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Summary

The groundwater potential of the Semanggol Formation
rocks underlying the Gula Padang Terap estate has been
investigated by means of surface resistivity surveys and by
borehole drilling and testing.

The Semanggol consists of thin bedded shale, siltstone
and greywacke sandstones which have been faulted and highly
folded. Intergranular porosity is negligible and the
aquifer is developed in open joints and fractures in the more
weathered rocks down to 40 m.

The aquifer zone is impersistent and thin and generally
low yielding. Of 18 bores drilled and tested by JPT and
earlier by Renardet, only one would be likely to sustain

discharge appropriate to an irrigation bore (i.e. 20 1/s).

This low success rate dictates that a very large
number of sites would have to be drilled, on an extensive
grid, to detect any further successful boreholes. Such
boreholes are expected to occur almost at random at sites
inappropriate to irrigation system designs; an extensive
conveyance system would be required.

Because of the low potential of the aguifer and the
likely high costs associated with extensive drilling and
conveyance works, it is concluded that no significant part
of Gula Padang Terap could be irrigated from groundwater.




CONTENTS

Introduction and Previous Work

JPT Investigation Programme

2.4 General

2.2 Geology and Geophysics

e | Geology

Red.2 Geophysics

e Hydrogeology

- PR § General

2.3.2 Drilling and Testing Results

2.4 Conclusions

Groundwater Potential

Page No.

14

15



2.1

L.

2.3

2.1

2.2

TABLES

Page No.

Semanggol Formation - Typical

Vertical Sequence in Padang Terap 8
Yield Test Data - Padang Terap 11
Distribution of Specific Capacities 12

FIGURES

Geological Data and Location of

Resistivity Measurements, Padang Terap 5
Location of Boreholes, Padang Terap

APPENDIX

Composite Bore Logs PT1-PT12



Introduction and Previous Work

An investigation of the groundwater resources of
the Padang Terap Gula (PTG) estate in Kedah was carried
out by the JPT groundwater group as part of an appraisal
of groundwater resources for agricultural use in Malaysia,
The investigation extended from October 1981 to February
1982,

The estate cultivates some 6,500 ha of rain fed
continuous sugar which is ratooned several times.
The whole area experiences intermittent water shortages
consequent upon irregular rainfall, and these shortages
may interfere with and delay land cultivation and re- |

planting.

However, although irrigation is essential for
increasing yields, other factors such as poor soils and
labour shortages are involved. In addition, a poor
dissected terrain may somewhat limit the area which

could be successfully irrigated.

The management of PTG have considered both the
development of surface water supplies held in reservoirs
and the development of groundwater. The area was
therefore given a high priority for investigation since
a groundwater assessment was essential in determining a
policy for future development of the estate.

In 1979, Renardet and Yussoff Ibrahim carried out
investigations in PTG, using geophysical resistivity
techniques. These were used to detect subsurface water
bearing zones or aquifers amongst the underlying
Semanggol Formation which is a series of highly folded
and rather altered sandstones, siltstones and shales.



Six exploratory boreholes were later drilled upon targets
located by geophysical methods (Figure 2.2).

Their results were inconclusive but several boreholes
indicated that the Semanggol Formation rocks had some promise
as an aquifer. They concluded that drilling boreholes on
relatively high resistivity zones (thought to represent
sandstone beds) could give yields of 3-6 litres per second.

Details of the Renardet-Yussoff Ibrahim boreholes
are given later (Table 2.2).



2.1

2.2

2.2.1

JPT Investigation Programme.

General

In order to test and amplify the conclusions of
the previous investigation by Renardet, JPT carried out
an exploratory geophysical investigation with concurrent
exploratory drilling; 12 bores were drilled. Geophysical
results were later tested by drilling.

Where discharges were adequate, exploratory bores
were yield tested by means of an air 1lift pump. '

Geology and Geophysics

Geology

Padang Terap and the mountain areas to the north-
west and east are underlain by the Triassic Semanggol
Formation, a rapidly changing sequence of shales,
siltstones, and coarse, ill-sorted, sandstones; no cherts
or true conglomerates have yet been observed., After
deposition, these rocks were tightly folded along a roughly
north-south axis and then further deformed into a series
of larger amplitude anticlines and synclines; faulting
with associated with the folding. Most of the rocks
have near vertical dips with a strike ranging from 330
to 20 degrees. Several outcrops in Padang Terap exhibit
such tight folding.

The sediments of the Semanggol Formation are thinly
bedded. The lithologies in extreme examples change from
black shales, through siltstones to coarse sandstones within
a space of 20 centimetres. These rapid changes have
important implications for surface and borehole geophysics
and for the hydrogeology of the area.



