'N 73°16'E
4178000 Karachi, Pakistan 24° 54'N 67°08'E
4218200 New Delhi, India 28°35'N 77°12'E
4251600 Shillong, India 25°34’'N 91°53'E
4305700 Mumbai, India 18°54’'N 72°49'E
4312800 Hyderabad, India 17°27'N 78°28'E
4331400 Kozhikode, India 11°15’'N 75°47'E
4336900 Minicoy Island, India 08°18'N 73°00'E
4346600 Colombo, Sri Lanka 06°54'N 79°52'E
4347300 Nuwara Eliya, Sri Lanka 06° 58'N 80°46'E
4429200 Ulaanbaatar, Mongolia 47°56'N 106° 59'E
4500400 Hong Kong, China 22°19'N 114°10'E
4713101 Cheongju, Republic of Korea 36°37'N 127°28'E
4713800 Pohang, Republic of Korea 36°02'N 129°23'E
4751300 Ryori, Japan 39°02'N 141°49'E
4766200 Tokyo, Japan 35°41'N 139°46'E
4809700 Yangon, Myanmar 16°46'N 96° 10'E
4845500 Bangkok, Thailand 13°44’'N 100°30'E
4855000 Ko Samui, Thailand 09°28'N 100° 03'E
4869400 Singapore, Singapore 01°21'N 103°54'E
4882001 Hanoi, Vietnam 21°03’'N 105°48'E
4893000 Luang-Prabang, Lao People’s Democratic Republic 19°53'N 102° 08'E
5074500 Qigihar, China 47°23'N 123°55'E
5095300 Harbin, China 45°41'N 126°37'E
5182800 Hetian, China 37°08'N 79°56'E
5182801 Wulumug;i, China 43°47'N 87°37'E
5265200 Zhangye, China 38°56'N 100° 26'E
5288900 Lanzhou, China 36°03'N 103°53'E
5361400 Yinchuan, China 38°29'N 106° 13'E
5369800 Shijiazhuang, China 38°02'N 114°25'E
5369801 Yantai, China 37°32'N 121°24'E
5416101 Changchun, China 43°54'N 125°13'E

GNIP code Station name Latitude Longitude
5452700 Tianjin, China 39°06'N 117°10'E
5452701 Baotou, China 40°40'N 109°51°'E
5559100 Lhasa, China 29°42'N 91°08'E
5629400 Chengdu, China 30°40'N 104°01'E
5677800 Kunming, China 25°01'N 102°41'E
5703600 Xian, China 34°18'N 108°56'E
5708300 Zhengzhou, China 34°43'N 113°39'E
5749400 Wuhan, China 30°37'N 114° 08’E
5767900 Changsha, China 28°12'N 113°04'E
5771300 Zunyi, China 27°42'N 106° 53'E
5781600 Guiyang, China 26°35'N 106°43'E
5823800 Nanjing, China 32°11'N 118°11'E
5884700 Fuzhou, China 26°05'N 119°17'E
5904600 Liuzhou, China 24°21'N 109° 24'E
5928700 Guangzhou, China 23°08'N 113°19'E
5975800 Haikou, China 20°02'N 110°21'E
9301100 Kaitaia, New Zealand 35°04'S 173°17'E
9341701 Kaitoke, New Zealand 41°06’'S 175°10'E
9384400 Invercargill, New Zealand 46° 25’'S 168°19'E
9401400 Madang, Papua New Guinea 05°13'S 145° 48’'E
9412000 Darwin, Australia 12°26'S 130°52'E
9432600 Alice Springs, Australia 23°48'S 133°53'E
9457600 Brisbane, Australia 27°26'S 153°05'E
9460800 Perth, Australia 31°57'S 115°58'E
9467500 Adelaide, Australia 34°56'S 138°35'E
9476500 Campbelltown, Australia 34°24'S 150° 00'E
9486800 Melbourne, Australia 37°49'S 144° 58'E
9495400 Cape Grim, Australia 40°41'S 144° 41'E
9674500 Jakarta, Indonesia 06°11'S 106° 50'E
9769800 Jayapura, Indonesia 02°32'S 140°43'E
9842900 Manila, Philippines 14°31'N 121°00'E
9855003 Alto Peak, Philippines 11°06’'N 124° 44'E
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1 Project Code: UNDP/FAO-AFG-10

Study area: Hari River aquifers

Sampling period: 1973-1974

Background: The project aimed to investigate recharge sources and the age of
groundwater in several aquifers in Hari River Valley near the city of Herat.
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1 Project Code: UNDP-BGD-74-009-01

Study area: Alluvial aquifers of Bangladesh

Sampling period: 1979-1981

Background: To investigate groundwater dynamics in alluvial aquifers of Bangladesh through isotope
techniques.

2 Project Code: BGD8016

Study area: Alluvial aquifers of Bangladesh

Sampling period: 1999-2000

Background: To identify the mechanism of arsenic mobilization in groundwater and to investigate deeper
aquifers as alternate sources of safe drinking water through isotopic characterization of hydrological
conditions in selected areas.

3 Project Code: BGD8018

Study area: Alluvial aquifers of Bangladesh

Sampling period: 2002-2005

Background: An assessment of environmental isotope contents of rivers and groundwaters in different
regions of the country for determination of groundwater origin, levels of arsenic contamination and
mitigation options.

24°N

4 Project Code: RAS8097-BGD

Study area: Urban aquifers in Dhaka, Narayanganj and Tungi areas

Sampling period: 2004-2006

- Background: To use environmental isotopes in studying pollutant behaviour and interaction of river and

Khulna S i | LR i L groundwater as well as to establish baseline data on pollutants in surface water and groundwater systems
; ! in Dhaka city and other urban areas.

5 Project Code: BGD-10068

Study area: Dupi Tila aquifer, Dhaka

Sampling period: 2000

Background: Dupi Tila multilayer alluvial aquifer was investigated to understand surface water—-groundwater
interactions for assessment of groundwater recharge and contamination.
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Alluvial aquifers of Bangladesh
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Dupi Tila aquifer, Dhaka
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1 Project Code: CPR8014

Study area: Black River basin

Sampling period: 2002-2003

Background: The Black River basin project was implemented to determine the nature and extent of
groundwater exchange with the river using isotope techniques, and to develop management strategies
that will optimize availability and security of water resources in the Black River basin. Under the project,
Harbin . _ = along with the field sampling, a guidelines document for integration of isotope techniques in water

resources studies in northwest China was developed.
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W | ‘ Changchun'%
3 r | L8, 2 Project Code: CPR8017

Study area: Erdos basin

Sampling period: 2000-2004

Background: This project was undertaken to assess the potential of deep groundwater resources in the

Beijing . e Erdos basin for sustainable exploitation. The hydrodynamic relationship between different subsystems
’ : ) E AREDalifyy Akt in the karstic gljoundwater‘ system, drFulaﬁon paths of ground\{vater in the artesian basin, groundwater
' 1 i T L =g : 1 ‘ﬂANJlN .‘ recharge mechanism, and origin of brackish groundwater were studied.
WS, T i e TR ‘ WA TAIYUAN éiﬁg e 3 Project Code: RAS8084-CPR
BN T S A L " Y SHIAZHUANG . Study area: Shijiazhuang basin

Sampling period: 2001-2002

Background: Isotope techniques were used to assess hydrological settings and groundwater dynamics in
the aquifers of this basin. Isotopes were also used for studying the extent and geometry of groundwater
contamination.
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Wuhan
4 Project Code: RAS8097D-CPR

Study area: Datong basin
Sampling period: 2005

% Background: The area was investigated to understand groundwater conditions for the delineation of
0 T ¥ arsenic contamination of aquifers. Development of a conceptual model by using hydrochemistry and
ChinlE Linell R LA I ) e isotopes for environmental impact was also undertaken.
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Guangzhou - . 5 Project Code: RAS8097Y-CPR

L L 1 Study area: Yangtze River deltaic aquifers

adiionghong i, Sampling period: 2004

: Background: These aquifers were studied for identification of sources, flowpaths and extent of
contamination of groundwater for appropriate management decisions in the region.
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CHINA

6 Project Code: CPR-4850 & CPR-9180Z

Study area: Zhangzhou geothermal area

Sampling period: 1985-1989, 1996

Background: Isotopic composition of meteoric water, seawater, springs, and geothermal sources was
measured for determination of mixing ratios of waters from different origins and to investigate geothermal
reservoir temperatures using isotope geothermometry.

7 Project Code: CPR-7277

Study area: Xiangshan ore field

Sampling period: 1994-1998

Background: Isotopes were used to determine the origin, recharge conditions, and contamination of
groundwater around the Xiangshan Uranium Mine.

8 Project Code: CPR-8199

Study area: Beijing urban aquifers

Sampling period: 1997 (incl. 1975)

Background: Assessment of impact of industrial pollutants and domestic sewage irrigation on the
groundwater quality in the suburbs of the old Beijing City using environmental isotopes was carried out.

9 Project Code: CPR-9180H

Study area: Hebei Plain geothermal area

Sampling period: 1998

Background: Main objectives of this study were: to study the origin of dissolved sulphate and equilibrium
fractionation of oxygen isotopes in dissolved sulphur species and thermal waters; to test SO,—H,0 isotope
geothermometry in low temperature geothermal environments; and to measure the residence time of
geothermal fluids using environmental isotopes.

10 Project Code: CPR-11730

Study area: Guanzhong basin

Sampling period: 2002

Background: In order to adopt management decisions, identification of sources and processes involved
in the formation of saline groundwater in the northeast of the Guanzhong basin was undertaken in this
research.
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1 Project Code: UNDP-IND-73-008H

Study area: Northwestern Himalayan springs

Sampling period: 1976-1977

Background: Isotope investigation under this project aimed at assessing the dynamics of the geothermal
springs in the Himalayan valleys and studying their suitability for energy production.

2 Project Code: UNDP-IND-73-008W

Study area: West coast springs

Sampling period: 1976-1977

Background: Isotope investigation was carried out to study the dynamics of geothermal springs in the
West coast region of Maharashtra State and to find out their suitability for energy production.

3 Project Code: UNDP/FAO-IND-81-010

Study area: Alluvial aquifers, Haryana State

Sampling period: 1983

Background: There is a serious constraint on exploitation of groundwater in Haryana State, which is
over 60 % brackish and very saline in quality. Rising groundwater levels are threatening agricultural
productivity of the area. The scope of this isotope study was to evaluate the dynamics of groundwater
in order to explore mitigation options to prevent further water-logging as well as groundwater and soil
salinization.

4 Project Code: RAS8084R-IND

Study area: Urban aquifers, Raipur city

Sampling period: 1998

Background: Karstic aquifers in Raipur city were investigated using isotope techniques to identify
potential spots such as landfill sites which may cause groundwater contamination.

5 Project Code: RAS8084P-IND

Study area: Purna River basin

Sampling period: 1998

Background: About 40% of the river basin is underlain by brackish and saline groundwater. In this
investigation isotope geochemical techniques were employed to study origin and mechanisms of
groundwater salinization by employing a multidisciplinary approach including isotopic and geochemical
techniques.

6 Project Code: RAS8092-IND

Study area: Tattapani geothermal area

Sampling period: 2002

Background: This isotope geochemical investigation was carried out to understand the origin of thermal
and non-thermal waters, water-rock interactions, mixing of thermal water with cold water and to estimate
subsurface reservoir temperatures.

The boundaries and names shown and the designations used in this map do not imply Vl// \V Wate r
official endorsement or acceptance by the United Nations and the International Atomic V v
Energy Agency. Dotted line represents approximately the Line of Control in Jammu and \'“ ’/
Kashmir agreed upon by India and Pakistan. The final status of Jammu and Kashmir A by Resou rces
has not yet been agreed upon by the parties. 7
IAEA | Programme
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7 Project Code: RAS8097D-IND

Study area: Landfill areas, Delhi

Sampling period: 2003-2004

Background: This isotopic study was aimed at the identification of recharge sources and recharge zones
near landfill sites as well as scale and geometry of spread of contaminants into groundwater.

8 Project Code: RAS8097B-IND

Study area: Alluvial aquifers, Ghazipur area

Sampling period: 2004-2006

Background: Recharge and dynamics of groundwaters in the alluvial aquifers were investigated
using isotope and geochemical techniques for assessment of mobilization of arsenic under prevailing
conditions.

9 Project Code: RAS8104T-IND

Study area: Tiruvadanai aquifers

Sampling period: 2002-2006

Background: Study of recharge and dynamics of groundwater in the Tiruvadanai coastal aquifers using
environmental isotopes and hydrochemistry was undertaken in this project.

10 Project Code: RAS8104S-IND

Study area: Sasthamkotta Lake

Sampling period: 2001

Background: Situated in Kollam district, Sasthamkotta Lake is the largest freshwater lake in Kerala State.
The lake is the major source of drinking water. It is seriously affected by anthropogenic activities resulting
in accelerated reservoir sedimentation. In this investigation, isotope techniques were used for estimation
of sedimentation rate and interaction of lake water with the groundwater in the vicinity.

11 Project Code: IND-6234

Study area: Tapoban and Badrinath geothermal areas

Sampling period: 1990

Background: This isotope geochemical investigation was carried out in the Himalayan ranges of
Uttarakhand State to understand the origin of thermal and non-thermal springs, water-rock interactions,
mixing of thermal water with cold water and to estimate subsurface reservoir temperatures.

12 Project Code: IND-7746

Study area: Lake Naini area, Nainital

Sampling period: 1994-1995

Background: Modelling of lake water dynamics and lake water—groundwater interactions in the vicinity of
Lake Naini was undertaken in this isotope study.

13 Project Code: IND-7904B & IND-10802B

Study area: Bhadka—Bheemda area, Barmer

Sampling period: 1987, 1996-2000

Background: Deep groundwater in the area is extensively exploited for the municipal drinking water
supply and agriculture. Lowering of groundwater levels and consequent deterioration of water quality has
been reported at many locations in the area in the recent years. In order to evaluate sustainability of
these aquifers, an environmental isotope study was carried out.

14 Project Code: IND-7904J

Study area: Kishangarh—Ghotaru area, Jaisalmer

Sampling period: 1987

Background: In the heart of the Thar Desert, fresh groundwater was found in the old alluvial channels
buried under the desert sands. Sustainability and recharge conditions of groundwater were evaluated
using isotope techniques in this aquifer located in Jaisalmer district.

15 Project Code: IND-79041

Study area: Indira Gandhi Canal Scheme, Rajasthan

Sampling period: 1987

Background: Contribution of canal waters and irrigation return flows as well as related groundwater
problems in the canal command area of this large irrigation project were studied in this isotope study.

16 Project Code: IND-8398

Study area: Delang—Puri Sector, Orissa

Sampling period: 1995

Background: As part of a drinking water supply project, thousands of wells were drilled in the coastal areas
of Orissa State. Many of them quickly became unacceptable because of deterioration in water quality. This
isotope geochemical investigation was launched which aimed at determining the origin of salinity and at
evaluating groundwater recharge conditions.

17 Project Code: IND-10283

Study area: Alluvial aquifers, Kolkata city

Sampling period: 1998-2000

Background: Kolkata city in West Bengal State is one of the biggest cities in the world. Difficulties are
being faced in supplying safe drinking water due to expansion of urban complexes, industrial development
and population growth. To keep demand-supply in balance, groundwater has been exploited extensively.
This study was undertaken to understand the impact of overexploitation of groundwater on arsenic
contamination of the alluvial aquifers.

18 Project Code: IND-10802]

Study area: Arid zone aquifers, Jalore area

Sampling period: 1983-2000

Background: Groundwater sustainability and recharge conditions of the aquifers in this arid region were
studied by applying environmental isotope techniques.
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Alluvial aquifers, Haryana State
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—@— Oxygen-18 5 —@— Temperature
250 A 250 r 35
€ . | € i L3 O
£ 200 _ £ 200 30 %
s £ S 3
E 150 A o E 150 A F 25 g
s o 3 g
g 100 A 9 100 - L2 5
[-% E [
50 A 50 A 15
0 - 0 - - 10

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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RAS8097B-IND

Alluvial aquifers, Ghazipur area

8%H (%o)

8"°0 (%0)

+ Geothermal
T GW - spring
+ GW -borehole
GW - dug well

+ Lake/reservoir/sea

] -+ River
+ Prec. - project
(] + Prec. - mult. reg.
T Prec. - kriging
Prec. - GNIP

o

-6 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10
8"°0 (%o)
New Delhi (GNIP 4218200) Dharbhanga (WMO 423910)
300 4 400 35
[ Precipitation [ Precipitation
—@— Oxygen-18 > —@— Temperature
250 A
- 30
- _ 300 A
£ | £ o
é 200 £ g
.2 ) 2 i =
:.-‘; 150 - »O :“"_} 200 g
2 © 2 g
o 100 A [ '2
& & 100 A
50 A I I M1
0 - 0 - [ W . e = | o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

; I I = I I
Durjanpur
[ J
— 25°45'N T
\ Ganga River ==
( ® Ghazipur
| '\:_/ NI |
® Benwaliy?
L4 0 2 4 6 8
B . km
LEGEND 1
@® Settlement
Nawada §5 Lake - perennial [ |
PY $ 5 Lake -ephemeral
~— River/stream - perennial
Sample Type
[0 Precipitation
A River
® Dugwell |
/ 84°25'E / 84°30'E 84°35'E / 84°40'E
| | | |
Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean £ St. dev. n Mean £ St. dev. (mm)
GNIP station NEW DELHI [ | 324 -2.79 -544+1.7 291 -12.2 -35.1+£133 764
Interpolation — multiple reg. -5.00 -32.0
Interpolation - kriging (IAEA) | -6.18 -39.5
Project [ | 1 8.4
Surface waters §8'%0 &2H Tritium
n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev.
Lake/reservoir/sea A
River A 1 -4.75 1 -37.8 1 154
Groundwaters 8'%0 8°H Tritium 14C (pMQ)
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n Meanz+St. dev.
Geothermal water (]
GW-Borehole (]
GW-Dug well o 22 -6.42 -6.51+0.6 22 -42.8 -428+2.9 39 52+28 13 138+46
GW-Spring { ]




- 955N
é
® e
Sarugani

I
8->~
wn
=
=z

-
o -
-

— 9°45'N

LEGEND
® Settlement
3 Country border
§ 5 Lake - ephemeral
<=+ River/stream — ephemeral

Sample Type I
A River M
@® Dugwell

Mutt

malingapattanam

Soliyakkudi
o 1 ~ -
78°45'E /) °
[ N
Precipitation 8'80 (%o) 8%H (%o) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station MANNAR | 19 -4.70 -6.33+1.2 19 -26.6 -40.8+7.5 2715
Interpolation — multiple reg. -3.80 -20.0
Interpolation - kriging (IAEA) | -3.52 -16.8
Project ]
Surface waters §'%0 82H Tritium
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev.
Lake/reservoir/sea A
River A 14 -1.40 0.01+£4.3 14 -138 -85+21.2 4 5.1+0.3
Groundwaters §8'%0 &%H Tritium 4C (pMQ)
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. n Mean+St. dev.
Geothermal water o
GW-Borehole [ ]
GW-Dug well [ ) 103 -4.50 -437+1.1 101 -31.6 -30.8+4.6 40 1.8+1.1 15 4+27
GW-Spring @

Precipitation (mm)

250

200

150

100

50

RAS8104T-IND

Tiruvadanai aquifers

8%H (%o)

8"°0 (%o)

Geothermal
GW - spring
GW - borehole
GW - dug well

Lake/reservoir/sea

¢

River

Prec. - project

| + Prec. - mult. reg.
(] -+ Prec. - kriging
() ?Q C 1 14» + Prec.- GNIP
T
-14  -12  -10 -8 -6 -4 -2 0 2 4 6 8
5'°0 (%o)
Mannar (GNIP 4341300) Pamban (WMO 433630)
0 250 34
[ Precipitation [ Precipitation
—@— Oxygen-18 —@— Temperature L 3
-2 200 -
E - 30 o
L4 = 150 - o
g s - 28 %
o i g
L -6 % ‘S 100 - r26 3
g G
a Log
- -8 50 A
In. 10
" ol 1111 ™ .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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RA58104S_IN D LEGEND

Sasthamkotta Lake ® Settlement
5 Lake - perennial

Sample Type
[0 Precipitation
A Lake/reservoir/sea
@® Dugwell

— 9°03'N

8%H (%0)

