
THE USE OF ISOTOPE TECHNIQUES TO INVESTIGATE
SALTWATER INTRUDED AQUIFERS IN THfi PHILIPPINES

GENANDRIALINE L. PERALTA*

Principal Investigator, NEPC-IAEA T/C Project
No. PHI-08-011 with the same title as above.
Head, Special Projects Group, National Environ-
mental Protection Council, 6th Floor, PHC Buil-
ding, East Avenue, Diliman, Quezon City, Phi-
lippines

171



Abstract

Studies in Metro Manila area have identified inland bo-
dies of saline water which have been called "connate water".
It has been referred to in literature as saline water occur-
ring inland at a range of depths, in close association with
freshwater. The relationships between these various bodies
of saline water are not clear and for groundwater development
planning it would be useful to determine whether the inland
cases are a series of small isolated residual bodies from the
last marine transgression or parts of a large continuous sa-
line body. Furthermore the origin and mechanism of natural
groundwater recharges are often not clear from the chemical
and hydrogeological data as in the island of Cebu. In these
circumstances it was recommended that useful planning data
ue obtained from a study of the concentrations of natural
isotopes in the groundwater, particularly in the areas of
Manila, Cebu and Bulacan-pampanga.

1. Previous projects using isotope techniques in the PHILI-
PPINES

Isotope techniques in groundwater investigation are not
yet popularly used in the Philippines as in other countries.
Some isotope applications conducted within the last 20 years
by larger government corporations in coordination with the
Philippine Atomic Energy Commission (PAEc; are:

a) use of Iodine-131 tracers to determine the connection of
exploratory wells in a geothermal field in Negros by the
Philippine National Oil Company (PNOC). The study has
recently been completed and though the-report has not
been published yet, it is already being regarded as a
successful study.

b) detection of leakage in dam conducted two years ago in
Camarines Sur using radioactive tracers but the technique
did not seem to produce good results allegedly because of
the pyroclastic rocks which absorbed the tracers.

c) detection of dispersion and diffusion characteristics in
Manila Bay to determine the feasibility of reducing bac-
terial content in sewage to be disposed in the bay.

2. The NBPC-IAEA project

The NEPC study on "Use of Isotope Techniques to Investi-
gate Saltwater Intruded Aquifers in the Philippine", a pro-
ject with the International Atomic Energy Agency (IAEA) tech-
nical assistance is a pioneering study on groundwater resour-
ces investigation whereby isotope techniques are applied.

Saltwater intrusion is a growing threat to the potable
groundwater resources of Metro Manila, Cebu, Bulacan and
other coastal areas in the country. In the NEPC study on
Saltwater Intrusion completed in-June 1986, the sources of
salinity were identified as follows:

Case 1 - due to an advancing seawater front intruding inland
as a result of excessive pumping exceeding recharge.
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Case 2 - due to saline zones of natural and tidal origin per-
colating into aquifers through wells or through ri-
ver channels.

Case 3 - due to zones of connate water, i.e., seawater from
ancient marine condition trapped in sediments during
geological processes.

Saline water was identified through hydrogeological stu-.
dies, measurement of electrical conductivity by field equipment
and chemical composition. In Metro Manila, Bulacan and Cebu
however, despite a number of scientific investigations the
mechanism of groundwater circulation is not clearly understood
because of the complex geological environment in the area.
It was therefore difficult to alleviate the cause ,. and isotope
techniques were expected.to supplement the previous investiga-
tions.

As a result, the NEPC sought the assistance of the Inter-
national Atomic Energy Agency (IAEA) to implement the project.
This is an offshoot of the Asian Development Bank (ADB)-funded
project on "Groundwater Salinity Intrusion Control" earlier
referred to. This IAEA-NEPC project is undertaken in 3 study
areas namely: Metro Manila, Bulacan/Pampanga and Cebu, being
representative areas of hydrogeological conditions and extent
of saltwater intrusion.

