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4. Geophysical Prospecting

Electric sounding at 103 exploration spots were carried out from March 1997 to

April 1997.  The method is Wenner alignment.  The maximum electrode interval

is 160 m for all the spots.  The location of the spots is shown in Figure 4.1

“Location Map of Electric Sounding Spots and Geological Profiles Showing

Deepest Resistivity”.

The data is given in Data Book.  The results of analyses are drawn in the 11

profiles shown in Attachment-1.  The core drilling results are also added into the

profiles.

The resistivity boundary is shown in the 11 profiles by the long broken line.  The

resistivity boundaries are much lower than that of the geological boundaries that

were known by the core drilling.  Therefore, the geological boundaries were finally

decided based on the drill logs through the course of interpretation for analysis

results.  The main causes of the discrepancy of the resistivity boundaries are

inferred as follows.

1) The resistivity boundary not always reflects geological boundaries, because the

geological boundaries in this area are unconformity.  It is prospected that the

upper portions of each geological unit such as Alluvium, Pleistocene, Pliocene

formations and Bed rock is developed weathering, deteriorating and crack

distributing by unconformity.  Therefore, the resistivity boundary might be

appeared below the geological unconformity boundary until reaching sound

conditions.

2) The resitivity value by the analysis show an apparent value.  It means that

resistivity value is very much affected by the surrounding resistivity values in the

shallower or neighboring zones.

3) Limit of analysis for similar resistivity layers and/or analysis error.  An

interpretation of core drilling data may be more reliable.  The detail is

described in Chapter 5.
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5. Core Drilling for Geotechnical Investigations

Core drilling at 8 places was carried out as shown in Figure 4.1.  Data of drill logs

are shown in Attachment-1 for the WT1 to WT8 with the Standard Penetration Test

(SPT or N value), electric logging and location of soil sampling point for test.

Geological profile of 10 places in total is arranged by referring the results of core

drilling and the electric sounding.  As a result, the 4 main geological units were

clarified.

1) Alluvium Deposits

The layer is widely developed with the characteristic that coarse to medium sand is

in the northeast area, and medium to fine sand is in the south area.  Resistivity

value reflects the above grain size condition with 50-3,000 ohm/m for the northeast

area, and 50-1,100 ohm/m for the south area.  Electric logging result of WT1 to

WT8 is correlative with the electric sounding.  A natural gamma logging of WT1

to WT8 shows that 4-25 cps in the north area and 4-20 cps in the south area.  The

thickness of the layer is 10-20 m.  It becomes thin to the northward in general.

N value of the layer varies place by place.  However, the value observed at WT1,

WT2 , WT3 and WT8 holes is rather high and widely ranging from 4 to 50.  On

the other hand, N value of WT4, WT5 and WT7 demonstrates rather smaller values

of 2 to 22.  It is inferred that the in southwestward, it might become more

homogeneous deposits than the northeastward.

Figure 3.1 shows that the layer develops shallower in the north to eastward and

deeper in the westward.  The deepest parts can be traced near the West Baray.  It

is a buried valley trending from north to south direction, where the old river course

of Siem Reap is located.

2) Pleistocene Deposits

The layer underlying the Alluvial deposits is coarse to medium sand (stone) with

boulders in the north ward, and medium to fine sand (stone) with boulders in the

south ward.  Resistivities were examined by both methods of the electric sounding

and logging, also reflect such contrast of the grain size distribution in the layer.

Coarse to medium sand (stone) has resistivities ranging from 74 to 1,900 ohm/m.

Medium to fine sand (stone) develops in the southward has resistivities of 20 to 400

ohm/m.  Natural gamma measurement is 6-20 cps throughout this layer.  But no

distinguishable contrast is found.
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N values of this layer ranges from 16 to 50 and/or more than 50 throughout the

layer in all holes.  Minimum value is 16 or 18 at WT4, WT7 and so on.

Distribution of such small values demonstrates that the layer is composed of various

materials from clay to coarse sand.  Comparing with the value in alluvial deposits,

this layer has 10 to 20 higher values of 10 to 20 than that.