2.2.2

The maximum bed thicknesses observed to date is about

1 metre, but often there are zones of predominantly
sandstone or predominantly shale/siltstone which have a
thickness of around 20 metres.

The shales are finely laminated and soft in weathered
exposures but at depth they are harder and fissile.
The siltstones are a light grey colour in surface exposures
but black at depth. They are often highly fractured.
The sandstones are not true sandstones. They are an ill-
sorted assemblage of angular, fine and coarse material typical
of a greywacke. In surface exposures the sandstones are light
brown to deep red in colour. Highly weathered examples have
an intergranular porosity caused by the weathering and
leaching out of unstable minerals. At depth the sandstones
are black and very hard with no intergranular porosity.

All the lithologies are fractured but often the
fractures have been sealed by either the deposition of fine
clay particles or the precipitation of quartz or metallic

oxides.
Geophysics

Twenty six resistivity traverses or profiles and
nine soundings were carried out by the JPT geophysics team
using, initially, borrowed ABEM Terrameter equipment and later,
Scintrex RSP=6 equipment.

It was realised that the application of resistivity
soundings to thin bedded vertically dipping slightly
metamorphosed sediments is theoretically suspect; sound
resistivity interpretation ideally uses earth models of
horizontal isotropic layers with good resistivity contrast.
Under the subsurface conditions at Padang Terap, resistivity
traverses were more appropriate that soundings.



Figure 2.1 shows the position of the resistivity
soundings and profiles and some details of the geological
exposures in Padang Terap; some geophysical measurements
carried out by Renardet in 1979 are also shown.

The results of the work were as follows:-

- It was not possible, because of the sparse outcrop, to map
individual beds or horizons within the Semanggol Formation.
Similarly because the beds were so thin, it is not possible
to trace them using resistivity.

- It was possible to distinguish areas underlain predominantly
by sandstone; this showed up as relative high points on the
resistivity profiles.

- Resistivity soundings and the study of rock exposures indicate
that the process of soil formation and deep sub-aerial
weathering has created a crude horizontal zonation in the
rocks. However, the lateral variation in rock lithology
and the variations in the thickness of the weathering zones
made positive lithological identification impossible and
therefore, without borehole or surface outcrop control, the
method can only suggest a restricted range of alternatives.

- Evidently, the resistivity method cannot predict, with any
certainty, subsurface rock types within the Semanggol
Formation in Padang Terap. In any case, lithology in these
rocks is not directly related to permeability or bore yield;
the latter is dependent upon the incidence of interconnected

fractures and cracks.

- the success rate or yield of boreholes sited on resistivity
targets was no better than that from boreholes sited on a
random basis (but on flat irrigable land blocks).

- 1In view of the low groundwater potential of these rocks as
revealed by concurrent borehole drilling, no further
resistivity work was justified,



Figure 2.1 GEOLOGICAL DATA, AND LOCATION
OF RESISTIVITY MEASUREMENTS PADANG TERAP
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2:3 Hydrogeology
2.3.1 General

The drilling programme sought to locate and test
permeable, aquifer materials within the Semanggol rocks or
in weathering profiles developed above. More specifically
the programme sought to answer the questions:

- 1Is aquifer permeability dependant on cracks and
joints or on intergranular pore space in the
rock

- What is the extent, thickness and distribution
of the aquifer within the Semanggol and do
sandstone beds have better aquifer properties
than shales and sandstones

- What are borehole yields, depth to water table,

etc.

Geophysics was used to assist in drilling target
selection and in particular, to see whether boreholes
drilled in low resistivity areas had higher or lower
yields than nearby boreholes drilled on high

resistivity areas.

As a further test of the effectiveness of the
resistivity method, boreholes were sited at random without
geological or geophysical control; their yield
characteristics were compared with results from boreholes
sited on the basis of geophysical work.



2.2 Drilling and Testing Results

Two Tone T50A hydraulic drive rotary drilling rigs
were operated by JPT in Padang Terap Gula. Twelve
exploratory bores (PT1 to PT12) were drilled, either on
geological/geophysical targets or in a random grid sited
on flat land blocks (Figure 2.2). Two bores (PT2 and
PT10, depths 151 m and 135 m respectively) were drilled to
investigate deep rock permeability and lithology; other
boreholes were drilled to 65 m average depth. Drill
cuttings from the bores were lithologically examined and
bores were geophysically logged. Where justified by the
discharge of water during drilling, air 1ift yield tests
were carried out, both at intermediate and sometimes at
final bore depth. Lithologic and borehole geophysical logs
were used, together with drilling data, to construct
composite bore logs. These logs are given in the Appendix
to this report.