+ Geothermal
+ GW - spring
+ GW -borehole — 9°02'N -
m n| -+ GW - dug well
@49 Lake/reservoir/sea
] —+ River
[ | I + Prec. - project
(] —+ Prec. - mult. reg. 0 02 04 06 0.8
| T Prec. - kriging 76°37'E N . km 76°38'E [
o ? b C 1T 14 + Prec.- GNIP ' '
1 1 1IO 8 p 4 ) 0 5 Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.
a a B - a a - n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
5'"°0 (%o) GNIP station KOZHIKODE m |6 -2.55 -3.58+3.0 59 80 -16.5+22.0 2715
Interpolation — multiple reg. || -3.70 -19.0
Interpolation - kriging (IAEA) | -3.19 -16.6
Project || " -2.60 -3.35+1.9 11 -79 -142+153
Kozhikode (GNIP 4331400) Fort Cochin (WMO 433510)
800 2 800 34
[ Precipitation [ Precipitation Surface waters 880 &8%H Tritium
Oxygen-18 0 Temperature r32 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev.
__ 600 _ 600 - Lake/reservoir/sea A 15 0.68 0.78+0.4 20 2.7 29+1.1
£ -2 E g River A |1 -436 1 -249
E g 5 E
3-3' 400 -4 wo 'E 400 A g
g o :g- g- Groundwaters §8'%0 &°H Tritium 4C (pMC)
g -6 g 2 n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n Meanz+St. dev.
200 . 200 1 Geothermal water [ J
r GW-Borehole o
. - B m |, o GW-Dug well () 3 -2.70 -2.8104 3 -122 -13.2%22
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring L
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I I
Badrinath e Tapoban and Badrinath geothermal areas
20 |
® Hanuman Chatti S e
|
-20 - |
|
30°40'N -40 A :
Pandukeshwar = 6o 4 |
& ) |
. N T g s |
P .P. |
-100 |
|
-120 - |
|
140 - :
0 2 4 6 8
-160 T T T T T T T T T !
B . km
-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2
i LEGEND 8"°0 (%o)
Vishnuprayag
° @® Settlement
Bangina o ~— River/stream - perennial
T+ Geothermal
o
Sample Type J + GW -spring
River
: + GW -borehole
Spring
+ GW -dug well
@® Geothermal
+ Lake/reservoir/sea
. -+ River
30°30'N n .
%. T Prec. - project
' ] T Prec. - mult. reg.
79°30'E 79°40'E | T Prec. - kriging
' ! OW—i 1 Hﬂ ? 1 Prec.- GNIP
Precipitation 8'%0 (%o) 8%H (%o) Tritium (TU) Annual prec. I I I I I I
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm) -20 -18 -16 -14 -12 -10 8 6 4 -2 0 2 4 6 8 10
GNIP station NEW DELHI | 324 -2.79 -5.44+1.7 291 -12.2 -35.1+£133 764 6180 (%0)
Interpolation — multiple reg. -8.40 -56.0
Interpolation - kriging (IAEA) [ | -6.37 -27.4
Project |
New Delhi (GNIP 4218200) New Delhi (WMO 421820)
300 4 300 40
Surface waters 880 &8%H Tritium WSS Precipitation [ Precipitation
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. 250 A Orygen-18 2 250 Temperature
Lake/reservoir/sea A s L » .
River A | 2 1400 -14.00+14 2 -960 -96.0+15.6 2 16.7+3.0 E 200 E 20 - o
E 150 A . o E 150 g
Groundwaters §8'%0 &%H Tritium 4C (pMQ) % ) :g- g
n Median Mean + St. dev. n Median Mean + St. dev. n Mean £ St. dev. n  Meanz+St. dev. g 100 1 6 E 100 1 i
Geothermal water [ ) 6 -12.60 -12.25+£0.99 6 -78.2 -77.8+4.9 5 20.5+7.7
GW-Borehole [ ] >0 -8 >0
GW-Dug well ® o4 | I BN . . W |, 0 -
GW-Spring d 4 ~10.00 -9.93%1.1 4 640 —63.1£5.1 3 19634 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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IND-7746

Lake Naini area, Nainital

Precipitation (mm)

8%H (%o)

T+ Geothermal
T GW - spring
+ GW - borehole
+ GW -dug well

+ Lake/reservoir/sea

-16

w
o
o

N

1%

o
1

N

o

o
1

w
o
1

o
o
1

w
o
1

o
I

ap + River
(i | | [ ) -+ Prec. - project
(] —+ Prec. - mult. reg.
) =+ Prec. - kriging
OW—D U Hﬂ cr + Prec.- GNIP
T T T T T
-14 -12 -10 -8 -6 -4 =2 0 4 6 10
5'"°0 (%o)
New Delhi (GNIP 4218200) New Delhi (WMO 421820)
300 40
S Precipitation [0 Precipitation
—@— Oxygen-18 —@— Temperature
250
g 200
£ s
° B 150
S
@ 100
o
50

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temperature (°C)

km
Nainital P
= 29°23'N ( -
LEGEND
() ® Settlement
() o §5 Lake - perennial
~— River/stream - perennial
= 29°22'N -
o Sample Type
® [0 Precipitation
A River
® Spring
79°27'E o 79°28'E \ 79°29'E
| | |
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. (mm)
GNIP station NEW DELHI | 324 -2.79 -5.44+1.7 291 -12.2 -35.1£13.3 764
Interpolation — multiple reg. | -8.80 -59.0
Interpolation - kriging (IAEA) [ | -5.96 -29.12
Project ] 15 -11.30 -10.73£2.7u 15  -80.0 -75.72+20.3
Surface waters 8'%0 &8%H Tritium
n Median Mean £ St. dev. n Median Mean + St. dev. n Mean + St. dev.
Lake/reservoir/sea
River 8 -8.35 -7.96+1.5 8 -546 -53.69+7.9
Groundwaters §8'%0 8°H Tritium 4C (pMC)
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n Mean+St. dev.
Geothermal water [ )
GW-Borehole o
GW-Dug well ([ J
GW-Spring [ ) 42 -7.80 -8.1+£1.7 28 -50.8 -51.33+7.3




o IND-79048B; IND-10802B

L 26°20'N ® i Bhadka—Bheemda area, Barmer

Rateu
°
o

' =)

9\_°,

T

o Pe)

< ® Bafaru
Bhadka ®
- 26°00'N o ' -
. , ® Chhitar Ka Par
P Baisala . ° ° 50 (%)
e .\/,~t“" A
LEGEND

/ ® Settlement T Geothermal
'l N ’ Lake - perennial + GW - spring

§ 5 Lake - ephemeral
~— River/stream — perennial

F + GW - borehole
o— T GW -dug well

--*-.-" River/stream — ephemeral i
p + Lake/reservoir/sea

\ Sample Type + River
0 5 10 15 26‘~-_____ ® Dug well - Prec. - project
'\ @ Borehole (] + Prec. - mult.reg.
~ 71°00'E . /—\ 7“1‘°20'E ' 71°40'E - | T Prec. - kriging
| N o2 ) |

.?I——| | | ——@® o + Prec.- GNIP

Precipitation 580 (%o0) &%H (%0) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm) -12 -10 -8 -6 -4 -2 0 2 4 6 8
GNIP station NEW DELHI B 324 -279 -544£17 291 -122 -35.1£133 764 5"°0 (%o)
Interpolation — multiple reg. -4.20 -24.0
Interpolation - kriging (IAEA) [ | -3.66 -19.6
Project |
New Delhi (GNIP 4218200) Jodhpur (WMO 423390)
300 4 140 40
Surface waters 6180 GZH Tritium I Precipitation [ Precipitation
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. 250 A —O Ovgen s 2 120 | @ Temperature
Lake/reservoir/sea A = = 100 - =
River A E 200 - E gi
S g g 8 - 30 ¢
g 150 1 o 3 g
- = ® 2 60 ]
Groundwaters 8'80 &82H Tritium 4C (pMC) .% ) % F 25 g-
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. n Mean+St. dev. g 100 1 é_". 40 2
Geothermal water o L 20
GW-Borehole [ 33 -6.00 -6.29+1.4 32 -424 -43.7+87 28 21 42417 >0 20
GW-Dug well (] 12 -5.15 -5.16£1.1 12 -334 -34.1%7.1 9 + 3 44+30 0 o L 15
GW-Spring ° Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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I I I
I N D 7 9 O4J — 27°55'N n
Kishangarh—Ghotaru area, Jaisalmer “
Kishangarh
Tanot 9
° [
8 )
= (] Ranao
e
27°30'N o 1
1 ° o
50 (%o)
Ramgarh
h o
+ Geothermal Ghotaru
T GW -spring ' N LEGEND
¢ 11—» + GW - borehole ® Scttlement
o |—[]:. + GW - dug well ‘ (o4 Country border
+ Lake/reservoir/sea Sample Type
-+ River
@ ® Dugwell
-+ Prec. - project Shahgarh 0O 5 10 15 20 @® Borehole
| 4 Prec. - mult. reg. ° ® N e km
! T Prec. - kriging L 57°05'N 70°00'E 70°20'E 70°40'E i
.?I——i | - H—@® @ Prec.-GNIP L I l
I Precipitation 880 (%o) 8%H (%o0) Tritium (TU) Annual prec.
-10 -8 -6 -4 -2 0 2 4 6 n Median Mean + St. dev. n Median Mean + St. dev. n Mean +St. dev. (mm)
5'%0 (%o) GNIP station NEW DELHI W (324 279 -5.44+17 291 122 -35.1+133 764
Interpolation — multiple reg. -4.20 -24.0
Interpolation - kriging (IAEA) [ | -3.66 -19.6
Project ]
New Delhi (GNIP 4218200) Jodhpur (WMO 423390)
300 4 140 40
BN Precipitation [ Precipitation Surface waters 8§80 &2H Tritium
250 O Owgen1s |, 120 { @ Temperature n Median Mean = St. dev. n Median Mean + St. dev. n Mean + St. dev.
- 35 -
_ 0 00 Lake/reservoir/sea A
g 200 1 E 1 g River A
B 150 A 5 2 £
a Ty E. 60 1 - 25 qé- Groundwaters 8'%0 &%H Tritium 4C (pMCQ)
]
L 100 1 | 6 g 0 @ n Median Mean +St. dev. n  Median Mean +St. dev. n Mean +St. dev. n  Mean=St. dev.
£ 4
L 20 Geothermal water [ ]
501 - -8 20 - I GW-Borehole ® |10 615 -5.83%1.0 9 -440 —422%57 10 04+0.1 8 34421
0 L 10 R - . e s GW-Dug well [ ) 15 -6.00 -5.81+0.8 9 -41.2 422426 15 1.0+£0.6 10 645+12
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-5pring L
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o Indira Gandhi Canal Scheme, Rajasthan
Hanumangarh
/‘\
Lakhasar
o
- 29°30'N . |
Ellenabad |
[ 3 I
& |
O o |
«© |
|
o I
o |
Suratgarh |
-100 T T T T T T ! T T
-14 -12 -10 -8 -6 -4 -2 0 2 4 6
0 10 20 30 40 5°°0 (%)
° km
LEGEND + Geothermal
@® Settlement + GW - spring
$5 Lake - ephemeral -1 e + GW - borehole
~— River/stream - perennial ‘ 1 ,_‘ + GW - dug well
! —+ Lake/reservoir
900N | S@mple Type | ake/reservoir/sea
A River Y = { + River
@® Dugwell -+ Prec. - project
rehol
@ Borehole (] —+ Prec. - mult.reg.
74°00'E 74°30'E I T Prec. - kriging
I ' .W—EJ | I—ﬁ ? + Prec.—- GNIP
Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec. I I I I I I
n Median Mean + St. dev. n Median Mean + St. dev. n Mean +St. dev. (mm) -6 -14 -12 -0 -8 -6 -4 -2 0 2 4 6 8 10
GNIP station NEW DELHI H 324 279 -544%1.7 201 -122 -35.1£133 764 5'%0 (%o)
Interpolation — multiple reg. -4.90 -29.0
Interpolation - kriging (IAEA) [ | -3.72 -17.8
Project ]
New Delhi (GNIP 4218200) Bikaner (WMO 421650)
300 4 120 40
Surface waters 880 &8%H Tritium I Iz)recipitaticgm I :recipitation
-o— -1 -o—
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. 250 - oen -2 100 emperature L 35
Lake/reservoir/sea A - - .
River A | 11 800 63656 11 -505 -454+30.2 5 11.0+4.0 E 200 - E a0 - 30 9
E 150 A - wo E 60 - r 25 g
Groundwaters §8'%0 &8%°H Tritium 4C (pMQ) 2 ) % g'
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. n  Mean+St. dev. g 100 1 L 6 E 40 1 r20 o
Geothermal water [ J , :
GW-Borehole (] 33 -7.30 -6.69+3.0 33 -46.0 -46.6+11.5 19 124+£13.2 3 73+6 20 -8 0 >
GW-Dug well ® | 2 515 -523+25 12 -390 -33.4%22.1 9 9.416.0 2 64+18 o EEmmB Bmm 0 o »
-7 T T r_Tr T T T T T T 1T = - -
GW-Spring d Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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IND-8398

Delang—Puri Sector, Orissa

20

o ———————————————I-—

-60 T T T
-8 -6 -4 -2 2
8'"°0 (%o)
-+ Geothermal
+ GW —spring
¢ -+ GW - borehole
+ GW - dug well
| —+ Lake/reservoir/sea
| —+ River
] T Prec. - project
] —+ Prec. - mult. reg.
| + Prec. - kriging
OW—D I l—ﬁ T + Prec.— GNIP
T T T T T T
-6 -14 -12 -10 -8 6 -4 -2 0 2 4 6 8 10
5'°0 (%o)
New Delhi (GNIP 4218200) Bhubaneswar (WMO 429710)
300 4 400
I Precipitation [ Precipitation
—@— Oxygen-18 2 —@— Temperature
250 -
— 300 A
3 ro T
_E, 200 A _ E
§ & §
E 150 » § 3 200 A
2 © g
@ 100 - L 6 9
o S 100 -
50 A L -8
0 - L-10 0 -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

40

Temperature (°C)

Jankia

— 20°00'N

0O 2 4 6 8
A e km

Brahmagiri

Kanas

Delang
“a @ = //’p.l
. ipli
o o "
¢ o
A o
A
[
®
[
Sakhi Gopal
® o
c‘"‘"" .
LEGEND

@® Settlement
3 Country border
§5 Lake - perennial
§ 5 Lake - ephemeral

Sample Type
[ Precipitation
A River
/. Lake/reservoir/sea
@® Borehole

~— River/stream - perennial
=+ River/stream - ephemeral

85°40'E
|

Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.

n Median Mean +St. dev. n Median Mean =+ St. dev. n Mean +St. dev. (mm)
GNIP station NEW DELHI W 324 -2.79 -5.44+1.7 291 -12.2 -35.1+133 764
Interpolation — multiple reg. || -4.00 -24.0
Interpolation - kriging (IAEA) | -3.61 -20.1
Project || 1 -4.60 1 -26.0 1 7.0
Surface waters 8'%0 &%H Tritium

n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev.
Lake/reservoir/sea A -2.10 -223+1.2 4 -15.6 -16.0+7.4 48+1.2
River A 5 -3.00 -295+0.9 5 -23.2 -23.6%6.7 1 7.1
Groundwaters 8'%0 82H Tritium 4C (pMQ)

n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. n MeanzSt. dev.
Geothermal water [ ]
GW-Borehole o 44 -2.50 -2.68+1.0 43 -19.0 -202+6.4 40 22+2.0
GW-Dug well ([ J
GW-Spring o




® Jinjirpul

~ 22°3('“

KOLKATA

[

¢

Bara Bazaar

°
Ballygunge

LEGEND
@® Settlement

GNIP/WMO Station

N ToIIyg unge §5 Lake - perennial
~— River/stream - perennial
Sample Type
[0 Precipitation
@® Dug well
0 2 3 4 ® Borehole
B S . km
88°18'E 88°21'E 88°24'E
| | |
Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station SHILLONG [ | 30 -4.48 -4.91+4.1 30 -256 -285+18.9 1825
Interpolation — multiple reg. | -4.30 -28.0
Interpolation - kriging (IAEA) | -4.31 -25.8
Project | 2 -4.70 -4.70+1.1 2 -25.3 -253+6.9 2 7.2+1.2
Surface waters 8'%0 &%H Tritium
n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev.
Lake/reservoir/sea A
River A
Groundwaters 8'%0 &°H Tritium 4C (pMC)
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. n Mean+St. dev.
Geothermal water [ ]
GW-Borehole [ ] 2 -3.83 -3.83+0.9 2  -256 -256+2.6 2 1.2+1.7 1 23
GW-Dug well o 17 -4.85 -4.90+1.0 17 -313 -31.3£9.8 17 24+28 3 41+24
GW-Spring [ J

IND-10283

Alluvial aquifers, Kolkata city

10
|
|
—T— — —
|
|
|
|
= |
& I
I |
o |
|
|
|
|
|
|
-60 T T T T T T T !
-8 -7 -6 -5 -4 -3 -2 -1 0 1
50 (%o)
+ Geothermal
+ GW - spring
O 4+ GW - borehole
o——1e + GW - dug well
+ Lake/reservoir/sea
- River
[ -+ Prec. - project
| + Prec. - mult. reg.
(] -+ Prec. - kriging
ﬁ ’ B —P 7 + Prec. - GNIP
T T
-14 12 =10 -8 -6 -4 -2 0 2 4

Shillong (GNIP 4251600) Kolkata (WMO 428070)
600 2 500 35

[ Precipitation [ Precipitation
—@— Oxygen-18 L 0o —@— Temperature
500 A
) 400 A
= I —_ r 30
E 400 - ¢ £ o
£ T S E v
5 4
g 300 6 & s 3
S i L 6 = S Fr25 ®©
£ = £ 5
= % S 200 - o
(v] ] I -8 w© S g
@ 200 @ (]
[t
o L-10 o 20
100 1 100 -
F-12
0 - --14 0 - =15

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

39



IND-10802J °

Arid zone aquifers, Jalore area Mokalsar
Padru

- o 1 . _
25°30'N ° o
Betu Sankhwali e

8%H (%o)

8"°0 (%o) ) @
[ Jalore °
(
+ Geothermal 5 ®
+ GW - sprin '
pring - 25000 @ ° .
¢ + GW - borehole N Bhinmal
¢ o + GW - dug well
LEGEND
—+ Lake/reservoir/sea Dorra ® Scttlement
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INDONESIA

15°N 1 Project Code: RAS8092-INS

Study area: Lahendong geothermal area, Sulawesi

Sampling period: 2004

Background: In this regional project, the origin of geothermal fluids, reservoir temperatures and
interactions between the juvenile water from volcanic system and the fluids from geothermal reservoir in

the Lahendong area of Sulawesi were studied using isotope techniques.

2 Project Code: RAS8097-INS

Study area: Jakarta city area

Sampling period: 2003-2004

Background: The urban aquifers in the vicinity of Jakarta city were studied for understanding of
contamination levels of shallow groundwater and its interaction with local surface waters.

3 Project Code: INS-5306W
Study area: Western Java geothermal areas
Sampling period: 1990

0° i Background: Investigations of the geothermal resources of Java Island for exploitation for production of

) L JPVAPURA electricity were carried out using isotope geochemical tools.

Palemban " .
2 | 4 Project Code: INS-5306E
il ! - S| Study area: Central and Eastern Java geothermal areas
VEKassd :
JARARIA - | | . Sampling period: 1990

a 8 Sarnzraneg ; 1 | Background: Investigations of the geothermal resources of Java Island for exploitation for production of

. F n . Surabaja F L electricity were carried out using isotope geochemical tools.

Haneluny Yogyakarsa ol AW N i “ad 5 Project Code: INS-9717

Study area: Sibajak geothermal area, Sumatra

Sampling period: 1997-1998

Background: This isotope geochemical investigation was carried out in the Sibajak area of Sumatra to
understand the origin of thermal waters, water-rock interactions, mixing of thermal water with cold water
and to estimate subsurface reservoir temperatures.
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RAS8092-INS

Lahendong geothermal area, Sulawesi
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RAS8097-INS

Jakarta city area
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INS-5306W

Western Java geothermal areas
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Central and Eastern Java geothermal areas
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Sibajak geothermal area, Sumatra N
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1 Project Code: JPN-10230

Study area: Onikobe geothermal area

Sampling period: 1984-1998

Background: Interaction of injected fluids with geothermal fluids was studied in the operative Onikobe
geothermal reservoir area for the sustainability of the production plant.

“’%@Qﬂ Water
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N/ | Resources
IAEA | Programme
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Onikobe geothermal area ®
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KOREA, REPUBLIC OF

38°N 1 Project Code: RAS8084—ROK
Study area: Chojeong area
Sampling period: 1998
Background: The objective of the study was to understand the geochemical evolution of carbonate
waters. Hydrochemical information and isotope parameters were used as a confidence building tool for the

development of a conceptual groundwater model of local aquifers.

INGHEDNE

2 Project Code: RAS8092-ROK

Study area: Pusan geothermal areas

Sampling period: 1999-2003

] Background: The geochemical and isotopic characteristics of the geothermal waters were studied for
] i . | understanding the origin of thermal springs, water-rock interactions, mixing of thermal water with cold

CHEONGIJU £ . a8 A meteoric water as well as for estimation of geothermal reservoir temperatures.

