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M 1l INTRODUCTION

M 1.1 Objectives of Survey

This ANNEX presents the result of investigation for preliminary
~estimates of the qualities and quantities of congtruction materials at

each proposed damsite.

Estimates of design values are also included for impervious core

materials.

In this survey, emphasis was placed on investigations of the

following:

In' case of a rockfill type dam impervious core material and
concrete aggregates for the volume of concrete required for

- other structures, and in case of a concrete gravity type dam,
concrete aggregates for the entire volume of concrete required
for the dam proper and_other structures, with a principal aim

being to select Sources as close as possible to damsites.

M1.2 Work Accivity

This survey work was carried out from July 20 to Decmeber 27, 1978
and field investigations were made separaééanhto the Nortﬁern Region
(five sites consisting of Bamseonggol, Inje Hongcheon, Gujeol and Ganhyeon)
and the Southern Region (five sites consisting of Dalcheon, Bonghwa Imha,
Hamyang and Juam) The work activity comprised the following

Northern Reglon
(1) Reconnaissance' from July 20 to 30
(2)- Test pitting and smapling from July 31 to September 8
(This work was performed by counterparts).
(3 Material tests in laboratory: from August 10 to September 16
‘(at Natiomal Construction Research Institute in Korea) '
{4) Supplemental reconnsissance:' from-September59~to-llf-

(5) Evaluation and reporting: from September 12 to 17.
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Southern Repgion

(1). Reconnaissance, test pitting and sampling: from September 18
to Novenber 4 (Thls work was performed by counterparts)

{(2) Matérial tests in laboratory: from October 4 to November 23
(at Natlonal Construction Research Institute in Korea)

(3) Supplemental reconnaissance: from NMovember 5 to 9.

(4) Evaluation and reporting" from November 10 to 16.

(5) Summarization and reporting: from November 15 to December 29.

M 1,3 Investigation Ttems

Field investigations were conducted first in the vicinity of dam-
sites, then successively extending the area within about 10 km distance

from the damsite, as a rule.

For concrete aggregates, river deposits of natural sand-gravel

were explored.

In the field, test pits or trenches were dug at representatiVe
locations of borrow oreas and river deposit sites, and upon examination
of materials, sampling was carried out and laboratory'teéts were per-
formed (see M_3 for test items). Sand-gravel materials WQre_subjected

to field sieve tests as required.

Further, quallty and avallable quantity at each source were examin-
“ed based on results of laboratory tests and fleld investigatlons The
allowance in available’ quantity at the material sources against the .
design quantity will differ depending on kinds of the materials, but_
1.5 to 2.0 times of the design quantity in case of'borroﬁ area material
and 2, O to 2,5 times 1n case of rlver deposit material were considered

as required available ouantlty

. As - for borrow area materials, design values such as shearing
strength and coefficient of permeability necessary for dam design were

preliminarily estimated (see M 4).

In case of a rockfill type dam, filter material and rock material




will be involved in addition to impervious core material, and with
regard to rock materials they are described in ANNEX L.

Special investigatibné were not made this timé regarding.filter

materlals, but 1t is ﬁhought poséibie to use river deposit materials
,as filter materials.
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M2 DESCRIPTION OF CONSTRUCTION MATERIAL SOURCES

Herein the general feature of the area explored, quality of ma-
terial, and available guantity are described in regard to imperviocus

core mat.erlal and concrete aggregate at each damsites.

Comparisons are also made between approximate design volumes and

available quantities for each project site.

Since the number of samples collected at the various areas was
small in the present investigations, it can not necessarily he said

that the whole picture of each area is presented,
M 2,1 Bamseonggol Damsite

M 2.1.1 General

The Bamseonggol scheme is as indicated in Fig, M 1.1, The Bamseonggol
scheme is as indicated in Fig.'M 1.1. There are two conceivable damsites

in the vicinity. The distance between two sites is approximately 4 km.

The geology in the reservoir site consists mostly of granite and
gneiss while there aré sedimentary gravels at low-lying terraces along
the riverbed. Impervious material of decomposed gneiss is scattéred
about in the hill area. Five sites were selected as borrow areas and
three as river deposits for the upstream and dowvnstream proposed sites

(see Fig. M 1.1),

The proviéional design quantities of construction materials for the
two damsites are as indicated below (The design quantity hereinafter

referred to are all provisional values).

