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GLOSSARY

Local Terms of Administrative Areas

Do -~ Province
Gun ~ Subdivision of province, similar to a coudfy
Myeon ~ GSubdivision of a Gun
Ri - Village of community of more than one village
Eub ~ Town of the administrative level of a Myeon
Si - City of the administrative level of a Gun
S5i - -~ Special City of the administrative'level.of-a Do
Gu - Subdivision of special city eQuiﬁalént to Cun
Dong S Spbdivisidn”of Gu or S1 equivalent td‘Myeon or Eub
Sa’ - Temple -
Natural Features
San -~ Mountain
Cheon . - Small river
Gang _ - Larger river
Dd . -~ 1Island
Bug - North
Dong’ ~  East
Nam_ _ - 'Sdufh
seo - Wesf

.Spelling'of names oﬁ;places, rivers, etc.

- The’ forms of English spelllng of the regions, rlvers, ete., that
have been adopted are those promulgated by ‘the National Mlnistry of
Education.



CONVERSION FACTORS AND ABBREVIATIONS

Length 7). Electrical Measures

mm = millimetre ' VvV = Volt

cm = centimetre A = Ampere

n = metre H = Hertz (ecycle)

km = kilometre _ kV = Kilovolt _ .
W = Watt W

Areas : kW = Kilowatt

ha = 104mZ = hectare My = Megawatt

kWh = Kilowatt hour

Pyeong = 3.31 m? o
danbo = 300 pyeong = 992 m2 . ggz ; Eigzgzgi 323§
Jeongbo = 100 danbo = 0.992 ha B2
ohm = Resistances

Vo lume mho = Micromhos = conductance
lit = 1,000 cm3 = litre 8) Other Measures
Seok = Volume containing B e,

100 kg unhulled rice ppm = parts per million

144 kg polished rice % = per cent

105 kg barley of/oo = per thousand

138 kg naked barley PS = Horse power (75 mkg/s)

141 kg polished barley EH = scale for a?ldity

C = degree centigrade

138 kg wheat

114 kg unhulled millet
124 kg polished millet
142 kg rye

135 kg corn

135 kg soybeans

103 = thousand
106 = million
109 = billion (milliard)

9) Derived measures are based on
the same symbols:

Weight m3/s = cubic metre per second
mg = milligramme ton/ha = ton per hectare
B _ kWh/yr = kilowatt hour per year
& T gramme kVA = kilovolt ampere
kg = killogramme
ggzn ;_éjggokzg = ton. 10) Technical Terms
geun = 0,16 gwan = 600 ¢ BOD = Biochemical oxygen demand
' dia. = Diametre
Time El. = Elevation above mean sea
s = second _ level
B H = Height or water head
min = minute ] . .
_ HWS' = Reservoir high water
h = hour
d = day surféce
_ ' K = Potassium
yr .= year IW5 = Reservoir low water surface
Money N = Nitrogen
_ . - . P . = Phosphorus
$ = US dolliar PVC = Polyvinyl chloride
W = Won . : _.TSP = Triple superphosphate
$ = ¥ 485, 1978 price level TWS = Tailwater surface of

miil = § 10-3 ' turbine



ADB
ADC
BOK
DMZ
EPB
FAO
FLIA
HRBS
“IBRD
IR

ISWACO

JICA
KECO
KOWACOD

MAF
MOC
NACF
OECF
ORD
PORD

_UNDP
UNSE

‘US/AID
USDA
USCE
KOR 13
KOR 16

KOR .72
KOR 75

ABBREVLATIONS

Asian Development Bank

-Bank of Kotea'
_ Demilitarized Zone

- Agricultaral Development Corporation

Economic Planning Board

Food and Agriculture Organization of the United Nations

TFarm Land Improvement AssoCiation

USAID/KOWACO Han River Besin Joint Survey Team

Internatlonal Bank for Reconstruction and Development

International Rice Research Institute

Industrial Site and Water Resources Development Corporation

Japan International Cooperation Agency

Korea Electricity Company

Korea Water Redources Development Corporation, previous
name of ISWACO

_Minlstry of Agrlculture and Fisheries

Minlstry of Constructlon

Netiooal Agricultural Cooperatives Federation

Overseas Economic Cooperatlon Fund, Japan

0fr1ce of Rural Development

Prov1nclal Offlce_of Rural Development

United*ﬁetione Development Programme

United Nations Special Fund

United States Agency for- Internatlonal Development

Unlth States Department of Agriculture

United States Corps of Englneers

UNDP/FAO

UNDP/ FAC

UNDP/ FAO
UNDP/FAD

‘Soil Survey Project

Pre-Investment Survey of the Negdong River
Basin Project

Nagdong Rlver Basin Delta S tudy

Nagdong River Ba51n Development PrOJect

Fea51b111ty Study”
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L1 INTRODUCTION

A preliminary geological reconnaissance wag carried out on 24

proposed damsites in the first stage of the study ,

For upgrading precision of the result of the above study on’ the
selected_;en-dam project sites, three alternative damsites and power
_ Station sites, geological iavestigation including geolégical mapping,
. seismic exploration and core boriﬁg_with water preésure test have been

programmed in 1978.

‘Geological mapplng and seismic exploration were carried out by
JICA team, whlle the base map for geolog1ca1 mapping as well as for
Ide31gn work.was prepared by MOC with scale of 1/1 000 to 1/2,500.

Core borlng w1th water presoure test was also executed by MOC and the

Tesult was prov1ded to JICA Team.

All the result of the said geological investigation carried out

in 1978 is described in this report.
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L 2 GEOMORPHOLOGY AND GEOLOGY OF KOREA

The Korean peninsula, l,BOO;km long and 300 km wide, is located
between the Yellow Sea and the East Sea at the eastern part of the Asian

Continent.

The eastern coast line of the penihsula runs immediately along the
skirt_of-Stéep slope of mountain range and, on the contrary, the western
and southern coast line indicates curved shape having wide alluvial plains
in places. It is presumed that this assymmetrical topographic shape has
been caused by tilting movement, subsedence in western coast and upheaval
in eastern coast, and, thusa the ridge line.of watershed runs in the
eastern side of the peninsula. In general, rivers running to the eastern
coast are short in their stretches and steep in riverbed gradient. Long
stretching rivers with gentle gradient éuch as the Han river, the Geum
river, the Wakdong river, and the Seomjin river, discharge to the southern

or western coast.

The topography of mountains along the water divide is mature, with
sharp ridges and steep valley flanks, however, toward the western part
of the peninsula, it becomes late mature to old stage with round ridge
hill masses and with wide flat valley planes, Wide alluvial plains

develop at the river mouths of great rivers in the western coast.

The standard stratigraphic uﬁit of the Korean peninsula is shown
in Table L 1, based on the 1/250,000 scale geological map compiled by
‘the Geological and Mineralogical Institute of Korea. The lithology and
major tectonic structure reflecting past geological evolutions is shown

in Fig. L 1.

It is recognized that thousands million years ago, in Archaeozoic
in Pre-Cambrian age'folding, metamorphism and igneous activity formed
highly métamorphosed gneiss and schist in Gyeonggi and Yeongnam Massif.

The mechanism of them is still unclear.

In late Proterozoic age a subsidénce developed between Gyeonggi

and Yeongnam Massifs forming the Ogcheon Basin which is originally

L2



presumed to develop widely in the southern part of the Peninsula. Marine
sediments were deposited there since onset of the subsidence till mid-
Ordovisian age. At the onset of the Cambrian Period, the Ogchecon Basin
became enlarged and a dominantly calcareous sequence called the Jéseon

Supergroup was deposited.

The sedimentation was discontinued since mid-Ordovisian probably

due to marine regression.

Marine sedimentation was again renewed in late Carboniferous time
after discontinuance of sedimentation since mid-Ordovisian, however,
sedimentation became non-marine sequence later which together consti-

tutes the Pyeongan Group.

Since mid-Triassic period the southern Korea peninsula were affected
by warping and tilting movement called as Songrim Disturbance which re-
sulted the Ogcheon Basin into isolated basins within the Ogcheon zone
which contains the town of Daejeon now a day and extends in NE-SW
direction with around 60 km in width bounded by tectonic faults in the
north and the south. The non-marine sediments of the Daedong Super-—
group were deposited unconformably upon older rocks in the isolated
basins both within the Ogcheon zone and also scattered over the

Gyeonggi Massif.

At the climax of the movement in mid—JUraséic time, that is called
Daebo Orogeny, the Ogcheon Basin were folded and metamorphosed to form
the Ogcheon Fold Belt. Huge batholiths of granite and grano-diorité
were intruded into fhe Ogcheon Belt and into the Gyeonggl and Yeongnam

Massif.

After the Daebo Orogeny, a wide sedimentary basin developed in
south eastern Korea where the non-marine sediments, volcanic rocks of
the Gyeongsang Supergroup were deposited. " The Bulgugsa Granite and

acidic Plutonic rocks were intruded in places in the southern part.

L3



Tertiary rocks, consisting of earlier non-marine, and later marine
sediments of Miocene and Pliocene age were accumulated in a few small

basins along the east coast.

(uarternary deposits are seen ag terrace and alluvial deposits
along river courses and in flat plain along sea coasts. Volcanic act- *%

ivity in the Quarternary was known in Jeju-do and other islands nearby.

el
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L 3 CENERAIL DESCRIPTION OF GEOLOGILCAL INVESTIGATLON

L 3.1 Investigation Performed

The quantity of the geological investigation performed in the

second stage of study in 1978 is shown in Table L 2.

Three core borings in the Inje downstream site at the lower part
of both banks and the riverbed, and three core borings in the Bonghwa
upstream site at almost water edge_of both banks and the riverbed were
made by MOC in the past period. However, no accurate drilled spots of
them can be identified at the sites, and obtained core materials has
been missing. Only rough spot indication and geologic logs described
in Korean language are available at present., No water pressure test

data 1is attached in the descyription of them.
L.3.2 Method of Investigation

L 3.2.1 Geological mapping

Geological mapping was carried out by using:l[l;OOO to 1/2,500
scale map on the damsite and the power station site {except Bonghwa
downstream power station). For the Bamseonggol (alternative), Imha and
Juam daméites-l/l,OOO scale maps were available, and in other: dam and
powér station sites, 1/2,500 scale maps were used for geological mapping.
These maps cover the area of the damsite as well as major appurtenant
structure sites such as spillway, di#eféion tunnel and power house site.
In addition, geological reconnaiésaﬁge'was made on the quarry site and
re-regulating pond damsite by:using 1/25,000 scale map and fleld measure-

ment (see DRAWINGS),

L 3.2.2 Seismic exploration .

Seismic explofation lines wére'érrangedrin éach damsite. Two lines
are placed in parallel with the dam axis,'withjsornlintefval and auxiliary
line(s) is set perpendicular to the dam axis under the coﬁsideratiOn of

conditions of topography, surface geology as well as design of structures.
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Detectors were placed at 5 m intervals to receive primary seismic wave
shot at the éxplosion point. The obtained records were arranged in
time~travel curve for mnalyzing thickness, structure of the velocity

layers (see DRAWINGS).

L 3.2.3 Drilling dinvestigation

Core bdfihg with water preSSUré'tést‘was executed by MOC. Prior
to the operatlon, the technical specification of the core boring -and
water pressure test was discussed and agreed between MOC and JICA Team.
After the boring and water pressure test_was-completed all data obtain-
ed were been provided to JICA Team in December, 1978. The recovered

driiling core materials were inspected by JICA Team.

The water pressure test was made in the drllled hole at 5 m steps.
The hole was drilled in a depth of 5 m, and then, a packer was set at
the top of the drilled section and clean water was injected with the
specified pressures. A volume of injécted &ater under a given constant:
ﬁressure Waé measured for 10 min. in each pressure stage. A sefies of
water injection'under various pressures as specified was completed, then,
the hole was drilled below the tested section’ for obtalning the ‘subse-

quent core recovery and water pressure test.

Lugeon walue-at the injected_Section-was estimated by injected

water volume and the given pressure as shown in Figs. L 14 to L 19.

The recovered core materials are described in this report by the

observation criteria as shown in Table L 3.

L 3.2.4 Reconngissance of the qﬁarry site

The quarry site was investigated based on 1/25,000 scale map in
consideration of theﬂrequired volume of rvock materials as shown in Table
L& for rockfill type dam construction, accessibility, overburden,_rock

”quality, ete. within the distance of 4 km from the damsite.--
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L 3.2.5 Reconnaissance of the re-regulating pond damsite

" In case a feéregulating pond is deemed heceséary for keeping control

of water flow to the dowvms tream, suitable damsites were investigated at

_ the downstyeam of the'péwerstation, in connection with topographic profile,

overburden and the foundation conditions.

L 7



L 4 SPECIFIC SITE DESCRIPTION
L 4.1 Bamseonggol,'Upstfeam

L 4.1.1 Outline of project

Location : See ¥ig. L 2
Dam type : Rockfill

Dam height : 105 m

H.W.L, : El. 305 m
Power house : - Dam and tunnel

1 4.1.2 Geology of damsite (DRAWING NO. 001 and Fig. L 14)

The upstream damsite is located near the uppermost stream area of
the gorge streching to the downstream site. At the upstream where the
dam is planned, the main stream curves and forms a wide valley of more

than 10 km.

