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Vp (km/s)

Figure 11.2.2-16 Relationship between Vp and

Vs (Ultrasoenic Velocity)
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Figure 11.2.2-17 Relationship between Vp
(Ultrasonic Velocity) and Vp (Sonic Logging)
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Table 11.2.2-37 Summary of Drilling Results at the Yao Flood Control Dam (1)

DY -1 (£ = 50.0 m, GL{EL) 321.5)

Location: Right abutment along the dam axis

Geological Condition Rock Class. Condition
Depth Geology Depth Rock Class.
0- 1.5m Soil 0- 15m D
15- 70m Shale interbedded with s.s, 1.5-50m CL
7.0-140m Shale 50-60m CL -CM
14,0 -18.0 m Sandstone 6.0-10.0 m CL
18.0 -50.0m Tuff 10.0-13.0m D-CL
13.0-180m CL
N value, 1.0m 16 18.0-20.0m CM
200-220m CL-CM
22.0-233m CM
23.3-420m CM - CH
42.0-43.0m CL-CM
43.0 -48.4 m CM
48.4-49.1m .CL
49.1 -50.0m CM

DH -2 (1.=80.0 m, G.L.(EL.} 283.5)

Location: River portion along the dam axis

Geological Condition

Rock Class, Condition

Depth Geology DPepth Rock Class.
0- 6.1m Soil 0- 61m D
6.1-520m Tuff 6.1-128m D-CL

52.0-55.0m Sandstone 12.8-13.0m CL
550-574m Shale -13.0-13.7m CL-CM
57.4-59.0m Sandstone 13.7-140m b-CL
59.0-80.0m Sandstone interbedded with sh. 149 -220m CL
‘ 22.0-23.0m CL-CM
23.0-39.0m ‘CL
38.0-52.0m - CM
52.0-550m . CM -CH
55.0-57.4m CL-CM
57.4 -60.0m CcM
60.0 -61.0 m CL
61.0-68.8m CM
68.8-752m CL-CM
752 -79.0m CM
" 79.0-80.0m CM -CH
DH - 3 (1.=60.0 m, G.L.(EL) 295.8)
Location: Left abutment along the dam axis :
Geological Condition } Rock Class. Condition

Depth Geology " Depth Rock Class. -

0- 40m Soil 0- 40m .. D
4.0 -18.0m Shale 4.0-60m D-CL
18.0-440m Sandstone 6.0-7.7m" CL .
44.0 -48.4 m Shale 7.7-80m - D-CL
484 -51.0m Sandstone 8.0-82m CL
51.0 - 60.0 m Sandstone interbedded with sh, 82-140m D-CL

) 14.0 -18.0'm CL-CM
N value, 1.0 m - 20 18.0-21.0m CM-
20m-21 210-222m CM -CH
3.0m-26 220-332m’ CL-CM
33.2-356m CM
'35.6:36.6m CL
36.6-44.3m CM -CH
443-488m - - CL
48.8-508m CM
50.8-60.0m Ci.-CM
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Table11.2.2-38 Summary of Drilling Resulfs at the Yao Flood Control Dam (2)

DH - 4 (L=50.0 m, G.L.(EL) 330.8)

Location: Left abutment along the dam axis

Geological Condition Rock Class. Condition
Depth Geology Depth Rock Class.
0- 5.0m Soil 0-100m D
5.0-370m Shale 10.0-11.0m D-CL
37.0-50.0m Sandstone 110-13.0m D
13.0-155m D-CL

Nwvalte, 1.0m-17 15.5-340m D
20m-24 34.0-350m CL
30m-21 350-372m CM
40m-33 37.2-39.0m CL-CM

39.0-39.5m CM
39.5-43.2m CL - CM
43.2-43.8m CM
43.8-45.0m CL
45.0-48.6 m CM -CH
48.6-50.0m CL-CM
- DH-5 1=30.0m, G.L.(EL)3284)
" Location: Left side mountain area :
Geological Condition Rock Class. Condition
Depth Geology Depth Rock Class.
0- 33m Soil 0- 6.0m Sail

33-150m Shale 60- 7.0m I -CI.