For rockfill dam - {Upper Dam) - {Lower Dam)

Impervious coré material 420 x 10> n° 1,100 x 10% o’
Concrete structures - 170 x 103 m3 : - 250 % 103 m3
For concrete gravity dam (Upper Dam) {Lower Dam)

-Concrete structures ' 3 3 _ _ 3 3
including dam 800 x 10" m 1,850 x 10" m
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M2,1.2 Impervious core materials

Five locations were'investigaﬁed as borrow area sites, the two
sites of S-1 and S5-4 were selected as botrrow areas for the upstream dam
scheme. For the downstreém dam scheme, all of the sites from $-1 to
.8~5 were considered, but S-4 and $-5 are at long distances of about 7

to 8 km upstream from the damsite.
The individual borrow areas are described below.

(1) 8-1 Area

This location is on the right bank'apﬁroximately 1.8 km -
upstream from the upstream damsite comprising a gently—sloped

hill area and is adjacent to an: existing road.

Thea métériélé:belong to the 8C 6r SM group under the
Unified Soil Classification System and are relatively well-
graded. 'The quantity of material passing No. 200'éiéve _
averages about 30 %. The éverage thicknéss bf available
material is abbﬁt'3'm, The available quantity is thought
to be in excess of 600 X 103 m3, and this site is the most

promising of the five locations.

(2) S-2 Area

The $~2 area is on the left bank at approximately 1 km
upstream from the upstream damsite and is in the neighborhood
of the intake site 1n the upper damsite.- It is therefore a

candidate borrow area in case of the lower dam.

In the soll claséification the material belongs to the
SM group and grain-size distribution is relatively good.
The proportion passing Ne.. 200 sieve is about 30 ¥ and-. the o

material is deemed suitable for core materials.
However, accessibility from the downstream damsite is poor.

The average thickness of ‘the avallable material is 2 to

3 n and around 260 x 103'm3'would be available.
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{(3) 5~3 Area
The 5-3 area 1s located on the left bank approximately 1 km
upstream from the downstream damsite. The soil classifications
are 5M and SC, the'méterials being wellfgraded with large propor-
tions of gravel-mixtures, while the. amount passing No. 200 sieve .
is about 25 Z. _ - %

The average thickness of available material is 1.5 to 2.0 m

and the available quantity will be approximately 260 x 103 m3.

(4) S5-4 and S;S Areas

The S~4. area is sited on the slope jlmmediately east of Omirdi
Village and is approximately 3 km above the upstream damsite.
The S5-5 area is located to the north of 8-4 and is on the right

bank 1 km farther upstream.

Sampling was not done at these borrow areas, but the material
at S-4 is similar to that at S-1 with a relatively high content
of fine grains, while the $-5 area appears to have a high proper- ég

tion of gravel,

It is thought that the'quéntities available are approximately

300 x 103 m3 at 8-4 and approximately 150 x 103-m3 at 5-5.

The results of the survey are summarized in Table M 1,1.

M 2.1.3 Sand and gravel materials

There are two river deposit areas between the upstream and down-
stream damsites and one ahove the upstream damsite, all of which are
presently being utilized as rice paddies and fields. The sand and

gravel consist of gneiss and granite with relatively large gravels.

{1) G-1 Area

'Thié area is a nérrow'strip of approxiﬁately 2~kmrlength on
the right bank about 2 km upstream from the upstream damsite.

This is in a wide area presently being cultivated as rice paddies
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and fields. The maximum diameter of gravel is about 40 to 50 cm,
and although flat and elongated pileces are partly contained, the

- deposit is generally composed of rounded gravel.

The grain-size distribution 1s as indicated in Table M o,
with gradation coarser than required for concrete, The average
thickness. of available materials is about 5 m and the total

3
volume is estimated to be approximately 1,200 x 103
This area is closest to the damsite with good accessibility,

and is the most advantagéous of the three sites.

