The geology of this area consists of Precambrian gneiss as the base-
ment, non-metamorphosed and low grade metamorphosed Paleozoic sedimentary
rocks ranging from Cambrian to Permian time, and granitic rocks intruded
accompanied with the orcogeniss. Sediments from Tertiary to Quarternary
time are distributed in the lowlands along rivers in small scales, 1In
mountainous area of gentle ups and downs, lateritic residual soill, which

is a remain of weathered rocks unique to the tropics, is observed often,

Generalized geological sequence of the project area is shown in

Table 5-4-1

5.5 Geology of Each Project Area

(1} Mae Pai Project area
i) Geology of project area
* Topography
Mae Pali River starts in the mountainous area of 1,300 to 1,800 m
(MSL) high at the north edge of the project area making the
border between Burma and Thailand and flows toward south. The
river changes the direction greatly in the downstream of Amphoe
Pai, cutting the geological structure of the north-south direc—

tion from east to west.

Six (6) dam sites have been proposed, numbered from No. 1 to
No. 6 from the upstream to downstream but, as explained in Clause

5.2, two sites of No. 1 and No. 6 were chosen for this project.

Mae Pal River meanders in the upstream of the No. 1 site and the

river sides are generally open and flat.
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The river width at the part between the No. 1 and No. 6 sites is
narrowed and the both sides are in steep topography. As a whele,
this part is in topography suitable for dam site, but there are
many landslide configurations around the No. 2 site and in the

slopes of both sides of the upstream.

Khong River, which is the largest tributary of Mae Pai River,
flows nearly straight to south and joins with the Mae Pai River

at the upstream of the No. & site.

The most significant topographical feature of the Mae Pai River
basin is the Karst topography in the area of north of Mae Pai
River and in the east and west sides of Khong River where Permian
limestone is distributed. The Karst area is especially broad in
the east side of Khong River and generally it is in the topogra-
phy of platform. This Karst platform has heights ranging from
600 to 1,200 m (MSL) with the dges forming steep cliffs, but
inside of the platform is generally in a pan shape with shallow
bottom. Large and small sink holes are observable in everywhere
of the platform, and many unique protruded hilis with round top

are seen.

The basin size of the Karst platform is about 500 km?, and rivers
in the platform like Nam Lang have no outlet. Water of these
rivers seem to go underground at the bottom part of the pan shape

topography.



Geology

The geology of this area consists of non-metamorphosed and low
grade metamorphosed Paleozoic sedimentary rocks ranging from
Cambrian to Permian time and granitic rocks intruded during

Carboniferous and Triassic time.

The Cambrian -Ordovician strata that forms the lowest strata of
this area consist of low grade metamorphosed sedimentary rocks.
This strata are mainly composed of quartzite, and are distributed

around the No. 6 site.

The Ordovician strata (Thung Song group) mainly consist of lime-
stone, and are distributed widely in the No. 6 site reservoir.
The limestone is often interbedded with shale and sandstone.
Karst topography is not too apparent in the distribution area of

this strata.

The Silurian —Devonian strata consist of shale, sandstone and
chert. This strata are distributed in higher parts along Mae

Pai River overlying the Ordovician strata.

The Carboniferous strata consist of shale, sandstone and con-

glomerate, and are distributed widely along Khong River.

The Permian strata (Rat Buri group) consist of limestone, and
are widely distributed in higher parts along Khong River over-
lying the Carboniferous strata. As exaplained above, in the
area where this strata are distributed, the Karst topography is

very significant.

Granitic rocks are distributed widely in the east part of the



No. 1 site. The mountains composed of granitic rocks are in shape
of pgentle slope with fine pleats, therefore granitic rocks seem

to have been deeply weathered.

Semi-consolidated or unconsolidated sediments of Tertiary and
Quarternary age are distributed in the lowlands along Mae Pai
River in the upstream of the No. 1 site and downstream of the

No. 6 site.

Geological structure of this area is generally in the north~south
direction. The strata of this area are folded and faulted.
Faults in the north-south direction are very prominent and some
of them are thrust fault. The thrust fault existing in the
dovnstream of about 2 km from the No. 6 site is very large in

the scale and very clear fault topography is recognizable,

ii) Site geology
a) Mae Pai No. 1
* Dam site
The river width at the upstream dam site is slightly broad but
the slopes at the both banks are comparatively steep. Huai Mi,
one of the tributaries of Mae Pal River, flows in at the left
side of about 600 m upstream of the dam site in a form of deep
valley. The mountain body of left bank of the dam site is in a

form of narrow ridge stretching in the east-west directiocn.

The downstream dam site is situated at about 2 km down of the
upstream dam site. The river width at this site is about the

same as that of the upstream site, but the slopes are fairly
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steep. A landslide configuration is found on the right side

slope about 1 km up of the dam site.

The elevation of the river surface is about 400 m (MSL) at both

dam sites.

The bedrocks of the upstream dam site consist of limestone mainly.
The limestone shows gemerally banded texture of dark and bright,

and are recrystallized some degree.

In the outcrops at the right bank of the dam site there exists
caves of 2 to 30 cm diameter and solution cracks of 10 to 30 cm
width formed along joints. The limestone arocund the upstream

site is often interbedded with shale and sandstone.

The strata strike NE~SW crossing with the river direction almost

squarely, and steeply dip toward the downstream.

In the slopes at both banks of the dam site, rocks are exposed
and obverburden is generally thin. The river deposits mainly

consist of fine sand with less gravel.

The bedrocks of the downstream dam site consist of limestone,
likewise as the upstream site, but no interbedding with shale
and sandstone is recognizable. Based on observation the outcrops
at the right bank of the dam site, there are caves and solution
cracks in the limestone, same as those in the upstream site.

Some of the stalactites hanging from these caves and solution
cracks are as large as 30 to 40 cm in the diameter and 2 m in

the length.
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The strata strike NW-SE, crossing with the river direction diag-

onally, and dip gently toward the downstream.

Rocks are exposed in both banks of the dam site and the over-
burden is thin. At the higher parts of the slopes, continuous
limestone makes cliffs. The river deposits are mostly fine sand

with less gravel.

Landslide configuration of about 500 m wide and 200 m high is

found in the right bank in the uvpstream of 700 to 1,200 m from
the dam site. In this slope, sediments mixed with rock blocks
fallen from the upper slope are thickly deposited and slide of

these sediments in small scales are often recognized.

In consideration of all these topographical and geological con-
ditions, the upstream site seems to be better as a dam site.

In other words, topographically the downstream site is suitable
as a dam site hut, the bedrock of dowmstream site consist of
limestone having well developed caves and solution ecracks, there-
fore it contains leakage problems. Also, in its immediate up-
stream, there is a landslide configuration and landslide is

feared after ponding.

On the other hand, though in the upstream site bedrocks consist
of limestone, same as the downstream site, in view of the fact
that "it is interbedded with water tight strata of shale or
sandstone"” and "'the strata strike almost gquare to the river
flow dirvection, and steeply dip'", the upstream site seems to be

less possibility of leakage than in the downstream site.
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Based on the above geological judgement, we consider that the
upstream site should be taken up as the objective of the project.
However, one thing to be noted is that the left bank ridge of
the upstream site is narrow in the width and since the strata
strike in the direction of crossing the ridge, there may be water
leakage from the reservoir to the dam site downstream crossing

this ridge.

Reservoir area

Mae Pai River keeps meandering in the upstream area from the
point of about 1.5 km up of the upstream site and a broad flat
plane develops along the river. Except the landslide configura-
tion observed at the right bank of immediately up of the down-
stream site, there is no topography that would cause problems
after ponding. The reservoir geology is composed of granitic
rocks mostly. Strata that mainly consist of limestone are dis-
tributed in the downstream area from about 1 km up of the up-

stream site.

No topographical and geological problems can be foreseen as a
reservoir, but within the reservoir in the distance of about 20

km up of the uvpstream site, there is a fluorite mine.

Construction material

In the upstream from about 2 km up of the dam site, gentle slopes
develop along Mae Pai River and there are sediments of weathered
granites. As seen at the left side, these sediments are arena-

caepus and though may not be approprlate, some of them may be used
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as soll materials. Especially, at some places of the right side,
there are areas where the sediments are thick, and soil materials

are expected from these places.

As to the sand and gravel materials, we consider that fine
grained materials are obtainable from the sediments of weathered
granites mentioned above and from the riverbed deposits area
located at 5 to 10 km upstream of the dam site. Existence of
coarse grained materials are expected in the river deposits area

mentioned above.

Rock materials are probably available in the limestone area
around the dam site. However, the quarry site must be carefully
selected since limestone in the area are often interbedded with
shale and if too much shale is interbedded, it may cause problems

with the rock quality.

b} Mae Pai No. 6

Dam site
The topography of the dam site forms a V-shaped valley, with a
narrow river width and the steep slopes. The elevation of the

river surface is about 230 m (MSL).
The bedrocks of the dam site consist of quartzite and argillite.

The quartzite is fine to medium grained, massive, dense and hard
rock in color from light grey to greenish light grey. Joints
along the bedding plane are prominent in this rock, and some of
the joints are open. The argillite is fine grained, massive,

dense and hard rock in colors of grey, greenish grey or purplish
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grey. Prominent bedding plane is locally observed, but splitting
along it is not noticeable. According to microscopic observation
of thin sections, the argillite consists of quartz grains of 0.1
to 3 mm diameter and the matrix mainly composed of microcrystal-

line quartz, sericite and chlorite and rarely muscovite.

The strata strike NNE-SSW crossing with the dam axis diagonally,

and dip generally 20 to 40° toward the downstream.

Generally, mindr folds are developed, and at about 200 m upstream

of the dam site, anticlinal fold is noticed.

No large photo lineaments are observed around the dam site but
at the right bank of the dam site, there are sheared zomes in
widths of several centimeters to about 10 m nearly along the
bedding plane. There are many cracks at fine intervals in these
sheared zones, but the crack faces are contacting very closely
and no clay is interbedded in the cracks. In some sheared zones,

however, springs through cracks are observed.

The rocks crop out up to 50 to 60 m of the relative height at
both banks of the dam site. In the slopes higher than that,
outcrops are rare and as evidenced with the DH-3 hole drilled at
the right bank of the dam site, some parts have thick overburden

of 7.5 m.
Distribution area of river deposits is narrow.

At this site, drilling of 3 holes was executed on the dam axis.
The results indicate that at the DH-1 point (446.22 m altitude)

of the left abutment, rocks are weathered in depth of 4 m from
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the surface and they are loosened. Rocks in parts deeper than
4 m seem to bear no problem as foundation of a rock-fill dam
generally, although some have been slightly weathered and par-

tially interbedded with sheared zones,

Permeability was found to be large, 8 to 25 Lu, up to the depth

of about 50 w, but beyond the depth, it is about 1 Lu.

The DH-2 point (228.96 m altitude) of the river bed has extremely

good bedrock, and the permeability is below 5 Lu.

At the DH-3 point (387.79 altitude) of the right abutment, over-
buden is distributed up to the depth of 7.5 m from the surface.
The bedrock in the area of deeper than 7.5 m is slightly wea-
thered up to 32.0 m and interbedded with cracky zomes. However,
the bedrock deeper than 14 m is fairly hard and it seems to bear

no problem as foundation of a rock-£fill dam.

The permeability is generally below 5 Lu, except in area of 27

to 30 m, large permeability of 39.4 Lu was noticed,

Thus, this site bears comparatively less problem as a dam site
both topographically and geologically. There seems to be no
problem on the bearing strength of the sheared zones existing in
the right bank, but since the permeability appears large, the

characteristics must be checked further.

Reservoir aresa
The reservoir is branched to two (2) rivers; Mae Pai River and
its right tributary, Khong River. Both rivers form gorges

generally, but Khong River has a slightly open tendency.
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There are many large scale landslide configurations in the moun-
tain slopes of the Mae Pai River upstream. These configurations
are observed in the slopes of both sides in places where the

elevation of the river surface is 350 to 400 m (MSL).

Karst topography is developed apparently in the vast area of east
of Khong River with the south end limited by Mae Pai River.
Also, this topography is noticeable in small scale in the west

of Khong River.

In the area along Mae Pai River, there exist strata of Cambrian
to Ordovician, Silurian to Devonian and Carboniferous age. Among
them, the Cambrian to Ordovician strata consist of quartzite and
argillite, and major parts of the Sulurian toc Devonian and

Carboniferous strata are shale and sandstone.

Limestone of the Ordovician is distributed widely in the reser-
voir. This limestone is often interbedded with shale and sand-
stone and Karst topography like sink holes is not too apparent.
Landslide configurations are often noticed in the distribution

area of this limestone.

The Carboniferous strata are distributed in the area along Khong
River and limestone of the Permian overlies these strata. Karst
topography 1s very apparently developed in the distribution area
of this limestone. Generally, the limestone is distributed in
places higher than 600 to 700 m (MSL). The lowest limit of the
distribution is not clear because of talus deposits under cliffs

of limestone, but it seems to be higher than 400 m (MSL).
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Thus, the base of this limestone seems to be located at higher
levels than the planned high water level (400 m MSL), and there
seems to be no leakage problem related to this limestone. How-

ever, the base of the limestone must be checked at the fieid.

There seems to be less fears of leakage from the reservoir
through limestone of the OQrdovician in consideration that "the
limestone is frequently interbedded with watertight beds like
shale and sandstone", "no large fluctuation is noticed in the
running water of Mae Pai River in the 1imestone distribution
area" and "Karst topography has not been developed prominently".
However, this view must be confirmed through hydrogeclogical

surveys from now on.

The landslide configurations existing in the reservoir upstream
are large in the scale, and their actual condition must be

checked at the field to review influence after ponding.