3* The study areas

3.1 Metro Manila/Bulacan

Metro Manila and Bulacan are characterized by a complex
alternating strata of clays, sand and tuff (commonly known as
adobe) mainly serving as the aquifer or host of significant
volume of water that may be drawn up to supply for domestic
demands. The recently concluded studies of NEPC on saltwater
intrusion indicate that the coastal areas of Metro Manila are
extensively intruded by saltwater predominantly caused by
overpumping. This is induced by a decline o f the water table
from 40-120m below sea level, thereby allowing movement of
saline water inland, a typical case I earlier mentioned.

Likewise, a chemically distinct groundwater body is de-
tected Southeast of Metro Manila and West of Laguna de Bay.
This condition has been studied by geologists and associated
it with the geological history of the Marikina Valley, said
to be from substantial evidence, once connected to the sea.
The abnormally high Chlorine water is interpreted to be the
residual water presently known in the scientific community as
connate water,which is actually saline water of marine origin
trapped in place during the deposition of sediments.

Groundwater in Metro Manila supplements the surface water
sources by supplying 10% of the population particularly those
outside of the MWSS Distribution System such as Paranaque Las
Pinas and Taguig. The characteristics of water resources in
Metro Manila is therefore highly important to require an
understanding of the aquifer conditions. The source of saline
groundwater in some areas should be investigated further, its
age to define freshwater flushing in the South Marikina Valley
and the effects of North-South Faulting on groundwater flow
should be determined. Other reported manifestations of "con-
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nate water " should be investigated at the same time and de-
tailed chemical comparisons be made. Preservation of water
quality as well as protecing it from saltwater and industrial
pollution requires a good understanding of the aquifer condi-
tion to enable the full utilization of the resource.

The origin of saline water inland has long been postulated
but never fully investigated because of inadequate technique
of investigation. It is important to know the age of the water
and the direction of flow to provide a picture of recharge me-
chanisms. The findings of this exercise will be a valuable
input to the action plan of the NEPC project "Groundwater Sa-
linity Intrusion Control Study" especially in delineating prio-
rity areas where pumping should be controlled or encouraged.
It will provide a clear picture of the aquifer characteristics
of Metro Manila, still incompletely understood despite numerous
studies because of lack of proper techniques of investigations.
This will allow for a better development and utilization of the
groundwater.

3.2 Cebu

Cebu is characterized by thick 500m limestone formation with
numerous underground channels/caves serving as the aquifer. The
groundwater resources of Cebu cannot be fully estimated because
of lack of data on evapotranspiration. The present figure for
recharge estimated in the Talamban wellfield is 35% of the
rainfall, implying that run-off is nil, which could be inaccu-
rate. There is also a possibility of substantial induced re-
charge from the underlying volcanics which could increase re-
charge in the Talamban wellfield (NEPC 1986). Recent results
from a long -«serm operation of this wellfield indicate that the
actual resources are larger than could reasonably be expected
from direct rainfall recharge. If this condition actually ex-
ists, the groundwater resources of Cebu are substantially lar-
ger than believed and the findings would have an application
to groundwater development in coastal Cebu. The expensive
surface water resources employing a multi million dollar Lu-
saran Dam project planned for development may be deferred and
real savings achieved.

There are many estimates based on different assumptions of
the groundwater resources of the Cebu aquifer but the results
do not validate one another. There is therefore a need for a
more definitive and conclusive estimation of the effectiveness
of groundwater underflow as a source of recharge from the Pre—
Pliocene strata and interchange with the alluvium through en-
vironmental isotope measurements. A clear understanding of the
Carcar Limestone aquifer is a valuable basic information useful
for other coastal development in Cebu.

4. Project component

The sampling schemes are given below for the three provinces
to obtain an insight into the origins of the following types of
groundwater:

(a) Grounwater contaminated by modern seawater,

(b) Uncontaminated fresh modern groundwater,

(c) Uncontaminated fresh ancient groundwater.
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(d) Grounwater contaminated by ancient saline, possibly sea-
water, currently classified locally as "connate" water.

Most samples were composite and taken from a considerable
thickness of aquifer. Results will be interpreted on the ba-
sis of local knowledge of geology and groundwater.