(2) G2 and G-3 Areas

Both of these areas are located between the upstream ana
downstream damsites with G-2 on the left bank 1.5 km downstream
from the upstream damsite and G-3 at a point on the right bank
0.6 km upstream from the downstream damsite. The sand and‘gravél
at the G-2 site are of relatively good grainsize distribution
with large ﬁroportions of rounded particles. Sand is comparatively
of high content of fine grains. The G-3 area is deemed to have
materials of almost same quality as at G-2. The thickness of
available material is about 5 m at G-2 and about 8 m at G-3 and
the available §uantitiés are estimated to be approximately 600

x 10° m3 and .160 » 103‘m3; respectively,

Available quantity of sandmgravel for upstream damsite

In case of a rockfill type dam the river deposit at
G-1 is of sufficient quantity for the assumed design concrete

volume of 170 X lO3 3

In case of a concrete gravity type dam, the .available
"quantlty at G-1 and G-2 would be about 2.2 times for the
design concrete volume of approximately 800 xlO3 m3, and
it is considered'sufficient for required concrete aggregates

for the upstream plan,
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Available quantity of sand-gravel for downstream damsite

In case of a rockfill type dam, the available quantity
at G-2 and G-3 wlll be approkimately 3.0 {imes the degipn

concrete volume 'of 250 x 103 m3;

In case of a concrete gravity type dam, even if all of

Py

the river deposit sites of G-1, G-2 and G-3 are used, the
quahtity will be only 1.1 times the design concrete volume
of approximately 1,850 X 103 m3, being only about one half
for the requirement. Therefore, quarry wéuld have to be
consideréd. The results of the éufvey are summarized in

Table M 1.2,
M 2.2 Inje Damsite

M2,2.1 General

The plan'fof Inje is'as indicated in Tig. M 1.2 with two proposals,
Upper and Lower. There is a distance of approximately 4 km betwéén the

two sites. o ‘ %

The wvicinities of the two proposed damsites show topographies of
ridges getting close between both banks. Consequently, suitable borrow
areas or river deposits are not avallable in the neighborhoods of the
damsites and it will be unavoidable to seek them at distant points

either upstream or downstream.

Five sites were selected as borrow areas and five as river deposits
for the upstream and downstream proposed sites in the present explora-

tions, all of which are long distances away.

The approximate provisional design quantities of the dams at two

sites are as indicated below.

For rockfill dam (Upper Dam) (Lower Dam)
Inpervicus core material 780 x 1'03.m3 -2,1007x 103 m3
Concrete structures 250 x lO3 m3 300 x 10j m3
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For concrete gravity dam (Upper Dam) (Lower Dam)

Concrete structures ' © 3 g ' B
Including dam 1,450 x 107 m . 3,400 x 107 m

M2,.2.2 Impervious core material

There was no adequate site as a borrow area in the vicinlty of
the upstream damsite and three areas were selected in a distance be-

tween 5 to 9 km upstream from the damsite.

The downstream damsite did not have any suitable borrow area in
its neighborhood and two areas were selected 7 to 8 km downstream from

the damsite.
The locations are as indicated in Fig. M 1.2.

The materials at all of these borrow areas consist of decomposed

granite,
The features of each borrow areas are as described below.

(1) s-1 Area‘

This area is located on the right bank approximately 6.5 kin
upstream from the upstream damsite and is adjacent to the existing
road. The material belongs to SC or ML under the Unified Soil
Classification System and gradation is relatively good al though
grains are of fine size. The amount passing No. 200 sieve is
38 7 to 55 %. B -

The average thickness of the available material 12,5 m and

the quantity avallable ig approx1mately 310 x 103 3

(2) S5-2 and 8-3 Areas
The $-2 area is on the right bank about 5 m upstream from the
damsite, being approx1mately 100 m higher than the existing road

lhere will be a problem of acce351bility

‘The S~ 3 area is on the rlght bank about 9 km upstream from the

damsite and is at a place adjacent to the existing road.
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The avallable quantities will be approximately 150 x lO3 m>
and 100 x 103 m3, respectively. Neither is faborable as a borrow

area.

{3) S-4 and S~5 Areas

The S-4 area is at the eastern slope of the confluence with
the Bugcheon approximately 7 km downstream from the.déﬁnstream
damsite and comprises a wide hill area. The materials belong to
the SC, SM and CL groups according to the Unified Soil Classifi-
cation System, . Material passing No. 200 sieve is 25 % to 50 %

and grain-size distribution is relatively good.

The S~5 area is located on the opposite bank of S-4 across a
small stream and similarly to S~4. It is a broad area. The material

is roughly the same as at $-4,

The average thickness of available material at the two areas
is about 2 m, and the available quantities are thought to be in

excess of 1,400 x 103'm3'and 800 x 103 ms, respectively.