Construction material
NEA has already carried out a preliminary survey oun soil, sand

and gravel materials.

The location for soil materials is about 13 km northwest of the
dam site. The materials available here are residual clay of
limestone and weathered secondary sediments of shale and sand-
stone. These materials must be mixed with coarse grained mate-~

rials since they do not have enough coarse grains. The coarse
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grained materials seem to be available in the area south of it
where shale and sandstone are distributed. The shale and sand-
stone in this area are fairly weathered and these materials may

be used as soil materials,

The site for sand and gravel materials is located in the area of
river bed deposits, 3 to 7 km down of the dam site. It seems
enough sand and gravel materials are available in the area. But,
there is a hot spring in the near area, thus in case of using
the material as concrete aggregates, whether or not deteriorat-

ing elements are in it must be checked.

For rock materials, quartzite in area of 2 km down from the dam
site, sandstone in the area of about 5 km doun fyom the dam site,
and limestone in the north of above mentioned soil materials
area are being plamned. These rocks seem to be usable as rock

materials from the viewpoint of rock quality.

{2) Mae Chaem Project area

i) Geology of project area

Topography
Mae Chaem River starts at the watershed with Mae Pai River at a
height of 1,000 to 1,400 m (MSL) and flows toward south with

meandering.

Five dam sites are proposed on Mae Chaem River, No. 1 through

No. 5 from upstream.

Mae Chaem River changes the flow direction greatly at about 25
km up of the No. 5 site, from northwest to southwest and joins

with Mae Ping River at about 20 m down of the No. 5 site.
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The river gradient is generally gentle and both sides are open.
In the downstream of the No. 4 original site, there spreads a
plane in width of about 2 km and in length of about 6 km and in

it the village of Amphoe Mae Chaem exists.

The elevation of the eastern and western watershed of Mae Chaem
River is 1,000 to 1,800 m (MSL). Doi Inthanon of 2,590 m high
(MSL), the highest mountain in Thailand stands in a great shape

at northeast of Amphcoe Mae Chaem.

Geology

The geology of this area consists of Precambrian gneiss, non-
metamorphosed and low grade metamorphosed Paleozoic sedimentary
rocks ranging from Cambrian to Carboniferous time, and granitic
rocks intruded during Carboniferous and Triassic time. No
Permian limestone which has prominent Karst phenomena exists in

this area.

Precambrlan gneiss makes the basement of this area and it is
widely distributed in the No. 5 site and around the eastern

watershed of Mae Chaem River.

The Cambrian -Ordovician strata consist of low grade metamorphosed
sedimentary rocks mainly composed of quartzite, and are distributed

in small scale in the No. 5 site reservoir and catchment area.

The Ordovician strata (Thung Song group) mainly consist of lime-
stone, and are distributed mainly around the No. 3 and No. 4
sites and in the reservolr of the No. 5 site. No Karst topog~
raphy like sink holes is observable in the area where this

strata are distributed.
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The Silurian -Devonian strata consist of shale, sandstone and
chert, and are widely distributed along Mae Chaem River in the

upstream of the No. 4 site.

The Carboniferous strata consist of shale, sandstone, and con-
glomerate, and are distributed in the west area of Mae Chaem

River in the upstream of the No. 3 site,

Granitic rocks are widely distributed in the upstream of the No. 1

site and west and east mountainous areas of Mae Chaem River.

Semi-consolidated or unconsolidated sediments of Tertiary and
Quarternary age are distributed in a small scale, in the lowland

aleng the river.

The geological structure of this area is generally in south-north
direction, and south-north trending folds are well developed.

Photo lineaments in the NW~-SE and NE-SW directions are prominent.

ii) Site geology

a)

Mae Chaem No. 1

Dam site
The dam site forms asymmetric topography with the gentle slope
at right bank. Mae Chaem River meanders often in the dam site

area. The elevation of the river surface is about 760 m (MSL).

It seems that the bedrocks of the dam site consist of strata
mainly composed of shale, sandstone and conglomerate, Photo
lineaments in the NW-SE direction area well developed around the

dam gite but are not observed in the dam siée itgelf.
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Thus, no geological problems as a dam site can be seen in this
gite, but the topographical coanditions are not too favorable for

a dam site.

* Reservolr area
Topography along Mae Chaem River is comparatively open. There
is a saddle-back of about 900 m high (MSL) in the east of Doi
Khan Huai Bong (1,127 m high (MSL})} in the right bank of the

reservoir.

The aerial photo geological interpretation was not carried out
to the whole reservoir area but within the interpreted area,
there is no particular topography that bears problems in relation

to ponding.

The geology of the reservoir area consists of shale, sandstone,
conglomerate and granitic rocks, and the Tertiary strata area

partially distributed.

Thus, this area has no significant topographical and geological
problems for a reservoir but attention must be paid to the
existence of the saddle-back of about 900 m high (MSL) and the

apparent photo lineament in the NW-SE direction.

b) Mae Chaem No. 2
+ Dam site
The dam site forms a comparatively gentle valley with broad
river width. Though there is a small saddle-back at the right
bank of the dam site, the topography is comparatively steady.

At the slope of the right bank, there are several creeks.
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The elevation of the river surface is about 700 m (MSL).

The bedrocks of the dam site seem to mainly consist of shale.
No apparent photo lineament is recognized around the dam site.
Existence of thick talus deposits are expected in the lower part

of the slopes at the both banks.

Thus, no particular geclogical problems are recognized except
the thick overburden at the lower part of the slopes, but the
topographical conditions do not seem to be too suitable for a

dam site.

Reserveoir area
Mae Chaem River gathers many tributaries and meanders in small
scale. The topography along the river imcluding the tributaries

is slightly open.

No topography like landslide that would cause problems in rela-

tion to ponding is recognized within the reservoir.

The geology of the reservoir consists of limestone and shale.
Karst topography like sink holes is almost never recognized in

the limestone distribution area.

It is considered that possibility of leakage from the reservolr
is very small, though there is limestone in the reservoir since
hardly any Karst topography is vecognizable in the limestone and

in consideration of the reservoir geological strcuture.
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¢) Mae Chaem No. 3

Dam site

The dam site forms a slightly gentle valley with broad river
width, but the upper part of the left bank slope makes continuous
steep cliffs. The elevation of the river surface is about 600 m

(MSL) .
The bedrocks of the dam site consist of shale and limestone.

The shale is a dense and hard rock in color of dark grey, but

has tendency of easily broken along the bedding plane generally.

The limestone is a dense and hard rock having banded texture in
color of light grey to grey. The limestone is distributed at
places higher than relative height of about 120 m from the river
surface, and conformably overlies shale. Generally the limestone
makes cliffs. Many caves of 2 to 30 om diameters and solution
cracks along the joint exist on this limestone. Large caves of
10 m diameter are found in the outcrop at the right bank of the

dam site downstream.

The strata strike crossing with the watercourse direction almost

squarely, and dip gently toward the downstream.

Sediments consisting of limestone blocks are distributed in the
lower slope of the limestone cliffs at the right bank, Judging

from the slope gradient, the sediments seem to be thick,.
The river deposit consists of fine sand with less gravel.

There is a hot spring in the riverbed in immediate upstream of

the dam axis. Blowing of the hot spring is not much but the
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temperature is high. Sand around the outlet is blackish and the

air around has sulphur odor.

Judging from that the valley is open, and the existence of hot
spring in the riverbed, which bears possibility of existence of
weak zone like alteration zonme, and assumption of the overburden
being thick at the left bank, this site does not seem to be so

suitable as a dam site.

The limestone around the dam site do not seem to have possibility
of water leakage since the distribution is limited to higher
parts about 120 m relative height from the river surface in the

dam axis and its upstream.

Reservoir area

Mae Chaem River gathers many tributaries and meanders in small
scale. Topography along the rivers including the tributaries is
open slightly. No topography like landslide that would cause
problems in relation to ponding is recognized within the reser-

voir.

The geology of the reservoir mainly consists of shale, and lime-
stone exists in the reservoir close to the dam site. The charac-
teristics of this limestone are not too clear at present, but it
seems to be in a different stratigraphic horizon from the lime-

stone existing around the dam site.

Accordingly, the key geclogical point of this site as a reservoir

is how this limestone is distributed.
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d)

Mae Chaem No. 4
Dam site
The originally planned dam site forms asymmetrie topography with
steep slope at the left bank and gentle slope at the right bank.
The river width is comparatively wide. The elevation of the

river surface is about 500 m (MSL).
The bedrocks of the original site consist of shale and limestone.

The shale is a hard and dense rock in color of dark grey, but
generally has tendency of being easily broken along the bedding
plane. The shale around the dam site has been distributed much
by the folding and prominent weathering is also recognizable.
The shale is widely distributed in the right bank of the dam

site.

In the right bank of the dam site downstream, the shale is inter-
bedded with altermating beds of shale and limestone, each having
a thickness of 1 to 5 cm. The limestone in the fine alternating
beds is soluted, resulting in a sandwich appearance of the thin

shale layer being protruded.

The limestone is a hard and dense rock in color of grey to dark
grey, and generally has a banded texture of dark and bright
color tone. This limestone is widely distributed in the right
bank of the dam site and in the reservoir. Many caves of 2 to
30 em diameter and solution cracks exist on this limestone,
Sometimes, large caves of 5 m diameter are found. The outcrops
along the river are soluted laterally up to 1 to 2 m high above

river surface.
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Almost no overburden exists at the left abutment. At the right
abutment, residual soils are distributed in a thickness of about

2 m, but the bedrock has been weathered deeply.
The river bed deposits consist of fine sand with less gravel,

The alternative dam site is located at about & km upstream of

the above mentioned originally planned dam site,

The alternative dam site forms gentle topography with very gentle
slope at left bank. The river width is comparatively wide. The
mountains at the both banks of the dam site form ridge stretching
in the east-west direction, and narvow width saddle-backs of

about 620 m high (MSL) exist at the bath sides.

The river meanders in large bends at the dam site upstream. The

elevation of the river surface is about 510 m (MSL).

The basement of the dam site consists of shale. Conglomerate
and breccia, that seem to be of the Palaeogene, overlie the

basement.

The shale is a hard and dense rock in color of dark grey, and
has tendency of being easily breoken along the bedding plane.
This shale is exposed in creeks at the left bank around the dam

site.

The conglomerate and breccia are distributed around the dam site
overlying the shale. The conglcomerate contains pebbles of chert,
shale and sandstone of 1 to 30 om diameter, and the matrix con-

sists of sand or clayey sand of brownish toﬁé. This conglomerate

is firmly consolidated.
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The breccia consists of rubbles of shale of 1 to 20 cm diameter
and the matrix consists of fine grains of shale. Often, rubbles
of limestone are recognized in breccia. The breccia is also

firmly censolidated.

It seems that the conglomerate and breccia are gradational.
Breccia is developed in the right bank of the dam site and upper

part of the left bank.

Terrace deposits are distributed in the lower part of the dam
site right bank overlying conglomerate and breccia. Topsoil and
talus deposits are distributed widely covering the slopes. These
deposits are thicker at the right bank, and the thickness is

assumed to be 4 to 5 m.

The river deposits consist of fine sand, but sometimes, granite

boulders of 20 to 100 cm diameter are observable.

The original site is topographically superior to the alternative
site. However, as mentioned in the above, at the original site,
limestone with many caves and solution cracks is distributed
around the dam site and within the reservoir. Therefore, water
leakage from around the dam site is feared. In the altermative
site, saddle-backs exist at the both sides and leakage from these

areas is feared.

Thus, both sites are not free from anticipation of leakdge, but
in expectation of possibly solving the problem by foundation
treatments and in view of easiness of the investigation, this

master plan adopts the alternative site for the project.
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This does not mean discarding the original site. Hydrogeclogical
investigation must be proceeded in the limestone distributed

area of the oviginal site along with the investigation works in
the alternative site. Final review can be made based on these

investigation results.

The conglomerate and breccia of the alternative site seem to
belong to young geological time, but as a whole, they are con-
solidated firmly. Therefore, it seems they have not so problems
in their bearing strength as a rock-fill dam foundation. The
cementation between grains is strong and there are only few
cracks, so that permeability problem will be less. However,
these views are only based on the surface reconnaissance and
since the origin of these conglomerate and breccia have not been
clarified up to present, whether or not they would be sujitable

for the foundation rock of dam must be Ilnvestigated further.

Reservoir area

The reservoir is divided into two (2); Mae Chaem River and its
tributary, Huai Mae Yai River. Both rivers meander and topog-
raphy along the rivers are open. Except the three saddle~backs
existing in the neighborhood of the alternative site, there is
no particular topography that would cause problems in relation

to ponding.

The bedrocks of the reservoir mainly consist of shale, but lime-
stone is distributed in the area between the original and alter-

native sites. Karst topography like sink holes is hardly
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recognizable in aerial photos, but in the outcrops along the
river a number of large and small caves are developed. In the
neighborhood and upstream of the alternative site, granitic rocks

and Tertiary strata exist.

Accordingly, the problems as a reservoir are distribution and
property of limestone in the original site and geological coudi-
tions of the saddle-backs in the alternative site, all of which

are the same problems as those of the dam sites.

Construction material

In the original site, residual soil and weathered shale at the
dam site right bank or the Tertiary strata at the dam site down-
stream may be used as the soil materials. The sand and gravel
materials would be obtained from the river bed deposits dis-
tributed area along Mae Chaem River at the area of 5 to 10 km
dowvnstream of the dam site. Limestonme is available in the dam

site area for the rock materials.