The water samples for the first sampling campaign have been
shipped to Vienna for analysis and NEPC staff will participate
in the interpretation of results in March - June 1987. The fie-
ld equipment are now with NEPC and will be used during the se-
cond sampling campaign which will be conducted by August 1987.

Expert assistance has been availed in terms of advisory ser-
vices but will be fully required during the interpretation of re-
sults in March and December 1987.

To date, formal training of the NEPC technical staff includes
participation in the IAEA/UNESCO Seminar on Isotope Hydrology in
Jakarta in June-July 1986. The seminar provided an opportunity
for the staff to learn the techniques of isotopic hydrology and
the experiences of other Asian countrifis.

A four-month-fellowship is also awarded to an NEPC staff
for the training on Groundwater Hydrology at the IAEA Labora-
tory in Vienna from March-July 1987.

The project team is also the recipient of on-the-job
training while implementing the project. Skills are acquired
for collection of water samples for isotopic analysis, presen-
tation of data and operation of hydrogeological equipment.

5. Methodology

Field work in the study areas was conducted to collect a
total of 288 water samples of groundwater and surface waters
for both isotopic and chemical analysis in the IAEA Laboratory
in Vienna. Isotopic analyses will include tritium, deuterium,
Oxygen-18 and carbon-14. The samples were taken at random in
preselected zones determined from previous hydrogeological
studies. Electrical conductivity', pH and water levels where
measurement is accessible, were measured using portable equip-
ment. The sampling points were plotted on maps of scale
1:50,000 for the convenience of the analysis and interpretation
of results.

The isotopic composition of the water samples will be plo-
tted and compared to the Standard Mean Ocean Water (SMOW) as
well as to the stable isotopic content of precipitation cons-
tituting local recharge.

6. Applications to environmental management of groundwater
resources in METRO MANILA, CEBU and BULACAN

This NEPC project will be concluded in 1988 with the fo-
llowing expected outputs:

a. Report on the evaluation of isotope analysis results in-
cluding age of high saline (connate) water in Metro Manila
and Bulacan.

b. Report on the evaluation of isotope analysis results on
the pattern of groundwater circulation in Cebu.

c. Final report, comprising the recommendation on appropriate
policies for groundwater management.

The results are expected to provide a concrete basis
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for recommending appropriate actions to prevent and alleviate
saltwater intrusion in the Philippines. It would have two
applications on groundwater development, namely:

a. If connate water is present, pumping of groundwater in
areas overlying it may be continued and projections may be
made so that the aquifer will be eventually depleted of
saline water and can be replaced by fresh recharge from
precipitation.

b. If saline water is due to recent seawater intrusion from
the sea, pumping of groundwater in these areas especially
at the coast, should bs stopped to prevent further conta-
mination of inland freshwaters. These findings further
provide a basis for the formulation of policies and in-
stitutional arrangements for the protection of the ground-
water resources.
Further, the results of the isotopic analysis will provide

important data for the calculation and determination of recharge
mechanisms which is vital for the calculation of the actual re-
sources. Development of groundwater should consider this infor-
mation so that "mining " of groundwater or deterioration of wa-
ter quality could be avoided.

It is also expected that the technique will be utilized by
the water related agencies in their aquifer development activi-
ties for a more effective and efficient exploitation of the
groundwater resources. It is also envisioned that other appli-
cations of isotope techniques, as far as NEPC is concerned,e,g.,
detection of movements of pollutants will be done so that more
accurate data generation activities will be achieved.

7. Conclusions

Isotope techniques are only beginning to be appreciated in
the Philippines but full use of the technique to maximize its
benefits in various fields of application nas yet to oe ex-
plored. There is still the notion that use of isotope techni-
ques for data generation or investigation activities is expen-
sive,, The .benefits of using this technique over the conven-
tional methods of investigation should therefore be compared
against cost and accuracy. It should also be stressed that this
technique requires multi-disciplinary approach particularly in
the interpretation of data. The technique is a useful, fast and
accurate method of confirming aquifer conditions but it should
be used in conjunction with geological and geochemical informa-
tion.
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