The total available gquantity only at the upstream borrow areas:
of 8~1, 5-2 and 8-3 is insufficient for the upstream dam scheme, so
$-4 (10.5 km downstream) must be added. 1In this case, the quaniity

will be about 2.5 times the approximate design volume.

u On the other hand, the total available quantity ohiy at the
-Borrow afeas of 5—4 énd 5~-5 will be insufficient for the upstream
dam and it will be necessary to add the vpstream S-1 area (10 km).
In this case, the available quantity will be about 1.2 times the
approximate design volume, which will be still rather short. It

is necessary to make further investigations to ascertaln quantities.
The results of the survey are summarized in Table M 1.3.
M 2.2.3 Sand and gravel maﬁeriél

Three river deposit sites were selected for the upstream dam. The

site G-2 is in the vicinity (1.2 km upstream) of the damsite, but the

M 10
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avallable quantity here is small. G-1 and G-3 are at a point 5 km and
8 km upstream, respectively, at the left bank, being distant away from

the damsite. G-3 is a long and narrow area extending along the river.

3 3
The available quanLities are about 500 x 103 m at G~1 50 x 10

‘nﬁ at G-Z and 450 X 103 m3 at -3, respectively.

The sand and gravel consist of granite and gneiss, and although
there is partial content of flat pieces of_gravél material is suffi-
clently usable as concrete aggregate. The G-1 area has high gravel
content {maximum size 70 cm) at the upstream part and high sand content

at the downstream part.

Available quantity of sand-gravel for upstream damsite

In case of a rockfill type dam the available_quantity‘of
sand-gravel at G-1 and G~2 is 2.2 times the design concrete
volume. Depending on the gradations of the dépoéit materials
this quantity may be insufficient. In such case the G-3 area
would be added.

In case of a concrete gravity type dam, the total quantity

avallable at the upstream G-1, G-2 and G-3 areas would be 1, 000

x 10 m3, or 0.7 times the design concrete volume, being short

for requirement.. Even when the sand and gravel at the downstream
G4 and G~5 areas are added the quantity will be only 1.2 times

the design concrete volume, still belng not enough. The G-4 and

G~-5 sites are very far away (10 to 11 km) and would be economlcally

injustifiable.

Consequently, in anyway, it will be necessary to consider g

separate quarry site in case of a concrete gravity type dam

Available quantity of sand-gravel for downstfeam'damSite 

In case of a rockfill type dam the avallable quantity from
G—l and G-2 together will be 1.8 times the de31gn concrete volume,
and approximately 3.7 times, if G-3 were “to be added, sufficiently
meeting the requ1rements However,rall of these sources are long

distant (5 to 8.5 km) away from the ‘damsite.
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In case of a concrete gravity type dam the design concrete
volume would be greatly increased to approximately 3,400 x lO3 m3,
and there_will}%e;a huge shortage even if all of the river deposits
from G"ixtb“é~5;were.to be utilized. Therefore, it is unavoidable
to consider a sepérate quarry site. The results of the survey are

summarized in Table M 1.4.
M 2.3 HonéCheon Damsite

M 2.3.1 Ceneral

The Hongcheon damsite is as indicated in Fig. M 1.3, Quartzite,
schist and gneiss are distributed over the reservoir area. The areas
are generally hilly. The damsite is at the end of the backwater of
Cheongpyeong reservoir while the river gradient is so gentle that there

is much sand-gravel depositing in the riverbed.

The approximate design quantities in case vrockfill is'selectéd as

the dam type will be the following:

Impervious core mdterial approx. 510 x 103 m3

3
Concrete structures approx. 150 x 103 m

In case concrete gravity is selected as the dam type the total

volume of concrete will be the following:

' o . 3
Dam and other structures approx. 800 x 107" m

M 2.3.2 Impervious core material

A borrow area was selected at a tableland on the left bank app rox-
imétely 1.5 km upstream from the damsite. The material is of decomposed

gneiss belonging to CL and SC under the Unified Soil Classification System.

' Material passing No. 200 sieve amounts to 30 % to 60 %, and con-

séquentiy;-fhis=is.a fine-grained soil.