In the alternative site, the soil materials are expected at the
Quarternary sediments existing in the plane of about 3 km east

of the dam site. Also, limestone is distributed in this area,
which might be used as the rock materials. Furthermor, limestone
is available from the dam site downstream for the rock materials.
The sand and gravel materials would be available from the terrace
deposits distributed area in the neighborhood of Ban Sob Wak of

about 1 km upstream of the dam site.
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e)

Mae Chaem No. 5
Dam site
The dam site forms gentle topography with developed river
terraces at the left bank. The slopes at the both banks are in
gentle gradient up to the relative height of about 100 m above
the river surface and beyond it, the slopes are steep with about

40°, The elevation of the river surface is about 330 m (MSL).

The bedrocks of the dam site consist of gneiss, granitic rocks,
and pegmatite veins. Gneiss intercatates thin lime-silicate

rocks partly.

The gneiss is medium to coarse grained, magsive, hard and dense
rock of grey. The gneiss has gneissosity arranged with colored
minerals (mainly biotite). The biotite rich zones are weak and
are apt to break along the gneissosity., The gneiss is widely

distributed around the dam site.

On the outcrops at the national highway of the right bank of the
dam site, weathering and joints are observed prominently. How-
ever, in the outcrops at higher parts of both banks, joints are
hardly observed, and the weathering is limited to the surface

only.

The granitic rocks are fine to medium grained, massive, hard and
dense rock,of light grey. The granitic rocks intrude into the
gneiss irregularly or in paraliel to the gneissosity. The
granitic rocks are usually massive but weak gneissosity is

recognized partially.
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The pegmatite is coarse grained rocks of light grey. Grain size
of the mineral is 1 te 3 cm usually, but occasionally large sizes
of about 5 em can be seen. The pegmatite, occurring in the form
of veins in gneiss and granitic rocks, is generally small in

scale.

The lime-silicate rock is fine to medium grained, hard and dense
rock of light greenish grey. The rock is locally intercalated
in gneiss in thickness of 1 to 2 m. The contact of lime-silicate
rock and gneiss is very close, and no trace of solution is

recognizable.

Overburden of slopes at the both banks is thin and weathering of
the bedrock seems to be not too deep generally. However, thick
sediments consisting of silt to fine grained sand are deposited
along the river. The DMC5-2 drill hole in the riverbed indi-~

cates that the silt to fine grained sand are deposited in thick-

ness of 20 m from the river bed level.

Drilling of three holes on the dam axis and one hole each at the
intake and power house site was carried out. The drilling re-
sults on the dam axis indicates favorable bedrock conditions at
higher parts (480 m altitude) of the both abutments. Sediments
consisting of silt to fine grained sand are deposited thickly in
the riverbed as described before. The bedrock below have no

problem as a dam foundation.

At the DMC5-4 hole (464.4 m altitude) of the intake, depth down

to 3 m from the surface is residual seil, and the area between
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4mand 9 m is slightly weathered and loose bedrock, but depth

from 9 m on is hard and dense bedrock.

At the DMC5-5 hole (343.4 m altitude) of the power house, depth
down to about 3.5 m from the surface is residual soil, and the
area between 3.5 m and 7 m is weathered and brittle bedrock, but

depth from 7 m on is hard and dense bedrock.

As far as the permeability test results of the DMC5~2 hole of
the riverbed indicate, the permeability is very small with a

few exceptions.

As has been explained, this site does not seen to be so suitable
for a dam site topographically since the walley is open. How-
ever, geologically, there is no particular problem except the

thick sediments in the riverbed.

Reservoir area

Upstream of the reservoir forms gorge topography, but in the
downstream from the confluence with its tributary, Huai Mae Ka,
planes are developed along the river. Topography like landslide
configuration that would cause problems in relation to ponding

is not recognized in the reservoir.

The geology of the reservoir mainly consists of gneiss and lime-
stone. Granitic rocks and the Tertiary strata exist partially.
The limestone is mainly distributed in the midstream left side.
Karst topography like sink holes is hardly recognizable in this
limestone. The limestone is distributed in the form of being
surrounded by gneiss, granitic rocks and the Cambrian -Ordovician

strata.
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Therefore, this site seems to have no topographical and geologi-

cal problems as a reservolr,

Construction material
According to NEA's preliminary survey, the Tertiary and Quarter-
nary strata distributed area in the upstream of about 10 km from

the dam site is the objective soil materials area.

Results of grading analysis on two samples indicate that the
materials are usable as the soil materials. It seems that the
same quality materials exist im place closer to the dam site,
Therefore, further investigations should be conducted in this

place.

The location of the sand and gravel materials is the river
deposits distributed area of about 5 km upstream from the dam

site.

The rock materials are available from limestone distributed in
the area of about 20 km northwest of the dam site, but the dis-
tance might be too long. Gneiss have tendency of being easily
broken along the gneissosity generally. However, the gneiss
exposing in the both abutments of the dam site forms massive
body, and massive granitic rocks are often intruded in the

gneiss.

There is a possibility of discovering gneiss that can be used as

the rock material mear to the dam site.
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(3) Mae Khan Project area

i)

Geology of project area

Topography

Mae Khan River starts at the watershed with Mae Pai River and
Mae Chaem River, having a height of 800 to 1,400 m (MSL) and
flows toward southeast with meandering. Two (2) dam sites are
proposed to Mae Khan River; No. 1 and No. 2 from the upstream.
The river joins with Mae Ping River at a point of about 25 km

down from the No. 2 site.

Geology

The geology of this area consists of the Precambrian gneiss as
the basement and sedimentary rocks of Ordovician, Silurian -
Devonian and Carboniferous age and granitic rocks that intruded

during Carboniferous or Triassic age.
The Precambrian gneiss is widely distributed along Mae Khan River.

The Qrdovician strata (Thung Song group) mainly consists of lime~

stone, and are distributed in the northeast part of this area,

The Silurian -Devonian strata consist of shale, sandstone and
chert. These strata are distributed im the north and northeast

parts of the area in the form of thrusting over the gneiss.

The Carboniferous strata consist of shale, sandstone and con-
glomerate, and is distributed in the northwest and east parts of

the area.

The granitic rocks are distributed in the southwest part of the

area.
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Semi-consclidated or unconsolidated sediments of Tertiary or

Quarternary age are distributed in small scale.

Geological structure of this area is generally in the NW-SE
direction. Photo lineaments in the NW-SE or NNW-SSE direction
are prominent. Especially, the thrust fault at the north of Mae
Khan River is continuous for a long distance and the scale is

very large.

ii) Site geology

a) Mae Khan No. 1

Dam site
The dam site forms gentle topography with wide river width.

The elevation of the river surface is about 600 m (MSL).

The bedrocks of the dam site consist of gneiss, but at the higher
part of the left bank, strata consisting of shale, sandstone and
chert seem to be thrust over the gneiss. The fault estimated in
the dam site downstream seems to extend to the river bed of this

area.

Development of open cracks along the gneissosity is assumed on
the gneiss, as will be explained in the No. 2 site. Also, from
the look of gentle topography of the dam site, deep weathering
of the slopes at the both banks is assumed. Judging from these
points and possibility of fault existence as mentioned before,

this site seems to have geological problems as a dam site.

5-36



b)

Reservoir area
Mae Khan River meanders and topography alomng the river is

generally open.

The geology of the reservoir mainly consists of gneiss, and in
some parts, strata consisting of shale, sandstone and chert are

thrust over the gneiss.

The key peint for a reservoir geology is the distribution and

property of this thrust fauwlt.

Mae Khan No. 2
Dam site

The dam site forms gentle topography, with comparatively narrow

river width.
The bedrocks of the dam site consist of gneiss,

The gneiss is medium grained, dense and hard rock of grey.
Gneissosity with colored mineral (mainly biotite) arrangement is
developed in the gneiss. The gneissosity strikes almost square
to the watercourse direction, and dips gentle, at 10 to 20°, to-

ward the downstream.

Joints along the gneissosity are prominent. These joints are
open at the surface frequently and some are as wide as 50 cm,

The surface of these open joints are smooth.

The overburden is generally thin and in the slopes at the both
banks hard bare rocks are found up to a relative height of 10 to
15 m above the river surface. Weathered rocks exist sporadically

in the upper slopes.
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Hard gneiss is exposed in the riverbed, but it is assumed that

weathering is deeper in the upper slopes,

Open joints of low angles are prominent along the gneissosity in
the outcrops of the riverbed. In this site, property of open

joints will be a problem.

+ Reservoir area -
Mae Khan River flows straight generally, and no plane develops

alongside the river.

The geology of the reservoir mainly consists of gneiss. 1In some
parts, strata consisting of shale, sandstone and chert are thrust

over the gneiss.

The key point for a reservoir geology is the distribution and

property of this thrust fault.

Mae Pai —Mae Chaem Transbasin Scheme site

In this master plan, transbasin scheme 1is reviewed in two ways; to
pump up to Mae Chaem River from the point of about 4 km up of the
Mae Pai No. 1 site, and from the point of about 8 km down of the

No. 1 site (for details, refer to Chapter 6).

Extension of the water tunnel is about 14 km for the upstream plan

and about 24 km for the downstream plan.

a) Upstream route
The bedrocks of the upstream plan route are expected to be
granitic rocks mostly. Topography of this area is general gentle

and deep weathering of the granitic rocks is expected.
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b)

Several photo lineaments in the direction of ENE-WSW and WNW-ESE
are recognized in the water tunnel route. One of these photo
lineaments may be related to the hot spring existing in Huai Ban
Paeng that joins with Mae Pai River at about 8 km upstream of the

No. 1 site.

Downstream route
The bedrocks of the downstream plan route are expected to be
strata consisting of shale, sandstone and chert mainly. In addi-

tion, limestone and granitic rocks are distributed partially,

In the water tunmel route, several photo lineaments in the

direction of WNW-ESE are recognized.
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Appendix

Collected Data (Data collected in Thailand during the last survey
mission. Aerial photos were kept in Thailand due regulations.)

Geology

1. Aerial photograph

Mae Pai River basin 101 sheets
Mae Chaem River basin 165 sheets
Total 266 sheets

2. Geological map

a} CGeological map of Northern Thailand
1:250,000 scale  Sheet No. 2 and 3 (1976 and 1977)
" Sheet No. 4 and 5 (1970)
German Geological Mission in Thailand

b) Geological map of Thailand
1:250,000 scale Changwat Lampong Sheet (Qriginal)
Royal Thai Department of Mineral Resources (Sept. 1971)

3. Previous geological data

a) Foundation investigation of the proposed Nam Pai Dam Sites,
Nam Pai Project
Srisusarp V (Dec. 1974)

b) The geology of the Nam Pai Dam Site VI and Reservoir area,
Nam Pai Project, Vol. I, T and IIT
Engineering Geology Section, NEA (Sept. 1980)

c¢) Data of drill hole

Geologic log of drill hole of Mae Chaem No. 5 Project Dam Site,
drill hole No. DMC5-2, DMC5-4 and DMC5-5
Engineering Geology Section, NEA (1980)

4. Report on earthquake

Seismic activities and major faults in Northerm Part’ of Thailand
for Geothermal Energy Research Project
EGAT (Jan. 1980)

5-41



(]

198 0mai 155 —x R IR AN N + sagooag
‘ F—— T ST T T .ﬁ‘JL”']f\i
I . ¥ H y L b 1 * — HTGPOE =N
" — - i
R — i
SRR e = N R LEGEND
. \T‘\‘S %: _ I Pl i d ! l 1 Top soil, and ferrace, {lcodplane,
Rt N AT ST - ‘ it g [] Quaternary nverbed and talus depesis
3 ‘e Fig 5-4 L . ‘ﬁl = a :
N Y X = [
’g Sy, o R;:" \\’ 3 Testlary Mudstone, sandstane and congio-
i °"r, [ By g 2 4 T \ mente
NE# 3 L !
g SR R
H -]
e — i & o . Pe
[T a ® ';"“B""‘ ) Mgssive hght gy limestane
P . ot Burl group
g 2 i g
e HE {
A a0 ! ﬁﬂlﬁf&\%‘\?l ) g Carbaniterous Shale, sardstone, conglomerate
Flg5-3 — N AT == T B N T and cnert
= EAES I = g
o5 [ i o 4 E Sliurign~Devontan  Shole, sandy shele. Sandsione
kY —?i N T/ ] T @ {Partly Ordoviclan} and cherf
S otte B N GAETITAT. MG I i o z L&
\,.»_E:E ﬁruT Ay ]‘4 T Imp| 1 I T‘p‘“\ ._/"S’\' Ordovicign Well bedded to massive dark gray
/{ ; e’) - >y : : Tt S YR TR S (G {Thung Song group) limestone, interbedded shole and
Z Qr\\"\") f > A [\ B0 LAl A VB R/Z/f satdstane
: PAIR v x -~ Cambrien €hole and sandstone In many
= s QMIT&L [T T-T9T4F LK v ~ Qrdoviclan places metamorphosed o schist,
} oy SN pAE U N O 0 B AR, 1. slafe, quartzite ond argillite
¥ \'g

=
Gneiss, schist, marble and
CC/ Metamorphic racks oo oy itic racks

h - T ek P i < o + +} Ignecus rocks cranite, granodiorite
r A7 - , ‘. 4
7 =} ] Ly N I - = r
L] —= V.
= - - =
Vv > - \ e ao)/ Strike ord dip AT Landshde configuration
. - 7 of bed \-Y 3
t
[3 = TN /
= y ) t Foult
3,4 L ? '?,:J ! 4 {assumed ) C‘E\ Swallet
T }(}/ » d
. A i n
Ay A, Bt oy e e #=a 5 Y Thrast fauit & vor sormg
£ {assumed)
I & A /"-" Aren of cerigl photo
™ 4 A == {_x_ ) gealogical Inferpretation
14 }1 . A 5T - é;‘:;a Sink hole s
\3 ] . 1
t 3.5;’ Y
5
\_ - =i This mup is compiled from wvoriol phole
F"j ‘""@ A 4 geclogica! interpretatron end Geolegical
p kY
f; e g - Map of Northern Theilond  (1/250,000)
¥
= “e prepared by Germaon Geolegicg) Mission
0
(% ” - ; o in 1970
q ! CSTLAG .
hY ) 3 i ] = X
"ae "~ ~aoa ST Y
{ a-\ = 3\
?\‘ — \ ~ P Ji
]
@ \ R P A 0km
= ! =,
T = s o |y