3 Project Code: RAS8097-ROK
Study area: Yuseong aquifers

1dejon : 1 FOHRW s Sampling period: 2005-2006
36°N L ) 5 Background: Groundwater dynamics was studied using isotope geochemical tools for characterizing origin
Chonjut Wb and pathways of fluorine in groundwater in the hard rock aquifers of Yuseong area.

4 Project Code: ROK-11323

Study area: Cheju Island coastal aquifers

Sampling period: 2001

Background: Multi-isotope fingerprinting approach was employed in this study for understanding
groundwater salinization and water-rock interactions in coastal aquifers of Cheju Island.
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RAS8084—ROK

Chojeong area
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I I Precipitation 580 (%o0) &82H (%o) Tritium (TU) Annual prec.
-12 -10 -8 -6 -4 -2 0 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
5"%0 (%o) GNIP station POHANG W (110 -705 ~743+24 18 -434 -50.9+9.6 1106
Interpolation — multiple reg. [ | -8.40 -56.0
Interpolation - kriging (IAEA) [ | -6.82 -447
Project ]
Pohang (GNIP 4713800) Pusan (WMO 471590)
250 -2 300 30
[ Precipitation [0 Precipitation Surface waters 6180 62H Tritium
—@— Oxygen-18 —@— Temperature . .
200 250 L 25 n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean +St. dev.
_ - _ Lake/reservoir/sea A
E E 2001 F20 9 River A
2 190 I o
S 6 S S 2
:‘-‘-: o wo :‘-'_: 150 4 15 g
% 100 - P :g- g- Groundwaters 8'%0 8%H Tritium 14C (pMC)
g g 100 1 r10 e n Median Mean +St. dev. n Median Mean = St. dev. n Mean = St. dev. n  Mean=St. dev.
50 4 % s Geothermal water [ )
I I GW-Borehole [} 19 -9.11 -9.23+0.5 18 -64.4 -65.9+3.7 19 54+t44
0l I . 0 L o GW-Dug well [ ) 6 -8.81 -8.88+0.1 6 -63.6 -63.3+1.5 6 13.2+8.38
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring L
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. . ) Cheju Island coastal aquifers
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' | ' ' : r‘ Qﬂ ?—E]l:]—ﬂ.ﬁ ? 4 Prec.- GNIP
Precipitation 8'80 (%o) 8%H (%o) Tritium (TU) Annual prec. I I I I I I
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. (mm) -20 -18 -6 -14 -2 -10 -8 -6 -4 -2 0 2
GNIP station POHANG W (110 -705 -743+24 18 434 -50.9+£9.6 5"%0 (%o)
Interpolation — multiple reg. || -7.80 -52.0
Interpolation - kriging (IAEA) [ | -7.28 -43.0
Project ||
Pohang (GNIP 4713800) Cheju (WMO 471840)
250 -2 250 30
Surface waters 6'80 62H Tritium - Precipitation [ Precipitation
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean +St. dev. —@— Oxygen-18 —@— Temperature s
Lake/reservoir/sea A | 2 o2 02100 2 - -1.1£0.0 20 L 4 _ 2007
River A E g L 20 g
‘E 150 4 ’g‘ ‘:‘ 150 o [
8 6 T S 2
& T o 5 rv s
Groundwaters 8'%0 8%H Tritium 14C (pMC) 8 100 o 2 100 é’-
n Median Mean + St. dev. n Median Mean +St. dev. n Mean =+ St. dev. n  Mean*St. dev. E g T
Geothermal water o 50 - -8 50 -
GW-Borehole o | 13 -6.55 -6.24+13 13 -433 -414+79 M3
GW-Dug well ([ J 0 I I . L 10 0 L o
GW-Spring L ! 632 ! —44.5 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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MALAYSIA

1 Project Code: MAL8008K
Study area: Kuala Rompin aquifers

Sampling period: 1987-1988

Background: Isotope techniques along with conventional methods were used in the assessment of
hydrogeological problems concerning genesis, flow dynamics and salt water intrusion processes in the
aquifer system around Kuala Rompin.

2 Project Code: MAL80OSP

Study area: Kuala Perlis area

Sampling period: 1990

Background: Isotope techniques along with conventional methods were used in the assessment of
hydrogeological problems concerning genesis, flow dynamics and salt water intrusion processes in the
aquifer system around Kuala Perlis.

3 Project Code: MAL800SL

Study area: Langkawi island

Sampling period: 1985-1989

Background: Origin of saline groundwater and geothermal fluids as well as salt water intrusion processes
were investigated using isotope techniques in the aquifers of the Langkawi island.

4 Project Code: MAL8018

Study area: Taiping area

Sampling period: 2004

Background: In this project, assessment of the impact of industrial and municipal landfill operations
on groundwater and surface water resources in the Taiping city area was carried out using isotope and
geochemical techniques.

5 Project Code: RAS8084—-MAL

Study area: Langat basin

Sampling period: 1999-2002

Background: Isotopes were employed to understand groundwater dynamics and to verify saline water
intrusion into the aquifers of the area.

6 Project Code: RAS8092-MAL

Study area: Tawau geothermal area, Northern Borneo

Sampling period: 2002-2003

Background: Isotope techniques were used to investigate the origin, circulation, and subsurface history
of geothermal waters of the Tawau region.

7 Project Code: RAS8097-MAL
Study area: Pulau Burung area
Sampling period: 2004-2005
Background: In the multi-disciplinary approach, isotopes were used to assess the impact of the Pulau
Burung Sanitary Landfill operation on groundwater and surface water resources for formulation of
appropriate national groundwater management policy.
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L | , ® @ L GW - borehole ~— River/stream - perennial N
“-E':l" o T GW - dug well Sample Type
1 -+ Lake/reservoir/sea A River A
1 — L River P A Lake/reservoir/sea
T Prec. - project - 2°30'N ® Dugwell -
>0 ® Borehole 0 5 15 20 Tanjong Tuan
(] —+ Prec. - mult. reg. k
m
| T Prec. - kriging 103°20'E 103°30'E 103°40'E
o .FH | I—Ar ? + Prec.- GNIP ~" N\ ' ' l
I I I Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.
-2 -1 -1 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
5'°0 (%o) GNIP station SINGAPORE m |97 700 -6.73+0.9 52 -46.0 -462+1.6 2164
Interpolation — multiple reg. [ | -6.80 -41.0
Interpolation - kriging (IAEA) | | -6.18 -39.5
Project |
Singapore (GNIP 4869400) Mersing (WMO 486740)
300 0 700 30
[ Precipitation [0 Precipitation Surface waters 5180 52H Tritium
—@— Oxygen-18 —@— Temperature . A
250 600 1 n Median Mean + St. dev. n Median Mean + St. dev. n Mean +St. dev.
— — 500 Lake/reservoir/sea A 4 -1.39 -1.40+0.7 3 -140 -11.8+4.8 3 3.1+03
E 20+ £ g River A | 9 567 53418 9 -381 -354+128 7 36406
E g E 400 g
g 150 s % g
£ © £ 300 g 18 2 iti 14
S w0 % £ Groundwaters 8'°0 &°H Tritium C (pMQ)
E 100 1 &’ 200 i n Median Mean + St. dev. n Median Mean =+ St. dev. n Mean +St. dev. n Mean=St. dev.
% Geothermal water [ ]
100 1 GW-Borehole ® | 2 -5.98 -532+15 20 -376 -333+95 16
0 0 4 GW-Dug well [ ) 37 -5.15 -5.07+0.6 37 -31.5 -31.6%3.5 34 3.6+£0.8
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring L4
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Precipitation 880 (%o) 8%H (%o) Tritium (TU) Annual prec.

n Median Mean + St. dev. n Median Mean = St. dev. n Mean +St. dev. (mm)
GNIP station KO SAMUI | 36 -4.67 -535+2.2 29  -23.1 -28.7£10.1 1265
Interpolation — multiple reg. | -6.10 -35.0
Interpolation - kriging (IAEA) [ | -5.55 -41.2
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Surface waters §8'%0 8°H Tritium

n Median Mean = St. dev. n Median Mean = St. dev. n Mean +St. dev.
Lake/reservoir/sea A
River A
Groundwaters §8'%0 &%H Tritium ¢ (pMQ)

n Median Mean = St. dev. n Median Mean = St. dev. n Mean +St. dev. n  Mean=St. dev.
Geothermal water ([ J
GW-Borehole [ ) 51 -6.41 -6.01£1.2 51 -38.9 -374+6.6 52 3.0+£1.6 3 32+6
GW-Dug well [ J 8 -6.43 -6.63+£0.6 8 -406 -42.0+4.7 8 21£1.1
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1 ] —+ Lake/reservoir/sea )
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9 /. Lake/reservoir/sea
® O H® | @ + Prec. - project ® Borehole
] -+ Prec. - mult. reg. ® @® Geothermal
] T Prec. - kriging 99°50'
ﬁ o r FH Xt —+—e0 ﬁ + Prec.- GNIP .
I I I Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.
-14 -12 -10 -8 -6 -4 -2 0 2 . )
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
5"%0 (%0) GNIP station KO SAMUI W |36 467 -5.35+22 29 -23.1 -28.7+10.1 1265
Interpolation — multiple reg. [ | -6.00 -35.0
Interpolation - kriging (IAEA) | | -5.55 -41.2
Project [ | 27 -6.10 -6.1£2.5 27 -36.7 -36.0+18.6 14 5.7+3.1
Ko Samui (GNIP 4855000) Penang/Bayan Lepas (WMO 486010)
400 0 400 30
[ Precipitation [0 Precipitation Surface waters 5180 52H Tritium
—@— Oxygen-18 —@— Temperature . X
> n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev.
300 A _ Lake/reservoir/sea A 8 -0.29 -0.35+0.2 8 -2.1 -21£12 6 4.1+08
£ E g River A |10 594 -5.84£04 10 -351 -34.1%29 9 47£16
= L -4 < = o
s £ s 2
g © g g Groundwaters 8'%0 &°H Tritium 14C (pMC)
g g i n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. n Mean=+St. dev.
1001 Geothermal water [ ) 9 -1.24 -1.23+0.2 9 -8.5 -83+13 7 27+1.4 1 1.7
I I I GW-Borehole [ ) 147 -6.39 -6.22+0.6 147  -384 -38.1+4.0 135 2719 6 69+20
. l B GW-Dug well °
- 7 T r T rTr - r°r T+ T T1°r T°T T 1T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-5pring °

58



I I
Taiping area
<
S
o
epetang Jebong Kanan %
o o —
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Rimba Piatu 50 (%0
LEGEND ®
® Settlement
~— River/stream — perennial Matang Gelugor T Geothermal
Sample Type o + GW - spring
A River &1 9@ 0 + GW - borehole
A Lake/reservoir/sea Jaha o1 + GW - dug well
: Dug well ® N —+ Lake/reservoir/sea
Borehole .
e + River
+ Prec. - project
- ] -+ Prec. - mult. reg.
100°35'E 100°40'E ] - Prec. - kriging
' ' o .P 0 | ﬂ ? + Prec.- GNIP
Precipitation 880 (%o) 8%H (%o) Tritium (TU) Annual prec. I I I
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. (mm) 12 -10 -8 -6 -4 -2 0
GNIP station SINGAPORE | 97 -7.00 -6.73+£0.9 52 -46.0 -46.2+1.6 2164 6180 (%0)
Interpolation — multiple reg. | -6.20 -37.0
Interpolation - kriging (IAEA) [ | -5.79 -416
Project ||
Singapore (GNIP 4869400) Penang/Bayan Lepas (WMO 486010)
300 0 400 30
Surface waters 8'%0 &2H Tritium | (P)recipitat:gn [ Precipitation
n Median Mean + St. dev. n Median Mean + St. dev. n Mean +St. dev. oen Temperature
Lake/reservoir/sea A 8 -2.79 -2.80+0.4 8 -240 -245+29 8 6.4+0.5 - _
River A 15 -5.90 -5.86+0.3 15 -35.1 -35.8+4.5 16 7.1£1.0 E E g
§ & 5 E
Groundwaters §8'%0 &%H Tritium ¢ (pMC) :g © :g. 2
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. n  Mean*St. dev. &’ &’ 2
Geothermal water o
GW-Borehole [ ) 51 -7.20 -6.86+1.0 51 -45.8 -414+£15.0 50 6.2+0.8
GW-Dug well [ J 34 -6.35 -6.16+£0.8 34 -404 -39.6+5.0 39 6.1£0.8
GW-Spring (] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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I KM
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[ .r—E:u:j—’. [ + Prec.- GNIP '
I I Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
-12 -10 -8 -6 -4 -2 0 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
5"%0 (%o) GNIP station SINGAPORE m |97 -700 -6.73+09 52 -46.0 -46.2+16 2164
Interpolation — multiple reg. | -6.80 -41.0
Interpolation - kriging (IAEA) | | -6.07 -423
Project [ ] 20 -7.93 -793+1.4 20 -53.8 -55.6+12.2 4 85+1.4
Singapore (GNIP 4869400) Kuala Lumpur (WMO 486470)
300 0 30
[ Precipitation [ Precipitation Surface waters 8'%0 &8%H Tritium
—@— Oxygen-18 o1
250 oen 5 300 1 emperature n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev.
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E 2001 E g River A |3 -7 -6.67+0.1 3 424 -39.8+6.3 1 17.1
: R
'E 150 o g g
:% -6 w :g- E- Groundwaters §8'®%0 &°H Tritium 14C (pMQ)
E 100 1 g 2 n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n MeanzSt. dev.
s L -8 Geothermal water [}
GW-Borehole [ ) 32 -7.12 -7.15+0.6 32 -45.6 -455+2.4 18 9.4+45
0 _10 GW-Dug well [ ) 15 -7.15 -73+0.5 15 -45.9 -444+4.6 7 59+1.6
- 7 rr T r T rTrTr - r°r T+ r 1+ T°T T 1T
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Precipitation 880 (%o) 8%H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean + St. dev. n Mean +St. dev. (mm)
GNIP station SINGAPORE | 97 -7.00 -6.73+£0.9 52 -46.0 -46.2+1.6 2164
Interpolation — multiple reg. | -5.80 -34.0
Interpolation - kriging (IAEA) [ | -5.69 -39.1
Project | 1 -5.79 -6.09+3.9 11 -31.3 -35.1£31.3 2 45+4.4
Surface waters §'80 &82H Tritium
n Median Mean + St. dev. n Median Mean + St. dev. n Mean +St. dev.
Lake/reservoir/sea A
River A 5 -6.79 -6.92+0.3 5 -42.5 -42.0+2.1 5 1.2+0.3
Groundwaters 8'%0 &%H Tritium 4C (pMC)
Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n Mean=+St. dev.
Geothermal water [ ] 10 -5.07 -5.32+0.6 10 -39.2 -38.8+2.1 10 0.1+0.2 5 4+25
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GW-Spring [ J
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T Prec. - project ® Dug well
(] —+ Prec. - mult. reg.
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ﬁ OO0 X1 —1+—Po t T Prec.- GNIP '
I I Precipitation 880 (%o) &82H (%o) Tritium (TU) Annual prec.
-12 -10 -8 -6 -4 -2 0 2 n Median Mean +St. dev. n Median Mean +St. dev. n Mean = St. dev. (mm)
6180 (%O) GNIP station KO SAMUI || 36 -4.67 -535+2.2 29 -23.1 -28.7+10.1 1265
Interpolation — multiple reg. [ | -6.10 -36.0
Interpolation - kriging (IAEA) | | -5.68 -41.4
Project |
Ko Samui (GNIP 4855000) Penang/Bayan Lepas (WMO 486010)
400 0 400 30
[ Precipitation [ Precipitation Surface waters §'%0 &2H Tritium
- - -
Ogen 18 5 Temperature n Median Mean +St. dev. n Median Mean +St. dev. n Mean + St. dev.
. 300 A . Lake/reservoir/sea A 3 -6.00 -6.07+0.2 3 =217 -18.3+6.9 3 57+0.1
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100 1 -8 Geothermal water [ }
I I I GW-Borehole [ ]
0 l . 10 GW-Dug well [ ] 27 -4.00 -3.9+0.7 27 -24.7 -25.1+3.82 27 6.2+0.6
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1 Project Code: MON8002G

Study area: Gobi desert aquifers

Sampling period: 1988-1990

Background: Groundwater sustainability and recharge conditions of the aquifers in the arid regions of
the Gobi Desert were studied using isotope techniques.

2 Project Code: MON8002T

Study area: Tsambagarav area, Western Mongolia

Sampling period: 1991

Background: Isotopic characterization of surface water and groundwater resources in the pristine
environments, and studies of snow and ice in glaciers were made in western Mongolia.

3 Project Code: MON8004

Study area: Tuul and Khangal River basins

Sampling period: 1999-2000

Background: Assessment of water resources in Tuul and Khangal River basins was undertaken to understand
groundwater dynamics, surface water-groundwater interactions and groundwater contamination due to
various industrial activities.

4 Project Code: MON8006

Study area: Orkhon River basin

Sampling period: 2005-2006

Background: Isotope techniques in combination with hydrochemical techniques were used for assessing
the degradation of water quality in the Orkhon River basin.
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Tuul and Khangal River basins
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MYANMAR

1 Project Code: MYA8003
Study area: Lake Inle
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NEW ZEALAND

1 Project Code: NZE-5961
Study area: Northern Island geothermal systems
34°5 ey X Sampling period: 1977-1992

Background: The isotope study was carried out to investigate the evolution of geothermal fluids within
' an active accretionary prism associated with andesitic magmatism where marine sediments and seawater
subduct along the convergent plate margins.

2 Project Code: NZE-10232

Auckiaftl Study .alrea: Afjckland area

Sampling period: 1998-1999

Background: Disposal of storm water in the Mt. Eden area of Auckland, New Zealand is via ‘soak holes’
drilled directly into the fractured basalt. The objective of this study was to use geochemical and isotopic
results as inputs for modelling.
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NZE-10232

Auckland area
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=5 s L R . ' Study area: Sheikhupura area
\ 55 Lake, ephemeral ity k ‘}- = y Sampling period: 1998-1999
" ~— River ) 1 i Background: The study area has numerous surface drains carrying untreated domestic wastes and industrial
effluent, which cause a threat to the quality of surface water and groundwater. The objectives of the
project were: to investigate pollution levels, sources of recharge and pollutants, aquifer vulnerability to

pollution, and to develop groundwater flow and pollutant transport model for sustainable management of
the aquifer.

2 Project Code: RAS8092-PAK

Study area: Koh Sultan volcano area, Chagi

Sampling period: 2003-2004

Background: Koh Sultan is the youngest volcano in Pakistan and has some geothermal springs around its
crater. For preliminary investigation of geothermal potential, isotope and chemical techniques were used
to identify the source of recharge, subsurface processes, residence time, and reservoir temperatures of
geothermal fluids.

200 300

3 Project Code: RAS8097M—PAK

Study area: Multan area

Sampling period: 2002

Background: Due to an increase in abstraction rate, the hydrodynamics of groundwater is changing and,
as a result, the quality of groundwater is deteriorating in the Multan area. This isotope geochemical
study was carried out for the assessment of groundwater recharge and pollution for safe and sustainable
exploitation of the aquifer.

30°N

4 Project Code: RAS8097L-PAK

Study area: Lahore area

Sampling period: 2004-2006

Background: In Lahore, the second largest city of Pakistan, as a result of heavy withdrawal of groundwater
and reduction in recharge, the water table is lowering at an alarming rate and the aquifer is vulnerable to
pollution due to induced infiltration of polluted surface waters and hydraulic gradients favouring saline water
intrusion from nearby zones. This investigation focused on identification of sources and study of mobilization
processes of groundwater pollutants, including arsenic for sustainable management of the resources.

25°N Hyderabad
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PAKISTAN

5 Project Code: RAS8104P—-PAK

Study area: Peshawar area

Sampling period: 1982-1985

Background: Peshawar valley in the North West Frontier Province forms a part of the Kabul River basin.
The problem of water logging and salinity considerably affected the agricultural activities in the valley.
This isotope study was undertaken to assess the groundwater recharge and salinization as well as to
understand the extent of surface water—groundwater interactions.

6 Project Code: RAS8104R-PAK

Study area: Rechna Doab

Sampling period: 1986-1990

Background: Rechna Doab comprises the interfluvial area between the Chenab and Ravi Rivers. Isotope
investigations were made with the objectives to: identify different recharge sources of groundwater;
estimate the relative contribution of recharge sources; determine residence time of groundwater; and
investigate groundwater salinization processes.

7 Project Code: RAS8104C—PAK

Study area: Chashma Nuclear Power Plant area

Sampling period: 1992-1994

Background: Investigation of groundwater dynamics on a regional scale is a prerequisite for the evaluation
of a nuclear power plant site. This isotope investigation was carried out as a part of the safety report of
the Chashma Nuclear Power Plant. Major objectives were to investigate recharge mechanism, flow paths,
and residence time of groundwater.