The rock is a coarse grained, hard granitic gneiss; most of rocks
are fresh, however, fissures appear on many ouférgps of the hillside,

These fissures have not been intensively weathered.

The left abutment rises on a gentle slope for 70 m from the river
side, - and Becomes a hillside of about 30° (1 : 1.9). The gentle slope
is a river terrace covered with scree; the thickness of the overburden
is estimated to be 12 m, according to core boring DH 1. By the core of
this hole, it is also estimated that many of the rocks underlying the
overburden deep to 19.2 m have been iﬁtensively weathered, and cracky.
The core pbpained in this section is a slime. A fresh, hard granitic
gneiss continues from the depth of 22.2 m‘to the bottom of Eﬁe hole.
The water table in the hole is 16.6 m deep. The rock:iying below a depth
of 19.2 m may be impermeable, | L '

Between the seismic Lines A-1 and A-2 lies a shallow elongate valley
which is covered with scree, while on a steep slope appears many outcrops

of rock.

1, 8



The_river'terrsee“is cut near the outlet of the diversion tunnel,

‘which 1s located about 300 m downstream of the dam axis. In this place,

large boulders are distributed.

The river bed is about 80 m widej; its left abutment has a flood
plane of about 30 m wide. The low water channel runs only along the
right abutment. Thug, the right abutment is an undercut.slope on which
fresh, hard rocks are exposed. The gneissic structure of the rocks is

not clear; it is rather massive and fissures are few and almost closed.

The right abutment rises on a south slope while increasing its
height and width in the west'nbtthwest ' Thls slope is about 40° (aver—
age); the width of ridge at the hlgh water level is about 50 m. On the

river_bank to the hillside, many rocks are exposed widely. The hillside

. near the dam axis has many reliefs, while the valley is deposited by .

scree. The valley is suddenly open at aboutlQOO m downstream of the

dam axls, or from the outlet of the spillﬁay to the downstream, and the
hillside slope widely covered'with'overburden becomes gentle. Because

the trlbutary joins the upstream of the dam axis, the river becomes

w1de, and a flood plane ‘of about 30 m wide spreads on the skirt of hill

pa551ng ‘the riverside road

_ 'The ratio of the valley'height to:the'ﬁslley width at the high
water level is‘about 1 : 4.2 near the dam axis. . The right. abutment.
rises on a very steep slope, sh0W1ng an asymmetric figure on the cross

gsection of the valley

L 4, l 3 Drilllng investigation (DRAWING NO. 001, Flg L 14 and
GEOLOGIC LOGS)

The core borings have been made on the river terrace of a left )

abutment. From the topsoil of 3 m deep to a depth of 19 2 m has been'

_excavated by means of a metal CrOoWn, Rock pieces have been obtained 1n

fsome places, howeverx slime hdS been 11fted in most places and casing has

been inserted, This 1mp11es that it would be difficult to determlne

whether this part has beeén formed by terrace sedlment or a weathered :

' roek_w1thzmany fissures;.but, considering from the location .of .the water

tsble,:a'roekxseems:tO'cbntinue from a hole depth of 12 m or deeper.



Pieces have been obtained from a depth of 19 2 to 22,2 m; fissures have
been stained with limonite. A stlck or piece core of freeh hard gneiss
has been obtained from the depth of 22,2 m_to the bottom of the hole.
The water pressure test_made.for rocks lying below the portioo'of 19.8 m

deep, has obtained values of 1 Lugeon or less.

L 4.1.4 Seismic exploration (DRAWING NOS. 001, 023.and7024)

The seismic exploration result shows the presence of three velocity

layers underlying the damsite. They are interpreted as:

Interpretation of Velocity Layers,
Bamgeonggol Damsite (Upstream)

Layer Velocityi(km/sec) : Interpretation
I . Less than 1.0 Overburden, severely loosened rock
I1 1.7 - 2.2 Loosened or weathered rock

I11 ' ' .4.8 - 5.2 Fresh rock

In addition to the above layers, a different low veloeity zone with
a velocity of 2.4 km/sec has been observedtbetweeo 372.5 to 400 m of the
Line A-2, This. is located at the ﬁing of the planned dam, the boundary
between the zone and a ffesh rock has not been observed clearly, however,

it may be made up of loosened rocks.

L 4.1.5 Quarry site (Fig. L 2)

The ¢uarry site has been selected centering at a point around the
high water level -in the tributary which runs south.and joins ‘the main
stream at the upstream of the damsite The selected one 1S'about l km .
north—northeast of the datisite. This quarry site “does’ not 1nterfere the
construction although the site is located near the dam, and is ‘capable
of excavating rocks at both banks of the velley. The overburden covering
the hill 1is thin, allowing granitic gneiss to scatter. The massive gneiss
is excellent both 1in strength and durabillty B

This site is located at the valley opening south and its exeavating

faces may be open in the east and the west. The valley is relatively
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wide and water supply for work ls convenient. I‘urthermbre, the hillside
slope s noL g0 steep, and the faces are capable of being extended to
Lh_e upperstream of the valley. Thus, _the site has favorable construction

conditions.

'L 4.1.6 Saddle area in reservoir area (Fig. L 2 and DRAWING NO. 003)

.The extension of the hill feature of the left abutment forms a
saddie area of about EL. 310 m at about 550 m south ecast of the damsite.
The saddle area continues considerably long; its roof width is about 50
m at the higﬁ~—water level (El. 305 w). :On tn'e'” top 'dt' th.e roof exposed
a granitic -'gn'ei_ss_, while the hillside is covered _with scree and the
foot is covered k&ith_ terrace deposit. On the gneéiss distributing,
fissures with steep dip strike across or diagonally the saddle ares.

' They seem to be loosened to the considerable depth probably requiring

an apptopriate treatments for groundwater spouting.

L 4.1.7 Geology of appurtenant struc_ltures
(1) Diversion tumel (DRAWING NO. 001)

Two parallel diversion tunnels have been planned at the .1.eft
abutment. * It is expected that hard, massive granitic gneiss are
‘excavated in the most part of ‘the tunnels, The geology of the
tunnels ‘15’ ‘excellent, with no’ pr‘oblem about tunnel diameter and
interval between' the tunnels. Since there are many fissures on
the rodk Hear (he Curinel inlet, caution must be taken to keep
stability of the slope near the tunnel' i'nlet. Bouldets deposit’
near the. tunnel outlet. It is suggested that this deposit will be'

excavated and removed for the construction.

(2) Spillway (DRAWING NO. ()Ol)

_ The spil}.way will be made at the right bank The right bank
.rises ‘up a steep cliff “the hillside slope of the chute will be

. hi_gh requiring design and constructitm taking stability of the
'siope . into account. The surface of near the outlet is covered with
ovérburden. The foundation depth may be determined in further

investi gation
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. (3) Powerhouse (Fig. L 2 and DRAWING NO. 003)

The powerhouse is planned to be constructed about 1:8 kml”
downstream the alternative damsite. Large boulders are acouﬁulatQ
ed at the foot of hillsides and gtreats neaxr the powerhouae site.
There are rocks with fisSurea and tumbled blocks. The.planned
poﬁerhouse site seems to be_abpropriaté,-but the depth of founda~

‘tion has not been determined. A further investigation is necessary.

L 4.2 Bamseonggol, Downstream

The downstream damsite seems to be located at part'of-a large-gcale
rockslides zone. A wide géntle lepe'extouda oentering around the place
about 1 km south-southeast the damsite. - The valley originatiog from the
gentle slope lS:COVeféd with collapsed rock blocks. Thé'head of ‘the
valléy changes to the gentle slope and there are swamps”on'the_gentlel
slope which have been made by . collapsed materials On the - foot.of both
banks, large boulders have been collapsed and accumulated The rocks on
the hillside are loosened, and have been - formed by a large block.detached

from'a bad rook. On-tba:other'hand,.thera are exposéd, fresh firm biotite

Al

gneiss on the river channel.

There is also saddla area at a location about 500 m east from the
damsite. The height. of 1ts top is about 320 m in elevation. -Completely
weathered small outcrops of gneiss scarecely exit on the saddlerarea.
The alopes are widely covered with thiok overburden, requiring appropri-
ate countermeasures for'atored_Watet spouting. The physical limit of
resetvoir'high water surfaCe aill'be at E1. 300 m. The location of the

site is shown in Fig. L 2.
L 4.2.1 Gé_olog&r of damsite (DRAWING NOS. 002 and 003)

The valley ‘at- the damsite has the left slope’ w1th an inclinat on of
about 20° and the right slope with an incllnation of about 40° l1ying : _g
across a river channel of about 30 m wide. The ratio of the valley height
_to the valley width at the high water level (El 300 m is 1'% 3.7.
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The hiliside of the left abutment 1s covered with overburden from
El. 280 ™ downward there are few rock exposures ‘and detached roeks
The detached rocks are also distributed on the hillside highe1 than
280 m in elevation and the slope is gradually eteep.towerd the top.
The foot with a gentle slo§e seems to be formed as the result of that
the river terrace has been covered with scree. Large bouldera are
distributed on it. These boulders are biotlte gneiss, some of whlch
have slickensides presumably formed by mountain slides attributable to

fault.

) The sand and gravel are accumulated on the river chamnel; however
it ‘'seems Lo be thin.,. The narrow outcrops of rocks stretched along the
rvight river side are fresh, firm biotite gneiss. Generally, the spac-

ing of a fissure is close, and most of dip is steep.

" The &lope of the right abutment is made'ofigneies which covered’
with thin overburden. Generally, there are many loosened or detached

rocks. On_the'foot of the hill slope, large boulders arefdiStributed;

"L 4.2.2 Drilling investlgatlon (DRAWING NO 002, Fig. L 14 and
GEOLOGIC LOGS)

One core boriﬁg has“been madetoe the gentle slope of a left mountain
foot_by'exeavating‘éﬂ n deep. Surface soil and soil with debris lie
from the ‘surface to the depth of 6.1 m. The small amount of hiotite
gneiss core has been taken from the depth of 6.1 m oY more, some of
"which have slickenvsides. “The water table lies at a depth of 13.6 m,
being at almost same elevation as. the water’ table in the main sfream.
Therefore, it would be difficult to say - the core is formed by a bed rock
- o¥ by detached rocks j Since the wate1 pressure test has been made from
the depth of 23.2 ﬁ.or more showing 1ts Lugeon s values of 9 to 19 and
slime has been obtained from the depth of 6 1 to d5 m the bed rock
dietributed presumable 15 m deep.; The depth to 4 7. km/sec layer in

eeismic wave velocity 19 about 19 m 1n the core boring spot
L 4,2.3 _:s'eié_.n:ﬁ;g%.:explo—r_éééﬁ"(ﬁm&mé ‘Nbs“." 004, 025 and 026)
 The seismic exploration result shows the presence of three velocity.

layers underlying the damsite, They are interpreted as:
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Interpretation of Velocity Layers,
' Bamseonggol Damsite (Downstream)

Layer Velocity (km]sec) ' Interpretation
1 - . Less than 1.1 Overburden, severely loosened rock
i1 . - 2.0 ~ 2.1 . Detached rock, loosened rock

weathered rock

I1I 2.7 - 4.1 Fresh rock (souﬁwhef.eraCky)

In addition to the above layers, some different low velocity zomes
shown in PROFILE A-A have been observed. These low veloecity zones are

estimated to be formed by cracky rocks.

The comparison between the expleration result at the downstream
and that of upperstream reveals that the velocity of seismic wave at
the downstream is.slewer than that at the upstream and that there are
more low velocity layers in the downstream than in the upstream, more-

over the 2.1 km/sec layer is thicker at the downstream than at the

upstreem, although there is no difference in rock type between two sites.

This suggests that the rocks at the downstream are loosened to a

" considerable depth end have more fissures,

L 4.2.4 Comments

(1)' ‘The downstream site located at part of a wide rockslides area

_is not suitable for damgite of a high dam.

(2) The upstream daﬁsite has not such unfavorable geologic condi-
tions as the downstream damsite has. The foundation of the core of
the planned fill dam will be prov1ded ihthe 2,0 km/sec {or more)
:layer (DRAWING NOS 025 and 026) and the foundation of the shell
zone will be on the upper part of the 2.0 km/sec layer. Luoeon ]
value of 1 or less obtailned by the water precsure ‘test would show

the foundation rock is generally excellent in water—tightness.
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(3) Most of the'divﬁrsion tunnels of the upstream scheme:foute
“1is formedﬁby firm, hard gneiss with few fissures. Consideration
on the slope stability at the inlet and the excavation of boulders

at the outlet are suggested for the construction.

(4) The powerhouse site for the upsteam dam is planned to be
constructed at more stable location in surrounding area. Further
investigatiion is required for the site of the surge tank, penstock

line powerhouse, to determine the foundation depth.