Typical lithological profiles showed a transition
from tough black unweathered Semanggol meta shale or
sandstone into deeply weathered rock and clays; surface
layers were usually composed of soil and laterite-clays
(Table 2.1)., Lithologic samples indicated the following:-

- unweathered sandstone beds within the Semanggol
show no visible intergranular porosity

- meta shale-siltstone blocks, with clean joint
faces can be recovered from the unweathered

zone



Figure 2.2 LOCATION OF BOREHOLES PADA_f?\IFG TERAP.
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- soft and friable well-sorted sands are sometimes
encountered from the 15-40 m interval (PT2);
these are thought to be a deeply weathered sandy
facies of the Semanggol and not a younger
superficial geological formation. These sands
did not seem to form significant aquifer material.

Geophysical borehole logs indicated:

- alternating shale-sandstone or less resistive -
resistive beds (SP-R logs)

- caliper logs clearly delineated the upper soft
clay-weathered rock lithologies from tight, hard
rock below about 40 m; caliper logs here indicate
full borehole gauge except for isolated joints
(PT9).

Boreholes PT6 and PT8 were drilled respectively
on extensive outcrops of shales/siltstones and sandstones,
to test the aquifer properties of these lithologies.

The static water level in both boreholes was less than

10 metres below surface and both boreholes penetrated
weathered lithologies and hard rock. Drilling discharges
from both bores were very low (less than 1 1/s) and the
results suggest that lithology alone does not determine
the yield of a borehole or put another way, sandstones

do not always form better aquifers than shales or siltstones.

The zone of saturation (water table) was usually
between 2 m and 10 m depth. Superficial clay layers can
maintain an additional perched water table at or near
surface. Drilling indicated that the main aquifer zone
was invariably developed in the depth interval 15 m to 40 m,
in the weathered rocks; the productive aquifer seems often

to be coincident with rock hardness changes which are likely



to reflect a rock permeability change. Such changes
typically occur at the junction of tough unweathered
deep rocks and the grey weathered rocks of the profile
(Table 2.1). The evidence suggesﬁa that aquifer
permeability is developed only in open cracks and joints
largely above 40 m, and not within intergranular pore
spaces. Softer weathered or sandy materials encountered
in the profiles (e.g. PT2, PT8) do not contain a
significant aquifer.

During drilling, water flows produced from the
borehole were measured in order to locate productive
horizons. Where the discharge of water during drilling
exceeded 1 or 2 1/s, the borehole was later tested by air
1ift. Seven such tests have been carried out. The air lift
test allows a rough discharge/drawdown estimate which allows
later decisions about borehole completion and the necessity
for standard pumping tests using borehole turbine pumps,
such pumps were not available during the period of the

investigation.

The discharge-drawdown data obtained by airlift
together with similar data obtained by Renardet is shown
(Table 2.2). A crude borehole productivity index
called specific capacity has been derived from this data.
The frequency of boreholes in Padang Terap having various
specific capacity values is shown below (Table 2.3).

The results indicate a poor aquifer which is
generally capable of only low yields to boreholes. In
only 6 out of 12 completed JPT bores is the sustained
yield (i.e. yield which could be sustained by a production
turbine pump) likely to exceed 3-4 1/8.

10
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Table 2.3

Distribution of Specific Capacities

Possible
bore yield No. of bores in Padang Terap
Air 1lift for 10 m having stated specific capacity
Specific Capacity drawdown “This
Interval (1/s/m) (1/8) project Renardet All bores
0 -0.1 1.0 5 0 5
0.1 - 0.3 2.0 3 1 o
0.3 = 0.7 5.0 3 2 5
0.7 - 1.5 11.0 0 1 1
»1.8 2>40% 1 0 1
Totals 32 . 16
(i) Severe discontinuities in drawdown-discharge

(ii)

behaviour can be anticipated at higher
discharges in a crack aquifer with thin
yielding section. Therefore specific
capacities derived from crude low discharge
airlift tests cannot be used to extrapolate
drawdown-discharge behaviour at high

discharge.

* PT1 air lift data only; SC = 8.8l 1/s/m,
PT1 requires rigorous pump test.



Permeable horizons within the interval 15-40 m
are likely to comprise thin open cracks or joints and the
vertical extent of such yielding sections is small. In such,
a drawdown limit (in this case of about 10 m) has to be
imposed to avoid evacuation of the yielding section., For
a 10 m drawdown limit, only specific capacities exceeding
about 2 1/s/m can give bore yields appropriate to irrigation
use (i.e. 20 1/s or greater). Only PTl has a specific
capacity which justifies bore conversion to test-production
bore status! Possible maximum bore yields, for a 10 m
drawdown, are given (Table 2.3). These, it can be seen,

are invariably very low.