8 Project Code: RAS8104T—-PAK

Study area: Tarbela dam area

Sampling period: 1992-1993, 1994-1995

Background: Tarbela Dam, the giant multi-purpose dam, was built on the River Indus in 1976. It was
observed that the water table rises in the downstream areas when the reservoir attains its highest level
in the monsoon season. The main objectives of this isotopic study were to: fingerprint different water
masses; ascertain the hydraulic connections, if any, between the Tarbela reservoir and the groundwater
monitoring wells and springs downstream.

9 Project Code: RAS8104Q-PAK

Study area: Quetta area

Sampling period: 2003-2004

Background: In the arid areas of Quetta City in Balochistan, groundwater is the main source of drinking
water supply. In order to meet the increasing demand, hard rock aquifers were explored. As a part of
the larger project, the isotope study of groundwater in hard rocks and alluvium in the Quetta valley
was carried out for determining interconnections between hard rock and alluvial aquifers and the age of
groundwater.

10 Project Code: PAK-3620

Study area: Mardan area

Sampling period: 1982-1986

Background: The low lying areas of the Mardan valley face water logging problems due to rise in
groundwater levels. The shallow and deep aquifers are separated by varying thickness of a clay layer.
In order to help plan remedial measures, an isotope study was carried out with the aim of studying
groundwater recharge and interconnections between the shallow and deep aquifers.

11 Project Code: PAK-4255

Study area: Chaj Doab

Sampling period: 1985-1988

Background: This interfluvial tract of land between the Chenab and Jhelum Rivers is a part of the
Indus basin. Extensive agricultural practices depend on intricate canal irrigation systems in the area.
Large tracts of irrigated land have been adversely affected by salinity and water logging. Isotopic and
hydrochemical studies were carried out to understand the recharge mechanism of groundwater, surface
water—groundwater interactions and salinization processes in the Chaj Doab.

12 Project Code: PAK-4794

Study area: Haripur area

Sampling period: 1987-1989

Background: The study area is located around Haripur town close to Tarbela reservoir. Isotope techniques
were used to investigate groundwater recharge and surface water—groundwater interactions.

13 Project Code: PAK-8591

Study area: Ziarat area

Sampling period: 1995-1998

Background: Ziarat is an arid area with meagre precipitation and high evaporation. In order to augment
groundwater recharge, many storage structures called delay action dams were constructed on the alluvial
fans for the storage of runoff to facilitate percolation. The focus of this isotope investigation was to
evaluate efficacy of artificial recharge measures.

14 Project Code: PAK-9826, PAK-11516

Study area: Kasur area

Sampling period: 1997-1998, 2001-2004

Background: Domestic waste and effluent of about 300 tanneries are discharged into an open pond close
to Kasur town. Possible movement of contaminants to the groundwater is a threat to its quality. The first
study was carried out to monitor the movement of contaminants through unsaturated zone. The second
investigation focused on the source of groundwater recharge as well as the scale and geometry of nitrate
contamination.

15 Project Code: PAK-11322

Study area: Karachi coastal aquifer

Sampling period: 2002

Background: In the Karachi area, the coastal aquifers are generally very saline with a few freshwater
pockets. The main objectives of this study were to investigate the sources of recharge, extent of seawater
encroachment due to groundwater withdrawal along the coastal belt and salinization of interconnected
aquifers.
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71°25'E 71730'E 71°35'E
| /
Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station NILORE/ISLAMAB. [ | 145 -2.78 -4.06+1.5 143 -11.7 -214+12.7 993
Interpolation — multiple reg. -4.40 -24.0
Interpolation - kriging (IAEA) [ | -4.02 -21.8
Project |
Surface waters 5'%0 82H Tritium
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev.
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Interpolation - kriging (IAEA) [ | -5.63 -35.7
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Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.

n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station NILORE/ISLAMAB. || 145 -2.78 -4.06+1.5 143 -11.7 -214+12.7 993
Interpolation — multiple reg. -4.70 -24.0
Interpolation - kriging (IAEA) [ | -5.96 -334
Project ]
Surface waters §8'®%0 &%H Tritium

n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev.
Lake/reservoir/sea A
River A 27 -11.47 -11.63+1.3 9 -74.0 -7443+11.04 14 64.0+£14.2
Groundwaters 8'%0 &%H Tritium 4C (pMQ)

n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n MeanzSt. dev.
Geothermal water [ )
GW-Borehole (] 270 -6.99 -7.78+1.9 179 -42.4 -46.4+12.8 149 66.1+35.6
GW-Dug well ® |18 -9.52 -9.01+£1.9 68 -59.1 -55.9+13.1 42 79.4+31.5
GW-Spring [

RAS8104P-PAK

Peshawar area

20
I
I
- —
I
I
I
I
= I
S I
T I
o |
I
I
I
I
I
I
-100 T T T T T T I
-14 -12 -10 -8 -6 -4 -2 0 2
5'°0 (%o)
+ Geothermal
+ GW - spring
+ GW - borehole
i | + GW - dug well

+ Lake/reservoir/sea
River

T Prec. - project

(] + Prec. - mult. reg.
) T Prec. - kriging
Prec. - GNIP

Jllk,

-20 -18 -16 -14 12

Nilore/Islamabad (GNIP 4157101) Peshawar (WMO 415300)

[ Precipitation
—@— Oxygen-18

[0 Precipitation
—@— Temperature

250 A

200 -+

150 A

5" 0 (%o)

100 A

Temperature (°C)

Precipitation (mm)
Precipitation (mm)

50 A

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



™~

RAS8104R—PAK T  FERE S
Rechna Doab ’, .

82

Precipitation (mm)

8%H (%o0)

r

? =

-20 -18

-16

-14 -12 -10

Nilore/Islamabad (GNIP 4157101)

300

250 A

200 A

150 A

100 A

50 A

[ Precipitation
—@— Oxygen-18

- T T T T Tr T T+ T+ T°T 1T T 1T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

-6 -4
8"°0 (%o)

£
_ £
g 5
S g
© g

]

a

Geothermal
GW - spring
GW - borehole
GW - dug well

Lake/reservoir/sea
River

Prec. - project
Prec. - mult. reg.
Prec. - kriging
Prec. - GNIP

2 0 2 4 8
Murree (WMO 415730)
400 25
Precipitation
—@— Temperature
- 20
300 A
9]
<
F15 @
S
=]
200 A ®
s
[
10 2
£
(7
[
100 -
-5
0 T T T T T T T T T T T T 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

@® Settlement
3 Country border

GNIP/WMO Station

§5 Lake - perennial

~— River/stream - perennial

|

| —
Sample Type
. P~
A River
@® Dugwell 5
@® Borehole =
|
Precipitation 580 (%o0) &82H (%o) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean £ St. dev. (mm)
GNIP station NILORE/ISLAMAB. [ | 115 -2.77 -4.06+1.5 114 -11.9 214127 993
Interpolation — multiple reg. -4.60 -25.0
Interpolation - kriging (IAEA) [ | -5.68 -22.88
Project |
Surface waters 8'%0 &8%H Tritium
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev.
Lake/reservoir/sea A
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Groundwaters 8'%0 &°H Tritium 4C (pMC)
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n MeanzSt. dev.
Geothermal water (]
GW-Borehole (] 340 -7.65 -7.72+1.3 359 -48.7 -50.5+8.2 65 9.2+149
GW-Dug well (] 599 -7.70 -761+1.4 627 -49.4 -50.0+8.7 100 13.3+£12.1
GW-Spring {
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| | |
Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station NILORE/ISLAMAB. | | 145 -2.78 -4.06+1.5 143 -11.7 -214+£12.7 993
Interpolation — multiple reg. -3.60 -21.0
Interpolation - kriging (IAEA) || -2.49 -13.5
Project [ | 6 -0.75 -1.51+£3.2 6 -3.7 -3.8+24.2 3 18.9+2.2
Surface waters §8'®%0 &%H Tritium
n Median Mean + St. dev. n Median Mean £ St. dev. n Mean + St. dev.
Lake/reservoir/sea A
River A 159 -12.12 -11.84+£1.0 159 -834 -81.8+8.7 35 222+25
Groundwaters §8'®%0 8%H Tritium 4C (pMC)
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. n MeanzSt. dev.
Geothermal water [ ]
GW-Borehole [ ] 113 -10.38 -9.06+2.7 113 -72.6 -60.9+20.1 65 12.8+17.9 5 117+£28
GW-Dug well [ ) 258 -10.44 -9.56+2.3 258 -70.5 -64.9+16.1 146 20.9+24.7 11 104+26
GW-Spring [ 7 -5.10 -4.85+0.7 7 -28.3 -26.9+3.9 4 54+3.6
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B B -16 - - B 8 - B - n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
8"°0 (%o) GNIP station NILORE/ISLAMAB. | W |145  -278 -4.06%+1.5 143 -3 -214£127 993
Interpolation — multiple reg. [ | -5.50 -31.0
Interpolation - kriging (IAEA) | -6.00 -34.6
Project |
Nilore/Islamabad (GNIP 4157101) Murree (WMO 415730)
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[ Precipitation [ Precipitation Surface waters 580 &2H Tritium
—@— Oxygen-18 —@— Temperature ) )
250 - 50 n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev.
. . 300 1 Lake/reservoir/sea A 2 -12.40 -12.40+0.0 2 -85.1 -85.1+1.3 2 31+0.0
E 200 E e River A 6 -5.08 -6.65+3.2 6 -28.8 -41.4+26.3 18.5+4.5
= g c e
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g 100 4 E 2 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. Mean +St. dev.
5 1001 L5 Geothermal water [ )
GW-Borehole [ ) 82 -5.23 -6.53+2.4 82 -30.1 -38.9£20.7 55 17.2+£74
04 0 - L o GW-Dug well ® |187 -5.03 -5.59+1.7 187 -28.6 -32.8+13.6 106 28.0+97.5
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Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station NILORE/ISLAMAB. | | 145 -2.78 -4.06+1.5 143 -11.7 -214+12.7 993
Interpolation — multiple reg. -7.20 -44.0
Interpolation - kriging (IAEA) [ | -4.21 -22.8
Project ]
Surface waters 580 &%H Tritium
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev.
Lake/reservoir/sea A 2 3.27 3.27+26 2 15.6 15.6+62.1
River A
Groundwaters §8'®%0 82H Tritium 4C (pMC)
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. n  Meanz+St. dev.
Geothermal water [ ]
GW-Borehole [ ) 57 -6.92 -6.9+0.4 57 -38.6 -38.6+2.4 38 1.5+1.5
GW-Dug well [ ) 2 -6.29 -6.29+0.0 2 -30.6 -30.6+1.6 1 6.5
GW-Spring [ 4 -6.56 -6.54+0.6 -34.4 -36.0+8.5 5 3.6+2.1
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Precipitation 580 (%) 82H (%0) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station NILORE/ISLAMAB. | | 145 -2.78 -4.06+1.5 143 -11.7 -21.4+£12.7 993
Interpolation — multiple reg. -4.80 -25.0
Interpolation - kriging (IAEA) || -6.08 -326
Project |
Surface waters §8'®%0 &%H Tritium
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev.
Lake/reservoir/sea A
River A 33 -8.61 -8.83+1.2 28 -49.6 -50.9+6.9 4 47.3+5.1
Groundwaters §8'®%0 &8°H Tritium 14C (pMCQ)
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n  Meanz=St. dev.
Geothermal water [ )
GW-Borehole ® |[188 -5.90 -6.42+1.1 183 -36.5 -389+7.2 62 23.8+41.1
GW-Dug well ® |215 -7.57 -742+1.5 203 -44.5 -443+9.3 60 51.0+24.1
GW-Spring [ )




The boundaries and names shown and the designations used in this map do not imply official endorsement or acceptance by the United Nations and the International Atomic Energy Agency. Dotted

line represents approximately the Line of Control in Jammu and Kashmir agreed upon by India and Pakistan. The final status of Jammu and Kashmir has not yet been agreed upon by the parties.
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Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station NILORE/ISLAMAB. | | 145 -2.78 -4.06+1.5 143 -11.7 -214+12.7 993
Interpolation — multiple reg. -4.70 -26.0
Interpolation - kriging (IAEA) [ | -5.85 -34.4
Project |
Surface waters §5'®%0 &%H Tritium
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev.
Lake/reservoir/sea A 5 -5.87 -532+0.9 5 -34.0 -32.0+3.2 5 11.0+£1.9
River A 28 -7.64 -8.05+1.2 28 -45.0 -47.6+9.2 28 32.1+6.6
Groundwaters §'%0 &%H Tritium 4C (pMQ)
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n MeanzSt. dev.
Geothermal water [ )
GW-Borehole [ ) 187 —-7.46 -7.34%13 187 -46.0 -45.8+9.2 187 18.6+£17.7
GW-Dug well @ 258 -6.84 -6.89+1.4 258 -42.0 -425+9.4 258 31.3£335
GW-Spring [
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=33°50'N| ‘ A
H T GW-spring Sample Type
T GW-borehole [ Precipitation
+ GW - dug well A River
P Vi | ® 1 Lake/reservoir/sea /. Lake/reservoir/sea Shahderi
[ i) + River @ Dugwell °
) ® Borehole ISLAMABAD CITY
i -+ Prec. - project ‘
® Spring
] -+ Prec. - mult. reg.
] =+ Prec.-kriging 72°40'E 72°50'E 73°00'E 73°10'E
ﬁ *—! ] +4?. 7 1 Prec.-GNIP i | | |
1 1'2 10 I8 P 4 5 0 2' 4 ' Precipitation 8'80 (%o0) &2H (%o) Tritium (TU) Annual prec.
B - - - - a a n Median Mean = St. dev. n Median Mean = St. dev. n Mean = St. dev. (mm)
50 (%o) GNIP station NILORE/ISLAMAB. | M |145  -278 -406+1.5 143 117 -21.4+127 993
Interpolation — multiple reg. -5.20 -28.0
Interpolation - kriging (IAEA) | -5.84 -33.1
Project [ | 3 -4.41 -4.59+1.7 3 -13.6 -15.8+12.1
Nilore/Islamabad (GNIP 4157101) Murree (WMO 415730)
300 4 400 25
W Precipitation IS Precipitation Surface waters §8'®%0 8%H Tritium
—@— O -18 @
250 - ooen Temperature 2 n Median Mean + St. dev. n Median Mean + St. dev. n Mean * St. dev.
. 300 A i Lake/reservoir/sea A 52 -11.80 -10.69+2.9 53 -80.1 -73.1+£21.7 3 241+1.6
E 200 - E o River A | 14 -4.62 -452+0.8 14 -236 -21.8+6.7 404+49
£ 3 £ L5 @
.2 S s S
=150 A ° £ 200 1 &
:g- ) s 10 é Groundwaters 50 &°H Tritium 4C (pMC)
4 v
g 100 g 2 n Median Mean +St. dev. n Median Mean +St. dev. n Mean + St. dev. n Mean=St. dev.
5 100 1 L5 Geothermal water o
GW-Borehole ® |107 -5.23 -523+04 108 -29.2 -29.4+238 33 255+12.7
o4 0 L o GW-Dug well ® |131 -5.15 -5.08+0.6 131 -29.2 -28.8+3.9 41 26.4+14.2
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring ® | 11 -505 -5.04+03 1 -295 -29.2+2.91 4 31.1£6.2
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B 4 8 1216 ® Spring
| 67°00'E O km 67000 AOE |
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Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station NILORE/ISLAMAB. | | 145 -2.78 -4.06+1.5 143 -11.7 -21.4+12.7 993
Interpolation — multiple reg. -7.90 -49.0
Interpolation - kriging (IAEA) [ | -4.21 -22.8
Project [ | 57 -2.60 -3.04+4.7 59 =55 -12.7+36.7 8 8.7+2.1
Surface waters §5'®%0 &%H Tritium
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev.
Lake/reservoir/sea A 47 -0.83 -0.48+5.1 45 -85 -3.1+284 19 14.0+6.2
River A
Groundwaters §'%0 &%H Tritium 4C (pMQ)
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n MeanzSt. dev.
Geothermal water [ )
GW-Borehole [ ) 12 -5.95 -538%1.6 12 -34.5 -32.1+£7.5 5 9.6+£0.9
GW-Dug well @ 260 -5.66 -539+14 262 -34.0 -32.1+7.4 104 11.0+£3.7
GW-Spring [ ) 36 -6.00 -5.98+0.6 35 -36.1 -36.4+3.1 12 9.8+3.6
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, ~ 31°00'N Sample Type T
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T Prec. - project
Mammanwala ® Dugwell
(] T Prec. - mult. reg. ° @® Borehole
| T Prec. - kriging .74°20'E 2°30'F / /
w %A:FIZIFA’. C? + Prec.- GNIP ' '
1 1|2 10 I8 P ; ) 0 2| 4 é 8 Precipitation 580 (%o0) &82H (%o) Tritium (TU) Annual prec.
B B - - B - B n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
6180 (%0) GNIP station NILORE/ISLAMAB. W 145 -2.78 -4.06+1.5 143 -11.7 -214+12.7 993
Interpolation — multiple reg. -4.90 -28.0
Interpolation - kriging (IAEA) | -5.41 -28.5
Project |
Nilore/Islamabad (GNIP 4157101) Lahore City (WMO 416400)
300 4 250 40
I grecipitation ] :recipitation Surface waters 880 &8%H Tritium
N = -18 —— t
250 ooen 200 cmperanre n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev.
. . Lake/reservoir/sea A 11 -4.18 -3.14+3.3 11 -30.0 -21.7+8.8 1 7.4
E 20+ £ o River A | 7 -1236 -1232+03 7 -833 -83.2+4.2
- < = 150 4 @
S S s 5
F 150 o s g
:g- ) % 100 A g Groundwaters §'%0 &8°H Tritium 14C (pMC)
&’ 100 1 é 2 n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n Meanz=St. dev.
s 50 Geothermal water o
GW-Borehole (] 20 -5.52 -551+0.6 20 -36.2 -37.0+3.2 3
o4 0 - GW-Dug well ® |[251 -6.50 -6.57+1.6 251 -45.6 -45.2+10.5 29 6.7+3.8
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring d
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Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station KARACHI | | 45 -2.66 -3.74£2.0 43 -12.0 -224+185 195
Interpolation — multiple reg. [ | -3.70 -22.0
Interpolation - kriging (IAEA) | ] -2.30 -11.4
Project ]
Surface waters 5'%0 &%H Tritium
n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev.
Lake/reservoir/sea A 5 0.82 0.76+0.3 4 6.9 6.9+2.0
River A -2.69 -3.01+£23 5 -31.1 -35.1+8.2
Groundwaters §8'®%0 8°H Tritium 4C (pMC)
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n MeanzSt. dev.
Geothermal water [ )
GW-Borehole [ ) 16 -5.32 -5.00£1.1 16 -42.8 -41.1+£7.7
GW-Dug well [ ) 12 -6.07 -5.98+0.6 12 -49.1 -48.4+3.4
GW-Spring [
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PHILIPPINES

1 Project Code: PHI8011M

Study area: Metro Manila area

Sampling period: 1986-1987

Background: This isotope study aimed at assessment of groundwater recharge and salinization as well as
determination of the extent of salt water intrusion into the aquifers in Metro Manila for sustainable water
resources management.

2 Project Code: PHI8011D, RAS8084—PHI, RAS8097-PHI

Study area: Davao city area

Sampling period: 1988, 1998-2002, 2003-2004

Background: In these projects, isotope studies aimed at understanding the groundwater origin, dynamics
and salinization, including the extent of salt water intrusion into the aquifers, in Davao city for sustainable
water supply for the city.

3 Project Code: PHI8011C

Study area: Cebu city

Sampling period: 1986-1988

Background: This isotope study aimed at understanding the groundwater dynamics and extent of saline
intrusion into the aquifers in Cebu city area.

4 Project Code: PHI8016L, PHI-9719L

Study area: Leyte geothermal field

Sampling period: 1974-1990, 1995

Background: The aim of these isotope investigations was the assessment of the deleterious effects of the
reinjection of cold fluids into geothermal fields and determination of dilution factors as well as chemical/
physical changes in the geothermal reservoir for improving electrical power production.

5 Project Code: PHI8016S, RAS8092—PHI, PHI-9719S

Study area: Southern Negros geothermal area

Sampling period: 1982-1992, 1999-2001, 1995

Background: The aim of these isotope investigations was the assessment of the deleterious effects of the
reinjection of cold fluids into geothermal fields and determination of dilution factors as well as chemical/
physical changes in the geothermal reservoir for improving electrical power production.

6 Project Code: PHI8018

Study area: Laguna Lake basin

Sampling period: 1995-1996

Background: This project focused on the groundwater systems of the Laguna Lake basin in order to study
their recharge and origin, and the hydraulic interrelationships between different aquifer systems.