(5) An appropriate treatment is required for a saddle area center-
ing about 550 m southeast the damsite in order to prevent stored

water spouting,

l(6) Rock material isﬁcapable of being obtained from the lGCQtidn
centering around 1 km north the damsite. This location hds favor-
able construction conditions in addition to that fresh firm gneiss
is capable of readily ob tained. Mbreovér,”%iltéf ﬁéteriéls.aré

provided by river gravel widely distributed at the upstream damsite,
L 4.3 1Inje, Upstream

L 4.3.1 Outline\of project

See Fig, L 3

Location :

Dam type . =~ 3 Concrete gravity dam -
" Dam height i, 128 m

H.W.L. : : - El. 344m

Powerhouse - ¢ Dam and- tunnel
L 4.3.2" Geology of damsitre’ (DRAWING NO. 004)

. 'The riﬁerrforms fapids at-the.upstream frém tﬁe survey pbint 9'and
: atfthé'dowhStream frém the survey point 13. Tt is 30 to'AOQm:in:widfh
during a'period'of-drOught;- Both-abutments'are very steepﬂand the ratio
of valléy height”to.valley'width:is about 1 :'3;6 at éhe~plénnéd'ﬁigh
wétéfaleVel (El,_344;00 m). ' o :
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At the left abutment, rockS*étbp-out continuously along the river
side and the hiliside is covered with thin scree, ' At an area frbm 260
to 280 m in elé#étion, loosened rock masses and large detached rocks
#re scaftered. Most part of the river bed is covered with thin gfavel
&eposit. The river side has rock outcrops. The right abutment is
formed By a steep rocky mass but shallow valleys at the upstream and

downstream side of the planned dam are depusited by debris.

The damsite is composed of a hard, firm and coarse graiﬁed granite
having cracks ordinary in intervals of 30 to 80 cm. ~The outcrops are
fresh though surface portion is 1ooséﬁed and locally has Some open cracks
because of a steep topographic feature. The drilling investigation and
.observation at the face of the quarfy along the right abutment road
suggest that the extent of relakation_is approximately 5 m deep at a
lowef qution_éf_hilléide. Both abutments have cracks with a gentle dip
.toward the mainstream. Large boulders lying from the left abutment foot

to river brink will be those coming from the steep slope.

Considering a steep topographi¢ feature, flood condition and exist-
ence of satisfactorily firm rock bed, a concrete dam is recommended for 4

the planned type.

'L 4.3.3 Drilling investigation (DRAWING NO. 004, Figs. L 14, 15
and GEQLOGIC LOGS)

One vertical core boring with a hole length of 40 m has been made
at the crossing:of Liﬁe A-1 and.the road of the right abutmwent. In this
boring, granité.haé'ﬁeen reéchéd below i m thick soil and debris, Rock
has weathered and is cracky up to a depth of 3.6 my it becomes - fresh and
hard from a dépth of 4.9 m or move. The core recovery is 100 % in most
parts excluding cracky parts. R.Q.D, is 10O % in most sections; it is

moxe than 50 Z in general excluding cracky parts. Rocks are excellent.

The water:tableiié ét a depth 6f 17.9 m.. The waternpressﬁre test
result which was obtained from a depth of 16.5 m'to .deeper shows that

most of rocks may be assumed to be inpeiﬁioﬁs.

L 16



L 4.3,4 Seismic exploration (DRAWING NOS; 0Oﬁ, 027, 028 and 029)

The seismic'exploration'reSult shows the presence of four veloclty

layers undeflying the damsite, .They are intefpreted as!

Interpretation of Vélocity Layers,
Inje Damsite (Upstream)

Layer Velocity (km/sec) ' Intefprétatiéﬁ
1 Less than 0.3 Soil and debris .
11 - 1.6 Severely loosended rock,
weathered rock _
11T 3.0 Partially_éraéked rack

A . 4.5 " Fresh and:firm rock

Two and four low velocity zbnés'héve been detected on Lines A-1
and A-2, respectively;_hqﬁever, no low veiocity zone has been detected
on Lines B-1 and B-2, There: is only one low velocity zone with a width
of 17.5 m along Line A-1 (about El. 270 m) at the left ébutment ALl

other low veloc1ty zones lle at an elevatlon of 270 m or hlgher

Most of these 1ow'vélocity"20nes*éré 10 to 30 m wide along the
seigmic line having a velqcitj’bf 2.0 to 3.5 km/sec. It could not be
determined 1f thess lone low velocity zones were resulted from the topo—
graphic reason or concentrated fissures. Some of them will need test

excavation before construction.

L 4.3.5 Quarry site_(Fig. L 3)

Survey was made only for the right abutment taking account of

'transportatibn_conditions.of rock and the fact that there 1s no flat

area suitable for work in the main stream in valley. A quarry sité_has
been: set-1n a hilly areé in an valley which joins the malnstream about

1.3 km upstream the damsite (Site A).

. This hill area is covered with th1n overburden and has a w1de
dlstrlbution of. freqh rock outcrops its face Wlll be opened in Lhe

west, Valley gradlent is not so qteep and roads could be constructed
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on hillesides of both banks, Furthermore, a working space will be enough
since the. face will be located at the crossing of the two valleys. The
site is formed by hard granite ‘which partially contains gneilss. These
granite and gneiss have similar rock characters to each other and are

excellent in strength and durability.

Besides the above quarry sife, a hilly area of a valley jeining
the mainstream at about 1,5 km downstream of the damsite is also propos—
ed. This area (Site B) has similiar construction conditions as quarry
site A despite its face will be toward the northeasf. This site is
covered with thin overburden; and formed by granite. This'grénite is
also excellent_in.quality as rock material, .The gquarry site B could
be utilized also fof the downst ream site being located at about 3 km

from the downstream damsite.

L 4.3.6 Geology of appurtenant structure sites

(1) Diversion tunnel (DRAWING NO. 004)

© A diversion tunnel is planned at the left abutment. A geologi-
cal survey of the diversion tunnel shows that the tunnél will run
across hard and firm granite. However, in some sectioms, the cracks
strike in parallel to the direction of the tunnel and dip about 15°

toward the mainstream, requiring a protection of walls during exca-

vation. The inlet is planned at a skirt of a very steep rocky slope.

In the vicinity of the outlet, the coverage of tunnel is not thick,

and overburden is distributed at the end of the outlet.

(2) Powerhouse (Fig. L 3 and DRAWING NO. 006)

The powerhouse is planned at a skirt of a thin ridge projected
4into Soyanggang reservoir from the southeast. The ridge where the
penstock and surge tank are planned is covered by highly decomposed
granitic gneiss. Presumedly 20 m thick. This fact will be taken
into account in the design and constructibn‘of the-penstbck‘and _
surge tank. The geological mapping detected a fault with a fructurm
ed zone about 5 1 wide (strike:l N30°E; vertical dip) at E1. 470 m
on the'ridge; To the intﬁke side of the fault, hard granitic gnelss
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is distributed though having open cracks. The fault wlill cross the
headrace tunnel but rocks adjacent to' the fault are assumed to be
hard and £irm.

L 4.4 Inje, Downstream

L 4.4.1 Outline of preject

Location : See Fig. L. 3

Dam type : Conerete gravity dam
Dam height : 150.00 m

H.W.L. : El. 341.00 m

Powerhouse : Dam and tunnel

L 4.4.2 Geology of damsite (DRAWING NO. 005)

- The dam axis will TuD across a iocatiQn-BS m downstream of the
gauging'sﬁation'and stretch to the ridge projécted-out from the both
abutmehts; At the axis, the river is about 40 m in width. The ratio.
of valley height to valley width at the high water level is about 1 .:
3.7. The wvalley has such a topographic feature as steep gradient from
the river bed (El. about 210 m) to middle portion of hillside (BL. 320
m) at both abutments followed by rather gentle slopes at an elevation

of 320 B 0T more.

The mainstream becomes rapid; its river gravel is thin, Rocks crop
out continuously at both banks, and a large amount of boulders tumbled

from hillsides are distributed along both river sides.

The:mountains at_bothgbaﬁké.are thick enough for dam construction.

They are covered with thin overburden and have widely exposed rocks.

. Like the upstream damsite, this site is formed with hard, firm granite;

however, rocks underlying near the surface are loosened. This requires

that a care is t¢ be "taken in: dam design.

Water seeps through cracks at a hillside on right abutment road (a
location about. 30 m“upétream of the dam axis). Its temperature suggests

that water comes out via a shallow part near_thé'surface.:
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Interpretation of Velocity Layers, -
Inje Downstream Damsite

Layer. . Veloclty (km/sec) Interpretation
I L.ess than 0.5 Topsoil, debris
II 1.2 - 1.6 Severely loosened rock, -
weathered rock
111 2.8 - 3.3 Somewhat loosaned'rock, slightly
’ ' weathered rock

v 5.6 Fresh, hard and firm rock

The velocity of seismic wave in rock is faster at the downstream
site than at the upstream site. This may be attributed to that the

rock character is more excellent at the former than at the latter,

There is one low velocity zone clearly detected at Lines A~1 and
A-2, réspectively.' Both'zones.run along a skirt of the right abutment.
The ZOnes_albng these exploration lines are 15 m and 12.5 m iﬁ width,"
respeétively. A detailed investigation is required to confirm their

characters.

Besides Lhe above Zomes, another 1ow velocity zone . (about 2. 2 km/sec
‘and 25 m wide) runs in the wvicinity of the end of the upstream of Line B,
though not clearly detected. This zone is located falrly far from the

dam axis.

L 4.4.4 Quarry site (Fig. L 3)

Refer to L 4.3;

L 4.4.5 Geology of appurtenant structure sites

(1) Diversion tunnel (DRAWING NO. 005)

Both the inlet and outlet are plaﬁnéd at a skirt of a steep

vailey wall of the mainstream.
(2) Powerhouse (Fig. L 3 and DRAWING NO. 006)

Refer fo-L 473.6‘(2).
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L 4.4.6 - Comments

(1)- A f111 dam is not recommended for both upstream and downstream
damsites, from the viewpoint of topographic condition and construc-
tion of a large capacity spillway. This may also be said by the
fact that both damsites and their vicihity are rery ateep, provid-

ing unfavorable conditions of material transportatcion.

{2)__Ihe'baee rock of the both abutments are fresh, hard_graﬁire
éxcellent in strength and watertightness. The superficial_rock,
however, is steep and loosened and some cracks diprgentlj.toward
the river side, needing attention to slope prOtectionldoriog_con—

struction.

(3) Considering that the dam will be high concrete type, the
foundation excavation line is assumed to be at the lower end of
Layer TIT of seismic exploration in lower part of the abutment and

is assumed to be at the upper end of Layer III in higher part.

(4) At the both upstream and downstream sites, diversion tunnel

cons tructed by”excavetihg‘hard and firm granite., It is possible

_ that cracks gently leaning toward the river side'Continoe for a

considerably long section. = An appropriate considerériOn is'requir—

ed in excavation. Some slope protection will be necessary at portals

of both the inlet and outlet. The coverage i thin and debris

deposits ‘1ie in the vicinity of the outlet of the upstream damsite,

" needing a detailed investlgation of its character.

'(5) The surface of the ridge where the penstock and surge ‘tank-

are planned is formed by decomposed granltic gnelss._ Its thick-
'ness is assumed as 20 m. Furcher 1nvestigations ‘of the thickness
and rock character will be needed for stablllty and dc51gn of

structures.

(6) Taking ‘account of change in dam type into.a rockfill dam,

“gquarry site has been selected both at the upstréam and at. the downﬂ,'

‘streamfscheme.- Both quarry sites have been located only on:the

right bank of the mainstiream considering topographic conditions for



a transportation road, Both quarry.sites have satisfactory rock

chairacteristies, .aod excel_lent eons.truction. coﬁditi_ous. Rock
materials of both quarry sites could be used for concrete"éggre;
} ga'_te.:' Moreover, the rock has not s.o strong crushing resistance,

86 1t could be used for sand production with low cost.

(7) There is no significant -differen'ce in geologic condition.. .-
between the upstream and the downstream damsite. The dam 'vol'ume
of the upstream damsite (1,688 x 103 m ) ts smaller than that of'

3 m ) 'lhe headrace tunnel

: the downstream dam51te (2 587 x 10
1ength of the upstream damsite (about 5, 250 ™, however, is longer
than that 6f the downstream damsite (about 2,800 m). Both daﬂBlteS
should.be compared and studied from engi:neering and economic stand-

points.
L 4.5 Hogncheon

'L 4,5.1 Qutline of project

Location , :  See Fig. L f-'} _ )
- Dam type .' Ctmcrete gravity 4
_ Dam helght . : 80 m .

HWLL. . El. 120 m
iPower_hou_se ot Attached to dam

L 4.5.2 Geology of damsite'(DRAWIﬁG NO. 007)

The dam ax1s,. on the 1eft abutment, runs across the east slope of
the ridge progected to north—northeast while on the rlght abutment,
passes the end of the- rldge progected to south The dista:nce between
both ridges is about 280 m at. rlver .bed point. Between two ridges, ‘the
mainstream forms a gorge; the valley becomes wrde suddenly at the up—'

stregm and dowustre_am of the gorge.- The river charmel is about 120 m

R e

in width at the dam axis: A sand beach has. been formed -at- the rig‘nt
bank, At the . dam. axis sectlon, -the right abutment is .ateeper than the
deft abutment, forming -an asymmetyic featuxe of valley. The ratJ_o of
valley height to. valley width at the ‘high- water level (E1. 120 m) is
about 1 5. '
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The damsite is formed by quartzite,'schists’and their alternatioe.
Quartzite widely distributéd at the 1eft anutment locally intercalated
forms an alternation with schists. The schist formation consisting of
a small: part of chlorite ‘shist and a large part of sandstone schist is

dlstributed from a river bed to the whole area of the right abutment. .