= ) ! - s Y= i

MAE PA1 AND MAE CHAEM PROJECT

; 7 e, 3 MASTER PLAN
p) -U‘ = )/ : Feaon 7
3 ¢ ; 7, g + ., %
/ :1‘;\; E“‘fl:’]{\(\‘iﬂ:\ &frf\{{; % (/w A ‘__E_\S‘E-i l-ws«? GEOLOGY
R ARREFRTT e PORDNT n TR e SAT A g MAE PAI RESERVOIR AREA PLAN

Fig. 5-1 June 1981

2 1
4 ! 3 ! 5-43 SHEET NO oF




LEGEND
Top soll, ond terrace, Moodplane, CGnelss, schist, marble and
g I:] Quoternary riverbed and falus deposits Mefamorphic rocks  gnatexitic meks
~
o
c
A . —)"
i Tertiary Mudstone, sundstone ond congla- Z
o merate {gneous rocks Granite, granodiarite
mgl “]DI ll.(A
Pecmion Massive b = i o 5 AN % N H J
ght groy limestone w0 2
{Rat Burk group) Xy Stike and dip T\LL SLnel Z L Ve
of bed S . 1o N K_,
Shale, sandstone, conglomerale slrest Z f J’-) ¢ \_2;—,b
Carboniterous . )
/ =3 s ~
o ond cherl y; Fault —_— o e ~
] 7 {assumed ) I < 3 ﬁ % a
] E Siturian~Cevonian  Shale, sandy shale, sandstone e ) L\// + + + I — T
K {Fartly Ordovician) and chert . << G_ L —
Grdovician Well becded to mossive dark groy &5 Hot apring S T2 1= i o g *, -
(Thung Song group} limeslone, Interbedded shoke gnd — — I = o f\:
sandstone /- .} Area of gerlot nhv:m)I N ., £ S
Gambrian Shale ond sandstone, In mony J gealogical intergretation - o =2 5 — 0
\ ~ Ordoviclan ploces matamorphosed o schist, / w T - ; - ——
slofe, quartzite and argillite ¥ H _/‘é‘
LLEAL 2 &l‘!l »nel LA X} Ll =

| g B ik - [Cing
RO o) o if ST ST SN s R g—é—-
P A Yl T = v

s ~ - ] — 2 __g_’ "/‘;-"12“,} ~4°0 L= _
r i AN ' o — LR R © © ok v
— o %%go

4
Ny
N s 0 S

(2]

e

N

(3]

A Fla 5-3 Hot MAE PAl AND MAE CHAEM PROJECT
1)
e MASTER PLAN
This mop 13 compiled trom aengl photo
¢eologicol interpretation and Geolagical GEOLOGY
Fla 8- M of North lland ? "'ka
% ap orthern  Thallan { 1.-250,000) [ | MAE CHAEM RESERVOIR AREA PLAN
‘p prepored by OGerman Geologlcal Mission
% — {(n
AF in 1970
o Fla 5-2 [ June. 1981
P 3 | z ! SHEET NO OF

5-45



y 4

[ ]
(S

Cenozac

=
=

Paleozole

=

“Hy =

b
/
7
7/

4
y

£

S
%
o]
z
'y

44

This mop is compiled from aarlal photo
geofogical Interpretation and Gealogical

Map o Nerhern Tholland  (1/250,000)

- ignecus  rocks

a
LEGEND
Top so0ll, and ferrace. floodplane,
Quaternary fverbed and taus deposlis
Tartlary Mudstone, sandstone and conglo-
merote
Permlan Mossie lght groy imestone
{Rat Buri group)
Shale, sandstone, conglomergte
Carboniferous ond chert
Sllurion~Devonlan Shole, sandy shole, sandstone
{Partly Ordovicien) and chert c
Qrdoviclan Well bedded to massive dark gray
Thung Song group) fimesfone, interbedded shole ond
sangatone
Caombrion Shale and sandstone, In many
-~ Ordaviclan places matamarphosed to achist,
sigte, quartzite and omgiliite
Gnelss, schist, marble and
Metamarphic. focks angtexitic rocke
Granite, granodiorite [ —
7% Afea of genal photo
Strike and dip / ) geologlcal interpretation
af bed !
Foult
{assumed )
B
Thrust fault
{dssumed}
Sink  hole

—O

I?km.

MASTER PLAN

MAE PAl AND MAE CHAEM PROJECT

GEDLOGY
:GT::: by German Geological Mission MAE CHAEM RESERVOIR AREA PLAN
(2)
Flg. 5-3 | une. 1981
: - 2 | ' SHEET NO OF

5-47



LEGEND

[ Tertiory

( Permlign
{Rat Butt group)

E Carbonlferous
Sliurlan~Devanian
{Parlly Ordewicion)

Ordovigian
{Thung Song group)

Cengrole

Pales2alc

Top soil, ond terruce, floodplane,
riverbed ond falus deposits

Mudatene, sandstone and conglo-
mercte

Moasive sght groy jimesione

Shale, sandstone, conglomerate
and chert

Shale, sandy shale, sandstone
and ehert

Well bedded to massive dark groy
limestone, Interbedded shale and

sandstone

Cambrign Shale and sandstone, In many
l ~ Ordovicion ploces metamorphosed o schist,
slote, quartzite and crolllile

Gneias, schish, marble and
Metamorphic: focks  coatexitic rocks

Igneous rocks Gronlte, granodlorite
_{..

2o A R ; ﬁ\ﬁ o
E\ﬁ'.lllﬂm“lll N %/ siike ana aip
N S T i +
o Ny Fien ,
el Lo, + Vs Fault
7/ {assumed )

Y Thrust toult
fossumed)

y
| 4

Note :

3073 000my

Thls map (s compiled fram Geological
Map of Northern Thailang {1/250,000)
prepored by German Oealogical Mlssion
in 1970

~0
L5
]

% MAE PAl AND MAE CHAEM PROJECT
3 MASTER PLAN
]
H GEOLOGY
MAL COLAEW
MAE KHAN RESERVOIR AREA PLAN
Flp B=3
Flg 5-4 l June 981
4 3 2 ! SHEET NO OF

5-49




SECTION A-A (MAE PAl Basin) SECTION E-E (MAE CHAEM Buosin)

SECTION B-B (MAE pa! Basin)}

LEGEND
2,000M - 2
MAE_Pal RIVER MAE BJ RIVER Top soil, and ferrace, tivodplane,
1,500 1500 2 Quaternory riverbed cnd talus deposits
N
L000 r— Lo00 ]
g g
s00 '::_"_-..!E_---'_'.‘:lﬂé. 530 3 Tertiary Mudstone, sandstone and congla-
b H - - * o+
- o+ o+ merate
D [+]
( Permion
1
2,000m =X {Rat Bur group) Massive light gray limestone
e . e
1,000 — 1,000
— I T~ Shate, sandstone, conglomerate
o o g Corboniferous and chert
O
=
° Slluran~Devorian Shole, sandy shale, sandstong
z E (Partiy Ordovician) and chert
[
SECTION C-C (MAE CHAEM Basin} Ordovician Well bedded fo massive dack gray
{Thung Song group)  limestone, interbedded shale ond
sandstone
2,000m 2,000
MAE CHAEM RIVER Cambrian Shale and sondstone, In many
1,500 L.5co L . Ordovician places metamorphosed fo schist,
1000 At | o +|‘000 sigte, quartzite end argillite
: + + + +  + o~ . . = L7
son + + wlEl+ + 4+ & AN 7 __"_L'\’-':d‘:-:'_ s00 Metamot phlc rocks G:::::'"f: hrlggkgurbla and
T o A4+ F 4+ PGS * o
0 <]
Igneous rocks Granite, granodlorite
2,000m 2,00 + |
— ——, e T
1,000 e 1 1,600
o A L ! o \\ Fault S Thrust foult
\ {assumed} 'y {assumed)
Note
This map is compiled from gerial photo
SECTION D~D {MAE CHAEM Basin) gealogical Interpretotion and Geologlcgl .
N Map of Northern Thalland  {/250,000) o[ P RS | _I?m
1,500 MAE CHAEM RIVER 2,000 prepared by German Geoclogical Mission (Horizontal scole)
1600 4-+ - 4 1,500 In 1970
+ o+ + 4+ o+ o+ + + + + 4+ + «l 4 The geclagle sectlon IS drawn o o different
00— x v T 4 "?f//g{j LY L 1000 gedias
-+ + ;4 o + o+ “+ + o+
° + 4+ + o+ + 1 e + + o scole for verlical ond horizontol The reat fopogrophic MAE PAl AND MAE CHAEM PROJECT
pratile In natural scale 13 shown below MASTER PLAN
2,000M— 2,00 each geologlc gection
. GEQLOGY
14000 ——== 7 <= 1,000
— o ]
o Q

RESERVOIR AREA PROFILE

Fig, 5- 5 June 1981

5-51




\
<‘
t

—
- -
I
—_ T~
. LEGEND
= L', 8
— figimirmyni 100 ., / Q
I SN T } Q A Topsoil, talus deposiis
LA W ITR T SN Q
«
o
<

— e e s S River deposits
= e e e = —
—— oo A

2,127.000N Granite
— : Limestone

)i B L B

Limestone tntercalated with
sandstone and shale

I E
o LSS : y \/ M~... Geological
N TR T RS * boundary
ST AN S N3OE
Nim 40 Strike and dip
\ [N 18 of bed
O D —
600 MRTRTAYARY
— 700 S N s s
N TLN MRS Tl = \ 00
W AW WA (A N 6
5] wqu;a_ s — Ay ;
‘ _ \ Ty -\n = AS < 5
\/\700 —) " __!‘\.L_\ A7 23 ARA =
l 500

pren —— S = = 74} e
. = = N RIVER __ - S I A A
Fal
== = = = T e e e ]

= P 2,126,000N

‘/T f~— T e = = e T —-—— .TZI_J\'—\-}\' —"l-‘ﬂl"ggr‘]fz"ir‘-ﬂ - -
_____ I N b | 4. L 5_i l_T ‘_l Yy, VArS'muyis) A A /s -

{\1 ‘ iy - Note - This drawing 15 prepared

/I

600\ \ _— _T_"""_'_ based upon /10,000 scale
\ e "'“A e topographic map surveyed
[pp——
T A A by NEA.
L A A
~] A A
faN
Q0m
\ 500 ? 1 —l 1 L 54!
/
P‘\
\’\\) MAE PAI AND MAE CHAEM PROJECT

MASTER PLAN

426,000E

GEQLOGY

MAE PAI NO.1 DAM PLAN

e SO
427,000E

Fig. 5— 6 | June 1981

5-53




-450

=400

—350

—550m

=500

400

—350

SECTION A~-A
(UPSTREAM DAMSITE)

7 _HWL a75m

MAE _PAE RIVER

SECTION B-B
(DOWNSTREAM DAMSITE)

MAE PAI RIVER

Naote These sectians are prepared
trom  L/10,000 scole  lopographic

map Surveyed by NEA

550m —

500 =

450 -

400 -

ss0

S50Mm —

500 =~

450

400 -

350 —

LEGEND

Topsol, telus deposits
l | River deposits
@ Limestone

F——-]
Limestone intercalated with
E——=] sandstone ond shale

L)
. Gealogical boundary

.

ro

Iqﬂlﬂ

MAE PAl AND MAE CHAEM PROJECT
MASTER PLAN

GEOLOGY

MAE PAI NO.! DAM PROFILE

Flg. 56-7 June. 1981

5-55




2,140,800N

397,000F

— g8
—_—
—— e et

397.400€E

A97,000E

Z
//\'_’/_/ P

et

3

&

~

)]

"

Ly
8
<
]
a
™)

397, 600E

397,800

397,80CE

2, 140,200N

358,000

2,140,6008

LEGEND
Topses!, iaius deposits
Low grode metgmorphosed
sedimentary rocks
{Quartzite. Argillite}
\\
~

Geologicgl boundary

50 Sirlke gnd dip
of bed

70 Sirtke ang aip
\.\ of Jjoink

\’.& Axis of anticling

Driti hole
Name of hale

Elevation {in meter)
Length {in meter)

% Sheored 2ane

Note This drawing s coempiled
fram 1/2000 scqle gealagical

mop prepared by MNEA

o] 200m
| R R ST T T | H

MAE PAl AND MAE CHAEM PROJECT
MASTER PLAN

GEOLOGY

MAE PAl NO.6 DAM PLAN

Flg 5-8 June 1981

5-57




- 400

~150

DH-1

R

EL 4462
L 2000

RO X

3

wi-] ~ RIEH~E

L

DHEFHH =T » Jas[ & 1~ Is |

L
~
Bl=—IB3 Gravity
Tesi

—

Tested every 3m

SECTION C-C

DH= 3 {Projected)
EL 3878
L. 2000

7 Hwt aogm

g

ila]?
31 @
—i L)
s |
||Ig
MAE PAI RIVER 7] Wul
F1F a7
2 2iz ]
o
g kst
el
2|
OH-2 wotd 744,12
EL 2290 :

L2000

— /»/x///f;;l//g

toa—-—z'.'