Borehole completions are shown on the composite
bore logs in the Appendix. Bores PT3 and PT9 have been
equipped with slotted steel casings opposite the weathered
rock producing zone, It is intended that PT1 should be
pump tested with a turbine pump following enlargement
to a test-production status with a 10" inch slotted steel
casing set opposite the producing zone, Pump testing
with a turbine borehole pump, might also be carried out on
PT3 and PT9. Following satisfactory pump testing, PT1,
at least, could later be used as a field water supply point
for the sugar estate. It is suggested that PT12 and PT3
are used by the JPT for groundwater observation bores.

All other bores are equipped with 6" steel casings
set through any unstable soil weathered zones.

Water quality appears good, with electrical
conductivity values between 150 and 300 micromhos. During
any later pump testing, water samples should be tested with
portable chemistry laboratory equipment and sent for standard
lab analysis.



2.4

Conclusions

The conclusions of the current investigation
can be summarised as follows:-

- resistivity methods in Padang Terap, whilst
they may be able to identify likely rock
lithologies, cannot identify permeability
and hence borehole yield.

- in Padang Terap, rock permeability is not
directly related to lithology, but appears
to be related to the incidence of inter-
connected open fractures in the rock.

Such incidence, it appears, can only be
detected by drilling.

It is unlikely that geologic/hydrogeologic
methods will be any more successful than geophysics
in locating permeable zones in Padang Terap and
direct methods (i.e. drilling) seem most appropriate.

Drilling has indicated an impapsistent low
yielding unconfined aquifer, probably developed in open
joints and cracks to depths of about 40 m. Because the
aquifer is developed in joints, its specific yield
(or unconfined storage) is likely to be low.

14



Groundwater Potential in Padang Terap

On the criterion that significant scale groundwater
irrigation in Padang Terap, by whatever means, is unlikely
to be feasible unless a number of wells with yields over
20 1/sec can be obtained, the prospects look decidedly poor.
The success rate of exploration bores in these terms has
been only one in 12 or one in 18 if the Renardet results
are included; the air lift yield and capacity of FT1 appear
to be quite exceptional.

Indirect studies, of a geological or geophysical
nature, have not been found to significantly improve borehole
success rate, implying that the interpretable features are
not directly related to water bearing properties (e.g.

a fault may be open and water bearing or else completely
closed by secondary deposition and cementation of rock
fragments). In fact the best results seem to have come
from a semi-random approach, where boreholes have been gited
in locations which are most appropriate to their end-use,
that is, on the flat irrigable lands in Blocks E and F

(See Table 2.2).

The borehole yields seem to be extremely sensitive
to small location differences which may suggest the higher
yielding crack-fissure systems are near vertical. Because
yielding crack-fissures are unlikely to be extensive,
existing air lift yields must be confirmed by long term

pump tests.

On the basis of the existing groundwater potential
assessment, no further extensive works seem justfified in

Padang Terap.

15



However, if it decided that studies should proceed
further, then the recommended method would be the rapid
drilling and air lift testing of a large number of very
slim exploratory boreholes, mainly on a 'grid' pattern
actually in the irrigable areas, but with a proportion
sited on targets based on geological/geophysical
interpretation, near the irrigable areas. Suitable bores
could then be reamed-out to production status,

A large number of slim exploration boreholes would
inevitably be required as a consequence of the low
success rate mentioned earlier. An estimate of borehole
numbers can be made. The total area of Padang Terap Gula
is 6,500 ha and the estimated groundwater requirement at
the production bore head is 0.5 1/s/ha; this assumes
that sprinkler irrigation is used and that irrigation
efficiency is 80%. The irrigation from groundwater of
say 1,000 ha in Padang Terap could require 25 production
bores of 20 1/s and hence, given a 1 in 18 success rate,
some 450 exploratory bores could be required.

The consequence of the grid drilling of large
numbers of exploratory bores is likely to be a random
distribution of suitable production bores, with some
areas having more than required for local requirements,
but most areas less. To re-distribute irrigation water
in the terrain typical of the area, a closed pipe system
would be needed, Because such a system has high capital
costs, a stringent economic analysis would be required
before committing such costs. In economic terms however,
the initial costs of such a collecting system may be
regarded as sunk costs once a decision has been taken
to install it., The development cost of connecting
nearby lower-discharge wells to the system then becomes
one of marginal costs and it is probable that a few wells
with much lower yields than 20 1/s might be connected.

16
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