15.0-160m Sandstone 70- 9.0m D

16,0 -30.0 m Shale interbedded with s.s. 9.0-10.0m D-CL
10.0-154m CI.

N value, 1.0m-12 . 154-16.1m CL
20m-14 16.1-165m CM
30m-37 16.5-233m CL

233-270m CM
27.0-29.0m CL -CM
29.0-30.0m CM -CH
"DH - 6 (L=30.0 m, G.L.(EL) 3159
: . Location: Left side mountain area
Geological Condition | ' Rock Class, Condition
Depth ' Geology "~ Depth Rock Class.
0 - 3.0m| Soil 0-35m D
- 3.0 -30.0 m| Sandstone 35-90m CL -
9.0-182m CL-CM
N value, 1.0 m - 10 182-205m M
- 20m-14 205-23.1m CL-CM
3.0m-10/0 23.1-239m CM
239-241m D
24.1-255m " CM -CH
25.5-260m _CL
 260-268m CM
26.8 -28.0m CL-CM
. 280-283m CM - CH
'283-285m CL-CM
28.5-290m CM -CH
29.0-29.5m CL
29.5-30.0m CM

11.89
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Figure11.2.2-18 Relationship between Depth and Lugeon
Value at the Yao Flood Control Dam
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Geological Relationship between ‘T'unnel and Phu Sang Waterfall

Geological condition of the section from STA.7+050 to STA.10+000 consists of the CPnb
formation in Carboniferous-Permian age which is characterized by foliated dark gray slate
interbedded with sandstone, Overburden condition shows 120 to 340 m in thickness and rock facies
indicate medium hard to hard but somewhat breakable along bedding plain of the slate.

Geological condition from STA.74050 to STA.10+000 consists of the CPnb formation
characterized by foliated dark gray slate interbedded with sandstone. According to the drilling data,
the geological condition shows sandstone and slate as follows.

Classification of Geological Condition of Borehole No. DHB-5

' Drilling Depth Soil Sandstone Shale, slate Phyllite
120 m ' 70m 56.9m 54.6m 1.5m

The section from STA.10+000 to STA.11+200 is located on the northern part of the heated
groundwater area (Phu Sang spring area). This spring has 27.5° C (river water is 24.5° C) water
temperature and 498 micro-s/cm in conductivity.

The results of TEM prospecting reveal the existence of extremely low resistivity (5 to 10
ohm-m or less) from which it is inferred that cracks of basement rock at this area may be partly filled
up by the above heated water. ' :

These resistivity values may support the idea that geological condition of this area is derived
from marine sediments.

Furthermore, their thermal origin is 'prcsumed to be related to the igneous rocks (granite or
porphyry), which is continued for a great depth at a deeper portion, and some faults located around
this section may be regarded as a passage of the heated groundwater.

In addition, this heated groundwater is characterized by rich in calcium according to the
results of water quality analysis.

In accordance with the Water pressure test at the drilling hole No.DHBS, the result shows the
very low permeability from 1.3 to 1.8 Lugeon Value (Refer Table 11.2.2-13 Results of Lugeon Test
{2) and following summary table), so that leakage of water during tunnel excavation will be judged
to be small. '

Results of Lugeon Test at Borehole No. DHB-5

Elevation of Borehole . G.H.461 m
Testing Depth from G.H.(m) | 105-110 110 - 115 115 - 120
Testing Elevation E.L.356-351 | E.L.351-346 | EL.346-341
Max. Water Pressure (kgf/cm®)’ 15.4
Lugeon Value - 1.5 I 18 | 1.3
Water Table . (G.H.-m) -3.2m
Testing Date June 26, ‘96
| Geological Period " Paleozoic
'| Geological Age Carboniferous-Permian
Name of Geological Formation . NamBong
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Sandstone
’ S
Slate Slate late

Rock Class CM, CL CM CH

Boring Core Facies

Taking the whole geological information into cousideration, it is inferred that tunnel
alignment which passes around drilling hole No.DHB-5 location is situated on the outer area of the
zone strongly affected by heated groundwater because that is located on the outside of remarkably
low resistivity area.