~
~
'u
Le
-
-

Iz—7-4 9|

8

iy 150
GOIWEHIC] Lu
H
L=
H
]

Sign of geologic log

E] Topsoll, talus deposits

E_J quartzite
EA Alite

Sheared zone
Core loss

7

= I-H

Elw s ST e - ] = AHEt~ T 1% N
03 ~2Z4a

7

This sectfon is prepared from 1/2,000

T

scale topagraphlc map surveyed by NEA

/)

!

L

0

450M—

400 -

LEGEND

TJopamt, Solus deposils
D River depasits

Low grgde metamarphosed
sedimentary racks

{Quartzite, Argitlite )

350 -

~~, Geological beundary

Geologic log 250 1

HI|C| t

200

Rock Quolity Designation J
Weathering *
1{tresh)-5 {decomposed) b
Hardness

I thard)-5 {soft) i
Core figures

I {stlck), 2 (substlck), 3 {plece} |
4{tragment ), 5 {gran}

Lu “lugeen's value 150 -

-0

lqom

~

),

MAE PAl AND MAE CHAEM PROJECT
MASTER PLAN

M
M TT

é

7

GEOLOGY

MAE PAl NO.6 DAM PROFILE

Flg 5-9 June 1981

359




o
‘3
2
\%,
&
49/
ad
(2]
&
\\%
=
éﬁl

X

0

AR
PN SSSSNNNNY
SECAL SIS

/45
&
oot

N A
J X, X, - o
: 5 2 e ARG LIEISIS
N e BB SRR R e
g SRy ~ 9 v SR S e N R N I X A XY
= N > 9 T K - A9 S’ "‘&‘A < @"‘l’&'&'&\k“ -)&V‘x‘&:"&ﬁavﬁ‘f‘
? R R AR
et I NN S ST ERR ST
<J . " v 'f"'/"vv ,.---v_‘_v";"‘)
g v g -‘/&’? ¥ v i a,@‘;
< g ‘e‘é M Y g ™
v &< <
< Yo A" - 50’/; 3 S N
3 J k) <7 b 7 , Uty
~ < < vl u“%b
N N, N <7 ¥ 7 ¥ & pmETERE I ae e T .
3 < . < / P )t"" 0 _B G O O O b‘\\
d - i b
//;ooooooo‘
= G- §=0-0.0 0 0 0 09
N =i -8 0 0 O
2 I 7 CEETN I T
T A T 9 e N o
L P ISR F‘- o e NN S
_ et N, B R I S Ne === = SN NS SN
. O NRIES VAN S SR INANNS PO
» - L RONITIHE RN s S R
> CAVAY oW -, N Tt
0 RN NS S

X \____\g%g{

LEGEND ? , \ 200m

A D] Topsait, talus @ Shale &% Hat spring Note Thus drawing s prepared based upon
A | deposits
/2,000 scole topographic maop sSurveyed
[:] River deposis ™. Geologicat boundory by NEA MAE PAl AND MAE CHAEM PROJECT
. MASTER PLAN
N3ow .
Terrace deposiis \Q’ g:r:::ed and dip GEOLOGY
@ Limestons Nia:{o E:rm?n?nd dip MAE CHAEM NO3 DAM PLAN
Flg. 5-10 | aune 1981

5-61




SECTION D-D

MAE CHAEM RIVER

750 —

700 -

650 -~

600

850 -

LEGEND

Topsct! , tolus deposits

l , River deposiis
.
.

Limestone

Shale

Geologicol boundary

Note This section is prepared from
172,000 scale fopegraphic map  sucveyed
by NEA

o

10]0"‘

MAE PAl AND MAE CHAEM PROJECT
MASTER PLAN

GEOLOGY

MAE CHAEM NO.3 DAM PROFILE

Fig 5~ | June 1981

5~63




s

434,000E—

sor ™
V!-ﬁ 33 OOOE/

435,000E

LEGEND

EE, Topsoil , talus deposits
River deposits
Terrace deposifs

FoRraY
Breccid
Q0
Conglomerate

:
2.061,000N '

550
AN

‘.. Geological
“~ boundary

N3OE gstrike and dip
of bed

\..,_\ Estimated fault

This drawing is prepared
based upon (/10,000
scale topographic map
surveyed by NEA.

L 1 1 1 Sqom

E0n MAE PAl AND MAE CHAEM PROJECT

' MASTER PLAN
2,059,000N |

GEOLOGY

MAE CHAEM NO.4 ALTERNATIVE
DAM PLAN

\

Fig. 5 -12 June. 1981

5-65




431,800E

-
i Y

e I P gl Y B sy s
T 1 T ]
L AT 1
650

431,800E

432,000E

g Py
A

A A
A

A Fa

e,

~ Geologreal boundory Elevation [in meter)

Length {in meter)

q

I 432,200
F Zi Z =
g } g
o 8 g 8
w w0 ]
8 § 3 L0 8 uy
o n g 8 o 8
LEGEND
] 200m
N 20w b, FERE L U VO O B 4
Topsall, tatus deposits g h 5o Sirtke and dip L —
post - Chert \\ ot ped Note  Ths drawing 19 prepered bosed wpon /2000
E
Ij River deposits Thin bedded atternation Test pit scole fopographic mop surveyed by NEA
of imesfone and shale Nome of pit MAE PAl AND MAE CHAEM PROJEGT
Perhially ntercalated
calcareous sandstone Elevation ‘.m meter) MASTER PLAN
Limestone and chert Length {in "meter)
Hand auger hole GEOLOGY
N Name of hole
g Shate ~,

MAE CHAEM NO.4 ORIGINAL

DAM PLAN

Fig. 5-13

[ gune 1981

5-67




SECTION E-E
{ No.4 ALTERNATIVE DAMSITE)

7

HWL 580m

SECTION F-F ot tzs
&5 (No4 DAMSITE) a3 t-28
' S, A ™
| "”3‘ . .[1—};-I-l'i‘$’\

”" 0\ ‘ S =l ’.-'-1.1.; . g
! ‘ﬂﬂv“ = m.m'm.’ ]
- s00 ,""t . ,th-I -
995954

| 55522)
_ "‘”"
| 22052
[ ” 74 / 550
Z ’ %

Note

Thes section Is  prepared frem 172,000

acole topegraphle mop surveyed by NEA

=

Note

LEGEND

El River depasis

Tefrace deposits

A &} grecclg
- A B
n Conglomerate
R o o

TP Tegt pit
Length
N {in meter)

. AW~

8]

Hand auger hole

N Length

[in meter}

500
This  sechion 5 preporen from
1710000 scale topographic map ]
surveyed by NEA N
450 J

Topsoil, tolus ceposits

Limestone

Shele

Shale intercaloted with jhun bedded
alternohon of 1lmesfone and shale

Partinlly intercalofed calcareous
sondstone and chert

N Geolegical boundary
Y

(=

100m
—

MAE PAl AND MAE CHAEM PROJEGT
MASTER PLAN

GEOLOGY

MAE CHAEM NO.4 DAM PROFILE

Fig. 5-14 June. 1981

5-69




443, 4C0E

443 600E
443 800E

+

Topseil, talus deposits
River deposits

Terrace deposits

Gneiss and grontic
rock

partially infruded by
(Decmame

RN

Geological boundary
2,014,800

Strike and dip
of gneissasity

Strike ond dip
af joint

Crill nole
Name of hole
Elevetion (i meter)
Length  (in meter)

;

Note Arrow merk ndicates
inchned drilf hale

_Wz,ona,mm
O

(e}
/_\
Note This drawing Is prepared based upen 172,000
Yog scale fopographic mgp surveyed by NEA
2,014,9000 2,014 400N

)%

e 2oom
2,014,2008 MAE PAl AND MAE CMAEM PROJECT

MASTER PLAN

4440008
444,200E
44 4,400E

GEOLOGY

MAE CHAEM NO5 DAM PLAN

493 E00F
443,800E

Fig 5-15 June 1981

5-71




\J

9006

512

LEGEND

~
~,

R
N3CE
~440

.

N20OE

\010

X

River deposits

Decompaosed gneiss

(Parfiaily covered by
topsoil and talus deposits

Gneiss

Gealogical boundary

Strike and dip
of gneissosity

Strike and dip
of joint

Open joint

This drawing is prepared
based upon [/10,000
scale topographic map
enlarged from 1/50,000Q
scale fopographic map

MAE PAI AND MAE CHAEM PROJECT

MASTER PLAN

GEOLOGY

MAE KHAN NO.2 DAM PLAN

Fig. 5

~-16 I June. 1981

5-73




Et 480
coom SECTION G-G -
| ( MAE CHAEM No.5 DAMSITE}
| o WHC] L 0 ]
+ 2
5 + iy ]
M o z
| + *i= 4
=
- 450 * als =+ * 450
*
5 €3 : v, HWL 440m - <+ |
sofy ’ ® & sofr ]
M . r
[ Net complefed * * 1
5 ES *
.
400 =+ * 400
+*
B += + k
+
i MAE CHAEM RIVER - 100 1
- * * * *+
+
- +* += * + +
+
- 350 * * s 350
+ i %)
i 4] + 1ap e
4
| . Note This sechon % prepared from (/2,000 J
| 200 " scale topogrophic mep surveyed by NEA ano _1
L. 260 250 -~
LEGEND
W
Topsoil, talus deposits Geologic log
SECTION H-H E:] SiMf or flne grained sand Rgp[wlnlcl tu
_ L Rwer deposits o terfoce
soom (MAE KHAN No.2 DAMSITE) 500 (Gapocits )
i T Decomposed gneiss or
| -] =+ gramtic fock
i 1 E3 Grelss or granific RQD: Rock Quallly Designation
I _| rock w \;Veiu;the;l;nusm "
Partially intruded by resh )= 5 (decompase
. H Hardness
450 450 (peqmnme ) . éu{mr:g)-s {safr]
] ore Figures
5 MAE KHAN . Geologicol  boundary 1 {shck), 2 {substick),3 {piece),
+ + + ~~ 4 {rwragment), 5 (gratn)
. + N tu Lugeon’s vatue
5 + * ) .
* - * - - Sign of geologic log
. Sitt or fine graned
- a00 =+ 3+ 400 sand o 1gom
J Gneiss ——— —
+ + 4 = + + + + + + ] Gromhe rock
] 3 eegmaitte
- = F * * * F F F 5 core toss MAE PAl AND MAE GHAEM PROJECT
I ! * * * + * Note  Thes section s prepared drom /10,000 ] , MASTER PLAN
—350 scale fopographic map enfarged from 350 —
(/80,000 scale topographle  map Note Orifl hole DMG 5-1 1s continued GEOLOGY
fo deili as of December 27,1980 (MAF CHAEM NO.5 AND MAE KHAN NO.2
DAM PROFILE
Flg 5-17 | June 1981

5-715



MAE PAIl No.1

2,126,000N

SECTION A-A

L-2
L) R-2 600M
I
I 500 |
|
1 i
* 400 -
1
300 -
427, QO00E
LEGEND
Additional drill hole
Name of hole
EL Elevation {m)
L. Length (m)
Dir. Direction, Dip
(Section)
cl) [ | f 1 aﬁom
3
o
& 2 / MAE PAl AND MAE CHAEM PROJEGT
/ ® - MASTER PLAN
™ - -
GEOLOQGY

LOCATION MAP OF
ADDITIONAL INVESTIGATION WORKS
(1)

Fig. 5-18 | June 1981

5-77




7

~400

—300

—200

—100

397, 000E

N

397,400

-
-
-
=

= N fELezss 1:25.
= DH2 W/ L T80
LA={ Oir. N&*W

MAE PA|

RA-2

EL 300 \ {L
L 60 gr
Dir. NBIW™

RA-I

350
375——
400 ——

2,140, 400N

~500m \

55
300—EL 260
apg. L 40

SECTION A-A

&

397,40

200 S

200 —

100 -

No. 6

~—@®

LEGEND

Executed drill hole

{ Section )

Additional drill hole
Namz of hole

EL. Elevation {m)
.. Length (m)
Dir.

/

 I——

Direction, Dip

{Section)

Additional test adit

Name of adit
EL Elevation {m)
L. Length  {m)
Dir. Direction

{Section)

2?0”‘

MAE PAI AND MAE CHAEM PROJECT

MASTER PLAN

GEOLOGY
LOCATION MAP OF

ADDITIONAL INVESTIGATION WORKS

(2}

Fig. 5-19

| June. 1981

5-79




MAE CHAEM ALTERNATIVE No. 4
PLAN A

SECTION A-A

|_7 oom : 700m+

[E5]
3]
w 8
3 <
mn
e <
m
v

- 600 \ HW.L.580m 600 —
Z

I L-1 I i
I
¥4 | N
. 0
L 80, I \ i
AJ
2060@00&
LEGEND
N Additional drill hole
h Name of hole

2,06L000N
LS-1
EL 825

L 10O

EL. Elevation (m)
2,061,000N L.. Length {m)
Dir. Direction, Dip
2,060,000M \/\ (section)
4

6

2,060 000N
&
_\v
~—2
1w ! 0 250m
8 ) tut w w 1 1 1 3 L ]
; §X 8 g g (PLAN A)
/\ ¢ = 3 5 2 :
g
0] .
L 1 ) ! 1 215km
(PLAN B)

MAE PAl AND MAE CHAEM PROJECT
MASTER PLAN

GEOLOGY

LOCATION MAP OF
ADDITIONAL iN(VESTIGATION WORKS
3)

Fig. 56—-20 June, 1981

5~81



432,000

432, 500E

-~
2,055,0008

z
o
S
Q
g
uy
Qo
o

MAE CHAEM ORIGINAL

a—— & —

432,000E

N\

No. 4

SECTION A—-A

LEGEND

Additional drill hole
Name of hole

EL. Elevation {(m)
L. Length (m)

Dir. Direction, Dip

>\ {Section)
¥

800m—

700 o

600 —

500

400 —

o 250m

MAE PAI AND MAE CHAEM PROJECT
MASTER PLAN

GEQOLOGY

LOCATION MAP OF
ADDITIONAL IN(VESTIGATION WORKS
4)

Fig. 5-21 June. 1881

5-83




444 400E

_ 450

444,000E

443,600E

2,014, 600N

+ 2,015 0CON

LA-

|_+ Dir. NI5S®W8D"
S
Dir. NSSE \f;\
I »
y / -
n
¥ 9
w ,\fo
"
- e

MAE CHAEM No. 5
4-:4(4!&:5!; \

\ \\ 443,600F

SECTION A-A

DMC 5- |
DMC5-3
LA=-
~500m RA-1 | 500m-
7 ,
| \ HW.L.440m / /
o -
—400 400 -
- l r .
—300 300 4
200 200

LEGEND

Additional ftest adit

Name of adit

——./ EL. Elevation {m)
C== "[ Length  (m)
Dir. Direction

Executed drill hoie

{Section )

>/

Additienal drill hole

% {Section)
Nadine of hole
EL Elevation (m)
j L. Length {m)
Dir. Direction, Dip
0 25|0m

(Section) Lo I I !