Material close to the ground surface is relatively plastic;-but_

uhderlying material is slightly~blastic.
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: 3
The available quantity is thought to be in excess of 900 x 103 m

and about 1,5 times the design quantity. It is considered that adequate

supply can be made to meet requirements.

M 2.3.3 Sand and gravel material

Three river deposit sites were selected (see Fig. M 1.3). These
areas are all in the vicinity of the damsite. G-1 is at the left bank
immediately upstream'aﬁd.G“3 is at the left bank 2 km upstream from the
damsite. G-2 is located at the right bank side immediately downstream

of the damsite.

This area, as a whole, has high sand content w1th little gravel
but the gravel gradation is good, being not much different from the
gradation for concrete aggregate. The gravel has a high content of

gneiss and there is a large number of slightly flat pieces.

The avallable quantities are approximately 300 x 103 m3 at G—l
3

800 x 10 m at G-2 and 540 x lO3 m3 at G-3 for a total of 1,640 x lO m3
In case of a rockfill type dam the requirements for the volume of

concrete can be mét with material from either G-1 or G-2.

In case of a concrete gravity type dam the total available guantity
from G-1 to G-3 will be approximately two times the design volume and
it is considered possible to meet'tedeirements. Even if the quantity
were found insufficient, there are adequate sufficient deposits upstream
and downstream of these borrow areas and the proJect itself will not he

adversely affected
M 2.4 Gujeol Damsite

M2.4,1 General

The GuJeol damsite is as 1nd1cated in Fig. M 1.4. A gent e hilly
feature is predominant upstream of the dam51te w1th w1de terraces formed
at the riverbed. The reservoir area consists of weathered granite, and

because of the small_catchment area, there is some amount of impurities -
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mixed in the sand-gravel deposits at the terraces, while weathered rock

is likely contained in the gravel,

Consequently, thorough investigations will further be required with

respect to suitability as concrete aggregate,

The approximate design quantities in case the dam type is” of rockfill %
L T 3 3 .
type will be 120 x 10 m3 of 1mpervious core material and 100 x lO3

of concrete for appurtenant structures.

In case the dam type is to be of eoncrete.gravity type the total
volume of concrete for the dam and other structures will be approximately

250 x 103 m3.

M 2.4.2 Impervious core material

A hill area et'the right bank eide approximately 1.2 km upstream
from the damsite was selected as the borrow area. The material is
decomposed granite belonging to ML or CL according to the Unified Soil
Classification System. _ _ %

Material passing No. 200 sieve is 50 % to 80 % and the soil on the

whole is fine.

There is a high content of smaller gravels down to a depth of not
. more than 2 m, and good-quality impervious material will be obtalned

" by mlxing together the upper and lower layers.

The available quantity is approximately 700 x'lO3 m3 at an average

‘thickness of 3 m and there is ample quantity for the design volume.

M 2.4.3 Sand and gravel meterial-

Three river depesit sites were selected (see Fig. M 1.4). All are

upstream of the dam, G~l belng 3.5 km away at the left bank, G-2, 5.5
km away also at the left bank and G—3 5.5 km avay at the rlght bank
All ‘the sites are terraced areas of farm lands. A COMmon feature of
the three sites is that the surface portion (depth 1 to 1. 5 m) atre

almost completely of sand w1th a large portion of fine grains. Since
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it is also conceivable that organic matter 1s contained thorough

investigations would be necessary,

The available quantities at G-1, G-~2 and G-3 are about 70 x 103 m3,
60 % 103 m3_and 20 x 103 m3, respectively, the total being 150 x 103 m3.

The . available quantity compared with the design volume is 1.5 times
in case of a rockfill Lype dam, which 1% though insufficient, while in
case of a concrete grav1ty type dam it is 0.6 times, being entirely in-

sufficient, Accordlngly, it will be necessary to consider a quarry site.
M 2.5 Ganhyeon Damsite

M 2.5.1 CGeneral

The Ganhyeon damsite is as indicated in Fig. M 1.5, Large-scale
terraces are developed at the river banks upstream and downstream of
the damsite and it is sufficiently possible to collect impervious core

materials as well as sand and gravel from the vicinity of the dam,

The approximate dam volumes in case of a rockfiil"type are'aﬁodt
130 x 103 m3 of impervious core materiél énd'about 100 x 10? m3 of
concrete for appurtenant structures. “As for_the case of the dam planned
as a concrete gravity type the total volume of concrete for the dam and

other structures will be approx1mate1y 200 x 103 3

M 2.5.2 Tmpervious core material

‘A borrow area was selected at the southern slope (800 m in straight-

line distance) beyond the saddle at the left bank side of the dam axis.