\&,:/ (@\?} Water
N4 Resources

IAEA | Programme
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7 Project Code: PHI8022, RAS8097-PHI, RAS8093-PHI

Study area: La Mesa, Rodriguez—Montalban and Angat dam sites

Sampling period: 2002-2003, 2003-2005, 2003

Background: These projects were carried out with the aim of fingerprinting different water masses to ascertain
the hydraulic connections between reservoirs, landfills and groundwater.

8 Project Code: PHI8025

Study area: Bacolod area

Sampling period: 2005-2006

Background: The Bacolod city water supply network was under the second phase of expansion. This
isotope study was carried out to understand the recharge zones of aquifers for delineating the areas that
will need concentrated effort for forest cover preservation and restoration.

9 Project Code: RAS8075Mo—PHI, RAS8075Ma—PHI

Study area: Montelago—Mabini geothermal areas

Sampling period: 1989-1997, 1981-1998

Background: A significant amount of geothermal resources remains untapped in certain areas because of
a lack of exposure to various technologies of geothermal exploration and exploitation. In order to support
the use of geothermal resources for energy production in the region through the application of isotope
and geochemical techniques, this regional project was implemented to obtain benchmark isotopic and
chemical data for understanding the dynamics of the geothermal fluids and reservoir temperatures. The
Montelago and Mabini areas were investigated under this project.

10 Project Code: PHI-6019MB, PHI-6019BM, PHI-9719BM

Study area: Mount Bulusan—BacMan area

Sampling period: 1986-1990, 1983-1984, 1990-1991, 1995

Background: The study was designed to determine the hydrological characteristics of geothermal areas in
the Philippines through the use of environmental isotopes and to utilize isotopic data alongside chemical
and geological data as tools in geothermometry and reservoir management. Several areas were investigated
under the research contracts.

11 Project Code: PHI-6019MA

Study area: Mount Ampiro geothermal area

Sampling period: 1991-1992

Background: The study was designed to determine the hydrological characteristics of geothermal areas in
the Philippines through the use of environmental isotopes and to utilize isotopic data alongside chemical
and geological data as tools in geothermometry and reservoir management. Several areas were investigated
under this research contract.

12 Project Code: PHI-6019MC

Study area: Mount Cagua geothermal area

Sampling period: 1991

Background: The study was designed to determine the hydrological characteristics of geothermal areas in
the Philippines through the use of environmental isotopes and to utilize isotopic data alongside chemical
and geological data as tools in geothermometry and reservoir management. Several areas were investigated
under this research contract.

13 Project Code: PHI-6019MP

Study area: Mount Parker geothermal area

Sampling period: 1992

Background: The study was designed to determine the hydrological characteristics of geothermal areas in
the Philippines through the use of environmental isotopes and to utilize isotopic data alongside chemical
and geological data as tools in geothermometry and reservoir management. Several areas were investigated
under this research contract.

14 Project Code: PHI-6019Pi

Study area: Mount Pinatubo geothermal area

Sampling period: 1981-1983, 1989-1990

Background: The study was designed to determine the hydrological characteristics of geothermal areas in
the Philippines through the use of environmental isotopes and to utilize isotopic data alongside chemical
and geological data as tools in geothermometry and reservoir management. Several areas were investigated
under this research contract.

15 Project Code: PHI-6019Bi

Study area: Mount Biliran geothermal area

Sampling period: 1982-1992

Background: The study was designed to determine the hydrological characteristics of geothermal areas in
the Philippines through the use of environmental isotopes and to utilize isotopic data alongside chemical
and geological data as tools in geothermometry and reservoir management. Several areas were investigated
under this research contract.

16 Project Code: PHI-6019ML

Study area: Mount Labo geothermal area

Sampling period: 1990-1993

Background: The study was designed to determine the hydrological characteristics of geothermal areas in
the Philippines through the use of environmental isotopes and to utilize isotopic data alongside chemical
and geological data as tools in geothermometry and reservoir management. Several areas were investigated
under this research contract.

17 Project Code: PHI-6019NN

Study area: Northern Negros geothermal area

Sampling period: 1979, 1989-1992

Background: The study was designed to determine the hydrological characteristics of geothermal areas in
the Philippines through the use of environmental isotopes and to utilize isotopic data alongside chemical
and geological data as tools in geothermometry and reservoir management. Several areas were investigated
under this research contract.
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Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.

n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station MANILA || 48 -5.25 -6.09+2.9 46 -38.2 -438+1.2 907
Interpolation — multiple reg. [ | -5.10 -29.0
Interpolation - kriging (IAEA) | ] -5.04 -32.8
Project L]
Surface waters 8'%0 &%H Tritium

n Median Mean = St. dev. n Median Mean +St. dev. n Mean +St. dev.
Lake/reservoir/sea A 5 -0.59 -1.59+2.2 5 -5.1 -11.9+16.2 2.7+0.1
River A -5.25 -4.85+1.9 -35.0 -32.8+9.8 2 4.8+£0.6
Groundwaters §8'®%0 8°H Tritium 14C (pMC)

n Median Mean + St. dev. n Median Mean +St. dev. n Mean = St. dev. n  Mean+St. dev.
Geothermal water [ ]
GW-Borehole [ ) 56 -6.74 -6.64+0.7 56 -46.1 -45.0+4.8 21 0.6+0.9 14 55+31
GW-Dug well @ 8 -6.47 -6.26+0.5 8 -42.6 -423+3.6 4 49+1.0
GW-Spring [
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Precipitation 8'%0 (%o) 82H (%o) Tritium (TU) Annual prec.
-14 -12 -10 -8 -6 -4 -2 0 . .
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
8"%0 (%0) GNIP station AGCO W | 28 -735 -9.06+1.1 27 453 -59.2+7.2 1546
Interpolation — multiple reg. [ | -7.70 -47.0
Interpolation - kriging (IAEA) [ | -4.99 -28.2
Project [ | 80 -7.00 -6.93+1.6 80 -45.0 -452+135 96 41+19
Agco (GNIP 9875301) Rejah (WMO 988510)
600 2 150 30
[ Precipitation [ Precipitation Surface waters 6180 52H Tritium
—@— Oxygen-18 0 —@— Temperature . X
500 A I 125 n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev.
- _ Lake/reservoir/sea A
E 400 - E 100 1 River A |45 708 -7.06+0.6 45 -443 -44.0+4.2 9 33+19
= < =~ )
5 $ < g
300 o £ 75 K]
B © E= o
% 0 % g Groundwaters 8'%0 &°H Tritium 14C (pMCQ)
E 200 1 g 50 2 n Median Mean = St. dev. n Median Mean = St. dev. n Mean = St. dev. n  Mean+St. dev.
100 2 Geothermal water [ )
GW-Borehole ® |189 -6.98 -6.98+0.4 190 -44.3 -44.2+2.6 95 1.7+£1.2
0 o GW-Dug well (] 10 -6.63 -6.64+0.4 10 -43.0 -433+3.9 9 23+0.7
- - 7 rr T r r T r°r T+~ T1°rT°T T 1T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-5pring e 28 -7.34 -7.30+04 28 —46.5 -47.1+3.1 19 32+13
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PHI8011C

LEGEND
® Settlement
3 Country border
GNIP/WMO Station
~— River/stream - perennial

Cebu city

Sample Type
A River
@® Dugwell
@® Borehole )
Sprin 2
® Spring 8
/ T
o~
N ® s s °
- 10°20'N ‘.
Banawa [
o 1 ;2 3 4 ¢
18
P 670 (%o)
MACTAN & 1 Geothermal
] -+ GW - spring
: [ 1] T+ GW -borehole
Mambaling ¢
. ‘ T GW - dug well
‘ P + Lake/reservoir/sea
] =+ River
La tang + Prec. - project
— 10°16'N (]
(] -+ Prec. - mult. reg.
¢ 123°52 ‘ ] -+ Prec. - kriging
I ﬁ —A . - ——— @  + Prec.-GNIP
Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec. I
n Median Mean = St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm) 12 -10 -8 -6 4 -2 0
GNIP station TICALA H | 2 668 -5.27+2.1 2 426 -35.1£17.6 1026 8"%0 (%o0)
Interpolation — multiple reg. [ | -5.00 -28.0
Interpolation - kriging (IAEA) || -4.90 -29.9
Project ||
Ticala (GNIP 9864203) Mactan (WMO 986460)
300 4 200 36
Surface waters 6180 62H Tritium [ Precipitation [ Precipitation
. . —@— Oxygen-18 L o —@— Temperature
n Median Mean +St. dev. n Median Mean £ St. dev. n Mean + St. dev. 250
Lake/reservoir/sea A - L o -
River A | 4 685 -6.85+0.1 4 430 -43.1£13 2 3.9+13 E 20 £ o
= 5 = ]
S *o* 7 é S 3
5 150 1 o 3 5
x L -4 o« = (7]
Groundwaters §'%0 &8°H Tritium 4C (pMC) 2 o s g
n Median Mean = St. dev. n Median Mean + St. dev. n Mean +St. dev. n  Mean=+St. dev. &’ 100 4 L 6 E &
Geothermal water [ ]
GW-Borehole [ ) 64 -6.70 -6.56+0.5 64 -44.9 -443+3.4 17 40+1.6 30 -8
GW-Dug well @ 34 -6.60 -6.55+0.3 34 -42.9 -433+25 18 36+1.6 o L _10
GW-Spring L 2 -7.13 ~7.13£0.0 2 —48.2 —48.2£06 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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PHI8016L; PHI-9719L

Leyte geothermal field

Precipitation (mm)

8%H (%o)

o 1T——@

rf—:I

-12 -10 -8 -6

Barrio Tongonan (9855002)

500
[ Precipitation
—@— Oxygen-18

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

-4 -2
5"°0 (%o)
<
)
°
7]

Precipitation (mm)

400

Geothermal

GW - spring

GW - borehole
GW - dug well
Lake/reservoir/sea
River

Prec. - project
Prec. — mult. reg.
Prec. - kriging
Prec. - GNIP

Tacloban (WMO 985500)

[0 Precipitation
—@— Temperature

30

Temperature (°C)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

® Kananga
.0
= 11°10N
Aquiting

LEGEND

' ® Omotot

¢

Cabulihan Bualos | ¢ < itjement ALTO PEAK
— 11°05'N (] 3 Country border n
GNIP/WMO Station
§5 Lake - perennial
~— River/stream - perennial
Sample Type N
® [0 Precipitation
A River
® Lilo-an /. Lake/reservoir/sea
@® Borehole
. e Punta Blarico
@® Spring
Lao @® Geothermal 0 2 3 4
Jalubon N . km
° o
1242 Ormoc 124740'E 124°45'E
® | |
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station BARRIO TONGON. | 21 -5.49 -6.29+2.3 21 -31.0 -38.1+16.5 1622
Interpolation — multiple reg. -4.90 -27.0
Interpolation - kriging (IAEA) [ | -4.70 -26.6
Project [ | 14 -7.33 -6.83+2.3 14 -40.1 -39.8+18.0
Surface waters 8'%0 &8%H Tritium
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev.
Lake/reservoir/sea A 5 -5.56 -5.65+0.4 5 -36.3 -36.1+1.2
River A 18 -6.36 -5.87+1.9 18 -38.5 -37.0+49
Groundwaters 8'%0 &°H Tritium 14C (pMCQ)
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n Meanz+St. dev.
Geothermal water ® |215 -2.19 -2.22+2.1 208 -34.1 -33.6+6.5
GW-Borehole (] 2 -7.47 -747+0.2 2 -47.1 —-47.1+13
GW-Dug well (]
GW-Spring (] 1 -6.21 1 -44.3




— 9°20'N

— 9°15'N

H
PUHAGAN

Cabosio Lunga

[
o4 ¢
Vidiao
°

°
Paongay Baslay

LEGEND
@® Settlement

Sample Type
Precipitation
River

Dug well
Borehole
Spring

0000 ) >N

Geothermal

3 Country border
GNIP/WMO Station

§5 Lake - perennial

~— River/stream - perennial

Lake/reservoir/sea

123°10°E \t\§3°15‘E
. ! \ !
Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. Mean + St. dev. (mm)
GNIP station PUHAGAN || 25 -6.20 -5.10+£2.5 25 -35.5 -30.4+20.6 1215
Interpolation — multiple reg. [ | -6.80 -40.0
Interpolation - kriging (IAEA) || -5.20 -30.8
Project [ ] 1 -7.66 1 -48.1
Surface waters 5'%0 &%H Tritium
n Median Mean + St. dev. n Median Mean +St. dev. Mean +St. dev.
Lake/reservoir/sea A 1 -0.82 1 -6.2
River A 1 -7.47 -7.51+0.4 1 -46.3 -46.9+3.1
Groundwaters §8'®%0 8°H Tritium 14C (pMC)
n Median Mean + St. dev. n Median Mean £ St. dev. Mean £ St. dev. n MeanzSt. dev.
Geothermal water ® (131 -5.28 -5.01+1.6 103 -43.1 -42.61+6.8
GW-Borehole [ ) 28 -7.43 -7.41%0.2 28 -47.6 -47.6+1.9 22+1.9
GW-Dug well @ 77 -7.47 -7.51+0.4 50 -45.9 -45.72+1.8 24+0.2
GW-Spring [ ) 12 -7.51 -7.43+0.6 12 -47.9 -48.74+2.2 3.1

Precipitation (mm)

PHI8016S; RAS8092—-PHI; PHI-9719S

8%H (%o0)

Southern Negros geothermal area

5'°0 (%o)
k o @ | —4 L @® -+ Geothermal
HF1—®» T GW - spring
+ GW - borehole
@ + GW - dug well
0 -+ Lake/reservoir/sea
19 + River
] + Prec. - project
] + Prec. - mult. reg.
| T Prec. - kriging
?Q——| I } {» + Prec.—- GNIP
T
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0
5'°0 (%o)
Puhagan (GNIP 9864204) Mactan (WMO 986460)
350 4 200 36
[ Precipitation [0 Precipitation
300 A —@— Oxygen-18 Y —@— Temperature
250 A ) E
- £
o g
150 - I £
2
100 - L -6 E
50 - L -8
0 - L 10

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temperature (°C)
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4 vana @ ®

PHI8018

LEGEND

@® Settlement

o} Country border
GNIP/WMO Station

Laguna Lake basin

20 ~— River/stream — perennial
| Sample Type
0 A e —z———- /. Lake/reservoir/sea ‘
: @® Dug well e
A
| @® Borehole
. =20 A |
g | e
5 | N
PS)
-40 I
| e Pulanglupa
60 |
—007 I
| |
| ® Aniban
&0 | , , , | o 1 2 3 4 ©
-10 -8 -6 -4 -2 0 2 o Panapaan km
8"°0 (9%o) - 14°27'N @ P
® Salinas
+ Geothermal
+ GW - spring
[ il T + GW - borehole o
| + GW - dug well
¢— 1 ® g ambog ®
[ I + Lake/reservoir/sea
+ River
T Prec. - project
] + Prec. - mult. reg. .
! T Prec.-kriging raooly 120°57E 121°00°E
r *4:1:[.::'__’ ? + Prec.- GNIP ' '
I I I Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
-12 -10 -8 -6 -4 -2 0 2 n Median Mean = St. dev. n Median Mean = St. dev. n Mean = St. dev. (mm)
8"%0 (%0) GNIP station MANILA W | 48 525 -6.09+2.9 46 -382 -43.8+1.2 907
Interpolation — multiple reg. [ | -5.00 -28.0
Interpolation - kriging (IAEA) [ | -4.96 -329
Project |
Manila (GNIP 9842900) Manila Airport (WMO 984290)
500 2 500 36
[ Precipitation [ Precipitation Surface waters 6180 52H Tritium
—@— Oxygen-18 —@— Temperature . X
200 400 - n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev.
- _ F 32 Lake/reservoir/sea A 8 -4.15 -3.98+2.7 8 -304 -30.2+18.4 4 2.18+0.46
E E E River A
“E 300 A < ~ 300 A @
X < 5
K] > 2 2
5 o 5 .
S 200 1 © 8 20 g Groundwaters 5'%0 &52H Tritium 14C (pMC)
E g 2 n Median Mean £ St. dev. n Median Mean £St. dev. n Mean £ St. dev. n  Mean=St. dev.
100 - 100 4 2 Geothermal water [ J
I GW-Borehole (] 79 -7.13 -7.02+0.5 79 -48.2 —47.5+4.1 33 0.7+0.7
o I - . L % GW-Dug well ® | N -6.76 -6.63+1.4 1 -455 -459+9.8
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-5pring o
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Susung Dalaga
°

— PHI8022; RAS8097-PHI; RAS8093—-PHI

La Mesa, Rodriguez—Montalban and Angat dam sites

— Y4°55'N

8%H (%0)

Gayatgaya
°

Loma de Gato

LEGEND 5'°0 (%o)
@® Settlement

® Sulukan

L 14°45'N 5 Lake - perennial _
~— River/stream - perennial T Geothermal
@& —14e + GW - sprin
‘ ° Sample Type pring
Novaliches Montalban W Precipitation e ¢ ® T GW-borehole
A River [ ) T GW - dug well
o Eaifie A Lake/reservoir/sea + Lake/reservoir/sea
@® Dugwell ¢ 1 —e® o + River
Borehole .
: ® [ [ § ——9 - Prec. - project
Spring
e Cambal (] + Prec. - mult.reg.
121°00'E 121°05'E 121°10E 7 WS'E I T Prec. - kriging
| ' ' ® & —(—1 11 o .( Prec. - GNIP
Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec. I
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm) -12 -10 -8 -6 -4 2 0
GNIP station MANILA H | 48 525 -6.09+2.9 46  -38.15 -438+1.2 907 5"%0 (%0)
Interpolation — multiple reg. -5.50 -32.0
Interpolation - kriging (IAEA) [ | -4.96 -32.9
Project [ ] 14 -5.69 -5.24+2.0 14 -35.8 -32.7+156
Manila (GNIP 9842900) Manila Airport (WMO 984290)
500 2 500 36
Surface waters 6180 (SZH Tritium [ Precipitation [0 Precipitation
. . —@— Oxygen-18 —@— Temperature
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. 200 200 4
Lake/reservoir/sea A 21 -5.48 -5.46+04 21 -31.42 -326+3.6 — _ r 32
River A | 45 -608 -6.13£0.9 45 -3862 -393+59 13 25%3.1 £ £ g
E’ 300 - ’§ E’ 300 A1 [
o = o S
g o £ rs 8
= © x [
Groundwaters §8'%0 &8°H Tritium 14C (pMC) S 200 1 0 g 200 A g
n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean £ St. dev. n MeanzSt. dev. é_"- &’ i)
Geothermal water [ J 100 4 100 - M
GW-Borehole [ ) 69 -7.04 -6.8+0.8 70 -46.27 -444+6.3 5
GW-Dug well @ 51 -6.67 -6.68+0.3 51 -44.86 -443+2.6 9 2.8+0.8 o o R L 50
GW-Spring L 87 -6.13 —6.38+07 87 —3844 —39.9+56 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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PHI8025

Bacolod area

8%H (%)

5'°0 (%o)
+ Geothermal
| | + GW - spring
T [ ) + GW - borehole
o + GW - dug well

+ Lake/reservoir/sea
River

T Prec. - project

] + Prec. - mult. reg.
| + Prec. - kriging
ﬁ i . 9 ? + Prec. - GNIP
. .
12 -0 -8 -6 -4 -2 0 2 4 6
8"°0 (%o)

Ticala (GNIP 9864203) lloilo (WMO 986370)

300 4 400 36
[ Precipitation [ Precipitation
—@— Oxygen-18 2 —@— Temperature
250 - i
. 300 A 32
£ | €
£ ~ E
c =3
s g 5
'g 150 - o S 200 A 28
g ) =
o 100 ]
a a
100 I L 24
50 A
B m l I

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

- 20

Temperature (°C)

e Talisay

Concepcion @

Granada

& BACOLOD

Py .. ® Mu.rcia
N

A Enangue
°

LEGEND
® Settlement
3 Country border
GNIP/WMO Station )
§°5 Lake - perennial

~— River/stream - perennial
L 10°35'N er/strea perennia |
Sample Type
[0 Precipitation
A River
@® Dugwell —
@® Borehole
® Spring
122°55'E 123700'E 123°05'E \ 123°10'E
| | | |
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station TICALA | | 22 -6.68 -5.27+2.1 22 -42.6 -35.1+17.6 1026
Interpolation — multiple reg. [ | -4.90 -27.0
Interpolation - kriging (IAEA) | -5.03 -27.2
Project [ | 4 -6.92 -6.98+0.3 4 -44.5 444422
Surface waters 8'%0 &%H Tritium
n Median Mean £ St. dev. n Median Mean + St. dev. n Mean + St. dev.
Lake/reservoir/sea A
River A 10 -6.89 -6.79+0.4 10 -43.7 -429+24 4 1.5+0.1
Groundwaters §8'%0 8°H Tritium 4C (pMC)
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n  Mean=St. dev.
Geothermal water [ ]
GW-Borehole [ ) 30 -7.14 -7.15+0.3 30 -45.0 -449+2.7 17 0.4%0.1
GW-Dug well [ ) -5.98 -6.04+0.4 4 -41.4 -413+23 2 1.6+0.4
GW-Spring [ ) 5 -7.34 -7.37+0.2 5 -47.2 -473+0.6 3 1.4+0.2