MAE PAl AND MAE CHAEM PROJECT
MASTER PLAN

GEOLOGY
LOCATION MAP OF
ADDITIONAL INVESTIGATION WORKS
(5)

Fig. 5-22 June. 1981

5-85




MAE PAlI No.1l MAE PAl No. 6

395,000E

2, 150.000N

425,000E
O0QE

\ )

i
2,130,000N < “l 2.130,000n A
S
s
y N
S,
e
Doi Paiki
NIy
%@QPN RIVER
f\./
-
2,140,000N Qﬁt 140,000
k2]
2,120,000N /'.J 2,120,000N
w w
g : g
O Uy
o) 2
|
LEGEND
(’8:‘ Proposed borrow area 0 Skm
- 1 L ) ] ! !
%.6) Proposed sand and gravel
AN deposits area MAE PAI AND MAE CHAEM PROJECT
MASTER PLAN
(’5/} Proposed quarry site GEOLOGY

- LOCATION MAP OF

CONSTRUCTION MATERIAL
(1)

Fig. 5-23 June 1981

5-87




MAE CHAEM No.4

2,051,000N

§\\>S
%Zl,),
2,061, 000N

s
ol

WEB -~
crAEM HL >
a3z, 0008 MAE LIS 432, 000E

A

Py

MAE CHAEM Riveg

MAE CHAEM No.5 SG

NS
\ (// 's?c;@ §-J g)
ﬂDa)(éhak;( $
) Huai Ha J/
r' (-~ .
s

{
/

R
s

2,024,000N" 2,024,000N

8

0% M

442,000E
=
8 oy — & — > g
B !
Q o
o Q
(4]
LEGEND
,’%:‘ Proposed borrow area
.’ i
h//_éfl\/ ,’ST(;) Proposed sand and
‘L.~ gravel deposits dareg
0 R
£ HAE-M \'}'!PE_ (E I ) { L ?km
() 400 {E{) Proposed quarry site
2,014,000N $ + 2.014,000N MAE PAI AND MAE CHAEM PROJECT
w 65) . MASTER PLAN
8 K : Oo\/\_\
o i GEOLOGY
M LOCATION MAP OF

CONSTRUCTION MATERIAL
(2)

Fig. 5-24 June. 1981

444,000E

5-89







*TeH SueTyYn Fo yYjzou 9oI3IO VAN SYI UT PSI0lS AL $3I035 [TTIP S3FS € *ON =UL :230)
5T'T ¢-dil 1" 2318 KLxreny
¢'T T-41 31d 389y
1533 L1ojmaoqe] 56y £-HY 128ne pury E9a® mbaiog
A T-HV 1 "
55y 1-HY 1=22ne puey SIXe wep Jo 3Y3TH | ¢ *oN weRy) 9BW
0'%2 ¢-GCORa " B21B 9SN0OY I9MOg
0°'%9 A salnidd " Bale a¥eluy
1891 AJTTTqRawiag 0°06T £-GORa " STXe wep Jo 3y3Ty
o'oYt d At it " STX® Wwep Jo poq I9ATY
0°9s _#B3730y, T-S0Ra eToY 11Tad STXEe Wep JO 33971
9*'CT Tel10L C-HV +Vdn T-HV- V4l xa8ne puel BIIB MOIXOg
T y~HY " STXE WEP JO P9q I8ATY 21 T1S TeuldIip
9'¢G Te310]7, £-HY Vv T-HV a=23ne pureH sTxXe wep jo IyITyg ¥ *ON wSEY) IEBR
8'¢ 1-4dl 37d 3s59] STXE Wep Jo 3431y
syaruay (u) yadsg Burriraa aueyN STOH uotiedTassaugy uoT3ITS0g [UEU BIIY

pady 308C04d Waeyy ey 28 SYIOM UoLIeBLISSAUT SNOLARMG 40 3SL7 Z-£-G algel

“3STX9 jou op pue [Tejurel Aaeoy £q N0 POYSEM DIDIM SIITS ¢ °ON PUB & *ON 3YJ FO S9100 IYI

*3sNoYaaem uor3els tosmod Suog Suoy el VIN 24Ul UT palols 2av 911S § ON 93 JO S$9100 TITIp 2U] 930N
0°'29 TEI0% LE-L v T-L 37d 3883 23715 Axxend
3893 Aaojwioqel ! | coE 9-HY n T-HY 193ne puvH
. 230, - - d 3s8% BOIR TETIdIBW 310
o"gz 1 L £I-HL ~ T-HL 3FG 383l TerIal 0 9 “ON Fed BN
. 0002 £-Hd " ST¥E wep Jo IYITy
0°00¢ z—-Ha " STX® Wep JO Paq I3ATY
0'00zZ T-HT °To4U ITTxd STXE wWep Io 3I97
31893 A3TTIqesuisg T°20T T-H/ZHa sToy TTIIQ | STX® uep Jo paq IoAT ¢ *ON Ted T9ER
0°002 T-¥/THA u STxe wep Jo 3y3Ty
0°00T T-H/THA u STXE Wep JO paq AaATY #? "ON TBd SFH
€8T T~"1/THT °Toy TTTx(d S1IXe usp jo 1197
syirway (w) yzdeq BurTTTaq suweN aToH uotiedTaseaur UOT2 TS0 aueN eo1y

vady 15afoudd Led 3eW 10 SHAOM uotlebi3sanu] snoLAadad 40 ISt

1-€-§ =198l

5-91



2aATY uvyy sey JuoTy
A3ATH mBBRYD 9B O BPIAIp oBBUTRAp JO OpPYS I5ED
@yl puUnole pue 936 § *ON WIBLW) SER 243l punoiy

85703 JFITXOIBUY
pue a{qiem
f38Tyss ‘sefauy

UFIqURIALg

933 I18ae pur =237z3aenb

‘33818 ‘318TYd8 o3 pasoidiomelzw uw“._s.uvuo
a1f8 g ‘oN Fed DBH I3 punoly gaaeTd fuewm ul “ouolFpuvs pPUv SRS RaEd
831FS T ‘O pPuw
"SU0IBpUBE PUR DTEYS ITA Pappaq
"0 Zuo
9 “OK FPd IBH Y3 causuuau”ﬂwﬂw mwm kusu uWH lmmunﬂ saaeTd smos uy +oucasswyr | Swos Funyg UBTITAORID
oyl JO wraizsdn I3 uf Ieafy waryy awy Suoly vI8 PP IAFSSEW 03 PaPPIq TISH -
)
xanTy TP4 PPH 3O yinos “BUCISILEL YITH N m.
2376 ¢ ‘ON WIBY) ITK P9PPoqIiauy ssow(d swuns ul ISP J—— B
13 3o wrailsdn Byl Ul Isapg WARY) oey Buoly pue areys Apums *auolspuss ‘arwysg =
a31s ¢ ‘oN maey) Sl
9yl Jo weoajudn SUYI UT IIATY WIBY) STH JO ISOM B
ZaaTd Buoyy Buory eyI0a AIBJUSWERIS S1TACOSME-31710TE ENOIBI TUOGIR]
auerd ey Sueiyn e
Byl JO 1894 UT ¥SIN BNOUTEIUNOH (6203 Enoauly pur djeazaoBuo0 ‘auolspuURE *atvysg
IBATH TBd 9P JO YIIoyN conolgawy] £BaT 3ydyT aayesel Jang ey wETRIag
wavy)y wel aoydmy Jo meaxiadn stpougid nwn
ay3 Ul XoaTy waey) oeH Juoye BIIR SNOUTEIUNOR - MM.HM MM _“.__.Mu. aTSERTIDL 2
2318 T "ON TP PFH o IO 3893 ¥ ¥iore g
n
83 fudry
100YW pu? BFNI ENCAAFITED ‘Taaeld .
sueid TeH Buery)y 9yl Jo Isea Iyl uy Baaw ATTIH pues ‘Aerd 30 sI3fsodap SUTIISNIET FI3L ..w
woey) avy soyduy pue yeg aoydwy jo syseq 8yl ug pu®R STFIRTANTI PIIVPITOEUCD-THAS ]
[]
o
“syysodap DTILISIET TERPISAY by
*8¥ells) pue ‘surerd JURVOTOR
muoey) 9ey ooyduy pOOT] ‘STOUURLD Weaxls JOo Taavxd ~3UaT0IBTITI
pue Juaeg wueg ‘37vg 2oyduy Jo suyseq ay3 Ul pu® ‘pues ‘37Fs ‘AT pajwpyrOsSUCIN;
WPy Ipydoueisy fHoTopayl dnoxy patang vz

B33V UOTINIIISTQ UIEH

pue &jsuy snaaudy

234y 310afo4d Jo sousnbas e2160(0389 pszl|ea3U3Y

L-v-5 @19%1

5-92



CHAPTER 6

DEVELOPMENT PLAN






CHAPTER 6 DEVELOPMENT PLAN

6.1 Studies Carried out in the Past

The present project has been subject of studies of reconnaissance

level by the Japanese Government and by a US Consultant, and the follow-

ing reports have been presented so far.

1.

of

Kingdom of Thailand
Nam Pai River Hydreoelectric Power Development Project Reconnaissance
Report

Overseas Technical Cooperation Agency — July 1971

Pai River Project Pre-Investment Report

Engineering Consultant Inc. — March 1971

Nam Pai Project Economie Study of Dam Site

Engineering Consultant Inc. - December 1971

Inventory of Hydro—Power Potential in Thailand Volume I, Main Report
Sverdrup & Parcel and Associates Inc. (SPA)

Southeast Asia Techmology Co. (SATC) — February 1978

The documents 1) and 4) listed above seem to have been used as bases

the project. Please refer to each of them for further details on the

contents of respective project.
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6.2 Study of the Development Project Alternatives
6.2.1 Basic Ttems

(1) Selection and location of the dam sites
According to the various reports mentioned in the preceding para-
graph, 6 project sites have been proposed along the Mae Pai River,

5 along the Mae Chaem River and 2 along the Mae Khan River.

For the sake of preparation of the present Master Plan, the % sites
listed below have been selected, by taking into consideration the

results of the field surveying mentioned in the paragraph 2.4.

Site Name Coordinates (Km) Catchment Area gi:ﬁ;tggg

N E (Km?) (E.L. m)
Mae Pai WNo. 1 2,126.07 427.25 1,817 402
Mae Pai No. 6 2,140.57 397.56 3,725 224
*Mae Chaem No. 1 2,097.75 427.22 337 765
Mae Chaem No, 2 2,088.04 429,95 654 697
Mae Chaem No. 3 2,072.36 432.97 969 600
*Mae Chaem No. 4 2,060.06 433.66 1,955 510
Mae Chaem No. 5 2,014.64 443,82 3,735 327
*Mae Khan No. 1 2,084.37 463,77 535 590
Mae Khan No, 2 2,070.56 480. 34 1,038 393

The dam waterway type is also taken into consideration in the sites

marked with (%),



(2) Catchment area and storage capacity curve
The 3 types of topographical maps listed below can be utilized in

the present project.

Scale 1 : 50,000 Whole project area

Scale 1 : 10,000 Part of the planned storage reservoir,
Maps referring to the Khan River are
not available,

Scale 1 : 2,000 Surroundings of the Mae Pai No. 6 and

Mae Chaem No. 3 and No. 5 dam sites.

Topographical maps with 1 : 50,000 scale are used at the occasion

of the calculation of the catchment area and reservoir area storage
capacity curve, which are the bases of the project. Properly speak-
ing, the 1 : 10,000 scale topographical map should be used for the
purpose of preparation of the reservoir area - storage capacity
curve, but maps with that scale covering the whole reservoir area are
not available, being therefore impossible to use them in the present
case. It is required to carry out futurely complementary survey in

order to make the corrections in the said curves.

Topographical maps with 1 : 2,000 scale and 1 : 50,000 scale have
been used to calculate the approximate construction cost of the dam
of the present project. It was verified later at the occasion of
the measurement of the catchment area that at the plateau composed
of limestone, located at the right bank of the upstream side of the
Mae Pai No. 6 site and at the upstream of the Mae Khong River there

are ground water flows having catchment areas of approximately

6-3



(3)

500 km® and 130 kmz, respectively. In the present study it is assum—
ed that these ground water flows do not have any influence upon the
project itself, in view of the relative positions of the dam site

and the basic water gauging statioms.