The material is of decomposed granxte belonging to SM and SC under
the Unified Soil Classification’ System. L

The material passing No. 200 sieve s around 35 % and the gradation
is good. The average thickness is about 2 mw and the available quantity
is in excess of 1,000 X 103 m3 so that there i1s ample volume for the -

design quantity,
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M 2.5,3 Sand and gravel material

A terrace at the right bank approximately 1 km from the dam was

selected as the river deposit site.

The material comprises a sand-gravel layer of granite and gneiss,
‘ and although it has the high content of large gravels compared with the
adequate gradation of concrete aggrepate, the material quality is gen-
erally good. ' The average depth of deposition is large at this site and
is thought to be more than 5 m,indicating the advantage of this site.
The available quantity is estimated to be approximately 870 x 103 m3.
The available guantity is equivalent to more than 8,0 times the
concrete volume in case of a rockfill type dam and more than 4.0 times
the total concrete wolume in case of a concrete gravity type. Then,

there is no problem as for supply capacity.
M 2.6 Dalcheon Damsite

M 2,6.1 General

The Dalcheon damsite is as indicated in Fig. M 1.6. The river in
- the reséfvoir area has many deposits of.sand—gravel with development of
terraces at various places along the river banks, and these are being
utilized as agricultural land. The geology at the damsite consists of

‘granite, but there is much distribution of gneiss in the reservoir area.

Prospective horrow areas and river deposits are abundant in the

vicinity of the damsite.
The design quantities for this project are the following:

For rockfill dam

Impervious core material 270 x 10" m

- 3
Concrete structures 100 x 10" m

For -concrete gravity dam -

Concrete structures including dam 450 x 10" m
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M 2.6.2 Impervious core material

Five locations Were'selected as borrow areas within a 3.5 km up-
stream and downstream from the damsite, The material is almost entirely

of decomposed gneiss and is composed of fine grain soil as a whole.

(1) s-1 Area

The area is situated at a gentle slope on the right bank
immediately upstream (0.4 km) of the dam. The material is gravelly
silt and a fine grain éoil.'rThe'pfoﬁértion of the material passing
No. 200 sieve is 50 % to 70 %. The soil belongs to ML under the
Unified ‘Soil Classification System and is of low plasticity.

The average thickness is about 1.5 m and the available quantity

is approx1mately 370 x 103 m3.

(2) 8-2 Area

ThlS area 15 at a p01nt on the left bank approximately 1.5 km
upstream from the damsite and consists of micaceous and 511ty soils
which are fine-grained. The proportion passing No. 200 sieve isg
50 %Z to 60°%Z and. the material belongs to SM and M under the Unified

Soil Classification System.

- The average thickness is about 1.5 m and the available quantity

is approximately 310 x 103 3

(3)_ 5-3 Area

This area is on the left bank immédiéfely downstream of the
damsite. The material}is coérse-grained cotmpared with those at
S-1 and S-2. The proportion passing No. 200 sieve isfédet‘35'7-:
The material belongs to SM accordlng to the Unified Soil Classifi-

cation SysLem.

The average thickness is about l S5:m and the available quantity
is approx1mate1y 110 x 103 3;'

(4) Sv& and 5-5 Areas

The S-4 area 1s on the right bank 3.5 km Upstream from the
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damsite while the $~5 area is on the left bank 1.2 km downstream
from the damsite. Sampling was not done in particular at these
sites, but it is estimated that the materials are more or less

the same as for the other sites

The average thickness is about 1.5 m and the estimated
available quantity approximately 210 x 103 m3 at S5~4, while at

5-5 these are about 1 m and apprbximately 75 x lO3 m3, respectively.

The total'quantity from 5-1 to S-5 corresponds to 4 times the
design quantity. Even with just the two areas of S-1 and $~2 the volume

is approximately 2.5 times and there is adequate supply capacity.

The results of the survey are summarized in Table M 1.5.