Hard, firm and milk white or 1ight gray quartzite forms a valley
wall and very steep slope at a hillside. Hard, compact schist forms
a steep valley wall in the south, while meathered schists form friable-“z
rock. layer at hlgh level parts of both ‘abuttent.

At the right bank, narrow quartz vein (about 70 cm wide at trhe dam

ax1s) intrudés almost in: parallel to the river channel, with a dip of

70° toward left bank. Tt contacts closely with mother: ‘rocks. “The

overburden covering these basements is several to 10 m in thickness at
hillsides. Talus deposits consisting of boulders are distributed at
the left abutment. “The average river gravel thickness seems to be about

5 m ot s0.

At this damsite, Fault'A'Was~assumed:ahd Fault B was imagihed
Presence of Fault A was assumed connecting its outcrop which was: found:
at' the top -of prOJected ridge on the - left abutment (E1. 120 nD, and a
low velocity zone resulted from the seismic exploration. ‘In :the: cutcrgp,
the quartzite schist alternation was crOSsed by Fault A of-a'strike of -
N20°W and dip of 70°NE. The shear zome is about 8 m in width. - The
ridge top has been eroded along the'strike'ef'the_fault forming a pecul-

‘iar feature of afWedge;fYPéxéecticﬁi The.sbear'aene'is'well compacted

and clay:formatien is-insiguificaﬁt;."

Presence of Fault B was imacined based on- the- ‘results of core boring
PH 1 and. the 1ocation of low velocity zones analyzed ‘from the seismic
exploration. This fault ‘Seens  to separate quartzite dlvtrlbuted at the b
left abutment and schists distributed at the right abutment At a loca-

tion that has’ been assumed as a fault by coxe boring, tore recovery’ is’

_:very poor- and lifted core have slikensides and are mylonitized _ Lugeon |

values;are;?,et,a,depthleﬁrlﬁzm_or less aad,O.? to-3 at_a,depth df:m0te

than 15 m,sindicetingﬁthat the fault is well compacted..
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L 4.5.3 Drilling investigation (DRAWING NO. 007, Flgs. L 15, 16
and GEOLOGIC LOGS) .

Core borlngs DH 1 and DH 2 have been made at the 1eft bank of Line
A-1 and at the crossing of Lines A~2 and B on the right bank, respec~-
tively, The length of hole is 40 m 1n both core borings.

In core boring BH 1, a-rock has been drilled under river gravel
1.5 m deep.. Up to a depth of 28.5 m, core recovery was very poor,
egpecially, slime has been detected up to a depth of lO m. A rarely
obtained plece is mylonitic or, has slickenslides, presumably 1ndicating
that the Zone is crushed. The water pressure test result shows that
Lugeon values are 7 at a depth of up to 15 m and 3.0 to. 0.7 at a depth
of more than 15 m,; indicating  that the zZone 1s well compacted. R.Q.D.
is 35 % to 60 %.from 28.5 to 34 m deep, and 85 % from deeper than 34 m.
The water pressure test shows that Lugeonfs-value is 0.7. The core is

fragmental from 30 to 32 m deep, and cracks have been stained.

In core boring DH 2,Jschists have been drilled under river-gfavel
about 5 m in depth. TRocks becomes fresh, firm and hard from 6.0 m.

The core recovery is alnost 100 %Z. R.Q. D. ranges 20 % to 90 (average'

pre-oN

50 %); however, R.Q.D. becomes apt to low toward deeper. The water
pressure test result_showed that-Lugeoo value_ranges from-4.6,(mex.) to
0.3 (min.), being large for a rock underlying deeply. Above Lugeon |
values and R.Q.D. are indicating that there exists cracky-rocks at some

intervals.

L 4.5.4 Seismic exploration (DRAWING NOS. 007, 032 and'033)

The seismic exploratlon result shows the presence of - four velocity

layeres inderlying the damsite. . They are interpreted as:

Interpretatlon of. Velocity Layers,
Hongcheon Damsite

Layer  Velocity (kndsec)_ _ .=;H ' IﬁterﬁieFecioh .

T lLess than 1.0°° " Scree,'fiﬁerﬁgraﬁel,*telus deposit
CIT _ o g ' 'Severelﬁ‘loosehed‘rock,'weathered rock
III S35 Cracky rock, somewhat weathered rock

1V ' 4.3 to 4,7 Fresh, hard and firm rock
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From Lhe macroscopic viewpoint Lhe velocity layer in fresh rock
has a velocity ot 4.5 km/sec at the 1eft abutment (quart?ite), 4.7 km/
sec at the river bed (schists) and 4 3 km/sec at the right abutment
(schists). 1In addltion to the above veloc1ty layers, two ‘low veloclty
zones have: been analy?ed on Lines A-1 and A-2 at the right abutment,

_one zone at the river bed, aiid another zone at a vicinity 160 m down-
stream of- the cr0851ng ‘of Lines B and A-2, One of low velocity =zones
of the rlght abutment and ‘the low velocity zone of the river bed have

been assumed as part of Faults A and B, respectively.

L 4.5.5 Quarry site (Fig. L 4)

Althougn the dam51te has unfavorable topographic conditions for
.coostructlon of a flll dam, quarry site (Qlte A) has been. surveyed
"con31der1ng a p0551ble change in dam type. The quarry site has been
selected at the left bank of the malnstream taking transportation con—
dition into account.. The site is in a highland (EL. 319 9 m) located
about. 2.5 km upstream of the damSLte. The area formed by quart21te is
covered with very thin overburden, its steep slope toward the mainstream
'allows rocks to w1dely crop out. Between the steep slope and the main-
:'SLream, there exists a fairly w1de plane prov1d1ng favorable condltions.
for working : From the v1ewpoint of quarrylng conditions, however, thisg
quarry site is not so favorable because quart21te is so hard and firm

_possibly as producing over sized material and the slope is very steep.

The highland area (Site B) -about 200 - ‘m-in elevation located about
3 km {air line) southusoutheast of the damsite “{3 formed by gneies and
schists capable of being used for. good quality rock materials.‘ The

transportation distance will be more than 4 km
1 4.5.6 Geology of appurtenant. structure sites
(l) - Diversion tunnel (DRAQING NO..OO7)
. A diversion tunnel is. planned across a projééﬁed'riagé of the
right abutment The 1n1et is to be constructed directly at a very
_steep rocky slope, while the outlet 1s to be constructed Aat a skirt.'

‘of the west slope of the ridge. This outlet joins ‘the- mainstream

at an openchannel
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The tunmel will be found on fteéh5 hard and firm schists,
The ‘strikes of Cracks.éré‘aimost perpendicular with the driving
direction of Ehe‘tﬂnnel, and dips are mostly steep, proﬁiding
'févoréble'geologic cgnditfons which enable driving of a tumnel

with a large diameter.

_ The thickness of river gravel distributed at the open channel
is about 5 m. PFurther investigation is neceésary for permeability

of the coffer dam foundation.

(2) Powerhouse (DRAWINC NO. 007)

The powerhouse is planned in river channel attached to the
dam. The outcrops of sandstone'schist'are'scattefed ina vieinity
of‘the-pbwefhousé. The resulis of core borings and seismic explo-
ration indicate thét”the:ﬁowerhousé site is covered'with‘thin.river

sand under Which'fresh; hard and firm schists are expected to lie,

L 4.5.7 Comments

(1) The topogr&phic featire of the damsite is suitable for a

concrete gravity dam rather than a filldam.

(2) The:foundétiqn of.the left bank of the damsite is mainly form-
ed by quartzite while that of the . right bank is formed by schists.
_ The quartzite is very hard and firm, however, its superf1c131 part
has many cracks . ‘The major part of schists is formed by hard, firm
_sandstone schist_andﬁchlorife schist which is more or less softer
than sandstone sthist. ALl fresh rocks have satisfactory bearing

capacity and watertightness for the dam.

(3)_ The resultg ofrgeblogiéal mappiﬁg and.drilling investigation
suggest that overburden, scree, river gravel, talus deposits inciud~
ing‘large boulders, 1odsened'focks and weéthered rocks to be removed
during excavation will be in the vicinity.of lower end of a low

-velocity layer (1.9 km/sec).

Also, the outcrop status at the assumed quit'A'df:fhé'left
" “bank and the resdlts'bfldriiliﬁg'inVEStigatiéﬁ in the river.channel
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soggest_that the presumed Faults A ‘and B are compact; especlally,
Fault Behas a Lugeon's value offlese than 7. Fault A?oossibly
runs’ across the dam wing, requiring a 'study of treatment method
by digging a test adit and by performing a drilling investigation,
Pault B also requires-a study for treatment by performing a drill-
ing investigation ‘and test groutlng

(4) The diversion tunnel is planned at the right bank -taking
topogrophic features into account. The rock cliaracter of the
tuanel route has not problem for -excavation of a tunnel about 15 m

in diameter.

(5) The -powerhouse is planned in the river channel with a th1n
sand layer ‘under vhich fiym schists sultable for the powerhouse

foundation are expected to lie.

(6) Aggregates for concrete dam will be readlly provided by river
ngavel widely extending in the v1cin1ty of damsite. However, rock
. :materia1s prov1ded by the quarry site 3 km upstream.of the dam31te
| are too hard, firm and massive, and the land is steeply s]oped
,Another quarry site providing a good quallty of . gneiss and schxsts_
is’ fairly far from the damsite. -

L 4.6 Gujeol

L 4.6.1 oOutline of project

"Location '._ :.”'See Fig. L 5
Démltiée*" S ?Rockflll
._Dam helght .: ::.:68 m
wW.L., ¢ El. 748 m
.POwerhouse' ;} "Dlversion plan (Proposed), Dam and tupnel

Songcheon plan (Alternatlve), Dam and tunnel
L 4.6.2 Geology of demsite (DRAQINCrNG; 008)

““The valley at the: 'dam axis has such an asymmetric:featoreTas‘that

the right sbutment with a 45° slope is faced with the left abutment with
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a 30° slope across a mainstream with a width.of ahout: 30 m. - The left
bank becomes very geﬁtlé from elevation of 800 m or_more-(aboVe sea),
restricting the. dam heighﬁ. The ratio of the valiey.height to the
valley width at the high water level is about'l.: 4.

The dansite is formed by very hard and firm rocks Its bedding
is not clear; there may be an anticline running along the mountain foot
of the left bank in parallel with the river channel and a syncline
structure running through the middle part of the left hlll side, Some
cracks have a dip of abou; 20° in the direction of the downstream,

while many cracks have a dip of more than 40° in diverse directions.

‘The overburden covering'the-basément'includes scree, . talus deposit,
_rockfalls deposit, river gravel, fan deposit and terrace deposit.- -
Scfee and talus-deposit are widely distributed-on_the'léft ébutment,
while they are locally as well as thinly distributed on the right abut-
ment. Presumably, a narrow terrace underlies the 1éft abutment talus
déposit along the foot of hill side. Debris formed by'iérée‘bouldefs
is accumulafed from the outlets of the'diverSion'tunhel”to that”ofithe
spiliway.. The thin river gravel contaiﬁsI1arge:bodldéf§," Tﬁe'fén
deposit is distributed along the upstream of the left bank, while the
terrace _depbs'i_rt is dist_r'ibﬁted. along the mainstream upward the .ri:g'ht"

bank where an upper coffér dam is planned.

L 4.6.3 Drilling investigation (DRAWING NO. 008, Fig. L 16
and GEOLOG.[C LOGS)

The core borlng DPH 1 has been made vertically down to 30 m at the

crossing of the Lines A-1 and B of the SeiSHﬂC exploration.

‘The boring has -reached sandstones under the debris w1th a. thick—
ness of: 3 m, however, the- superflcial parts of. the sandstones do not
allow the core to be obtained 'and 0331ng has been inserted to 6 m deep.
At the depth of. up to 9 m, rocks have been weathered, cracked and stalned
to brown. At the depth- of 9 m or more, . rocks become fresh gray or dark
gray and haxd R.Q D, is zero aL the part from 17 5 to 24 m. The water
table. in the hole is 8 m deep Permeability is reduced as depth increases;

it is 1ess than 1 Lugeon at é ‘depth of 20 m or more,
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L 4.6.4 Selsmic exploration (DRAWING NOS. 008 and034)

The-seismie=eiploration_resulr shows the presence of three velocity

layers uﬁderlying'rhe damsite. They are interorered as:

Interpretation of Veloclty Layers,
~Gujeol Damsite

Layer _ Velocity (kw/sec) - Interpretation .
I  Left bank : 1less than er Overburden, severely 1oosened
o ; S . and weathered rock -
- Right bank : 0.3 - 1.4 Topsoil; scteée, loosened and
weathered rock
11 o 2.0 Cracky:rock;'wearhered rock
11X '

3.5 Fresh rock

In addition to the above velocity layers, low velocity zones have
-been analyzed at the mountain foot of the 1eft bank of Llne A-1, at the
flank of the left bank and at the vieinity of about 730 m: in elevatio
of the right bank on Line A-2 Besides these, - the area of 1ow velocity
ig located on Line B. about 100 m'from the croesing ofﬂLinee A-2 and B,
The width of low velocity zones 1s fairly . wide on: these 1ines, presumably

showing an area where rocks are cracked.