— 13°20'N

0 5 10 15 20
BN . km

LEGEND
@® Settlement
3 Country border
GNIP/WMO Station
§5 Lake - perennial
~— River/stream - perennial
---.-" River/stream - ephemeral

Batangas

Sample Type
A River
A Lake/reservoir/sea
@® Borehole
® Spring
@® Geothermal
’_/ 121°00'E
|
Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station MANILA | | 48 -5.25 -6.09+2.9 46 -38.2 -43.8+1.2 907
Interpolation — multiple reg. [ | -5.10 -28.0
Interpolation - kriging (IAEA) | ] -4.96 -329
Project L]
Surface waters 5'%0 &%H Tritium
n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev.
Lake/reservoir/sea A 1 -0.59 1 -4.3
River A 2 -8.64 -8.64+0.0 2 -53.6 -53.6%0.1
Groundwaters §8'®%0 8°H Tritium 14C (pMC)
n Median Mean + St. dev. n Median Mean £ St. dev. n Mean + St. dev. n MeanzSt. dev.
Geothermal water [ ) 12 -5.21 -5.10+34 12 -34.9 -37.7+£15.6
GW-Borehole [ ) 1 -7.96 1 -533
GW-Dug well [ ]
GW-Spring [ J 1 -8.26 1 -54.9

Precipitation (mm)

RAS8075Mo—-PHI; RAS8075Ma—PHI

Montelago—Mabini geothermal areas

8%H (%o)

500

400 A

300 A

200 A

100 A

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

o— | } |@ -+ Geothermal
] + GW - spring
) + GW - borehole
T GW -dug well
] + Lake/reservoir/sea
] + River
T Prec. - project
| + Prec. - mult.reg.
] + Prec. - kriging
r a— I ——P ? + Prec.-GNIP
T T
-12 -10 -8 -6 -4 -2 0 2
5'°0 (%o)
Manila (GNIP 9842900) Manila Airport (WMO 984290)
2 500 36
WS Precipitation [0 Precipitation
—@— Oxygen-18 —@— Temperature
400
£
g ‘s’ 300 1
2 ]
© ‘S 200 o
9
a
100 -
o .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temperature (°C)



PHI-6019MB; PHI-6019BM; PHI-9719BM

¢

LEGASPI

Mount Bulusan—BacMan area

.“ A

°
e . con
A F.O o
® soTONG Y
) @

Putiao
°

[N SONGA
5
>
T
o~
o
® Magallanes
LEGEND
@® Settlement /\
3 Country border
Geothermal GNIP/WMO Station o ® A
+ GW - spring §5 Lake - perennial o
1 GW = borehole ~— River/stream - perennial )
T GW—dUg well Samp'e Type IrOSIn
1 —+ Lake/reservoir/sea [ Precipitation
| 1] =+ River A River
¢ i » 4 Prec. - project A Lake/reservoir/sea
@® Sprin
| + Prec. - mult. reg. pring
. ® Geothermal
| T Prec. - kriging 123°40'E 124°00'E
r rﬂ—E:l]I:b—. + Prec.- GNIP L |
I I I Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
-6 -14 -12 -0 -8 -6 -4 -2 0 2 4 6 8 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
6180 (%0) GNIP station BONGA | | 54 -4.31 -5.08+1.2 54 -23.1 -29.7+9.6 1051
Interpolation — multiple reg. [ | -4.80 -25.0
Interpolation - kriging (IAEA) [ | -4,58 -24.9
Project [ | 10 -6.62 -6.31+3.0 10 -38.9 -36.3+23.4 3 1.9+£0.5
Bonga (GNIP 9844401) Legaspi (WMO 984440)
700 4
[ Precipitation [ Precipitation Surface waters 5180 52H Tritium
—@— Oxygen- -o—
600 1 ygen1e ro2 Temperature n Median Mean + St. dev. n Median Mean £ St. dev. n Mean £ St. dev.
= 500 | _ Lake/reservoir/sea A 8 -1.70 -2.56+2.6 6 -22.8 -252+17.7 1 1.3
E £ g River A -5.85 -5.74+0.3 4 -334 -32.0+3.0
= ° =~ ]
g o s :
g ° % g
£ 300 A 2 3 8 18 2 iti 14
2 w0 £ g Groundwaters &'°0 &°H Tritium C (pMQ)
g 200 4 g & n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n  Mean+St dev.
Geothermal water [ ] 103 -4.36 -3.10£3.0 97 -27.8 -25.3+09.1 4 21+£13
100 GW-Borehole o
0 GW-Dug well [ )
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring [J 6 -5.96 -595+03 6 -354 -36.5£55
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I I I
Mount Ampiro geothermal area
® Sianib
\
S
S
1 I
- 8°20N : : S
N .
‘M ‘ 5 1
B . km
o——— 1t +P@ + Geothermal
+ GW -sprin
LEGEND pring
T+ GW - borehole
@® Settlement
~— River/stream - perennial T GW - dug well
+ Lake/reservoir/sea
Sample Type
— 8°15'N A River _ 1 —+ River
@® Geothermal T Prec. - project
(] + Prec. - mult. reg.
123°30'E 123°35'E 123°40'E | T Prec. - kriging
' ' ' 0¢— . ——4D + Prec.—- GNIP
Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. (mm) -10 -8 6 4 -2 0
GNIP station PUHAGAN | | 25 -6.20 -5.10+2.5 25 -35.5 -30.4+20.6 1215 6180 (%o0)
Interpolation — multiple reg. [ | -7.10 -43.0
Interpolation - kriging (IAEA) | ] -4.97 -31.44
Project ]
Puhagan (GNIP 9864204) Zamboanga city (WMO 988360)
350 4 160 32
Surface waters 5'%0 &°H Tritium e (P)'edl::aﬁi:" o :::F’e"r:::’r';
—@— Oxygen- —o—
n Median Mean = St. dev. n Median Mean £ St. dev. n Mean +St. dev. 300 1 i -2 P
Lake/reservoir/sea A = 250 - L o -
River Al 7 -7 -6.57+0.8 7 -400 3871456 E £ %
= 200 - L2 3 = g
=} > o E]
Groundwaters §8'®%0 &8°H Tritium 14C (pMC) % 1501 T e :g- g
n Median Mean = St. dev. n Median Mean +St. dev. n Mean +St. dev. n  Mean=+St. dev. g 100 4 -6 &’ i
Geothermal water [ ) 12 -5.06 -5.36+1.4 12 -36.7 -37.63+5.1
GW-Borehole o 50 7 -8
GW-Dug well [ ] o L 10
GW-Spring d Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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PHI-6019M(C

Mount Cagua geothermal area

8%H (%o0)

+ Geothermal
+ GW - spring
T+ GW - borehole
T GW -dug well

+ Lake/reservoir/sea

4 =+ River
+ Prec. - project
] -+ Prec. - mult. reg.
—+ Prec. - kriging
r“—* 1| ®e o + Prec.- GNIP
T
-12 -10 -8 ) -4 -2 0 2
5'°0 (%o)
Manila (GNIP 9842900) Aparri (WMO 982320)
500 2 400
[ Precipitation [ Precipitation
—@— Oxygen-18 —@— Temperature

400
B B
£ £
T:’ 300 A :‘g ‘E
L < S
3 S B
S 200 - © s
b 2
a a

100

o ] I | T

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

36

Temperature (°C)

® | upigui

Amunitan

Patricio
°

LEGEND
@® Settlement

3 Country border
~— River/stream - perennial
-<=-.-" River/stream — ephemeral

Sample Type
A River

/. Lake/reservoir/sea

— 18°10'N g ® Spring |
01 2 3 4 ¢ @® Geothermal
N . km \
| 122°10E (
.- / | ‘
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev. (mm)
GNIP station MANILA | | 48 -5.25 -6.09+2.9 46 -38.2 -43.8+1.2 907
Interpolation — multiple reg. [ | -5.60 -33.0
Interpolation - kriging (IAEA) | -5.23 -31.6
Project |
Surface waters 8'%0 &%H Tritium
n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev.
Lake/reservoir/sea A 1 -4.86 1 -26.4
River A 5 -6.16 -6.15+0.6 5 -35.5 -34.6+5.8
Groundwaters §8'%0 8°H Tritium 4C (pMC)
n Median Mean + St. dev. n Median Mean + St. dev. Mean +St. dev. n  Mean=St. dev.
Geothermal water [ ) 9 -4.70 -522+1.6 9 -24.2 -28.8+12.9
GW-Borehole [
GW-Dug well (]
GW-Spring [ ) 2 -6.46 -6.46+0.0 2 -37.2 -37.2+2.0




) | | |
LEGEND o
@® Settlement
- 6°30'N ® Marbel Madunga 7
(04 Country border g
. GNIP/WMO Station
§5 Lake - perennial
~— River/stream - perennial
Sample Type
/. Lake/reservoir/sea
@® Geothermal
~ 6°20'N Kabalen -
° Lamonal
([}
P ® . Bagotenged
® Lumatiz GEN. SAN
P Buayan, e4
122%50'E 125°00'E Tamblel 0E
| | |
Precipitation 880 (%o) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station ILOMAVIS | | 25 -7.32 -7.17+0.9 25 -41.5 -46.1+5.0 1051
Interpolation — multiple reg. [ | -6.90 -42.0
Interpolation - kriging (IAEA) | ] -5.00 -28.4
Project ]
Surface waters 5'%0 &%H Tritium
n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev.
Lake/reservoir/sea A 1 -5.36 1 -39.5
River A
Groundwaters §8'®%0 8°H Tritium 14C (pMC)
n Median Mean + St. dev. Median Mean £ St. dev. n Mean £ St. dev. n MeanzSt. dev.
Geothermal water [ ) 10 -6.70 -6.37+1.3 10 -45.4 -444+54
GW-Borehole [ )
GW-Dug well [ ]
GW-Spring [

Precipitation (mm)

350

PHI-6019MP

Mount Parker geothermal area

8%H (%o0)

J—-. + Geothermal

+ GW - spring

+ GW - borehole

T GW -dug well

—+ Lake/reservoir/sea
+ River

T Prec. - project

+ Prec. - mult. reg.

| T Prec. - kriging

| @ - Prec.-GNIP

.rl—

-14 -12 -10

llomavis (GNIP 9875302)

WS Precipitation
—@— Oxygen-18

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

6" 0 (%o)

Precipitation (mm)

160

Zamboanga city (WMO 988360)

32

[0 Precipitation
—@— Temperature

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Temperature (°C)



I I
°
PHI-6019P1 :
: Cadmang
Mount Pinatubo geothermal area
® Villar [ )
- 15°10'N Sapangbato .
3 PY Talaga
< ([} ([
x
o
Camp Sanche
® Payodpod
Lucsuan
. 0|2 4 6 8 ° ° \
& "0 (%o)
¢ —/—1 »4 + Geothermal -
+ GW - spring ——
+ GW - borehole LEGEND
@® Settlement
T GW -dug well )
) GNIP/WMO Station
+ Lake/reservoir/sea . .
~— River/stream - perennial
-+ River
. Sample Type
+ Prec. - project P yp
@® Geothermal
| -+ Prec. - mult. reg.
.. \
| T Prec. - kriging 120°20'E 120°30'E
r @& ——1 1 P ? 1+ Prec. - GNIP ' :
I I Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
-12 -10 -8 -6 -4 -2 0 2 . )
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
6180 (%0) GNIP station MANILA [ | 48 -5.25 -6.09+2.9 46 -38.2 -438+1.2 907
Interpolation — multiple reg. -5.90 -35.0
Interpolation - kriging (IAEA) | -5.02 -324
Project |
Manila (GNIP 9842900) Manila Airport (WMO 984290)
500 2 500 36
[ Precipitation [0 Precipitation Surface waters 6180 52H Tritium
—@— Oxygen-18 —@— Temperature . .
200 - 200 n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev.
. _ F 32 Lake/reservoir/sea A
E E g River A
E‘ 300 A "g‘ ‘E 300 1 [
o 9\_, o =1
'E ° 'g - 28 §
:g— 200 A P :g- 200 A g Groundwaters 8'%0 &%°H Tritium 4C (pMCQ)
E &’ & n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean +St. dev. n Meanz+St. dev.
100 100 2 Geothermal water e[ 12 753 ~69+2.1 12 -488 ~442+136 7 24+16
I I . GW-Borehole o
0 o LM e L 50 GW—Dug well ([
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring ol
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PHI-6019Bi

Mount Biliran geothermal area

I
o
11°40'N N ¢
® o

20
I
I
® o0 1 2 3 4 |
I . e _
km — ®
I
A © |
Tabojab e g | °
S I
LEGEND T | o
el
@® Settlement I.. (]
3 Country border I
~— River/stream — perennial Asluma I
Sample Type e I
'/\ A River _60 T T T T ! T T T
A Lake/reservoir/sea 10 -8 -6 4 o 0 2 4 6 8
= 1re3sn| @ Sering ® Talostosan ® B 6'°0 (%o)
\_: Geothermal ®

‘A @& | I | J. + Geothermal

11 + GW -spring
® Naval o + GW - borehole
". -+ GW - dug well
o0 ® o ( + Lake/reservoir/sea
1] T River

T Prec. - project

+ Prec. - mult. reg.

®
L A !
’ ] -+ Prec. - kriging

124°30°F /
' S NN | I—‘? + Prec.- GNIP

Precipitation 880 (%o0) 8H (%0) Tritium (TU) Annual prec.

n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm) -12 -10 -8 -6 —4 -2 0 2 4 6 8
GNIP station BARRIOTONGON. | M | 21 -549 -6.29+23 21 310 -38.1%165 1622 5"°0 (%o)
Interpolation - multiple reg. [ | -5.10 -28.0
Interpolation - kriging (IAEA) | | -4.70 -26.0
Project ||

Barrio Tongonan (9855002) Tacloban (WMO 985500)
500 2 400 30

Surface waters §'%0 &°H Tritium _T_ ;T;;z:i‘:;“ _T_ Z:If;::?;

n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev.
Lake/reservoir/sea A -4.01 1 -29.5 . .
River A | 5 661 -6.6210.3 5 -38. -38.0+1.8 E E o

g 2 £ 3

Groundwaters §8'%0 &8%H Tritium 4C (pMC) & ) :g- g

n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. n MeanzSt. dev. &’ &' 2
Geothermal water [ ] 24 -5.27 -3.46+4.2 24 -36.1 -34.4+£10.1
GW-Borehole [ J
GW-Dug well [ )
GW-Spring d 3 —6.20 —6.2220.3 3 —355 —35.2%07 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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PHI-6019ML

Mount Labo geothermal area

8%H (%o)

h‘ I | e + Geothermal
W I -+ GW - spring
] + GW - borehole
T GW -dug well
+ Lake/reservoir/sea
] =+ River
+ Prec. - project
] -+ Prec. - mult. reg.
| + Prec. - kriging
) o [ | —4 T Prec.-GNIP
-14 -12 -10 -8 -6 -4 -2 0 2
5'°0 (%o)
Cawayan (GNIP 9844406) Legaspi (WMO 984440)
1400 4 500
[ Precipitation [ Precipitation
1200 - —@— Oxygen-18 L 5 —@— Temperature
400
E 1000 - Lo 5 —
£ = E 30 <
R = [
5 8001 F2 3 E g
5 o i &
‘5 6007 TS S 200 8
8 2 £
2 [ (7
& 400 - -6 & =
100
200 A L -8
0 - ~-10 0 -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

LEGEND Masolong Matacong
@® Settlement (] ()
~— River/stream - perennial () @
Sample Type Baay ®
A River ° ® Matanbang e °
® Borehole )
® Spring
- 14°05'N @® Geothermal d
Natao
o
" 0 1 3
°® A s km
A
Maycueva
122040 ® 122°45'E 122°50°E
| | |
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station CAWAYAN | | 23 -4.89 -54+1.8 23 -259 -29.3+13.0 5899
Interpolation — multiple reg. [ | -5.60 -32.0
Interpolation - kriging (IAEA) | -4.80 -30.0
Project |
Surface waters 8'%0 &%H Tritium
n Median Mean £ St. dev. n Median Mean + St. dev. n Mean + St. dev.
Lake/reservoir/sea A
River A 2 -5.51 -5.51+0.1 2 -30.8 -30.8+0.2
Groundwaters §8'%0 8°H Tritium 4C (pMC)
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n  Mean=St. dev.
Geothermal water [ ] 12 -4.31 -3.76+£1.9 12 -30.2 -30.8+2.1 4 1.4+0.7
GW-Borehole [ ) 2 -5.20 -5.20%+0.1 2 -30.1 -30.1+2.1
GW-Dug well (]
GW-Spring (] 6 -4.98 -5.12+0.4 6 -29.6 -29.2+5.3 6 2.6+0.5
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cololdk/\/_

N Enangue §® o

PHI-6019NN

Northern Negros geothermal area

Nabalian
Talos
°
o/ Abuanan

T

° %o
[
o Bairan
Mangyuac ® °
° Masolo

8"°0 (%o)

LEGEND

- 10°20'N Tabon e ® Settlement ¢—1— 9 T Geothermal
3 Country border T GW - spring

GNIP/WMO Station + GW -borehole

§5 Lake - perennial + GW - dug well

Magallon Cadre o ~— River/stream - perennial

+ Lake/reservoir/sea

Sample Type
® Spring

+ River

Basak

([ J T Prec. - project
0O 3 6 9 12 @® Geothermal
N . km | + Prec.— mult. reg.
WOO'E o | + Prec. - kriging
|

ﬁl—! - ———| @  + Prec.-GNIP

Precipitation 880 (%o) 8°H (%o) Tritium (TU) Annual prec. 12 10 8 6 4 2 0
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm) B - - B - B
GNIP station TICALA B |2 668 -5.27+2.1 2 426 -351%17.6 1026 5"°0 (%o)
Interpolation - multiple reg. [ | -5.60 -32.0
Interpolation - kriging (IAEA) | | -5.03 -27.2
Project ||
Ticala (GNIP 9864203) Mactan (WMO 986460)
300 4 200 36
Surface waters 5180 52H Tritium [ Precipitation [0 Precipitation
. . —@— Oxygen-18 L > —@— Temperature
n Median Mean £ St. dev. n Median Mean +St. dev. n Mean +St. dev. 250 -
Lake/reservoir/sea A - -
River A E 200 E g
= < -~ (]
5 8 5 5
‘1—; 150 A o -.3 ‘é
= © x (7]
Groundwaters §8'%0 &8%H Tritium 4C (pMC) & ) 2 g
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. n MeanzSt. dev. &’ 100 1 &' 2
Geothermal water [ ] 10 -7.54 -7.52+1.0 10 -48.8 -48.2+4.8
50 4
GW-Borehole [ J
GW-Dug well [ ) 0 4
GW-S5pring L Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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SRI LANKA

LEGEND
® Settlement

‘ GNIP/WMO Station

Project Area

10°N : i P, ) 1 Project Code: SRL8018

: &5 Lake, perennial Study area: Kukuleganga-Victoria—Randenigla dam areas
Sampling period: 2004-2005
Background: This project was implemented to assist in the detection of seepage and leakage paths at
the selected dams by using isotope techniques and to develop the national capabilities for using isotope
techniques for dam safety.

~~ River

2 Project Code: RAS8084~SRL

Study area: Hambantota area

Sampling period: 2000

Background: In the study, isotopes were used to understand groundwater recharge and dynamics in

. the coastal area between Ridiyagama Tank and Ambalantota.
TrincomaiEe

3 Project Code: RAS8093-SRL

KANTALE Study area: Samanalawewa reservoir area
ﬁ"“radhap“ra i Sampling period: 2001-2002
PLttalan ' Background: In this isotope investigation, detection of seepage and leakage paths in the vicinity of

8°N Samanalawewa reservoir, one of the large reservoirs in Sri Lanka, was undertaken.
4 Project Code: RAS8097-SRL

Study area: Nanu Oya and Bomburella basins

Sampling period: 2005

Background: In the framework of this project, interactions between two well fields as well as the impact
of extraction of groundwater from deep aquifers on the shallow aquifers were studied.