The prospecting drawing around tunnel, drilling hole No.DHB-5 and the Phu Sang water fall
are shown in Figure 11.2.2-20.
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Comments for Additional Geological Investigation

For confirmation of geological conditions in detail at/along the sites of each project facility, the
following additional geological investigations should be performed prior to the detail design stage. The
required additional geological investigation items, investigation points and drilling depths (survey length)
etc. are shown in Table 11.2.5-1 to 11.2.5-5 and Figure 11.2.5-1 respectively.

(1) Kok Intake

Along the Kok intake axis and on the cross section (apron portion), at least 4 drilling
investigations with in-situ test (standard penetration test) are required to confirm the geological
conditions (bearing capacity) of foundation.

(2) Kok-Ing Diversion Canal

~Along the Kok-lng diversion canal route, drilling investigation should be performed for
confirmation of geological condition at points of 1,000 m interval at least. The in-situ test (standard
penetration test} accompanied with drilling should be performed for confirmation of bearing
capacity of foundation. Furthermore, the drilling investigation- should be also performed at the
planning locations of facilily such as the highway bridge.

~ *Drilling investigation for foundation at the siphon facility have already been carricd out up fo
this stage.

On the occasion of drilling investigation, if the geological condition of foundation is
composed of ‘thick sand layer or poor ground condition, in-situ test (the case of former is
permeability test and that of the latter is lateral loading test (LLT)) should be performed together
with drilling. Furthermore, laboratory test (physical test by grain size analysis, liquid limit test and
plastic limit test etc.) by using of core sample should also be performed.

(3) Kok-Ing No.1 Tunnel

Aiong the Kok-Ing No.1 tunnel route, the following geological conditions in detail should be

- confirmed by the additional gcological' investigation, e.g. drilling investigation and geophysical

prospecting survey (TEM, electromagnetic:prospecling sutvey), prior to the detail design stage.
Especially, electromagnetic prospecting survey is to be carried out along the whole section.

- Confirmation of geological conditions around the tunnel inlet and outlet

These sections correspond to a shaliow overburden condition and are necessary to
confirm geological condition. '

- Clarification of rock facies of Jv formation (thyolite and tuff formation) and fauit feature
located around STA.1+260 '

As for JV formation, there is no driliing data at prcseht.
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(4) Kok-Ing No.2 Tunnel

Along the Kok-Ing No.2 tunnel! route, the following geological conditions should be
confirmed by additional geological investigation such as drilling survey and geophysical prospecting
survey (TEM, electromagnetic prospecting survey). Especiaily, electromagnetic prospecting survey
is to be carried out along the whole section.

- Confirmation of geological condition around the tunnel inlet and outlet

These sections show a shallow overburden condition and it is necessary to confirm
geological condition. Especially, around the tunnel inlet, the existence of limestone has
been clarified by the performed drilling survey.

- Clarification of fault condition at the middle section of tunnel

- Confirmation of geological condition in detail of basalt lava and intrusion
{5) ImngDiversion Weir

Along the axis of the Ing diversion weir and intake facility, at least 7 drilling investigations
with in-situ test (standard penetratlon test) are required to confirm the geological conditions (bearing
capacity) of foundation.

| (6) Ing-Yot Diversion Canal

- Along the La_o diversion canal route, drilling investigation should be performed for
* confirmation of geological condition at points of 1,000 m interval at least. The in-situ test (standard
penetration test) ‘accompanied with drilling should be performed for confirmation of bearing
capacity of foundation. Furthetmore, the drilling investigation should also be performed at the
plarmmg locations of facility such as the siphon facility etc. At present, there is no. geological
mvestlgatlon data along the Lao diversion canal route.

On thc occasmn of dnllmg mv&etlgauon, if the geologlcal condltlon of foundation is
. mmposed of thick sand layer or poor ground condltlon, in-situ test (the case of former is
permeability test and that of latter is lateral Joading test (LLT)) shouid be performed together with
dnllmg Furthermore, laboratory test (physical test by sieving test and Atterberg test etc.) by using of
core sample should be also performed.