L 4.6i5 Quarry-site (?ig{_L.Sj: .],-

The quarry site‘has been selected at a tributary valley of the left
bank joining the mainstream at a p01nt of about 300 m upstream of the '
dam axis. This site 1s formed by fresh “hard rocks covered w1th thin
overburdeo._ The valley w1dth is not so wide, requirlng a handllng of
running water for quarrying. However, the site is very near from the

damsite,

L 4.6.6  Geology of appurtenant_structure sites
(1) Diversion tunnel (DRAWING NO. 008)

The diversion tunnel will_ﬁe-mede by}excavatieg]herd rocks:

- These rocks have many cracks some of ‘which run 1n.par311¢1itofthé
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tunnel route, At a vicinity of the portal of the inlet or outlet,
some cracks are open; care will be needed not to allow blocks to
tumble down in the vicinity of the inlet and outlet during eon—

struction,

(2) Spillway (DRAWING NO. 008)

The spillway.will be made also at'fhe left abutment. The
foreset part and chute part of the spillway will be placed on
sandstones.-'since the'eieavated surface of a traffic nall of the
mountain side rises up fairly high, care will be needed not to

~allow rocks to fall and slide along the slope during construction,

(3) Intake (Fig. L 5 DRAWING NOS. 008 and 009)

Diversion'plan (DRAWING NO. 009)

The intake is planned at the 0utc10ps of fresh, and hard
sandstones located at the 1eft bank about ‘1.5 km away from the
damsite.ﬁ Many cracke dlstrlbuted in rocks are almost vertlcal
':some of which ‘have a gentle dip (10° to 20 ) in the direction of

the mainstream.

Songeheor pian '(DRAW:[NG- N'o - 008)

_ The intake is planned at’ the outcrops of hard sandstones
located at the right bank of the damsite. The viecinity of the
area has very steep landforms. Rocks are somewhat loosened and
cracks are'open.-'Aifhongh such features do not extend beyond
" the superficial area, some slope protection will be _required

during construetion of the portal of tunnel

(4) Powerhouse (Flgs. L 6 7 DRAWING NOS 010 and 011)

Diversion plan (Fig. 6 and DRAWING NO 010)

The'powerhouse-is*planned_atiabout 12 ki in the north-east

direction of the damsite.szhedheadrace tunnel will be-constructed

" in the hill masses and a sharp edged ridge of sandstone, granite,

slate. and quartzite in various series of geologic formation; - The:
- rocks along the ‘tunnel route ‘are commonly well cemented and 1little.

watér seepage.is-expected-to occur. The_penstock and the surge tank
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will be laid on a cgharp edged steep ridge formed of quartvlte,
sandstone and slate of the Yeongweol, Hongcheon and Gobangsan
series with bedding plane of around N35° W60°E. The skirt of the
ridge slope is formed of piedmont fan complex made of talus de~
posits covering probably the-alteruatiou of sand stone, quartzite
and slate of the Gobangsan series, Deep excavation will be need~

ed for foundat1on of the powerhouse.

Songeheon plan (Fig. L 7 and DRAWING NO. Oll)

- The powerhouse 15" planned about 14 km downstream in the south

of the damsite, The headrace tunnel will be i the hill masses

formed of thé alternation of cemented s1ate, and sandstones of

Yeoryang, Nagam and Gobangsan series. 'The penstock and the surge

1tank may be laid on a firm rocky ridge; however slumps are devel-~

_ oped on the steep slope, espec1ally 1n the eastern part Further

Study is required to fix the route of the penstock,

The beddlng plane of the alternation near the powerhouse is

commonly N4° to’ 25°E 50° to 60°W in strike and dip, respeetlvely

_and gradually changlng to N54 W 20 E in tne downstream “Accord-

ingly, syncllne axls occurs ‘near a brldge where mlnor sheared zones
are seen in the slaty tock. Flrm sandstone beds are developed in

the upstream of ‘the syncllne axis.

(5) Re—regulating pond damsite (Fig.,L 7 and DRAVING NO. 020) "

The re—regulatlng pond dam51te has ‘been” selected about 2 km

_downstream of the proposed powerhouse as shown in Flg L 7. The

left_abutment consists of steep cliff of outcropping hard sandstone
of the Gobangsan Group. The’ rlverbed ig 75 m in width hav1ng gravel

probably:on the base rock of that sandstone. -

The rlght abutment 1s presently a bank of a. railway with about

lO m high above the riverbed banked on the S Ame - sandstone.
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L_4;6;7'lComments

(1) The left abutment of the damsite has a gentle qlope at- an

elevation of about 800 m or more.

(2) The talus deposit is distrlbuted on the foot of the mountain
of the left abutment, while the slope of the right abutment 16
steep and rocks are widely cropped out on it. The basement.sandw
stones are somewhat loosened and deep sandstones are'fresh and
hard. - The water pressure test made in the core boring DH 1 shows
3 Lugeons at a depth from 15 to 20 m and less than 1 Lugeon at a

depth of 20 m ot more.  The bed vock has a low permeability.

"(3) The excavation line of the dam foundation will be located in
a middle of a veloc1ty layer of 2 0 km/sec {(seismic exploration)
at a core part and the foundation of rockfill part will be obtalné
able by removing unstable overburden. The low velooity zone analyz~
ed by the Line A-1is 12 n1w1de on the 1ine and is located at the

cutoff part of the dam, requiring further studies.
(4) Freéh'and‘hard sandstones are provided from a mountain located
Cat 1 km (dlstance 1n a straight line) upstream of the damsite as

rock materials.

(5) The foundation of the surge tank and the powerhouse shall be
Udetected by core borings in both schemes. Further investigation
-will be required to determine the final location of penstock

‘L 4.7  Dalcheon -

L 4.7,1 Outline of project:

Location_ : : n_See Fig;-L 8.

-Dam type . 4 aConcreteféravity:-.'-
- Dam height. : 55 m '
CHWL. o El..117 m

. Power-statidn- Attached to the dam



L 4.7.2 Geology of damsite (DRAWING NO, 012)

The danmsite is placed at a narrow river streteh between'hill ﬁeSSes
of both banks formed of granite and schist probably of the Yeongweol

Group.

The left abutment rises on a steep slope of granite which has ir-
regular cracks on its outcropping surface, and part1y weathered to
arkosic sand. ' Sehist masses are Seen irregularly as xenolith in granite
mass. Solls occur in places on the slope. Debris develop at the foot
of the skirt of the slope. The overbdrden_seems thin, probably 3 m or

less.

At the riverbedigravei'overlies probably granite and schist with

thickness of a few meters. The core boring indicates about 2 m thick’

gravel bed covering eandstone schist and biotite schist here.

The right abutment slope is less steep and rather thick deposits
of Weathered materials cover the base rock of granlte ‘and schist.
Granite develops from the river side to El. 135 p, _that is- almost the
height:ef the'efeSt“ef the:dem;'aﬁd above that elevation sehist of i
phyllite.occurs with schistosity of N60° to 85°E, 60° to 80°N in geheral.

According to the result of the seismic ekplpf&tibﬁ,_ﬁeathered

granite will be present with thiekness-of_arouﬁd 5> m on the left bank

'slppe,,and the upper part of the right abutment beneath the overburden.

Then,eeracky_tockjand,fresh rock develops in descending order.
L 4.7.3 Drilling investigation (Fig. L'ie and éEOLOGIh LOGS)

A core boring was made to a depth of 40 m on the riverbed at the
intersection of Lines A-1 and B 1. The core horing indieates ‘that . _
alluvial deposits qf_gravel with 2 m thickness overlies_the base'retkh
ofhthe alternatioh of'sandstene schist.anﬁ biotite sehist with’inttﬁded

aplite:veins.

The upper part of the base rock is slightly weathered and ‘the fresh
hatrd base rock appears below 5. min depth " The permeability of the freshi
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rock is less than 30 Lugeon. Cracks and joints seem to have neither
vtains nor clayey materials, Lherefore, the base rock can be improved
on its permeabllity by grouting treatment and will provide a good

foundation for a concrete. gravity dam.

L 4.7.4 SeiSmic exploration (DRAWING NOS. 035 and 036)

The seismlc exploration shows five velocity layers which are

1nterpreted as below.

" Interpretation of Velocity Layers,
Dalcheon Damsite

Layer Velocity (km/sec) - ' - Interpretation
I o 0.2 -0.4 Soil, very loose debris
11 0.6 - 0.8 Soil and very loose debris at the

upper part of the right bank
slope, very ‘weathered base rock
in both banks, gravel bed in’

, _ river bed
11T 1.3 — 1;5 : Weathered or very cracky.rock_
Iy 2.2 - 2.4 . Cracky rock
v 5.5 Fresh rock

It is supposed at this moment that‘Layérs I,'II,.III and. IV will
be removed by'tﬁe construction of the concrete gravity dam. The Layer

V will provide an appropriate foundation after grouting treatment, -
The Layer III will be used for the foundation for a cofferdam.

No low velocity section 15 found in_;he'fresh_bed rock, that means,
an intensive sheared zone will not be expected along the seismic explo-

ration limes.
L 4,7.5 Quarry site
. In case the dam type wou]d be changed into rockfill type, a quarry

site can be opened about 1,500 m upstream of. ‘the dam51te in the right

bank where hard biotite schist can be obtained for rock materials.
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L 4.7.6 Geology of appurtenant structure sites

(1) Diversion tunnel

‘A diversion tummel will be placed at the left bank. The
tunnel route will be almost in a firm granite mass without intense
fault, Hdwever, as the dutlet will be‘ldCated at thé slope of
'weathered granite covered with 0ve1burden of debris, careful

treatment will be needed here.

(2) Power houge

The powérﬁéusé'ﬁill'be located at the right bank, immediately
downstream of the dam where firm foundatiom of granite is expeoted

_after shallow excavation of soil and debris.

(3) Ré-_regulating pond damsite (DRAWING NO. 020)

Three alternatives are considered at the downstream_of the
damsite around 2,000 m, 2,800 m and 3,300 m, respectively as shown
in Fig. L 8. The upstream one and the middle stream one have

almost same width of around 160 m in each.’

The upstream site (A) has steép cliffidf putcropping schist of the

Yeongwoel Group. on both banks for 10 m or more from the gravelly riverbed.

_ The middle site (B) is underlain by schist of the Yeongwoel Group.
The left abutment is formed of a ridge of weathered rock in the upper
part and talus deposit in the lower vart. The riverbed is covered with

gravel. The right abutment rises on a steep cliff of outcropping schist.

The'doWﬁétream site (C) has 220 m width. The left abutment’ rises
on a talus deposit and weathered schist. - The riverbed is covered with
gravel. - The excavatlon will be the largest among three sites even: though

~ the right ban& is formed of the fresh granlte._'

The dpstream site (A) seems to require'iess excavation of gfavel
and- talus- dep051t though -dam height may be-a little higher than the
middle one.
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I 4.7.7 Comments

(1) The fresh granite and schist will provide suitable"fguhdation
for the concrete gravity dam as well as the rockfill dam at the

proposed site,

(2) The thickness of overbutden and weathered part of the rock
shall be sﬁrveyed'by means of core boring with water pressure test

_and adits excavation.

(3) The characteristics of cracky'zone shall be confirmediby in
situ rock shearing tests as well as core bdrings with water pressure

tests in order to confirm the foundation of the concyete gravity dam.

{4) Routine geolégical investigation shall be adapted to the appur~

tenant structure sites, gemerally, by means of core borings.
L 4.8 Ganhyeon

L 4.8.1 Outline of project

Location : See Fig. L 9

Dam type : Concrete gravity
Dam height 3 46.4 m |
H.W.L.: - 0 EL. 1114 m

- Powerhouse . : Attached to the dam

L 4.8.2 " Geology of damsite (DRAWING NO. 013)

‘The ‘dam is planned at the middle of the gorge extending about 800 m
where the river ié-abdut'loo m wide. The ratididf-the dam height to the
valley-widﬁhsétrthé high_water level is about 1 : 2.8. The slope of the
right:abufméht is éteeper;than that of the left abutment, forming somewhat

asymmetriC-bilge feature on the section of wvalley.

The damsite is formed by .green, fine grained, very hard quartz
perphyry and some fresh rocks crop out along the valley. The porphyry

contacts with granite at 250 m downstream of the dam axis. This granite
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is locally mylonitized but firm, and narrowly distributes.  The contact
between the granite and the porphyry 1s clear at part of the right bank,
nmeasuring a direction of N70°E 65°Nw however, its feature ig rather

irregular and either of them gradually changes to the other frequently.

At the upstreas.of the dam axis of the left abutment lies a wide
valley with tumbled.largerﬁoulders. The dam abutment has  a slope of
about 30° up to 100 ‘m-in erevatioﬁi The elope becomes more gentle at
an area between 100 and 110 m, then'reaches the roof top at about 150 m
in elevation. Thé_élaﬁe rises_ﬁﬁ_steeply'at some places between 110 to
150 m in elevation. .This gentie slope developes in parallel with the
river course aﬁoﬁt 300 m downstream, giving an impression_thar_it is a

river terrace formed along with the gentle dipping joint system.

Cracks run across the mainstream; many of whieh dip_steepy upstream,

while some of which dip gently to the mainstream or the mountain side.

.The flat rlver bed is covered with thln tiver gravel and distribut-

ed w1th fresh rocks widely.