M 2.6.3 Sand and gravel material

River deposits are distributed more or less continuously in the
river channel from approximately 2.5 km downstream to approximately

4 Km upstream.

The materials of the sand-gravel are mainly of gneiss and granite,

and the gradations. are relatively gdod.

Five borrow areas were selected, from the most downstream G-1 to
the most upstream G-5. The available . quantlties are approximately 100
X 103 m3 at G~1 with an average thickness of 2.0 m, 50 x 103 m3 at G-2
with 'an average thickness of 1,5 m, 240 x 103 m3 at G-3 with an average
thicknesq of 2. m, 110 x 103 m3 for G~4 at an average thickness of 2 m,

and 440 x 103 m3 at G-5 with an average thickness of 3 m, a total of

940 x 103 m3.

Since the design concrete volume will be aﬁpioximately 100 x lO3 m3

in case of a rockfill type, 350 x 103 m3 at the G-3 and G-4 sites will

be adequate for meeting requirements.

As for the case of the dam of a concrete gravity type, the available
gquantity will be abproximately 2.0 times the design volume if all of the

five sites are uséd and it will be enough for adequéte supply.
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M 2.7 Bonghwa Damsite

M2.,7.1 General

The Bonghwa damsite is as indicated in Fig. M 1.7 with two locations
-Proposed as damsites. The upstream site is the original and the down-
stream one the alternative. There is a distance of approximately 2.5

km between the two sites,

The geologies of the reservoir areas consist mainly of granite and
gneiss which are extensively distributed. Borrow areas were selected
in the vicinities of these damsites. The areas comprise decomposed

granite or decomposed gneiss,

There are no river deposits at the rivérbed_upstream and dovmstream
of the two damsites and it will be impossible to collect sand and gravel

in the neighborhoods of the damsites.

The approximate design quanthles for the two proposals are as

indicated below

For rockfill dam ~{Upper Dam) (Lower Dam)
Impervious core material 890 X 103 m3 1 650 X T.O?J m3
Concrete structures 200 x 103 m3 210 x 10_ m3

For concrete gravity dam

Concrete étructures : 3 '3 . 3 3
including dam _ 1,270 x 107 m L7790 %2 107 m

M 2.7.2 Impervious core material

(1} 8-1 and $-2 Areas

- The S-1 area is situated at the northern slope on .the left
bank approx1mately 0.6 km upstieam from the dowustream damsite and

the material is of decomposed granlte.

Regardiﬁg gradations of haﬁerials,'the upper layer has high
content of fines with about: 50- % passing No. 200 sieve, while the

lower layer is coarse-grained.
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The upper-layer material belongs to SM and CL under the
Unified Soil Classification System and 1s of low plasticity as

a whole.

The available quantity is approximately 280 x 103 m3.

The 8-2 area is at a tableland at the right bank side "(approx-
mately 1 km northwest) of the upstréam damsite, and ﬁhe available
quantity is approximately 120 x lO3 m3, but the gravel content is
high and it is judged difficult to use only this material. There-
fore, it will be necessary for blend this material with that from

another borrow area to be considered.

(2) 8-3 Area

This is a vast area located on the right bank side approximate-
ly 3 km upstream from the upgstream damsite.  However, the lower part
is of a sand-gravel layer and the thickness of soil which can be

used as impervious core material is about 1.0 to 1.5 m.

‘With regard to the quality of the material, the part close to
the river has high content of fine soils with 40 % to 60 Z passing
No. 200 sieve. The material belongs to SM, ML and CL under the

Unified Soil Classification System and is of low plasticity.

On thé other hand, the material at the mountain side is well-
graded and is a good soil of relatively high contént of fines.
About 30 % passes No. 200 sieve and the soil belongs to SW and §C

according to the Unified Soil Classification Systen.

The available quantity is approximately 860 x ]_03 mg.

(3) S-4 and S5-5 Areas
The S—-4. and S5-5 areas are on the_left bank 3.0 km and 2.5 km

upstream respectively from the upstream damsite.

The material is of decomposed granite at both areas and com-
prises fine soil. The material belongs .to SM.or CL according to
 the Unified Soil Classification System and is of low plasticity.
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- . 3 3
The available quantities are approximately 500 x 107 m™ at
: : : 3 3
average thickness of 2.5 m for the $-4 Area, and 470 x 103 m at

average thickness of 1.5 m for the $-5 Area.