(7) lng-Yo't Ne.1 Tunnel

_ Along the Ing-Yot No.1 tunnel route, dnllmg mvestlgallon, seismic survey - (refraction
, prdspectmg survey) and geophysical prospectmg survey (TEM, electromagnetlc prospecting survey)
are r_equared in order to confirm the geological condmo_ns and lithological characteristics. Especially,
' 'eleétro:'magnetic 'prospecting sﬁrvcy is to be carried out along the whole section. At present, there is
no geological investigation data along the Ing- Yot No.1 tunnel route. '

L ® Ing-Yot No.2 Tunnel
- Along the Ing-Yot No. 2 tunnel route the following geological conditions need to be clearly

confirmed by additional geological investigation such as dnlhng survey, including geophysical
logging test, and geophysical prospecting survey (TEM and TDEM, electromagnetic prospecting
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survey). In addition, on the occasion of drilling survey at the fault zone, the inclined drifling is of
great usc in confirming the scale of fault or fracture zone.

Confirmation of geological condition around tunnel inlet

These sections show a shallow overburden condition and it is necessary to confirm
geotogical condition.

Clarification of lithological characteristics of basement rocks at the section between
STA.0+800 and STA.3+250 '

It is necessary to confirm rock facies at the contact between porphyry (granite porphry)
and PTRv formation. In addition, the rock facies of the TRhf formation should also be
clarified.

Confirmation of geological condition and the scale of fault and fractured zone at the
section from STA.3+140 to STA.3+250 section and around STA.7+000

It is required to confirm the detail geological condition, including permeable
characteristic, of the above fault and fractured zone because they show clear large-scale

 fault features and are ilkcly to affect tunnel constructmn

Confirmation of hydrogeological mechanism of the heated groundwatcr around the Phu

Sang spring area and proper assessment of the effects of tunnel construction

The results of the electromagnetic prospecting survey (TEM) and drilling revealed that
the thermal origin may be related to the igneous rocks (granite or porphyry), which are
continued to a great depth in the deeper portion, and some faulis located around: this
section may be regarded as the passage for the heated groundwater. However, clear
1denuﬁcat10n and solution of these problems should be considered in detail based on the
additional ‘investigation from the hydrogeological v1ewpomt, for example drilling
mv&stlgation and electromagnetic prospecting survey (TEM) by grid method as setting
for investigation lines, including detailed groundwater quality tests etc. Furthermore,
drilling holes for investigation should be use as observation well to monitor fluctuation of
water level and quahty both under natural condition and tunnel construction. In addition,
in advance of tunnel construction, the precedmg drilling (pilot anlmg) will suppose to
check the existence of heated groundwater dlscharge

Checking of 11tholog1cal condmon of CPnb (Nam Bon) formanon and CPhk (Hual Kral)
formation

These formations are recognized along the long section of 20 km or more in tunnel !ength
and show uniform rock facies, as a whole, of foliated slate mterbedded with sandstone.
Additional drlllmg and electromagneuc prospecting survey (TEM) are requned to
confirm the situation ‘of presumed fauit and fractured zone at/around the major river
course such as the Huai Sai, Huai Herak and Hai Bong. o

Problem of groundwater dlscharge from deeper depth in the PTRv fonnatmn around the
ex1stmg dnilmg DHBI26 :

Drilling of DHBJ26 revealed the existence of excellent confined aquers ‘which may be
formed along fissure situated in PTRv formation (tuff and dacite formation), at the deeper
depth from 276 m. Additional drillinig and electromagnetic prospecting survey (TDEM)
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is required to confirm the geological condition and scale of fault and fractured zone
related to groundwater discharge. Furthermore, in advance of tunnel construction, the
preceding drilling (pilot drilling) will suppose to check groundwater discharge from
deeper.

~ Problem of groundwater discharge from the TRpl formation (limestone formation) of the
Doi Pha Deang mountain around STA.28+500 to STA.30+100 section.