. At the right abutment, an about 40° steep slope contlnues ‘along:

with a narrow plane in parallel with the river channel and fresh rocks

are widely cropped out. -Because of" the.steep slope, surface rocks are

‘loosened slightly.

The damsite has no fault: It has been selected at the_ioeetion
where a diversion tunnel can be shortened by taking adﬁénrage of

favorable topographic conditions.

L 4.8.3 Drilling investigation (DRAWING NO. 013 Fig. L 17

L and GEOLOGIC LOGS)

The core borlng has been made at the crossing of two seismlc llnes

'A—l and B 1 at the left river side by drilllng 20 m vertically
' Quartz porphyry is reached under a sand 1ayer of 1 m thlck or less,

‘fresh hard rocks are reached at a depth of 2 m or more There are many

cracks_at_this portion, R.Q.D. ranges from 20 / to 40 / whlle Lugeon

- value is 0.5 or less. Casing has been inserted only in the sand layer.
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portion, showing that cracks have clung. The planned dam can be
constructed on the favorable foundation_by ramoving the overburden and

loosened rocks.

L 4.8,4 Seismic exploration (DRAWING N0S. 013 and 037)

The seismic exploration result shows the presence of thrée velocity

layers underlying the damsite.. They are interpreted'as:

Interpretatlon of Veloclty Layers,
Ganhyeon Damsite

Layer Velocity (km/sec) Interpretation
I Less than 1.0 Overburden, decomposed rock
11 2.0 Loosened or weathered rock
IIT © 3.5 ~ 4.5 Fresh rock

.'iﬁ addition to fhe above velocity lé&ers, low velociﬁy zones haﬁe
been observed at an area with an elevation of 115 m on the iigﬁf'abut—
ment of Line A-1 and at a skirt of the left;abutment:of Line A-2. The
. low velocity. zone at A-1 Has a veldcity of 2.0 km/sec and. a width of
about 6 m, while that at A-2 has a.width of about 10 m, but its velocity
is uncertain. The former seems to show an effect of steep landform .and
the latter seems to show the distribution of boulders deposit. Further

investigation is required on these zones at a next step.

L 4;8.5 Quarry site (Fig. L 9)

In modifieapionkof dam type, i.e. a rockfill dam or a combination
of a concrete dam and a rockfill dam, réck_materials are provided by.the
.hillside_bf artributary joinihg the wainstream at about 500 m in bee
" line downstream of the damsite. Thlg wide tributary has a gentle gra—
dient; fresh “hard granite and quartz porphyry w1th nedium»space cracks
are widely cropped out F11ter materials are provided by river gravel

widely deposited on the mainst*eam.
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L 4,.8.6 Geoiogy of appurtenant.structure site

(1) ‘Diversion tunnel (DRAWING NO. 013)

Ore diversion tunnel is planned at the left abutment. The
tunnel site takés'advantage of favorable topographic conditions,
and reduction in rock excavation 1s planned. The rocks at the
tunnel route are quertz porphyry having a few gentle-dip cracks
running in parallel to the tunnel route and many steep-—dip cracks

running almest perpendicular to the tumnel route.

Since boulders are widely'distributed in'the'vicinity of
pnrtals of both the inlet and the outlet, removal of them is

suggested

(2)_ Powerhouse (DRAWING N0, 013)

The powerhouge is planned at the left abutment Just downstream
of the dam. The foundatlon of the powerhouse will be seLtled on a
firm quartz'porphyry, Ihe;overburden and boulder deposits on the

locationqu tailrace ére not so thick.

(3) Re-regulatlng pond dam (Flg. L 9 and DRAWING NO. 021)

The regulatlng pond dam 15 planned at locat10n B, C ‘and D as
well as 1ocation A, 1.8 km south—eaﬂt of the damsite, Where the
mainstream runnlng from the south—east changes its route to the

south-southwest. The former three'10Cation have'been compared.

At location B, the river is Wlde and its r1ght abutment is a
valley wall where outcrops are widely-dlstrlbuted.' On the other
hand, its 1eft-abutmEnt-wide1y distributes’ thick overburden. At
10nation G aboutZHOO'm"upStreaﬁ‘of the location D, the left abut—

.jnmnt has widely rock exposures and its valley wall is very steep,

nwhile the rlght abutment up to 20 m high above the rlver bed is
'formed by terrace. At location D about 350 m upstream of Lhe
railway bridge valley Walls of both abutments formad by rocks are

very steep
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Location A is a proposed 10cation for.the re-regulating pond
dam. At this location, the left abutment has peculiar topographic
features with many mountain folds. However, the location séems ta
- be free from water leakage from the reservolr of the planned dam
22f7 m high (H.W.L. ; E1l. 83.40 m).. The river gravel at the

location is about several meters thick,

L 4.8.7 Comments

(1) The dam and the powerhouse are planned taking advantage of
favorable topographic conditions. Their basements are formed by
hard, firm guartz porphyry. Since the'bﬁéfbufden.is thin, the
foundation of structures Will be obtained by removing detached
gtones. Overburden is not thick both on the left abutment terrace
and river bed; there will be no significant trough at the river
channel. The rocks has a Lugeon's value of less than 0.5; those

distributed in deeper part are regarded as impervious.

{2) Low velocity =zones have been observed by the seismic explora-
tion at'é.location 120 m in elevation of the fight bank of Line
A-1 and_at.the'léft.bank of Line A-2., The former location is a
chaﬁge point of topography where a steep slope begiﬁs} On the
‘other hand, the latter seems to be reflectéd'by.dEPQSif of large

boulders. No low velocity zone has been detected at Line B-1.

Velocity of seismic wave of bed rock is 3.5 km/sec at the left
abutment, 4.5 km/seé at the river bed, and 4.0 km/sec at the right

‘agbutment, reéspectively.

The low velocity zone underlying the damsite seems to have
many but not so wide cracks, indicating that it is capable of

being repaired by grouting.

'(B)l Céngréée maferials.are pfqvided bﬁ‘rivef_depoéifs widely
,distfibﬁéed in the ﬁicinityIOf fhé démsite, -A sﬁffipient.amount of
4good quaiity.rock materials are §¥o§ided in_fhé vicinity_of'the.
-damsité even.thcugh-the dam type is changéd_to a rockfill dam. The

quarrying is capable of being_chosén'at many areas of face.
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For;hermore, the working area is wide and has exoellent.quarrying

conditions.

(4) Location A at the uppermost stream has been selected from the
investigatioo for the_reergulating pond damsite among ﬁour sites.
On the steep yalléyo.of both aoutnents at this location.crop out
rook.bedo'widely. Mountain folds are oomplioaredly'engraved and
rock beds are qomewhat loosened Thi.s does not mean, however,

that water leakage occurs at a dam about 23 m hlgh (F W.L. : 83,40

m). The river gravel is about several meters in thickness.

L 4.9 Bonghwa, Upstream

The.major problem is seen on the thick deébris at steep slope on the
right bank of this site. If the rightfabutmént.is déeﬁed to be stable
after deep excavation of the existing intensely cracked zone in the
future stage, the dam comstruction will be possible, but if thé xack
masses, the bedding plane of which is rather concordant with the slope,
would move Qrogreééively after excavation, the dam building will be "

difficult. The location of the site is shown in-Fig. 1. 10.

L 4.9.1 Geology of damsite {DRAWING NO. 014)

The damsite compriées:thé altérnarion of well cemented greenish '
sands tone, conglomerate and slate of the Sllla Group cf Cretaceous erd.
Beddlng plane is N80°W 20 S in the upstream of the dam31te, gradually
changing its strike at the dam51te showing N30° to 70°E, 3° to 10°S and
N55°E,  15°8 in the downstream

The left éburment }ises on a very sroepkcliff of outoropoing rook
with more than 60 _slope angle The dip'éng]e'of the‘bédding plaoe is
agalnst cliff slope The outerop shows widely spaoed Joints and some
minor sheared zones and, in general firm foundation will appear after
shallow excavatlon of crac&y zone of the- rock ' Minor fault occurs on the
left bank slope with aroind 3 m wide sheared zone runnlng N25°E 10 8.

The riverbed is covered.with_gravel,_but, at the immediate downstream of

the assumed dam axis, rocky floor is seen at the left side of the river
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course. According to the vesult of the seismic exploration, gravel and
cracky zone of the rock will overlie firm_fresh rock of the alternation
of sandstone, conglomerate and slate'with thickness of a few meters at

around the dam axis,

:The'right abutment rises on a steep slope, formed moetly.of 5 lump-
’ 1ng rock block, from the river side to El. 270 m and,'theo upﬁard,
become gentle slope wherve Weathered'sandstooe'is'present beneath soil.
Minor outcrops of_intensely cracked sandstone apoear in places elong
the skirt of the steep slope. The presence of thick debris, slomping
rock block and'intehsely cracked outerops may suggest a land slide
occurring along the steep slope, specially below El._250 m. The vesult
of the seismic exploration indicates that soft rocks shoﬁingoeeisﬁie
velocity less than 1.2 km/sec have a thickness of more than 20 m and
the underlying cracky zone, 'a thickness of around 25 m on the fresh
rock. This cracky zone is alsc confirmed by the core boring as mention-
ed below._ Thus, ﬁhe_excavation-for the foundation of the impervious
core zone of the dam will be deep even though some part of the cracky

zone is applicable for foundation after grout treatment,

L 4.9.2 Drilling investigation (GEOLOGIC LOGS)

A core boring'is carried out on Line A-1 on fhe'right bank slope

around 10 m apart from the intersection of TLine B-2 toward the river.

The 3011 consisting of silt and clay covers the base rock of the

alternatlon of slate, sandstone and conglomerate with thickness of 3.8 m.

The base rock however, is very cracky as known by poor recovery
rate of boring core throughout the drilled hole. Recovered pieces of
rock are slightly weathered even in considerable depth and brownish
clayey materlals are seen below 30 m in depth : Escape of dlilllng
water was often observed and Jamming trouble happened at the depth of
48 80 m during the drilling operation No water table was detected to
‘the bottom of the borehole. ' ' o '

It is quite doubtful to prepare the foundation on éﬁch_craeky'rocks

to the depth of 50 m investigated by the eore*boriﬁgf- The foundation’
might be obtained at much deeper part of the bed Tock.
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L 4.9.3 Selsmic exploration (DRAWING NOS. 038 and 039)

Seismlc exploration indicates five velocity layers which are

interpreted as below.

Interpretation of Velocity Layers,
Bonghwa (upstream) Danmsite

Layer Velocity (km/sec) Interpretation
I 0.2 - 0.3 Soil, very loose debris
it 0.5 - 0.6 Loose debris, 1ntense1y
weathered rock
III 1.0 - 1.2 River bed gravel, weathered rock
v 2.0 - 2'2 o Cracky rock

v : . 4.7 - 5.0 ' Fresh rock

On the right bank, soft rocks of hayefS'i. IT and TTI showing
seismic velocity less than 1. 2 km/see have a. thlckness of more than
20 m, and the underlying cracky zone' of Layer IV showing seismic veloc1ty
as much as 2, 0 to: 2.5 km/sec has a thickness of around 25 wm on the fresh

rock.

Presence of some sheared zones under the right bank is suggested
by low velocity sections observed {n the velocity Layer V. These low

velocity sections’ should be carefully examined in the further study stage.

L 4.9.4 Quarry site

. Quarry site for rock materials .can be opened at rocky slope on” the
‘right bank, about l 000 m upstream of the damsite.- A northern cliff
foxmed of well cemented sandstone show1ng bedd1ng plane N80°W 20°S is

easy in accessibillty
L.A.Q.S; Commerits
(1) Tt is sure at this moment that Bonghwa downstream site is better -

than Bonghwa upstream site from the geological view point. for -dam

construction,

L 43



(2) The riverbed shall be studied with core drilling and the left
abutmentfsﬁéll Bé:inVestigated with core borings anq adits for
confirming the firm foundation.

(3) Other appurtenant sttructures and the quarry site will require
detail study by means of core borings for confirming the firm

foundation and avallable quantity of rock matérials; respéectively,
L 4.10 Bonghwa, Downs tream

L 4.10.1 Outline of project

Location 3 See Fig. L 10

Dam type : Concrete gravity
Dam height : 128 m

HW.L, : El. 297 m
"Power station : Dam and tuanel

L 4.10.2 Geology of damsite (DRAWINGC NO. 015)

The damsite is formed of the alternation of well cemented éandstone,
conglomeraﬁe and slate of the Silla Grouﬁ of Cfetaceous era. Bedding
plane is generally N10® to 30°E, 8° to 12°S.  Two minor faults crossing
the rivefbed'almoét parallel with thé dam axis are seen up and down
stream of the damsitefahd a fault with about 3 m sheared zone Tunning
.along béﬁ&ing'ﬁlane ié_pbséfvéd'at the left bank of the ups tream of the

dam axis.

The left abutment:rises on a rather steep slope with around 35°
covered with:talus_depOSiﬁé from the water edge to El. 250 m and, then
a steep'éliff-oééurs'uﬁWafd. Deposits of large blocks of tumbling rock
is déveiopéd at'tﬁg'skirt portion;of the left aﬁﬁtmgﬁf; The talus de-
posits including suéh'tﬁmbiing blocks will be 5 m in thickﬁéss_ébcofding
to the résuié.of“Seismic'exploratidn; Cracky zone of the base rock of
the alternation occﬁré beneath the talus deposits with thickness bfré

to 12 m, covering the fresh base rock.