Figure 3.2 shows the bottom of this layer.  The map shows that the bottom of this

layer is a distinguished hydrogeological boundary judged by pumping test in the

wells.

3) Pliocene Formation

The formation is composed of homogeneous and impermeable clay stone.  The

drilling core sample is mostly cylindric core.  Resistivity ranges from 10 to 200

ohm/m by surface sounding, and from 5 to 20 ohm/m by logging.  The core sample

demonstrates that physical property, mechanical property and electric resistivity

value might be uniform throughout this formation, except with the uppermost parts

of weathering near boundary.

4) Bed Rock

The bed rock distribution is shown in Figure 3.3 by three dimension.  The

followings explain each bed rock conditions.

Shale, sandstone and silt stone

The rock is dark to reddish brown color.  The rock is mostly very hard in fresh

condition. However, the top parts near the upper boundary is decomposed or

deteriorated to soil condition by weathering.  The thickness of the weathered zone

ranges from 8 m at WT1 and WT6 (shale), 5 m at WT5, and 3 m at WT7

(sandstone).  Resistivity is mostly less than 10 ohm/m and 5 to 20 ohm/m by

logging.

Ryolitic tuff

The rock is found out by WT4 in the depth from 71.7 to 80 m (hole bottom).

Light gray to green color, heavily altered tuff.  The surrounding area might be

affected by gronodiorite intrusion.  Resistivity ranges from 11 to 40 ohm/m, and

20-30 ohm/m by logging.
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Tuff breccia

Rock appears in the hole WT8 from the depth of 88.5 to 95 m (hole bottom).  The

rock is greenish to purplish brown tuff breccia with coarse matrix. Resistivity is 12-

120 ohm/m, and 5-10 ohm/m by logging.  It is prospected that a few zones of tuff

breccia develop as shown in Figure 3.3.

Gronodiorite intrusive

Based on the facts from core sample of WT3 in the depth of 58 to 80 m (hole

bottom), and extremely high resistivities of 63-540 ohm/m in the vicinity of West

Baray, the wide distribution of granodiorite is estimated.

Andesite intrusive

Andesite intrusives are found from the hole WT2 in the depth of 77 to 95 m (hole

bottom), and several electric sounding results.  Resistivities vary from 30-3,000

ohm/m place by place.

6. Soil Laboratory Test

1) Laboratory Test for the 8 Core drilling in 1997

The result is summarized in Table 6.1 to Table 6.2  "Soil Laboratory Test in 1998-

1999".

The elastic deformation coefficient from the unconfined compression result was re-

calculated by using the same pressure range of groundwater fluctuation. The

estimated deformation coefficient is several to ten times larger value than that of the

actual land reversible movements of 1.3 mm by the monitoring. The reason shall be

explained as, i) the test was done under the unconfined condition, though the layer

is confined, ii) the samples were released a confined stress by taking samples and

loosen, and iii) the samples were disturbed in some degree, through the course of

hydraulic pressing for sampling purpose.

The actual field records from the monitoring was used for the evaluation of land

movement.
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2) Additional 6 Consolidation Tests from the Surface Soil in 1998

Six additional consolidation tests were carried out in February 1998 because no soil

sample was available to apply consolidation test from core drilling of that the

former investigation stage. The 6 samples were taken by hand from the top artificial

reclamation layer as shown in Figure 6.1. The test result is almost same as the

Banteai Kdei conservation team. The results are shown in Table 6.3.

The calculation of deformation value was used a coefficient of volume

compressibility (Mv). It is also same as the unconfined compression result as shown

in Table 6.3. The 6 samples were collected from paddy field or clayey top soil by

hand. Because the result is not likely representative underground condition, the

actual field records from the monitoring were applied for the evaluation of land

movement.

The monitoring records of land movement of LTb (In front of Angkor Wat) is

compiled in Annex 3.4.1 “Hydrogeology”. The evaluation result of the influence to

the Angkor Wat by the ground water exploitation is mentioned in Main Report,

Chapter 4.2.4 “Groundwater”.
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