At the limestone formation and adjacent PTRv and TRhf formation, supplemental
electromagnetic prospecting survey (TDEM) and several drillings, including the inclined
drillings, are required for confirmation of geological condition (rock facies of limestone
and contact condition of formations) and the existence of limestone cave. In this case, the
electromagaetic prospecting survey (TDEM) should be applied as point sounding method
around tunnel alignment because of difficult line setting by the rugged topographical
condition. Furthermore, in advance of tunnel construction, the preceding drilling (pilot
drilling) can be used to check groundwater discharge from limestone cave.

Confirmation of fault zone observed by TDEMB line 30.0

Supplementary geophysical prospecting survey (TDEM su'rvey) and several drillings are
required for confirmation of geological condition, rock facies and fault zone at/around
* this area. ' '

Confirmation of geologioal condition of the TRhf (Huai Fak) formation

This formation, which is composed of sandstone and tuff interbedded with shale, are
recognized over a distance of approximately 16.0 km long along the tunnel alignment.
Additional drilling is required for confirmation of geological condition and the existence
of fault at/around the major river course such as the Yean river. '

Conﬁrmauon of geo}ogncal condition around the highest mountain area (S’I‘A.38+000 to
STA.45+000 section)

The geophysical prospecting survey (TDEM survey) is required to confirm the boundary
line between ms 5-3 formation and TRhf (Huai Fak) formation and the rock facies along
the tunnel level. The check dnllmg is also required for correlation of results of
geophysical prospectmg survey. Requlred drilling depth of borehole should be reached at

" . Jeast 150 10200 m in the fresh rock.

Problem of groundwater discharge from the TRpl formation (limestone formatlon)
around STA.46+000 to STA.47+100 section and STA.49+900 to STA.50+500 section.

Additional geophysical prospecting survey (TEM survey) and drilling, including the
inclined ones, are required for clarification of geological condition and the existence of
limestone cave. Furthermore, in advance of tunnel construction, the prccedmg drilling
(pilot drilling) is need to check groundwater dxscharge from hrnestone cave.

Conﬁrmauon of geoioglcal condmon around tunnel outlet

'Those sections show a shallow overburden condition and it is mecessary to confirm
geological condition.
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(9) Yao Floed Control Dam

At the Yao flood control dam, additional drilling investigations accompanying with lugeon
test are required to confirm the geological condition in detail and permeable characteristics of dam
foundation. At this site, the seismic survey (refraction prospecting survey) had already been
performed in 1998. The required quantities for drilling arc as follows.

At the left abutment of dam, geophysical prospecting survey (TEM,

Along the dam axis: 5 holes in total (hole location of the left abutment should be planned
ina dense pattern.)

At the upstream and downstream of dam base : 6 holes in total (3 holes at the upstream
and downstream, respectively)

Along the spillway axis : 4 holes in total
Along the diversion tunnel axis : 3 holes ih total
At the thin ridge between spillway and diversion tunnel : 2 holes

electromagnetic

prospecting survey) should be also performed to clarify the geological condition because there is a
possibility of the existence of a large-scale fault zone on.

Furthermore, for embankment material of dam, soil tests should be performed in detail.
Required test items and quantities, including test pitting at the proposed borrow site, are as follows. .

Material Test Item Sample Remarks
Test pitting - 30 pits At the proposed borrow site
Impervious Physical test 20 samples
material . Dynamic test | 10 samples
Semi-pervious | Physical test 20 samples
material -| Dynamic test | 10 samples

Physical test

ang rock test 10 samples : -
Pervious Soil test for pervious material
material Dyhami Clest |5 samples should be perfqrmed }Jy_ '

large-scale testing using
o | excavation material of tunnel

Rock test 10 samples -

Filter material Physica'! test 10 samples
- 1 Dypamic test | 5 samples

- In this case, testing items for physical, dynamic and rock test are as folloWs

- Physical test :

specﬁ'lc gravity of soﬂ particle, ﬁeid water content, grain size aualysm

' hquxd hmlt, plastic limit etc:

Dynamic test : compactlon, permeablllty, consohdauon, shear strength (by tri-axial
compression test) etc.

Rock test : specific gravity and water absorption, compressive strength, stability, abrasion
resistance '
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