. The river course is underlain by gravel, cracky zone -of the base
rock and base tock in descending order. Gravel bed is thin, probably
1l to 2 min thcknes% and in places, rocky floor crops out specially
at the left side of the river course, Thickness of the cracky zone 1is

around 5 m,

‘The right abutment rises on a steep slope from river side to El.

250 m and, then upwérd, on a gentle slope.

The slope is covered wifh thin soil and talus dep051ts. Outcrops
of conglomerate appear in_places._:Weathered zone will be 5 m thickness
beneath the soil and talus depbsits.- Cracky zone is developed beneath
the weathered zone. - Tts thickness increases from 5 to 20 m upward

suggested by the result of the seismic exploration.

Fresh rock with slight weathering will provide an appropriate
foundation for the concrete gravity dam after'gfduting treatment through-

out the damsite even though minor faults occur here.

However, 1eakage through the rlght abutment must be studied care-
fully because of &hort dlstance between the reservoir and a trnbucary

located 1mmedlately downstream of the damsate on the right bank
L 4,10,3 Drilling investigation (¥ig. L 18 and CEOLOGIC Locs)
A core'boiing waé made on Line A-1 on a foot path on the left bank,

Talus deposits of boulder with sand clay covers the base rock of

=conglomerate with thlckness of 4.9 m.

“The base_rock, cohsisting of conglomerate,;sandsfdﬁé and-élate-is

weathered at its't0p portionVand gradually iesé'deteriorated dovnward,

To -a depth of 11 m .the rock is Weathered and very cracky, but belmy
11 m rock pieces become haxd though sllghtly weathered in some of rock
forming minerals and joint cracks occur in rather wide 1nterval having

almost clean surface but rarely stained.
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Below 19.8 m the rock becomes almost fresh even though colour of

some part of sandstone shows slight deterioratlon.

Water pressure test indicates that the rock mass has less than 10

Lugeons on its permeability below 12 m in depth.

‘As far as the observation of the recovered cqre_offthe borehole,
the rock below 19.8 meters in depth will be used for the foundation of

the concrete gravity dam after grouting treatwent.

L 4.10.4 Seismic exploration (DRAWiNG NOS. 040 and 041)

Seismic exploration at the damsite shows five velocity layers. The

interpretation corresponding to the geclogy is shown in below.

Interpretation of Velocity Layers,
Bonghwa (downstream) Damsite

Layer Velocity layers (km/sec) Interpretation

I , 0.2 - 0.3 Soil very loose debris

Iir _ 0.6 - 0.8 7 _Debris weathered rock
111 o 1.2 - 1.3 Debris (tumbling block) at the

left bank and very cracky
rock at the right bank

iv ' 2.2 —.2.5 Cracky rock

v ' 4.7 - 5.0 " Fresh base rock

The velocity of Layers I, i1, IIX and 1V will be rennved for prepar-
ing the foundation of the concrete grav1ty dam._ The Leyer V will be an
appropriate foundation after grouting ‘treatment. A low velocity part
suggesting presence of sheared zone is observed in the fresh rock at
round E1., 200 m at the left bank slope. This low velocity sectlon should
“be carefully examined in the further study stage. L L

L 4.16.5"QuarryJ$itef“

Two quarry sites are considered at a hillside around 500 m upstream

of the left bank, and at-a hillside around 1,500 m upstream of the. right
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bank. -Both quarry sites will provide good rock materials of well
cemented gsandstone and conglomerate. ‘The former one Will need an
access voad with hair pin curves on a steep slope to get the quarry
site. The latter one takes a rather long'range, however, in case a
relocated road is placed et the right bank, this may be more beneficail
than the former. The selection of the quarry site will depend on the

planning of a road including relocation programme.

L 4.10.0 Geology of Appurtenant.Structure.

(1) Diversion tunmel -

A dinersion tunne1 will'Be made on the left bank. The tunnel
route will pass through well cemented Sandstone and conglomerate,
however, it may encounter a sheared zone whloh is suggested by the
seismic exploration. The inlet wild be made at a cliff of out-
cropping sandstone. As the outlet wili be placed on the slope
formed of talus deposits, considérable excavation will be requiref

for the construction.

(2) Power house

The power house is planned at around 2 000 m downstream ‘on. the
right battk. The penstock and- surge tenk can be placed on .a eteep
but stable ridge formed of well cemented sandstone and cong]omerate
with bedding plane of N10° to 15°W, 10° E, which outcrops in places
on the slope. The power station can be constructed on the firm .
foundétion'of the same-rook.et the foot of the stable ridge at. the

river side after stripping of thin talus deposits.

L 4.10.7 Comments

{1) :The thickness ‘of overburden and the eharao;eristics_of the:
' Layef IV as weiljas the Tow velocitj.part5in.£he;Layer-V shall be
studiedfby.meéns:of'the oore driliing;lﬁetertoreesureTtest'and'-
.Iedits obsernafionffof designing af'ﬁhé_&am foundation.
(2) "Péfméabiiit'yfbf the right bank shall bé .studied for-the treat-
'ment ‘against possible leakage through short path from the reservolr

‘to the tributary.

L 47



(3) The quarry site shall be studied to confirm the quantiﬁy and

quality of the concrete aggregate to be uged.

(4) - The power station site shall be mapped and studied to confirm

the foundation of surge tank, penstock and the power house,
L 4.11 Imha

L 4.11.1 Outline of project

Location : See Fig. L 11
Dam type : Concrete gravity
Dam héight : 87 m
H.W. L. o EL. 185w
~ Power station S Atfached té tﬂe dam

L 4.11.2 Geoclogy of damsite_(DRAWING NO. 016)

The bhase rbck cof the damsite is grénite which crops out in the
riverbed and the slope fdot’of both banks.:'The_middle te upper part of
the slopes df_bpth banks are overiain by soll and arkosic sand of weath-
ééed matéfiéis."Acéording to the seismic exploration and the core bor-

-ing tesﬁiﬁ, the thickness of the soil and axkoéic séﬁd, thaf is intensely
weathered granite, will be around 20 m on thg'Ieft'Bank slope but less

thick; probably about 5 m on the'righf:baﬁk siOpe.'

A sheared zone is suggested by a low velocity section at the left
bank. The core boring drilled near the sheared zone indicate -that cracky

zone of granite is present deeply here as described in L 4.11.3.

. The riverbed is rocky. floor of outcrops of granite both under water
and at islets. Gravel is deposited in places at.concaves formed general-
1y -at the interesection.of_joith,-.ThOugh'joints occur remarkably in

granite mass, no conspicuous sheared zone is observed at the river floor.

However, some jolnts, specially located at aboutIZOO m downstream
of the dam axis at the‘right-ﬁank, indicate a dip of 25° to 30° concord- .

ant with the slope. -No appurtenant structure.is allowed_to be laid on
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and undey the rock block having such joints without careful treatment

because of fear of sliding.

L 4,11.3 Drilling investigation (Fig. L 18 and GEOLOGIC LOGS)

A core boring was made at the intersection of Lines A-1 and -B~1

on the left bank slope.

Arkesic sand, that is in-situ decomposed materials of granite,
develops from the top to a de?th of 15 m and intensely weathered granite

occurs subsequently to a depth of 17.0 m in depth.

Below l? O m in depth hard oranlte appears but it is very cracky.
Escape of drllllng water happened intensely at the depths 18.0 to 18.3 m
and 19.7 to 20.1 m. These leakage sections were 1nev1tab1y cemented for

further drilling operation.

Ffbm'ZO 0 to 29.0 m in depth the recovered roék pieces is almost
fresh but sllght weather1ng 1is seen in micas and teldsparts in places.
The. sectlon between 29,0 and 31 m is presumed to be a sheared zone where
the obtained rock fragments is stained in colqr_and escape of drilling
fluid happeﬁed during the operation. _Below'then,_the.rock becomes al-

most fresh but slightly weathered minerals are still present locally.:
‘FPresh granite rock occurs below 35 m in depth.

The base rock of granlte here is cracky throughout the borehole.
This is probably affected by a shearlng action occurred along a sheared_
zone presumed by a- low veloc1ty zone as mentioned in L 4 11.4, The 10w.
Veloc1ty zone should be carefully studied by adit excavatlon for the

design of a dam,
‘L 4.11.4 Seismlc exploration {DRAWING NOS. 042 and 043)
The seismic ekploratibn*resﬁlt'indicetes fouf'veioeity layers at

“Eﬁe‘demSites; These velocity 1ayers are interpreted in cortesponding

to the geology as shown below,
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Interpretation of Véloéity.Layeré,_
Inha Damsite

Layer Velocity (km/sec) Interpretation
I 0.2 - 0.4 Soil, debris
11 0.6 - 1.0 Arkosic sand and weathered rock
I1T 2,0 - 2.4 Cracky rock
IV 4,7 = 5.7 Fresh rock

The Layers I, II and III will be removed to obtain a suitable
foundation for the concrete gravity dam. The Layer IV will be an

appropriate foundation after_grouting treatment.

Low velocity zones which may suggest the presence of sheared zones

are observed in the fresh rock at the middle slopé of the left bank.

L 4.11.5 Quérry site

Two altemative quarry site are considered: One is located at a

| hillside about 1,400 m upstream of the left bank where quartzite cfops
out. The quartzite is father cracky, so that féck blocks of 30 to 60 cm
dimension will be prevailingly_pbtainé&. Another one is expected at
about 2,000 m upstream of the right bank where quartzite, sandstone,

intruded diolite can be obtained.

The former one is more promising for the'quarry site due to eacy

access.,
L 4.11.6 'deology.of appﬁrtenaﬁf”structure

(1) Diversion tunnel

A diversion tunnel will be made in the left bank. The tunnel
route will be genmerally in the firm granite moss,'howeyer,_it may
encounter a sheared zone which is suggested by the gelsmic exploration.
(2) Power house

The power house is planned at the right bank immediately &@wﬁ-

stream of the damsite. As mentioned in L 4.11.2, careful treatment:
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of rock blocks of granite, which have joint system concordant with
the slope, must be required before the construction_in order to
avoid sliding. Except such loosened block, firm foundation will

be met easily for the power.house.

:(3) Re;fégﬁiéting pond damsite (ﬁRAWING NO. 022)

Two laternative re~regulating pond damsite are found about
5,800 and 6,000 m downstream of the damsite as_shoﬁn iﬁ Fig. 1. 11.
The right bank of the downstream.sife éhoﬁs éﬁ outcrop of granite
on the cliff. The river bed is covered with gravel overlying
granite with thickness df around 4 m according to the core boring
result made in 1970 (see LAND AND WATER RESOURCES PLANNING IN THE
NAGDONG RIVER BASTN, FAQ/UNDP, 1971).

The left abutment rises on a-gentle'sldpe formed of intensely

weathered granite.

.- The upstream alternative site is as in the almost same geologi-
cal condition as the former, but,'the width is around 200 m and
granite at the left bank is less weathered.

L 4.12 Hamyang

L 4.12.1 Outline of project

Location : See Fig. L 12
Dam type : Rockfi11 |
Dam height P SOIm

CH.WL L. ¢ EL. 376 n

Power station : Dam and tunnel

L 4,12.2 Geology of damsite (DRAWING NO. 017)

The left aﬁﬁﬁﬁent'riseshon a steep sloﬁe fcf'abdu£}55 m f;om:thé“:
river side énﬁ, then,_hébéme a gentle”siope upﬁard.f The slope is:fqrméd
of diorite.coﬁered_wiﬁh thin soil and partly slﬁmping.blocks. The gver-
burden is estimated around 2 to 3 m in thickness, overlying weathéfé&.or

or intensely cracky zone of the diorite.
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The riverbed shows outcrops of diovite which has in palces open
joints. The prevailing joint‘éystéms are in three planes showing around,
N20°E. V, N60°E. V and N30°W. 15°W, vespectively, and these systems are
continuwously seen on outcrops on the right abutment slope. The right
abutment rises on very stéep slope Where scattered blocky rocks of slumps

~and weathered cracky outcrops of diorife deﬁelop. Such siumping blocks

and intensely weathered rock may have the thickness of around 5 m.

AT

Tunbling down of block rocks should be protected durlng the excavation

here,

L 4.12.3 Drilling investigation (Fig. L 18 and GEOLOGIC LOGS)

A core boring was placed at the intersection of Lines A-1 and B-1
on the left bank slope. Top soil overlies weathered base rock of diorite
with thickness of 0.8 m. '

The base rock is intensely weathered at its top portion. Below
9.8 m in depth it becomes hard and, especially belows 12.2 m in depth
it is fresh with wide interval of jbint crack without stain nor clay

materials, having less than 5 Lugeons in permeability.

The base rock mass below 12.2 m is sure at the core boring spot to
provide an adequate foundation for a rockfill type dam as well as a

concrete gravity type dam after'grout treatment.-

L 4,12.4 Seismic exploration (DRAWING N0OS. 044 and 045)

" The seismic exploration result indicates the presence of five velocity

layers underlying the damsite. They are interpreted as shown belo#.