¥ \B4duta

coLoysg O

=
TANAMALWILA

Galle

)

oN HAWIBEANIOTA

\&,l‘/’ @‘\?} Water
N/~ | Resources
78°E 80°E 82°E IAEA | Programme

113



SRL8018 " m—— -

Kukuleganga—Victoria—Randenigla dam areas \_/

Gampola

/

8H (%o)

ARA ELIYA Bidulla e |

Talawakele @

8
50 (%o)
LEGEND
T+ Geothermal
® Settlement
-+ GW - sprin .
pring GNIP/WMO Station
o T GW - borehole ~— River/stream - perennial
+ GW -dug well
Sample Type
+ Lake/reservoir/sea s
&9 / / [ Precipitation i
| | 4 pi .
o .| ] | (] River A River
o l I——|. =+ Prec. - project /. Lake/reservoir/sea
il _ @® Borehole
(] Prec. - mult. reg. Kahawatta
' T Prec. - kriging 8820' ° 80°40' ( j 81°00'
(I ) r.r ¢4|:7]:J—‘r0 + Prec.-GNIP ' ' '
' ' ' ' Precipitati 8150 (%o) 2H (%) Tritium (TU) Annual
recipitation 00, 00 ritlum nnual prec.
-8 -6 -4 -12 10 -8 -6 -4 -2 0 2 4 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
8"%0 (%o0) GNIP station NUWARA ELIYA m | 83 -5.61 -6.11£1.7 71 -327 -40.6+83 2556
Interpolation - multiple reg. -6.60 -42.0
Interpolation - kriging (IAEA) | | -3.58 -19.49
Project || 16 -3.77 -437+3.4 16 -214 -25.4+26.5 15 22+1.2
Nuwara Eliya (GNIP 4347300) Nuwara Eliya (WMO 434730)
250 0 250 36
[ Precipitation [0 Precipitation 18, 2 i
Onygen-1 Temperature Surface waters 8'°0 &°H Tritium
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev.
— . Lake/reservoir/sea A 26 -3.86 -3.97+0.7 26 -21.3 -21.7+6.0 24 1.8+1.1
g E g River A 23 -4.62 -481+3.6 23 -239 -27.0+£27.0 23 21+£1.2
= 3 z g
K] < 2 2
s 2 s 3
% © :% g Groundwaters §8'%0 82H Tritium 14C (pMC)
E g & n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev. n MeanzSt. dev.
Geothermal water [ )
GW-Borehole [ ) 50 -3.77 -3.69+0.4 50 -17.9 -17.5+2.38 50 1.2+0.3
GW-Dug well [ )
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-5pring ®
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RAS8084—-SRL

Hambantota area

2
N g
([ ) T
o~
e
— 6°10'N n
B N . km
LEGEND
@® Settlement :
3 Country border T+ Geothermal
5 Lake - perennial + GW - spring
~— River/stream - perennial ‘ ® ——1r—e» + GW - borehole
— 6°08'N m
Sample Type o (B E— + GW - dug well
A River ] + Lake/reservoir/sea
A Lake/reservoir/sea o -+ River
® Dug well + Prec. - project
® Borehole
o (] -+ Prec. - mult. reg.
o T e _ameEesal ' N [
| | | rﬁ | I I ® @® - Prec.-GNIP
Precipitation 5180 (%o) 52H (%o) Tritium (TU) Annual prec. 0 ;3 . . , o )
n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev. (mm) -1 - - - -
GNIP station HAMBANTOTA | | 40 -3.69 -4.83+2.0 29 -13.8 -274+16.3 831 5180 (%0)
Interpolation - multiple reg. [ | -3.70 -21.0
Interpolation - kriging (IAEA) | -3.87 -19.6
Project ]
Hambantota (GNIP 4349700) Hambantota (WMO 434970)
160 4 160 36
Surface waters 6180 52H Tritium [ Precipitation [ Precipitation
—@— O -18 10T
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. 140 oer -2 140 emperature
Lake/reservoir/sea A 1 -3.56 1 -28.1 _ 120 L o 1204 F33
River A | 6 467 -4.23+0.8 6 314 -31.5£54 E 100 £ 106 - &
< -2 3 F s
S S S 2
2 80 o 5 %7 e
b= -] £~ [
Groundwaters 8'%0 &°H Tritium 4C (pMC) .% 60 ) .% 60 - g
n Median Mean + St. dev. n Median Mean * St. dev. n Mean £ St. dev. n  Mean=St. dev. g L 6 g i
40 40 - 27
Geothermal water [ ]
GW-Borehole [ ] 28 -2.72 -299+1.1 28 -20.7 -21.5+7.7 9 22+09 20 -8 20 A
GW—Dut_.; well [ ) 8  -3.86 -3.84£12 8  -284 -27.6£6.6 o L 10 o .
GW-Spring ® Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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I I I
Samanalawewa reservoir area
Agalagama
- 6°42'N (] —
= ® Nedungamuwa
X
T
~
e
Kongolla
— 6°40'N ([ J
LEGEND
Tunkinda @® Settlement
§5 Lake - perennial
+ Geothermal . .
® Hatarabage N ® ~— River/stream - perennial
1] -+ GW - spring
W - borehol Sample Type
T — porenole
[0 Precipitation
T+ GW - dug well . A River
® T Lake/reservoir/sea Wallakolamulla A Lake/reservoir/sea
-k + River L 6°38'N ° @® Dugwell _
® [ — I T +—@ @+ Prec. - project 0 1 2 3 4 @ Borehole
N N 0 s i
| + Prec. - mult. reg. km ® Spring
| T Prec. - kriging 80°46'E 80°48'E 80°50'E
e o r. r Q—ACT]l:]—.D () + Prec.- GNIP ' ' '
T T T
Precipitation 580 (%o0) 82H (%0) Tritium (TU) Annual prec.
-6 -14 -12  -10 -8 -6 -4 -2 0 2
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. (mm)
5'°0 (%o) GNIP station NUWARA ELIYA B |8 56 —6.11£1.7 71 -327 -40.6+83 2556
Interpolation — multiple reg. [ | -4.70 -28.0
Interpolation - kriging (IAEA) | -3.58 -19.5
Project || 29 -2.24 -3.09+3.0 29 -10.7 -16.2+229 2 6.3+0.4
Nuwara Eliya (GNIP 4347300) Nuwara Eliya (WMO 434730)
250 0 250 36
[ Precipitation [0 Precipitation Surface waters 6180 52H Tritium
—@— O -18 —@— T
oen 200 - emperature - 34 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev.
— . Lake/reservoir/sea A 22 -5.07 -5.07+£0.5 22 -29.1 -29.6+3.0 3 47+1.0
E £ -2 9 River A | 23 533 -5.25+0.8 23 -306 -30.7+5.38 1 48
= 3 = 150 A v
i) > 9 30 2
2 o ® I 3
ES © = o
.% © _% 100 ‘E‘ Groundwaters §8'®%0 8°H Tritium 4C (pMC)
E g r2% o n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. n  Mean=St. dev.
50 6 Geothermal water [ )
GW-Borehole [ ] 58 -5.36 -5.36+0.2 58 -31.5 -31.7£1.9 10 45+1.5
o 24 GW-Dug well [ ) 12 -5.50 -547+0.1 12 -31.9 -322+1.3 4 23+0.6
- . T T T r T Tr T°r T+ T°Tr T°T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring ol 4 -5.68 —5.64+0.2 4 -346 -340+14 4 3:4+1.0

116



Bandarawela

‘.

RAS8097-SRL

Nanu Oya and Bomborella basins

® Kosgama Udawela

g
=
— 6°40'N N T T
PS)
km
&)
=
=
=
= LEGEND
<
Q
= @® Settlement + Geothermal
\L 3 Country border + GW - spring
GNIP/WMO Station "C[[:‘
-+ GW - borehole
§5 Lake - perennial
River/st " + GW - dug well
Udamattala ~— hilver/stream — perennia l L Lake/reservoir/sea
~ 6°20'N Suriyawewa
y o Sample Type 1 River
® o .
2 /. Lake/reservoir/sea )
W T Prec. - project
ey @® Borehole
& ] + Prec. - mult. reg.
2 -
< 81°00'E 81°20'E ] -+ Prec. - kriging
S | C ) r. r ¢ﬂcﬂo ® | Prec-GNIP
Precipitation 6'%0 (%0) &7H (%o) Tritium (TU) Annual prec. 1 1 14 1.2 1I I 4 22 2
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm) -18 -16 - - -10 -8 -6 - - 0
GNIP station HAMBANTOTA W |8  -561 -6.11+1.7 71 -327 -40.6+8.3 2556 5"%0 (%o0)
Interpolation — multiple reg. -4.00 -22.0
Interpolation - kriging (IAEA) || -3.87 -19.6
Project |
Hambantota (GNIP 4349700) Hambantota (WMO 434970)
160 4 160 36
Surface waters 8'80 &2H Tritium B Precipitation [ Precipitation
n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev. 140 1 Oxygen18 o2 Temperature
Lake/reservoir/sea A 1 0.12 1 1.36 1 5.3 __ 120 A o _
. E B E —
R g
iver A £ 100 | - £ g
$ S 5 5
£ 801 , 9 5 s
Groundwaters 8'%0 &%H Tritium 4C (pMC) % 60 - T :g- ‘El
n Median Mean £ St. dev. n Median Mean + St. dev. n Mean * St. dev. n  Mean =St dev. é_'f L 6 g i
Geothermal water [ ) 40 1
GW-Borehole [ ) 12 -4.61 -4.38%1.2 12 -29.6 -28.6+8.9 12 51+£1.2 20 A I -8
GW—Dug well [ J 0 L 10
GW-Spring d Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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15°N

10°N

Ubon Ratchathd
Nakhon Ratchasima ‘

SHOBSAVI

Nakhoh Si TifamIIBIaL

LEGEND

Settlement
GNIP/WMO Station

Project Area

Lake, perennial
River

100°E 105°E

THAILAND

1 Project Code: THA8011
Study area: Khon Kaen area

Sampling period: 1994-1996

Background: The objective of this isotope investigation was to obtain information on origin and dynamics
of groundwater in various aquifers of Khon Kaen area.

2 Project Code: RAS8075-THA, RAS8092-THA

Study area: Fang and Mae Hong Son geothermal areas

Sampling period: 1997-1999, 2002-2003

Background: A significant amount of geothermal resources remains untapped in certain areas because of
a lack of exposure to various technologies of geothermal exploration and exploitation. In order to support
the use of geothermal resources for energy production in the region through the application of isotope
and geochemical techniques, these regional projects were implemented to obtain benchmark isotopic and
chemical data for understanding the dynamics of the geothermal fluids and reservoir temperatures. In
Thailand, Fang and Mae Hong Son areas were investigated.

3 Project Code: RAS8084-THA

Study area: Ronphibun mining area

Sampling period: 1999-2001

Background: Isotope techniques were employed to understand the groundwater recharge and dynamics
for studying arsenic poisoning of groundwater in the vicinity of tin mining areas.

4 Project Code: RAS8097-THA, THA-4803H

Study area: Hat Yai basin

Sampling period: 2004-2006, 1988-1989

Background: The objectives of these isotope investigations were to: obtain information on origin,
age, flow, and recharge mechanism of groundwater as well as surface water—groundwater interactions;
develop a flow and transport model for groundwater management; and identify the sources and types of
contamination in Hat Yai basin.

5 Project Code: THA-4803C

Study area: Chao Phraya basin

Sampling period: 1980-1982, 1987-1989

Background: Under this research project, the origin, dynamics and age of groundwater in the Chao Phraya
basin were studied using isotope techniques for calibration of a mathematical model.

6 Project Code: THA-6233

Study area: Chiang Mai basin

Sampling period: 1991

Background: In this research contract, the origin of groundwater, groundwater movement and age of
groundwater in the Chiang Mai basin were studied using isotope geochemical techniques.
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THA8011

Khon Kaen area
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O A
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H—i | W l—ﬂ ’ + Prec.-GNIP
T T T T T
-4  -12 -10 -8 -6 -4 22 0 2 4
8'°0 (%o)
Bangkok (GNIP 4845500) Khon Kaen (WMO 483810)
400 0 300 36
[ Precipitation [ Precipitation
—@— Oxygen-18 —@— Temperature
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°
Tha Sala

— 16°20'N

Kranuan
°

LEGEND
@® Settlement
GNIP/WMO Station
§5 Lake - perennial
5 5 Lake - ephemeral
~— River/stream - perennial
== River/stream - ephemeral

Sample Type

A River
/A Lake/reservoir/sea
@ Borehole

103°00'E

| L !

Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station BANGKOK M [346 -5.15 -6.48+1.51 318 -33.6 -42.7+10.1 1498
Interpolation — multiple reg. [ | -6.40 -41.0
Interpolation - kriging (IAEA) | -5.95 -38.8
Project |
Surface waters 8'%0 &%H Tritium
n Median Mean +St. dev. n Median Mean + St. dev. Mean + St. dev.
Lake/reservoir/sea A 5 -5.01 -5+1.03 5 -47.1 -47.0+7.4 5 2.8+0.2
River A 2 -6.26 -6.26+0.07 2 -51.4 -514+35 3.1+£0.1
Groundwaters §8'%0 8°H Tritium 4C (pMC)
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n  Mean=St. dev.
Geothermal water [ ]
GW-Borehole [ ) 26 -7.24 -7.14+0.64 26 -52.1 -514+35 23 1.6+14 24 83.9+283
GW-Dug well (]
GW-Spring o




VAN

\/( " |
— 20°00'N P -
San ng
4 N\
)
/ Kong Lor_n,_,\ \
LEGEND
19°30'N =
? ~~—_ @ Settlement
— 3 Country border
MAE HDNG-SON — ‘ GNIP/WMO Station
\ 5 Lake - perennial
n ~— River/stream - perennial
n Sample Type ~~1
| uai Dua I Precipitation J
) \ A River
@® Borehole
W\ \ . |
— | ® sing
@® Geothermal
0 10 20 30 40 Yl _
H N Pan pa
. CHIANG MAI &
Tha Hin'Som
) ()
~/18230] -
a€ La Noi
Dong
$8°OO'E 9 'E 99°00'E 99°3
N yin | — | . |
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. (mm)
GNIP station YANGON || 20 -4.10 -3.59+0.4 20 -25.2 -247+29 2189
Interpolation — multiple reg. -7.30 -49.0
Interpolation - kriging (IAEA) || -5.90 -384
Project [ | 1 -7.15 1 -48.3 1 3.8
Surface waters 5'%0 8%H Tritium
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev.
Lake/reservoir/sea A
River A 15 -6.56 -6.74+0.9 15 -46.6 -45.6+7.2 9 28+1.1
Groundwaters §8'®%0 &%H Tritium 4C (pMC)
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. n MeanzSt. dev.
Geothermal water [ ] 53 -7.95 -777£1.0 53 -53.2 -53.7+8.1 39 0.3+0.4
GW-Borehole [ ] 3 -8.00 -7.79+1.1 3 -57.0 -544+6.6 3 3.1+2.0
GW-Dug well o
GW-Spring [ ) 1 -8.23 1 -58.0 1 3.6

Precipitation (mm)

500

RAS8075-THA; RAS8092-THA

Fang and Mae Hong Son geothermal areas
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RAS8084—-THA

Ronphibun mining area

Precipitation (mm)
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Ko Samui (GNIP 4855000)
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Nakhon Si Thammarat (WMO 485520)
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LEGEND
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— QO U -
8°12'N Sample Type
® [ Precipitation
A River
o /. Lake/reservoir/sea
| A @® Dugwell
® A @® Borehole
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o o
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A o e o °
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= o
N J “ A
Sai To
— 8°10'N [ ] -
A ® ®
A o
o
0 0.5 1 1.5 2 ® [
BN N  km
99°50'E 99°52'E
| |
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
GNIP station KO SAMUI | | 36 -4.67 -5.35+2.2 29 -23.1 -28.7+10.1 1265
Interpolation — multiple reg. [ | -5.90 -34.0
Interpolation - kriging (IAEA) | -5.16 -40.6
Project [ | 59 -6.38 -6.47+1.9 59 -41.1 -41.2+15.8
Surface waters 8'%0 &%H Tritium
n Median Mean £ St. dev. n Median Mean + St. dev. n Mean + St. dev.
Lake/reservoir/sea A 22 -5.71 -5.12+1.3 22 -38.0 -373+6.3
River A 22 -6.57 -6.50+0.3 22 -42.1 -42.0+1.7
Groundwaters §8'%0 8°H Tritium 4C (pMCQ)
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n  Mean=St. dev.
Geothermal water [ ]
GW-Borehole [ ) 113 -6.34 -6.59+0.8 113 -41.8 —-45.0+7.2
GW-Dug well (] 129 -6.19 -6.26+0.6 129 -41.0 -41.8+4.6
GW-Spring o




RAS8097-THA; THA-4803H

Hat Yai basin

—

LEGEND

® Settlement

3 Country border
GNIP/WMO Station

§5 Lake - perennial

~— River/stream - perennial

8%H (%o0)

|

Sample Type
— 7°00 Precipitation
River
Lake/reservoir/sea
/g/\) Borehole
\ + Geothermal
e .
r/ \ + GW - spring
~ a1 e T GW - borehole
@ T GW - dug well
ala .
\ Y ] + Lake/reservoir/sea
1 | + River
] -+ Prec. - project
>
| + Prec. - mult. reg.
\ 101°00 101°30'E | T Prec. - kriging
' ﬂ o0 XTI —+—®0 ’ + Prec.- GNIP
T T
Precipitation 8580 (% 8%H (% Tritium (TU) Annual prec.
p _ (%o) - 5H (%o P -12 -10 -8 -6 -4 -2 0 2
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
GNIP station KO SAMUI B | 36 467 -535+2.2 29 231 -28.7+10.1 1265 8"%0 (%o)
Interpolation - multiple reg. || -5.90 -34.0
Interpolation - kriging (IAEA) | | -5.38 -40.9
Project | 2 -7.52 -7.52+0.0 2 -45.6 -456+1.1 2 1.5+0.7
Ko Samui (GNIP 4855000) Songkhla (WMO 485680)
400 0 600 36
Surface waters 8'%0 &2H Tritium [ Precipitation [ Precipitation
—@— Oxygen-18 —@— Temperature
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. ) 500
Lake/reservoir/sea A 1 -6.18 1 -33.9 1 1.1 _. 300 - -
River A | 8  -638 -4.89+2.8 8  -378 -31.4%165 8 1.9£0.6 E E 4001 v
5 © g H 3
E 200 .,,° :‘-".} 300 1 g
Groundwaters 5'%0 82H Tritium 14C (pMQ) :g- -6 o :g- g
n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev. n Meanx=St. dev. &’ &’ 200 1 2
100 A
Geothermal water [ J -8 100
GW-Borehole o 17 -7.08 -7.08+0.6 17 -46.4 -45.8+5.0 70 09+1.0 34 36+40
GW-Dug well [ J 0 -
GW-Spring d Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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THA-4803C | Tl ez

Chao Phraya basin v : ‘ L oki

3 3.
LEGEND

@® Settlement [
o} Country border E

8%H (%o)

S| & GNIPWMO station
{ §5 Lake - perennial
~— River/stream - perennial

Sample Type ;
A A River
(.
20 @® Dugwell 5
| ® Borehole
i3
+ Geothermal .
+ GW - spring ‘
a1 e»e o + GW - borehole :
(N . T GW - dug well
+ Lake/reservoir/sea
[ HFCE——9 + River
+ Prec. - project
[ -+ Prec. - mult. reg.
i 1 ) Ao Ch s T —
| T Prec. - kriging G DN UrI 02900
H—u i I—‘W ® -G - Nl
I I I I Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
-4 12 -10 -8 -6 -4 -2 0 2 4 6 n Median Mean +St. dev. n Median Mean +St. dev. n Mean =+ St. dev. (mm)
5'%0 (%o0) GNIP station BANGKOK W [346  -515 -6.48+1.5 318 -336 -42.7£10.1 1498
Interpolation — multiple reg. -6.10 -39.0
Interpolation - kriging (IAEA) [ | -5.69 -36.4
Project ]
Bangkok (GNIP 4845500) Bangkok (WMO 484550)
400 0 400 36
s Precipitation [ Precipitation Surface waters 5180 52H Tritium
—@— Oxygen-18 —@— Temperature
n Median Mean +St. dev. n Median Mean = St. dev. n Mean = St. dev.
. 300 - . 300 A 32 Lake/reservoir/sea A
E E g River A 18 -4.76 -442+22 18 -35.5 -33.9+13.7 10 48+14
= 2 c g
S e S 2
EZOO- mo E 200 - r 28 g
g P} :g— g Groundwaters 580 8°H Tritium 14C (pMC)
&’ E p n Median Mean + St. dev. n Median Mean + St. dev. n Mean +St. dev. n  MeanzSt. dev.
100 A 100 A r 24
Geothermal water (]
GW-Borehole ® |140 -6.60 -6.17+1.5 137 -46.0 -44.2+9.8 47 1.2+£1.9 17 18+38
0 0 l w |, GW-Dug well ° 5 -743 ~7.61+0.9 5 501 -528+7.0 4 25433 6 86+10
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-Spring ®
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Chiang Mai basin
DOi Saket
([ J
Sa
LEGEND ® ¢ -
@® Settlement . San Kamphaen g
CHIAN Al o p 9 I
GNIP/WMO Station CL (Y o
§5 Lake - perennial
TNl ~— River/stream - perennial
_ e@Hang Dong
T -+ River/stream - ephemeral ®
L °A0) h |
18°40N Sample Type ? ° ® o
A River o9
1
@® Dugwell
® Borehole (]
. I’ - \\~ .
o® - a® 0, .
o ® Q A S D
. ~o - So ’,
~- -
® + Geothermal
San Kwan .
° o g - [ + GW - spring
Lamphun N @ 1-Pe + GW - borehole
o ® T GW -dug well
U
o Elong Bua + Lake/reservoir/sea
\ ° 10 + River
\\
Ch Thong ‘\I ’ - Prec. - project
X 0o~ # 8 12 16 , . ]
S T Frec. —mult. reg.
® Y — km 9
8°40E ' 99°Q0'E | T Prec. —kriging
1
' : ' ® O I | —] ? + Prec.-GNIP
T
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm) 14 12 -10 -8 6 -4 -2 0 2
GNIP station LUANG-PRABANG | M | 26 -6.65 -7.41+28 26 -439 -53.6+10.8 1229 5"°0 (%o)
Interpolation — multiple reg. -6.40 -42.0
Interpolation - kriging (IAEA) | | -5.85 -38.1
Project ||
Luang-Prabang (GNIP 4893000) Chiang Mai (WMO 483270)
250 2 250 35
Surface waters 6180 62H Tritium [ Precipitation [ Precipitation
—@— Oxygen-18 o —@— Temperature
n Median Mean + St. dev. n Median Mean +St. dev. n Mean +St. dev. 200 i 200 1
Lake/reservoir/sea A - - . - 30
River A | 6 723 ~7.17+1.1 6 -50.0 514538 E £ g
= 150 < = 150 - o
s g 5 5
g S ; =
= L 6 © = (7]
Groundwaters 580 52H Tritium 14C (pMC) & 100 - 5% & 100 1 g
n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n  Mean=St. dev. g L g g &
Geothermal water [ ) 50 - 50 - P2
GW-Borehole ® | 6 -7.49 -7.45+0.7 62 -526 -529+4.4 36 1.8+24 31 63+37 r-10
GW-Dug well ) 1 -7.36 1 -51.0 1 16 o - o o
GW-Spring d Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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VIETNAM

)
o lin b 110

LEGEND >

Settlement
GNIP/WMO Station

Project Area
1 Project Code: VIES003, RAS8084-VIE

Lake, perennial Study area: Mekong Delta aquifers

River Sampling period: 1982-1983, 1986—1990, 1999-2002

Background: The deltaic aquifers present a challenge to water managers due to their complex
hydrogeological structure. In Mekong delta, isotope investigations were carried out to understand the
origin, dynamics, and age of groundwater in this complex aquifer system. The problems of salinity and
extent of saline intrusions were also addressed using isotope techniques.