However, at the stage of the feasibility study or definite study

it will be required to carry out the survey of the flowing out point
of this ground water. The installation of a new water gauging
station at the Mae Khong River, which joins at the right bank side of
the upstream of the Mae Pai No. 6 site can be taken into considera-
tion as & means for execution of the said survey, Prior to the re-
turn of the Survey Team to Japan, the matter was discussed with

the NEA, and was recorded in the Minutes of Meeting as a advice item.

The reservoir area - storage capacity curve of the various planned

storage reservoirs are presented in the Figs. 6-1 through 6-9.

Plan of study
As mentioned in the Inception Report presented previously, the
present study will be carried by dividing it into the phases listed

below, taking into consideration the characteristics of the project.

a) Individual development at each dam site in each River.

b) Water pumping and diversion project.

Following are presented the reasons which led to the division

mentioned above, in correspondence to each item.

{Individual development at each dam site in each river)
In this scheme the volume of water to be pumped and diverted is not

taken into consideration, and the development project is prepared



(4)

for the discharge of each individual river, in order to make a
discrimination of its economical advantages. The reason leading to
this scheme is the fact that the promotion of the development project
is possible at the sites where the individual development is feasi-
ble from the economical point of view regardless of the water pumping

and diversion scheme, being recommendable its soonest materialization.

(Water pumping and diversion project)

After carrying out the studies mentioned above for each river, the
project referring to the pumping and diversion of water from the
Mae Pai River will be studied, taking as object the sites where the
individual development is considered feasible. The irrigation and
the water supply projects are studied together with the power
generation project, but after discussions with the Thai side, the
benefits resulting from the reinforcement of the water resources
attained as a cousequence of the materialization of the present
project are assumed to be due exclusively to the power gemeration
and the irrigation, since the benefits from the water supply projects

do not have the clear diserimination criteria.

Mags curves of the each site

The mass curves which will be the base for the purpose of the reser-~
voirs planning have been prepared based upon the discharge at the
various sites, studied in the paragraph 4.3). The premises for prep-

aration of the mass curves are as follows.

The natural inflows at the various sites are used for that purpose,

assuming that the Inflow of the reserveirs located at the downstream
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is not influenced by the control of the reservoirs located at the
upstream. Following are listed as the reasons why an integrated

system study from upstream to downstream was not carried out.

. Among all project sites, only the Mae Pai No. 6 and the Mae Chaem
No. 5 sites have the surveying works at a relatively advanced

stage, and all other sites have many uncertainty factors.

. The access to the various sites with exception of the Mae Chaem
No. 5 is very bad, and a rapid progress of the surveying works

in a near future can not be expected.

. As mentioned in the Field Investigation Report, the results of
the field reconnaissance and interpretation of the air photo-
graphs suggest that it is not possible to say that ali planned

sites are adequate for comstruction of the dam,

. Even if a project site is judged to be economically feasible it
is another question whether the site is geclogically feasible
for dam construction, and it will be judged by future investi-
gation, Such investigation, however, takes long time to be

accomplished due to the local condition.

. Consequently, it is not realistic at present stage to consider

this project is to be developed one by one from upstream.

- In view of the facts described above, it is recommendable to
study initially the scheme of the individual development of
each site, with subsequent execution of the Feasibility Study
of the each site, starting from those with higher degree of

priority.
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In addition, even when the development scale is determined
independently for a given site, the reservoir of the site in
question will have its function reinforced in case of con-
struction of a dam at the upstream side, and consequently there

is not any disadvantage at all with regard to this alternative.

In view of the reasons mentioned above, the system study based
upon the premise of the development starting from the upstream side
is not carried out in the present study. The mass curve of the

each site is presented in the Figs. 6-10 through 6-18.



6.3 Individual Development Scheme
6.3.1 Selection of the Cases for Study

The cases for study are selected by taking into consideration
the mass curves of the various sites and the results of the field re-
connaissance, The prepared mass curves refer to the period of 13 years
lasting from 1966 through 1978 in the Mae Pai River, to the period of 25
yvears lasting from 1955 through 1979 in the Mae Chaem River and to the

period of 7 years lasting from 1962 through 1968 in the Mae Khan River.

According to these mass curves, the period of most proﬂounced
drought was the period of 3 years lasting from 1968 through 1970 in the
Mae Pai River, the period of 3 years lasting from 1957 through 1959 in
the Mae Chaem River, and the period of 2 years lasting from 1965 through
1966 in the Mae Khan River. The selectioé of the reservoir scale con-
sidered as object of comparative study is conducted, assuming that it has
a capacity sufficient to allow a continuous supply of discharge during
the drought seasons mentioned above, in addition to an effective capacity
making possible a control rate of 357 through 40% with regard to the
average inflow. Accordingly, the effective storage capacity is assumed
to have in principle a constant value, even when the dam height is chang~
ed. However, the effective storage capacity will be reduced when the dam
has a small height, because the 100 vear sedimentation is assumed with
reference to the quantity of sand accumulated in the storage reservoir.
On the other hand, the control rate of 357 through 407 does not have any
special meaning, and this value is adopted as a reference, because a

capacity of this order is assumed to be sufficient to prevent any
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inconvenience at the occasion of the operation of the storage reservoir

with regard to the mass curve.

The reservoir scale was selected based upon the eriteria described

above, and by taking also into consideration the points of view resulting

from the field reconnaissance.

As for the design output of the power gtation, it is assumed to

have a2 capacity making possible the operation at the standard output with

a daily load factor of 20% even in the year of the most pronounced

drought mentioned above.

The normal head is determined by the following expression:

Normal head = {

Normal high water level - Available drawdown)

3

- Tailwater level - Head loss

* Value in the parentheses is water level derived
from gravity center in the resevoir.

The number of study cases of the individual development project

alternative are as follows.

Mae

Mae

Mae

Mae

Mae

Mae

Mae

Mae

Mae

Mae

Chaem No. 1
Chaem No, 1
Chaem No. 1
Chaem No. 2
Chaem No. 3
Chaem No. 4
Chaem No. 4
Chaem No, S
Pai No. 1

Pai No. 6

Dam

Dam

Dam

Dam

Dam

Dam

Dam

Dam

Dam

Dam

type
waterway type
waterway type
type
type
type
waterway type
type
type

type

cases

cases

cases

cases

cases

cases

cases

cases

case

cases

Waterway length 3,300 m

Waterway length 8,500 m



Mae Khan No. 1 Dam type 3 cases

Mae Khan No. 1 Dam waterway type 3 cases
Mae Khan No. 2 Dam type 3 cases
Total 39 cases

The characteristics of the various cases for study of the various
sites selected in accordance with the criteria above are presented in

Tables 6-1 through 6-7 and in Figs. 6-19 through 6-21,

6.3.2 Calculation of Energy

The energy is calculated for the various cases selected in accordance
with the contents of the preceding paragraph, based upon the mass curve

of the each site,

The period of calculation coincides with the periods of the various
mass curves, and the energy is calculated with computers, based upon the
values of the monthly discharges. The heads are calculated by using as
a reference the water level occurring at the end of the month, in the

operation of the reserveoirs.

The calculated energy is divided into firm energy referring to the

portion of energy required during the peak hours and secondary energy

that required during the other hours for the purpose of calculation of

the benefits.

The evaporation from the storage reservoir surface is taken into

consideration for the purpose of calculation of the turbine discharge.
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Before the construction of the storage reservoir, the evaporation
from the reservoir can be replaced by the evapotranspiration from the
flora and accordingly, the actual evaporation is calculated as a differ-
ence between the evapotranspiration and the evaporation from the reservoir

surface.

The evapotranspiration from the flora is calculated by the Blaney-
Criddle Formula. The results of the calculation are presented in Tables

6-8 through 6-10,

The calculation indicates that the actual evaporation is approximate-
ly 380 mm io the Mae Pai River, approximately 400 mm in the Mae Chaem

River and approximately 160 mm in the Mae Khan River.

The summaries referring to the energy generated at the 4 sites con-
sidered adequate in the discussion presented in the next paragraph are

presented in Tables 6-11 through 6-14.

6.3.3 Economic Evaluation and Determination of the Development Scale at

the Proposed Sites

Details referring to the economic evaluation are presented in
Chapter 12. In this Chapter the site to be developed will be selected

by carring out the economic evaluation at the generating sites, and the

optimum scale at the Master Plan level will be also studied.

The economic evaluation is done based upon the benefit-cost ratio

(B/C) and the surplus -benefit (B-C) of the sites.
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The alternative thermal electric power, which is used as a criterion
for calculation of the benefit, is assumed to generate power with import-

ed coal. The unit price of the benefit is assumed to be as follows.

kW price 139.9 US$ 2,868 (20.5B/US$)

.

kWh Priece (Firm) : 0.03387 us$ 0.6943%

kWh Price {(Secondary) : 0.03315 US$ 0.67968

On the other hand, with regard to the costs, the approximate con-
struction cost is calculated for each case in accordance with the method
described in the Chapter 11 and the annual costs are calculated through

the capital recovery factor. The interest rate is assumed to be 107.

The results of these calculations are presented in Figs. 6-22 through

6-23 and in Tables 6-15 through 6-17. According to these results, the
Nam FPai No. 1 and No. 6 and the Mae Chaem No. 5 sites are considered
economically feasible. As for Mae Chaem No. 4, it can not be considered
economically advantageous at the present time, but depending upon the
method of economic evaluation and the future progress of the studies, its
evaluation may suffer changes. Accordingly, it is recommended in the
present Master Plan to carry out the Pre-Feasibility Study or the Feasi-

bility Study of the 4 sites listed above.

Next, the optimum scale for these 4 sites is determined by taking
into consideration the benefit-cost ratio {(B/C) and the surplus benefit

(B~C) as follows.

However, it goes without saying that the scale of development should

be analyzed once again at the next stage.
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Mae Pai No. 1 HWL 475.0 m
Pmax. 48.9 MW
Mae Pai No. 6 HWL 400.0 m
Pmax. 251 MW
Mae Chaem No. 4 HWL 580.0 m
Pmax. 27.6 MW
Mae Chaem No. 5 HWL 440.0 m

Pmax. 103,0 MW

The specifications of the development plan referring to the 4 sites

above are summarized in Table 6-18.

6.4 Water Pumping and Diversion Project
6.4.1 Basic Conditions

As discussed in the Paragraph 6.3.3, among the cases of individual
development alternmatives studied in the present study, only the 2 sites
at the Maze Chaem River are economically feasible as subject of water

pumping and diversion.

In the Mae Khan River the dam type and the dam waterway type of the
No. 1 dam site and the dam type scheme at the No. 2 site present less
econcmic advantage. As a consequence, only the Mae Chaem River is taken
inte consideration as object of water diversion from the Mae Pai River.

The basic methodology and the cases for study are as follows.

(1} As for the facility conditions at the Mae Pai side, the 2 stage

development and the single stage development schemes will be assumed
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(2)

(3)

(4)

as basic ones, and both the No. 1 and the No. 6 dams are assumed to
have been already developed in accordance with the scale mentioned

in the paragraph 6.3.3 for either development scheme.

As for the volume of pumped water, the whole inflow of the Pai No. 1
site is assumed to be diverted. Accordingly, the design is studied
by assuming that the maximum volume of pumped water is basically
that corresponding to the discharge of the wet season of 2 years
lasting from November of 1973 through November of 1975, during the

period of 13 years lasting from 1966 through 1978.

The daily pumping hours are assumed to be 8 hours, by taking into con~
sideration the daily load within the EGAT System. Accordingly, the
maximum volume of pumped water will be as follows.

Maximum volume of pumped water = 25.7 x %; =77 m'/s

This volume will be pumped from the Pai No, 1 reservoir, but it is
assumed that the same volume will be also applied to the case pumping

from the Pai No. 6 reservoir in the present study.

The 4 cases listed below will be studied in the present study.
. Case referring to the pumping of water from the Pai No. 1 re-
serveir to the Mae Chaem No. 4 and No. 5 and the Bhumibel

reservoirs.

. Case referring to the pumping of water from the Pai No. 1 re-

servoir to rhe Mae Chaem No. 5 and Bhumiboel reservoirs.

. The 2 cases referring to the pumping of water from the Pai No. &

raeservoir to each reservoir meantioned in the 2 preceeding items.

6-14



6.4.2 Pumping Energy

The volume of water to be pumped and the water level of the reser-
voirs, which are the basic data required for calculation of the energy
for water pumping and diversion, are calculated by using the mass curves
of the Mae Pai No. 1 and No. & sites. The mass curve of the Mae Pai
No. 1 site is shown in Fig. 6-24. As mentioned in the preceeding para-
graph, the maximum volume of water to be pumped is based upon the dis-
charge of the wet season and accordingly the pumping energy required in
the other years is less than that required in the wet season. The
specification of the pumping facilities required for calculation of the
water pumping energy are as follows. The tailwater level at the Mae
Chaem River should be studied in such a way to have its value optimized
by taking into consideration the relation between the length of the water
diversion tunnel and the head, but in the present case it is assumed to

be located at EL.900m,

From Pai No. 1 {From Pai No. 6
Intake level (m) 456 g7
Tailwater level (m) 900 900
Pumping head (m) G444 513
Gross pumping head (m) 466 556
Maximum pumped discharge(mals) 77 77
Maximum pumping power (MW) 428 512

The conceptual configuration of the water pumping facilities is
presented in Fig. 6-25. The results of calculation of the water pumping

energy at the Mae Pai No. 1 site are presented in Table 6-19.
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6.4.3 Economical Evaluation

The economical evaluation of the water pumping project is done based
upon the benefit-cost ratio (B/C) and upon the surplus benefit (B-C),

like in the individual river development project.