Interpretation-of Velocity Layers,
Hamyang Damsite

Layer Véloéity_(km/sec) | Interpretation é
:I 0.3 - 0.4 ‘Soil. and vér& loose slumping blocks
11 0.6 - 1.0 ' Slumping blocks and intensely -
. - . -weathered zone _
111 ' 1.3~ 1.4 . Intensely cracked zone
v _ 2.5 % 2.6 Cracky zone
v 5.0 - 5,6  Fresh fock
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The Layers I, 11, IIT and a part of the Layer IV will be removed
for the foundation of the impervious core zone of the rockfill dam, and
the remaining part of the Layer IV and the Layer V will provide a good
foundation after troutihg tréatment. On the shell zone, a part of the

Layer 11 can be used for the foundation as far as it is formed of

. slumping blocky rock and weathefed rock without clayey materials.

The Layer II1 will be used for the foundation of a cofferdam. Low

velocity zones, suggesting presence of sheared zones, are seen in places

. 1in the fresh rock on both banks.

L 4.12.5 Quarry site

Two alternative quarry sites were investigated; one is located 500
m upstream of the damsite 5& the right bank where diefite'rock is expect-
ed under tumbling blocks. Another one, which Seems more promising, is
located about 700 m downstream of the damsite on the lefﬁ bank where hard
diorite crops out almost over a hillside. Access to the quarry site is

easier in the lattet one than in the former.
L 4.12.6 Geology of appurtenant structure

(1) Diversion tunnel

A diversion tunnel will be made -at the left bank., The inlet
of it will be placed at the foot of slope where the talus deposits
are developed' However, major part of the tunnel route w111 be in
the firm diorite mass except ninor sectlons of sheared zones sug-

gested by the low velocity zones of the 591sm1c veloclty profile.

The outlet of the tunnel will meet a steep cliff formed of hard

diorite outcrops.
(2) spillway

‘The spillway will be laid on the left bank where firm diorite

foundetien is expected after deep excavation.
(3) Power house (DRAWING NO. 018)

The power house is planned about 13 km downstream of the damsite
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on the left baﬁk.. Tunnel route will pass through diorite, granite
gneiss and granite. “The boundaries of these rocks are fractured
and there may be many minor faults especially in granite gneiss
masses, Tunnel driﬁing in these unfavorable sections should be .

carefully controlled'against caving and'ground“water-spdutiﬁg.

The penstock and surge tank will be 1aid on a narrow ridge of
granite, but, as the granite is intensively weathered, especially
above the altitude of El., 260 m, careful foundation treatment will

‘he needed for the construction.

The power house can be built on the base rock of granite after

excavation of talus deposits.
(4) Re-regulating pond damsite (DRAWING NO.‘OZZ)
A re-regulating pond damsite can be selected about 1,700 m

downstream of the proposed power house as shown in Fig. L 12, The

riverbed is 120 m in width and covered with gravels,

The  left abutment has thick talus deposits covering the base
rock of gneiss. The right abutment vises on a steep rocky cliff
for 12 m and, then, become a gentle slope upward covered with soil

and weathered materials.

L 4.12.7 Comments

(1) The fresh bed rock will provide a firm foundation of the rock-
-f111 type dan.

.(2) The thickness of overburden and the characteristics of the.
‘Layers IV and V shall be investigated by means of core borings with
water pressure test to cohfirm the foundation of the dam and adit

excavation.

;(B)f?Roﬂtine-geological investigation by using core bofings and
other suitable methods shall be undertaken for: confirming foundation

of the appurtenant structures and temporary structures.
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L 4.13.  Juam

L 4.13,1 Outline. of project

Location . See Fig. L 13

~ Dam type - : - Concrete gravity
Dam height . t 72 m
H.W.L. T El. 120 m

Power station ¢  Attached to the dam

L 4.13.2 Geology of damsite (DRAWING NO. 019)

On the left bank talus deposits are developed at the foot of hill
masses. The present dam axis at tﬁe ieft abutment is located en a gentle
slope in gully fqrmed:of:talus depqsits-with_s.m.thickneSS overlying '
cracky zone of granite gﬁeies. The granite gneiss observed at the relief
around the 'dam axis-is'generélly weathered. - The weathered zone at the
relief beeomes:thicker upward on tlie slope, about 5 m at the foot of the
.slope and 15 m at around dam crést elevation suggested by the*SEismic

exploration.

The riverbed is eovered'wifh graVel'having no outcrops of bed rock,
but, presence of a sheared zone is suggested partly at the right 51de of

the water course by the seismic exploration.

The right abutment riseé'0n75=steep slope formed'of granite.gﬁeiss
which 1is covered with soil'aﬁd'arkosic sand. “The weathered zone will be
5 to 10 m in thickness. The schistosity of the granite gneiss 1s N20°
to 30°W 30° ‘to 60°S observed at- the outcrops immediately upstream of -

the dam ax1s. 
L 4.13.3 Drilling investigation (Fig. L 19 and CEOLOGIC LOGS)

A core boring was carried out on Line A—l,'iO m apart from the

inte?seetioh_ef Line B-1 towardithe'river._

Top5011 and talus dep051ts of ‘boulder with sand covers ‘the: bed "

rock with thickness of 2.5 m.
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The bed rock of granite gneiss 1s weathered at the top portion.
Below 9.5 m in depth the rock pleces become fresh and hard, but, joint
fractures show stained surface partly. Fresh rock with joint cracks

occurred often at biotite bands develops below 20.1 m. .

Water pressure test indicates that the rock mass below 12,0 m
have less than 10 Lugeons in permeability, which suggests that.most of
cracks there is almost tight even though partly stalned on fracture

surface.

It is supposed at the core boring spot that the rock mass wiil
provide a suitable foundation for a concrete gravity type dam after

careful grout treatment below 12 m in depth.

L 4,13.4 ‘Seigmic éxploration (DRAWING NOS. 046, 047 and 048)

The seismic exploration result indicates six velocity layers
underlying the damsite. The interpretation of each velocity layer is

shown below,

Interpretation of Velocity Layers,
Juam Damsite

Layer Veiocity (km/sec) - Intefpretaﬁidh
I 0.3 - 0.4 Soil, arkosic sand, talus
- o " deposits '
S II 0.5 - 0.7 Talus deposits, very weathered
: _ . 'zone < . . :
IIT . 1.0 - 1,2 - Talus deposits (tumbling rocks)
at the left bank, weathered zone
IV S Gravel and weathered zone at
_ riverbed
v 2.1~ 2.5 - Cracky zone

VI 4.8~ 5.3 Fresh bed rock
“The Layers I, II, III, IV and V will_be1exéaﬁate3:to pféﬁaie £hef

foundation for ;he[conQIete'gravity_dam. The Layer VI will bé_an appro-

priate foundation after grouting treatment.
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Some sheared zones are suggesfed in places by low velocity

sections obgserved in the Layers V and VI of the bedrock.

L 4.13.5  Quarry site

A suitable quarry site is selected at the hillside formed of granite

gneiss about " 800 m upstream of the 1eft trlbutary joining the major

stream at about 350 m upstream of the damsite Overburden on the siope

seems thin and access is easy to the quarry site.

L 4.13.6 Geology of appurtenant structure

(1) Diversion channel

A diversion channel by a multlple stage diver81on method will
.be placed on the left bank. The channel route w111 requlre con~
Siderable excavatlon and slope cutting. ~As the channel will be
located at the foot of the slope of weathered granlte gneiss cover~

ed with talus deposits, careful treatment will be needed.

{2} Power house

The power hoﬁée will be made at the right abutment just
downstream of the dam. A firm foundation will be obtained after

shallow excavation of river deposits and talus depoéits.

(3) Re-regulating pond damsite_(DRAWING NO. 022)

Two alternative sites are selected around 5,900 and 7,200 m

downstream of the damsite as shown in Fig. L 13

" The upstrgam site (A) has 120 m widih of water course with
roéky floot of_granite;' The left abutment rises on a gentle slope
of intensely weatheféd granite. The rlght bank is formed of talus
dep051ts and further to the rlght of the abutment firm granlte

Crops out in places.

-_The”downstream site (B) is 240 m in_widﬁh in'tﬁe.fiverbéd
'éovefed with gravels. - The left bank'is formed of firm granite
outcrop. The right bank is uomposed of a terrace, 3 m above the
riverbed w1th 30 . m w1dth and 1ntensely Weathered granlte in further

right. slope.
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L 4.13.7 Comments |

(1) The frésh.bédrock will provide a sultable foundation for the
concrete gravity dam as well as the rockfill dam at the proposed

sire.

(2) The thickness of overburdéhVand.weathered rock, and charac~
teristics of the Layers V and VI shall be studied by means of core

borings with water pressure test.and adit excavation at the damsite.

(3) The low velocity sections at the damsgite shall be investipated

in parallel to the above study to confirm the foundation.

) Routiné'gediogical investigatioh shall be undertaken for the

quarry site and for the appurtenant structures.

L 58



Table I, 1 STRATIGRAPHIC UNIT IN KOREA

Age

159

Sedimentary and metamorphic rock Igneous activity
7 o Alluvial deposits Basalt, Trachyte
»2 Quarterqary Sinyahgdong F.
o L
Y Seogwipo F.
= . . .
8| Tertiary Yeonil Group Volcanic rocks
Yongbug Group
i o .
_ Porphyry,
' : o S : Balgiugsa granite;
-# 5] Upper Silla Group Neungju Group | intermediate-basic
ool - :
B . plutonic rock;
. & £0 Lower Silla.Group- Jinam Group ac1d1c—intermediate
" u|Cretaceocus | § 3| Upper Nagdong Group volcaniec rock
w ’ P2 R
a © ¥ Lower Nagdong Group .
0 . .
§ a, Age unknown granites,
o
w0 5| Bansong Group Daebo granites,
Jurassic .§ E Upper Nampo Group schlstose granites.
NPT Fhe
231 Lower Nampo  Group Hypabyssal rocks
: _ _ e
Triassic: Nogam Group -Yeoryang Group
_ R T _
Permian :tg Gobangsan Group
gb% Sadong Group
Carboni— 3 2| Hougjeona Group :
. ferous ﬁ?é
al . .
' Devonian
5 7 :
% Gotlandian
- : ol S
Alordovician glUpper Great Limestone . Group -~
o0 £ Middle Great Limestone Group Yeongweol . -
= Grou:
o 9 o Lover Great Limestone Group L.
Cambrian @
S a Yangdeog Group
: e Ogcheon Group Iﬁfefmediate;Bééié;:
5 plutdnic rocks™*®
ol Euiam - Buncheon Granite Gneiss : :
B Group : g i
'ﬁ Gyeonggi Gnelss Complex, Sobaegsan Gneiss Complex, Jirlsan'
T : Gneiss Complex
8. Seosan_ Weonnam Group
i Group, Pyeonghae Group
Sodrce ; Geologlcal map 1/250 000 complled by Geological and Mineralogical
Institute of Korea
Remérks;_.* % o Age unknown




Table L 2 QUANTITY OF GEOLOGICAL. INVESTIGATION

Geological Seismic Core boring with

?roject _ Site' DR i _

_ mapping exploration water pressure test
Bamseonggol  Damsite ' 0.53 km2 1.10 km 1 hole, 40 m
(upstream)' Quarry site 2 " nos.. - f -

Power station 1 no. B TR -

Bamseonggol Damsite 0.27 km2 0.81 km 1 hole, 40 m
(downstream)} Quarry site 2 nos., - - -

Inje Damsite 0.81 km>  1.71 knm 1 hole, 40 m
(upstream) Quarry site 2 nes.. . = - -
- Power station 1 no. - -
Tnje Damsite 0.81 kn®  1.20 km | -
(downstream) Quarry'site 2 nos - . -

Hongcheon Damsite 0.69 kn’ 1.38 km 2.holes, each 40 m

Re~regu1ating pond 4 nos. - ' -

Cujeol Damsite 0.73 kn” 0.90 km 1 hole, 30 m
Quarry-éité _ 2 nos. - -
Power station 2 nos. - _ -
Re-regulating pond 1 no. ’ - H -

Dalcheon Damsite. . 0.71 km . 1.515km 1 hole, 40 m
Quarry site . 1 no. . = . ‘ -
Re—féguléting pond 3  nos. - ‘ -

Ganhyeon = Daméité' 0.77 kn” 1.00 km 1 hole, 20 m
- Q_uar_r_y site 2 nos. ~ _ -

ReQregulatingxpoﬁd 2 nos. _j ;_ : -

Bonghwa - - Damsite ©0.95 km 0.877km 1 hole, 50 m

{upstream) Quarry site I no. -~ : -
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Table 'L 2 Continded )

Geological Seismic

Core boring:with

Proje;t Site mapping exploration water pressure test
Bonghwa Damsite - 0.81 km®  1.04 km 1 hole, 40 m
(downstream). Quafry site 2 nos. = -

Power station. 1 no. . - -

Imha Damsite 0.33“km2 1.82 km 1 hole, 40 m
Quarry site 'nos} :  -7 ' -
Re~regulatiﬁg pdnd S 2 nos, R -

Hamyang Damsite _ “i.08 kmz ©1.30 km 1 hole, 40 m
Power station _-l no. . -
Quarry éite w2 nos. : - -
.‘Re~fegulating pon& 1. “no. - -

Juam Damsite 0.30 kn”  1.85 km 1 hole, 30 m
» Quarry site ﬁo. o -
nos: ' - -

' Re-regulating pond
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