20°N

2 Project Code: VIES008, VIE8012, VIE8016, RAS8097M-VIE

Study area: Ho Chi Minh City area

Sampling period: 1994-1995, 1999-2004

Background: The coastal aquifers of the Ho Chi Minh City area form the main source of domestic water
supply. The aquifers are subjected to overexploitation and are under the threat of pollution and salinization.
Isotope studies were undertaken to understand the recharge and dynamics of groundwater. Mechanism of
salinization, vulnerability to pollution, and modelling the extent of pollution/saline intrusions into the
aquifers over the period of time were also studied.

} AN ' b, : 3 Project Code: RAS8084-VIE, RAS8097H-VIE, RAS8104H-VIE
400 B S =0 G Study.area: H.anm city area
. Sampling period: 1999-2001
Background: Parts of Hanoi city area are facing problems of arsenic poisoning of groundwater. The problem
is compounded at some places due to nitrate contamination. The isotope studies aimed at understanding
recharge mechanism of groundwater, vulnerability of aquifers to pollution as well as studying extent of
river water-groundwater interactions for assessing arsenic mobilization in the aquifers.

km

15°N

4 Project Code: RAS8093-VIE, RAS8104D-VIE

Study area: Dong Mo dam area

Sampling period: 2002, 2005-2007

Background: These projects were implemented to assist the authorities in the detection of seepage
and leakage paths at the Dong Mo dam area as well as for determining extent of recharge in aquifers
downstream.

5 Project Code: VIE-5840

Study area: Trungbo geothermal area

Sampling period: 1990-1991

Background: Under this research contract, isotope investigation was carried out in Trungbo geothermal
area to study the dynamics and geothermometry of thermal springs in the coastal region of southern
Vietnam to find out their suitability for energy production.

—

10°N |
1
|
I8 ¢ AN, | Water
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VIE8003; RAS8084-VIE

Mekong Delta aquifers

8%H (%o)

@® Settlement
o} Country border

T Geothermal . & GNPAWMO station
+ GW - spring ’ Lake - perennial
(Y | Zsmmay T N I + GW - borehole ~— River/stream - perennial

o4— T GW - dug well ‘ Sample Type

C_ I8 1 -+ Lake/reservoir/sea A Lake/reservoir/sea

@ r—e ® - River A River
-+ Prec. - project @® Dug well
| + Prec. - mult. reg. ® Borehole
| =+ Prec. - kriging
2

.?. — F [ H—® @ ®@@® + Prec.-GNIP
I I Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
-12 -10 -8 -6 -4 -2 0 n Median Mean +St. dev. n Median Mean +St. dev. n Mean +St. dev. (mm)
5"%0 (%0) GNIP station KO SICHANG W |46 549 -5.91+14 45 -350 -37.846.2 877
Interpolation — multiple reg. [ | -5.90 -36.0
Interpolation - kriging (IAEA) [ | -5.58 -393
Project ]
Ko Sichang (GNIP 4846000) Ho Chi Minh City (WMO 489000)
250 4 400 36
s Precipitation [ Precipitation 18 2 it
—@— Oxygen-18 5 —@— Temperature Surface waters §70 6°H Tritium
200 n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev.
. 0 . 300 A F 32 Lake/reservoir/sea A 5 -2.71 -235+1.4 5 -18.9 -182+11.4 1 1.5
E E & River A 28 -6.39 -6.08+1.4 25 -44.4 -43.8+9.9 13 6.5+4.0
T 10 2 3 c g
] B S S
$-] o £ 200 1 L2 &
= ) = 5
S 100 1 ) g g Groundwaters §8'%0 8°H Tritium 4C (pMC)
&' L -6 g & n Median Mean £ St. dev. n Median Mean £ St. dev. n Mean +St. dev. n  Mean=St. dev.
100 A - 24
50 Geothermal water [ )
-8 GW-Borehole ® |218 -6.53 -6.47+0.9 197 -46.8 -45.3%+9.6 30 1.7+£28 138 13+23
o 10 oL mm e l l L % GW-Dug well ® 6 -6.38 -5.98+0.8 5 -402 -38.8+43 4 49+30 2 96+2
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec GW-5pring ®
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VIE8008; VIE8012; VIE8016; RAS8097M-VIE

o———

® Ho Chi Minh City area

® Go Dau Ha

21°OO'N

TrangBang ¢ o
° ®

¢ ® Bein Hoa
Phu Cuong y (]
DiAn \ $
. o O I
Khiem o
LEGEND N
50 (9
@ Settlement (%)
3 Country border
—10°4Q GNIP/WMO Station
10°40N ‘ + Geothermal
§°5 Lake - perennial W .
T = Sprin
§ 5 Lake - ephemeral pring
~— River/stream — perennial -GN 600 T GW-borehole
1 0@ + GW - dug well
Sample Type _
S + Lake/reservoir/sea
[0 Precipitation
A River o190 -+ River
® Dugwell o {4+ @ + Prec.—project
@® Borehole | + Prec. - mult. reg.
\ 106°20'E / 0 + Prec. - kriging
| 7. - 9 @®® - Prec.-GNIP
T T
Precipitation 580 (%o0) 82H (%o) Tritium (TU) Annual prec.
n Median Mean +St. dev. n Median Mean + St. dev. n Mean +St. dev. (mm) 18 -16 -14 12 -10 -8 -6 4 -2 0
GNIP station KO SICHANG W |46 549 -591+14 45 -350 -37.8+6.2 877 5"%0 (%0)
Interpolation — multiple reg. -5.90 -36.0
Interpolation - kriging (IAEA) | | -6.15 -39.1
Project || 18 -6.01 -6.27+£3.2 18 -335 -39.7+£25.6 18 3.1+£14
Ko Sichang (GNIP 4846000) Ho Chi Minh City (WMO 489000)
250 4 400 36
18, 2 it [ Precipitation [ Precipitation
Surface waters 5'%0 &H Tritium —@— Oxygen-18 —@— Temperature
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev.
Lake/reservoir/sea A - 300 A
River A 22 -6.65 -6.48+0.8 22 -44.1 -445+54 10 22+0.9 E E g
= 3 = ¢
S & S 2
:.-g' wo E 200 1 g
Groundwaters 5880 52H Tritium 14C (pMQ) :g- w© % g
n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev. n Meanx+St. dev. g g i
1 B
Geothermal water [ ) 00
GW-Borehole ® |378 -6.74 -6.55+0.9 378 -43.8 -43.3+5.7 174 1.0+1.4 6 67+27
GW-Dug well [ ) 28 -6.59 -6.55+0.6 28 -434 -43.4+3.6 8 23+0.5 0 - o
GW-S5pring L Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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LEGEND
® Settlement
GNIP/WMO Station
§5 Lake - perennial
~— River/stream — perennial

RAS8084-VIE; RAS8097H-VIE; RAS8104H-VIE

Hanoi city area

2

~ 21°20'N
Sample Type

Precipitation
River

Lake/reservoir/sea
Dug well
Borehole

Spring

e
[
- 21°ooﬁ

.
o
.‘.

® o. o/ (XX R

+ Geothermal

T GW=spring 5 10 15 20
r-[]:i—- + GW - borehole Suvui E N — KM

I—4» + GW -dug well )

® 19 + Lake/reservoir/sea

oD &1 -4 Noi Xa
T River
o
(] @ | H® -+ Prec. - project
(] —+ Prec.— mult. reg.
| T Prec. - kriging v\ 105°20'E 105°40'E
Y — g @ -+ Prec.—GNIP | Yt !
Precipitation 8'%0 (%o) 82H (%o) Tritium (TU) Annual prec.
-16 -14 -12 -10 -8 -6 -4 -2 0 . .
n Median Mean + St. dev. n Median Mean +St. dev. n Mean + St. dev. (mm)
5'°0 (%o) GNIP station HANOI B |27 414 -7.78+04 27 -232 -50.7+3.0 1752
Interpolation — multiple reg. -6.70 -43.0
Interpolation - kriging (IAEA) [ | -6.12 -42.3
Project [ | 23 -5.11 -5.65+3.9 23 -28.6 -32.8+31.3
Hanoi (GNIP 4881901) Hanoi (WMO 488190)
400 4 400 35
I Precipitation [ Precipitation Surface waters 5180 52H Tritium
—@— Oxygen-18 L2 —@— Temperature
n Median Mean +St. dev. n Median Mean + St. dev. n Mean + St. dev.
_. 300 A _. 300 Lake/reservoir/sea A 27 -4.09 -427+1.2 27 -33.8 -33.0+8.4
E E g River A 72 -8.50 -8.54+0.9 72 -60.8 -58.2+7.1
= < = [
S g § 2
g 200 A o £ 200 [
= E) k= o
g w0 2 g Groundwaters 5880 8°H Tritium 14C (pMC)
&’ g e n Median Mean + St. dev. n Median Mean + St. dev. n Mean + St. dev. n  MeanzSt. dev.
100 A 100
Geothermal water o
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Rashida, Pakistan, 81

Rateu, India, 35

Ratiya, India, 25

Ratnapura, Sri Lanka, 113, 114
Raurimu, New Zealand, 72
Relau, Malaysia, 62

Reporoa, New Zealand, 72
Resam, Malaysia, 56
Ridiyagama, Sri Lanka, 115
Rimba Piatu, Malaysia, 59
Risalpur, Pakistan, 86

Ryori, Japan, 47

Sabong, Philippines, 101
Sagaannuur, Mongolia, 66

Sai To, Thailand, 122

Saihan Toroi, China, 11
Sakhakot, Pakistan, 86

Sakhi Gopal, India, 38

Salak, Malaysia, 60

Salinas, Philippines, 100
Samal, Philippines, 96

Samut Songkhram, Thailand, 124
San Antonio, Philippines, 95
San Fernando, Philippines, 93
San Isidro, Philippines, 95
San Jose, Philippines, 103
San Kamphaeng, Thailand, 125
San Kwang, Thailand, 125
San Mafuang, Thailand, 121

San Sai, Thailand, 125
Sandon, India, 25

Sandwa, Pakistan, 84, 88
Sangan, Pakistan, 89

Sangar Kili, Pakistan, 81
Sangla, Pakistan, 82
Sangtdong, Korea, Republic of, 53
Sankhwali, India, 40

Santa Clara, Philippines, 95
Santo Nino, Philippines, 111
Sanyuan, China, 20

Sapang, Malaysia, 61
Sapangbato, Philippines, 108
Sapporo, Japan, 47

Saraburi, Thailand, 119
Sarahan, India, 23

Saralgaon, India, 24
Sargodha, Pakistan, 87
Sarkai, Pakistan, 86

Sarret, Philippines, 106
Sarugani, India, 31
Sasthamkotta, India, 32
Sathing Phra, Thailand, 123
Satto Katla, Pakistan, 80
Sawak, Malaysia, 56

Sawanga Bacon, Philippines, 104
Saynshand, Mongolia, 63
Sayntsagaan, Mongolia, 64
Sehwa-ri, Korea, Republic of, 53
Semarang, Indonesia, 41
Seoul, Korea, Republic of, 49
Sepetang, Malaysia, 59
Shabartayn Hiid, Mongolia, 67
Shahapur, India, 24

Shahar Khilgaon, Bangladesh, 8
Shahdara, India, 29

Shahderi, Pakistan, 88
Shahgarh, India, 36

Shahpur, India, 30

Shakurpur, India, 29

Shaling, China, 14

Shanghai, China, 9, 15
Shanyincheng, China, 14
Shaxi, China, 15

Shazhoucun, China, 17
Shegaon, India, 27

Shengang, China, 15
Shenyang, China, 9,
Shibalidian, China, 18
Shih-pa-ko-tu, China, 12
Shijiazhuang, China, 9, 13
Shikh Wasil, Pakistan, 85
Shillong, India, 3, 4, 21

Shine Shavaiyn Jisa, Mongolia, 64
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Shuangchengzi, China, 11
Shu-lun-ching, China, 11
Sialkot, Pakistan, 82, 87
Sianib, Philippines, 105
Sibajak, Indonesia, 46
Sibpur, India, 39

Sibulan, Philippines, 99
Singaparna, Indonesia, 44, 45
Singapore, 55

Sirawan, Philippines, 96
Sittwe, Myanmar, 69
Sobrah, Pakistan, 84

Soc Trang, Vietnam, 128
Soliyakkudi, India, 31
Solpur, Bangladesh, 8

Son Tay, Vietnam, 130, 131
Sonala, India, 27
Songkhla, Thailand, 123
Srivardhan, India, 24

Ssangitri, Korea, Republic of, 50

Suaton, Philippines, 96

Sukat, Philippines, 100
Sulukan, Philippines, 101
Sum-ag, Philippines, 102
Sundarnagar, India, 23

Sungai Buaya, Malaysia, 60
Sungaibuntu, Indonesia, 44
Supham Buri, Thailand, 124
Surabaja, Indonesia, 41
Suratgarh, India, 37
Suriyawewa, Sri Lanka, 117
Susaltli, Korea, Republic of, 50
Susung Dalaga, Philippines, 101
Suti Bhola, Bangladesh, 8
Suvui, Vietnam, 130

Suyong, Korea, Republic of, 51
Tabojab, Philippines, 109
Tabon, Philippines, 111
Tacloban, Philippines, 93

Taech’ontdong, Korea, Republic of, 53

Taegu, Korea, Republic of, 49
Taejon, Korea, Republic of, 49
Taesiltli, Korea, Republic of, 50
Tagpani, Philippines, 96
Tahkal Bala, Pakistan, 81
Taiyuan, China, 9

Talaga, Philippines, 108
Talawakele, Sri Lanka, 114
Talisay, Philippines, 102
Talos, Philippines, 111
Talostosan, Philippines, 109
Tamblel, Philippines, 107
Tanamalwila, Sri Lanka, 113
Tangerang, Indonesia, 43
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Tangi, Pakistan, 86
Tangimoana, New Zealand, 72
Tanjong Rabok, Malaysia, 60
Tanjong Sepat, Malaysia, 60
Tanora, Afghanistan, 2

Tanot, India, 36

Tarmahr, India, 23

Tateli, Indonesia, 42

Tattapani, India, 28

Taunggyi, Myanmar, 69
Tauranga, New Zealand, 72

Tay Ninh, Vietnam, 128, 132
Taytay, Philippines, 95

Te Araroa, New Zealand, 72

Te Horo, New Zealand, 72

Te Puia, New Zealand, 72

Telok Datok, Malaysia, 60
Teriang Besar, Malaysia, 56

Tha Hin Som, Thailand, 121
Tha Sala, Thailand, 120
Thandaung, Myanmar, 70

Theh Wadana, Pakistan, 90

Thu Dau Mot, Vietnam, 128
Thung Nam Chan, Thailand, 122
Tianjin, China, 9

Tintong, China, 20
Tiruvadanai, India, 31
Tjihadak, Indonesia, 44
Tjikaret, Indonesia, 44

Tjimari, Indonesia, 44, 45
Tjipanas, Indonesia, 44
Tokp’yongtni, Korea, Republic of, 50
Tokyo, Japan, 47

Tollygunge, India, 39

Tomo, Indonesia, 44, 45
Tondo, Philippines, 95
Tongdaetdong, Korea, Republic of, 51
Tonggimnyongtni, Korea, Republic of, 53
Tongnae, Korea, Republic of, 51
Topi, Pakistan, 88

Torere, New Zealand, 72

Tra Vinh, Vietnam, 128

Trang Bang, Vietnam, 129
Triman, Pakistan, 84
Trincomalee, Sri Lanka, 113
Truc Giang, Vietnam, 128
Tsagaandelger, Mongolia, 64, 66
Tsonholong Suma, Mongolia, 67
Tuguegarao, Philippines, 93
Tungi, Bangladesh, 7

Tunkinda, Sri Lanka, 116

Tuoli, China, 19

Tutira, New Zealand, 72

Tuy Hoa, Vietnam, 132

Ubon Ratchathani, Thailand, 119
Udamattala, Sri Lanka, 117
Udon Thani, Thailand, 119
Ulaanbaatar, Mongolia, 63, 66
Ulaangom, Mongolia, 63
Uliastay, Mongolia, 63

Upian, Philippines, 96

Urak, Pakistan, 85, 89

Urtaiin Dugang, Mongolia, 67
Uttaradit, Thailand, 124
Vasai, India, 24

Vidiao, Philippines, 99

Vien Minh, Vietnam, 130
Villar, Philippines, 108

Vinh Long, Vietnam, 128
Vishnuprayag, India, 33
Wadaw, Myanmar, 70
Walgaon, India, 27
Wallakolamulla, Sri Lanka, 116
Wallingford, New Zealand, 72
Wanaj, Indonesia, 44
Wanganui, New Zealand, 72
Wanminzhuang, China, 13
Wanyao, China, 16

Waraich, Pakistan, 80
Washab, Pakistan, 78

Wawa, Philippines, 103
Weinan, China, 20
Wellington, New Zealand, 71
Western Springs, New Zealand, 73
Whakatane, New Zealand, 72
Wharekopae, New Zealand, 72

Wolchongtni, Korea, Republic of, 53

Wu-chia, China, 20
Wuhan, China, 9

Wuxi, China, 15

Xian, China, 9, 20
Xindaiyue, China, 14
Xinghuo, China, 18
Xingtang, China, 13
Yaha, Thailand, 123
Yala, Thailand, 119, 123
Yanchuan, China, 12
Yangjian, China, 15
Yangling, China, 19
Yangon, Myanmar, 69
Yangshe, China, 15

Yao Xian, China, 20
Yawnghwe, Myanmar, 70
Yinchuan, China, 9, 12
Yogyakarta, Indonesia, 41
Yokohama, Japan, 47

Yonggongtni, Korea, Republic of, 50

Yuegezhuang, China, 18

Yushan, China, 15

Yuwang, China, 12

Zarobai, Pakistan, 84, 88
Zendeh Jan, Afghanistan, 2
Zhangye, China, 9, 11
Zhangzhou, China, 16
Zhaojin, China, 12
Zhengding, China, 13
Ziarat, Pakistan, 89
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