The costs and the benefits taken into consideration in the water

pumping and water diversion project are as follows.

(1) Costs
Construction costs of the water pumping facilities.
Intake, intake tunnel, pump station, penstock, upper pond
water diversion tunnel, hydraulic equipment, electric equip-
ment, etc.
The costs for comstruction of the Pai No. 1 and No. 6 dams are
not included, because they are assumed to have been already con-

structed.

. Costs for construction of the Mae Chaem No. 4 and No. 5 power
stations
Intake, headrace, penstock, power station, outlet, switchyard,

hydraulic equipment, electric equipment, etc.

Pumping energy cost
The whole energy used for water pumping purpose is to be the

secondary energy, and the unit cost per kWh 0,03315uUS$ is

applied.

. Costs related to the agriculture

Cost per unit volume of pumped water E 0.44/m’ is applied.
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(2) Benefits
. kW and kWh benefits of the Mae Chaam No. 4 and No. 5 power

stations.

Increment of kWh benefit of the presently existing Bhumibol power

station.

. Agricultural benefits resulting from the irrigation.

p0.8 per m® of pumped water.

. Benefit of kWh reduced from Pai No. 1 and No. 6 power statioms,

resulting from water diversion.

The evaluation of the kW price is not included in the present
report, because it depends upon when the water pumping project
will be materialized after the completion of the Pai No. 1 and

No. 6 power stations.

The 4 cases in question are studied based upon the casts and bene~
fits mentioned above. The results of the study are presented in Table

6-20.

The results of the said study evidence that the case assuming the
diversion of water to the Mae Chaem River and construction of the Wo. 4
and No. 5 power stations after the 2 stage development of the Mae Pai
River brings the most advantageous results. However, it is unavoidable

to state that in any case the project is not economically profitable.

Moreover, if pumping up facilities are actually constructed, certain
technical difficulties are expected to occur, with regard to the construc-

tion of the underground water pumping station, penstock and especially the
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construction of the long diversion tunnel. In addition, there are many

factors closely related to the increase of costs.
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Site

Mass Curve at Mae Chaem NO.|

Fig 610

- - «-n —{o
= - .
- — -1 w
—_— - T - © o
—_— dm =
. - - ] ]
- [, o - -T - . — e ] L
= -7 1] .
1 ] ~ 8 1 _ -LTW
LR o T vl db 1o
1] 1. R - -—— 4=
1a 1o
~ —— e o GO
@ - -
1am e i)
m = - m=
o - - - - de
- = - R 12
T“ R L
o . “jom
- P L
> ———————»
1. ™ S—— T
~a P~
oo asp— Ll
|3| - - — - .‘sl
4o -]
o [ U ——— N ]
-3 ™~
“o e R
" —d "
1o I —
1 —-— N lxll.x I D T — L 3
~ o e s i Ao ..~
1o O — - o — = - -1
o" e - e nE
— T T B “da RIS s =y
L — —_——_— - ——— o — 0 — — B [ESp——
1 - ~ Q@ -ITH
s - Taw 1oq
— . - -
| ]
- e ] - -
R - ] S q 4% o
—— ] ™2 N L
p————- - - - -+ .- L oo
— - . - _ "= s L
- 1a *»
- . ] 7% _ ] . - e
e - : Jo @ &
F—— - r-..-l it
[ I g - 0 . hamoe o o
[ T e ~
- -+ 7.5 [ m
T o @O L
’ o = i
oy [ o
L -— 1
~ 2 ) - ~3
oo |
m \ o —
- : Py
5 O - ~ @
[ ~ o ]
oo - —do |
[~ ) o7 - B L m

2000.0

1000.0

0.0

(Aop ‘s'w)

=-1000 ©

MOjju|

-2000.0

SALDINWRY

~3000.0

20000

1000.0

0.0

(Aop "s° W)

-100C O

Mo | Juj

-2000.0

A ID[NWNYD

-3000.0

6-29



s = — _ 4— ———— - —
3 - — 34— —

1967

T Ny ] N TTTTT L0 v I Y
_ - e - - o - . S L 4
— - @ ———- T ———- [}

1357290135791 3579111357911 3879t

d. =
© petpe Lo
i e o L

At
b ] .
o e Lol

1@
3 : DI (-
[ u —4a®

1962

1975

© I - g
I ———— i O M * i St [ o

F383 7901357910357 s8It

1960

1973

1959

1357901 3857901 3ISTONNISTINHISTIN[IISTONIIISTIIHUIIISTON
1972

Mass Curve at Mae Chaem NO.2 Site

1958

1971

(-]
i~
L]
L)
-] o
[ i~
L <«
L L]
o™ T e
— 4 - = . @
;7.“... B e a4
JO N # 1 Jﬁm
I, - w= 1 R 1)
A S . - - *f e
w C 1 S R O
N y S 109 = D
[= 4 S & B —-——]m
T ] - y =
— -+ : Iz - - = -3
P S —— o /e I - e = T
: 1™ w I S g
- - T - o o —— = o
- ] i - LT 1m — ) To—

-2000.0

(Aop "s'w'a)

-4000.0

mopju}

=6000 O

FANDIAWRD

-8000.0

0.0

-2000.0

(Aop “suwr'o)

=4000. 0 j

MOLjuj

SA{IDIRWND

-8000.0

6-31 -




Moss Curve ot Mae Chaem NO.3 Site

Fig 6-12
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Mae Chaem NO.4 Site

Mass Curve at

Fig 6-13
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Mae Chaem NO.5 Site

Mass Curve at

Fig 6—14
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Site

Mass Curve at Mae Khan NO.!

Fig 6-17
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Fig.6—19 General Conception of the Studied Project
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Fig.6-22 Surplus Benefit Curve
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NO.! Site (Pumping Project)

Mage Pai

Mass Curve at

Fig 6—24
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Table 6-1

Mae Chaem Mo. 1 Site

Pam type: 3 cases
Item Unit | Case 1| Case 2| Case 3 |Case 4 jCase 5
Normal high water level EL.m 850 840 830
Total storage capacity 105m® | 116 79 53
Effective storage capacity " 46 46 30
Available drawdown m 13 21 18
Dam height n 100 90 80
Normal water level EL.m B45.7 | 833.0 | 824.0
Tailwater level " 765 765 765
Normal effective head m 76.3 64.2 55.0
Maximum discharge m3/s 12.1 12,1 11.1
Maximum output MW 7.8 6.6 5.2
Mae Chaem No. 1 Site
Dam waterway type: 3 cases
Waterway length: 3,300 m

Item Unit |Case 1 |Case 2 | Case 3
Normal high water level EL.m 850 840 830
Total storage capacity 10%m3® | 116 79 53
Effective storage capacity " 46 4t an
Available drawdown m 13 21 18
Dam height " 100 90 B0
Normal water level EL.m 845.7 | 833 824.0
Tailwater level " 750 750 750
Normal effeciive head m 81.8 69.6 59.8
Maximum discharge mi/s 12.1 12.1 1.1
Maximum output MW 8.4 7.2 5.6
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Table 6-2

Mae Chaem No. 1 Site

6~57

Dam waterway type: 3 cases
Waterway length: 8,500 m
Item Unit |Case 1 |Case 2| Case 3| Case 4 | Case 5
Normal high water level EL.m 850 840 830
Total storage capacity 10°m3 | 116 79 53
Effective storage capaclty " 46 46 30
Available drawdown m 13 21 18
Dam height " 100 90 80
Normzl water level EL.m 845.7 833.0 824.0
Tailwater level " 720 720 720
Normal effective head m 95.3 83.1 72.1
Maximum discharge mi/s 12.1 12.1 11.1
Maximum output MW 9.8 8.5 6.8
Mae Chaem No. 2 Site
Dam type: 3 cases
Item Unit (Case 1 |Case 2| Case 3
Normal high water level EL.m 770 760 750
Total storage capacity 106m? | 157 101 62
Effective storage capacity " 95 67 28
Available drawdown m 20 20 10
Dam height " 90 80 70
Normal water level EL.m 763.3 753.3 746.7
Tailwater level " 697 697 697
Normal effective head m 63.6 53.7 46.8
Maximum discharge m3/s 23.6 22.0 16.4
Maximum output MW 12.8 10.0 6.5




Table 6-3

Mae Chaem No. 3 Site

Dam type: &4 casges

Item Unit | Case 1 |Case 2| Case 3 | Case 4 |Case 5
Normal high water level EL.m 700 690 680 670
Total storage capacity 106m? | 532 387 271 180
Effective storage capacity " 128 128 128 128
Available drawdown m 9 11 15 24
Dam height " 115 105 95 85
Normal water level EL.m 697.0 { 686.3 | £75.0 | 662.0
Tailwater level " 600 600 600 600
Normal effective head m 94,0 83.6 72.4 59.6
Maximum discharge m®/s 33.7 33.7 33.7 33.7
Maximum output MW 26.9 23.9 20.7 17.1

Mae Chaem No. 4 Site
Dam type: 2 cases

Item Unit | Case 1 | Case 2
Normal high water level EL.m 590 580
Total storage capacity 105m® | 302 196
Effective storage capacity " 206 100
Available drawdown m 25 15
Dam height " 105 95
Normal water level EL.m 581.7 | 575.0
Tailwater level " 510 510
Normal effective head m 69.7 62.9
Maximum discharge n¥/s 62.1 51.6
Maximum output MW 36.8 27.6
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Table 6-4

Mae Chaem No. 4 Site

Dam waterway type: 2 cases
Waterway length: 3,100 m
Ttem Unit | Case 1| Case 2| Case 3| Cage 4| Case 5
Normal high water level EL.m 390 580
Total storage capacity 105m3 ) 302 196
Effective storage capacity " 206 100
Available drawdown m 25 15
Dam height " 105 95
Normal water level EL.m 581.7 } 575.0
Tailwater level " 497 497
Normal effective head m 76.5 69.6
Maximum discharge m3/s 62.1 51.6
Maximum output MW 40.4 30.5
Mae Chaem No. 5 Site
Dam type: 5 cases
Item Unit | Case 1l |Case 2 | Case 3| Case 4 [Case 5
Normal high water level EL.m 450 440 430 420 410
Total storage capacity 10°m®(2,620 (2,141 1,720 1,356 {1,040
Effective storage capacity " 500 500 500 500 500
Available drawdown m 11 12 14 17 20
Dam height " 150 140 130 120 110
Normal water level EL.m 446.3| 436.00 425.3% 414.3| 403.3
Tailwater level " 330 330 330 330 330
Normal effective head m 1i4.4| 104.1 93.5 B2.6 71.6
Maximum discharge mifs| 116 116 116 116 116
Maximum output MW 112.8| 102.6 92.2 8l.4 70,6
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Table 6-5

Mae Pai No. 1 Site

Dam type: 1 case
Item Unit | Case 1| Case 2| Case 3| Case 4 Case 5
Normal high water level EL.m 475
Total storage capacity 10%m® | 765
Effective storage capacity " 290
Available drawdown m 12
Dam height " 100
Normal water level EL.m 471
Tailwater level " 402
Normal effective head m 67.3
Maximum discharge mi/s 85.4
Maximum output MW 48.9
Mae Pai No. 6 Site
Dam type: 4 cases

Item Unit |Case 1 |Case 2 | Case 3 | Case &
Normal high water level EL.m 400 380 360 350
Total storage capacity 108m3 2,421 1,598 |[1,011 790
Effective storage capacity " 571 571 571 490
Available drawdown m 13 19 30 32
Dam height " 185 165 145 135
Normal water level EL.m 395.7¢1 373.7| 350 339.3
Tailwater level " 224 224 224 224
Normal effective head m 169.2| 147.3| 123.8| 113.1
Maximum discharge mi/s | 202 202 202 185
Maximum output MW 291 253 213 178
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Table 6-6

Mae Khan No. 1 Site
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Dam type: 3 cases
Item Unit |[Case 1| Case 2| Case 3| Case 4 | Case 5
Normal high water level EL.m 660 650 640
Total storage capacity 106m?® | 279 192 122
Effective storage capacity " 48 48 48
Available drawdown m 5 6 10
Dam height " 90 80 70
Normal water level EL.m 658.3 | 648 636.7
Tailwater level " 590 590 590
Normal effective head m 65.2 55.1 44,1
Maximum discharge né/s 20.2 20.2 20.2
Maximum output MW 11.2 9.5 7.6
Mae Khan No. 1 Site
Dam waterway type: 3 cases
Waterway length: 9,200 m
Item Unit Case 1|Case 2 | Case 3
Normal high water level EL.m 660 650 640
Total storage capacity 108m? 279 192 122
Effective storage capacity " 48 48 48
Available drawdown m 5 6 10
Dam height " 90 80 70
Normal water level EL.m 658.3 | 648 636.7
Tailwater level " 490 490 490
Normal effective head m 136.8 | 126.7 | 115.7
Maximum discharge m3/s 20.2 20.2 20.2
Maximum output MW 23.5 21.8 19.9




Table 6-7

Mae Khan No. 2 Site

Dam type: 3 cases
Item Unit |Case 1| Case 3| Case 3| Case 4 | Case 5

Normal high water level EL.m 500 490 480
Total storage capacity 10%m? | 314 232 153
Effective storage capacity . 53 53 53
Avallable drawdown ™ 6 7 10
Dam height " 120 110 100
Normal water level EL.m 498 487.7 | 476.7
Tailwater level " 393 393 393
Normal effective head m 101.5 91.4 80.7
Maximum discharge m?/s 29,6 29.6 29.6
Maximum output MW 25.5 23.0 20.3
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