~ The avallable quantity with all of the borrow areas is app rox-
imately 2.5 times the de51gn vo lume of the upstream dam. Accessi-
bility is poor for both S-1 downstream and 5-2 immediately upstream
of the damsite and besides, the availeble quantities are so gmall
that these two areas can be omitted. (Supply capacity will be

approximately double the requirement.)
y

With regard to supply capec1ty for the downstream,dam scheme,
all of the borrow aréas must be taken into conslderatlon.. In this
cas€ the quantity available will be approximately 1.35_times and

there would be some risk of shortage regarding the éupply capacity.

In both cases, 1L w111 be adv1sable to consider blendlng the
materials with that from the various borrow areas. The results of

the survey are summarized in Table M 1.6.

M2.7.3 Sand and gravel material.

There is ne river depesit area in the vicinities of the two dénsites,
but as for the upstream damsite, G—l was selected 7 km dOWnstream, -2
5 km upstream, and G-3 11 km also upetream Further, the sandfgravel
underlying the impervious core material of the S~3~area was selected as

the G-4 area.

0f the above areas, G-2 has a large-proportion of mixture of cobble

stones.

The avallable quantities are respectively 40 x lO3 m3 at average
thickness of 2 m, 30 x 103 m3 at average thickness of 1.5 m, 45 x 103 m3
at average thickness of 1.5 m, and 24 x 103 m3 at average thickness of
1.5 m for a total of 139 x 103 m3. |

' The available quéﬁtity is not suffieient even for the case of_the
rockfill tYpe dam In the upstreaﬁ site which hes the least design‘volume,

and it will be unavoidable to depend completely on a quarry site.
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M 2.8 Imha Damsite

M 2.8.1 General

The Imha damsite is indicated in Fig. M 1.8, The geology of the
damsite consists of granite, but the reservolr area is made of diorite

and gneiss with partial distribution of limestone.

It was possible to select all borrow areas and river deposit areas
within approximately 5 to 6 km upstream of the damsite. However, there
is no large borrow area solely capable of meeting the entire requirement,
and explorations were conducted for six sites as borrow areas and five

sites along the riverbed as river depesits.

The design quantities for this scheme site are the following:

For rockfill dam

Impervious core material 450 x 103 m3

Concrete structures . 140 x 103 m3

For concrete gravity dam

Concrete structures ' 3 '3
including dam 680 x 107" m

M 2.8.2 Impervious core material

As shown in Fig. M 1.8, six locations upstream of the damsite at

either bank of the river were selected as borrow areas.

The material may be divided into granite, diorite and quartzite,
all having extremely low content of fines. So, there will be a problem
of watertightness,

(1) 8-1 Avea

This area is located on the left bank at a gentle hill area

2 km upstream from the damsite and is in good acceséibility.
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The material is of weathered diorite belonging to GP and SM
according to the Unified Soil Classificatlon System.

The material 1s gravelly sand having very little fines with

only 1 % to 13 % passing No. 200 sleve, and the gradation is poor.

Consequently, there is a question &bout the watertightness
and it will be necessary to confirm such property by permeability

tests.

" The average thickness is about 2 m, the avallable quantity

being approximately 250 x 103 m3.

(2) S-2 and 8-3 Areas

The S-2 area is on the left bank approximately 1 km upstream
from the damsite and is situated at a gently-sloped hill area.
The S-3 area is located on the right bank approximately 1 km up-

stream from the 51te

The materials at these areas are of decomposed granite-at
S-2 and weathered quartzite at S~3. 'Both belong to SW and SM wnder
the Unified Soil Classification System, has high content of sand.
and gravelly sand and there are very few fines. The proportions
passing No. 200 sieve are 6 % to 10 s and 51milar1y to the case

of the 5-1 area, watertightness will be a gquestlon.

The available quantities are apprOXimately 220 x 103 m3 at $-2
3 R

and 210 x 103 m~ at §-3,

The amouht.is'approximately 1.8 times the design quantity of
450 = 10 m3'for impervious core material and it is considered
possible to supply sufficlent amount. ”Howevei; with regard to
quality, it will be necessary to specifically check watertightness.

The results of the survey are summarized in Table M 1.7

(3) s-~4, 8-5 and S-6 Areas

These areas are located 3.5 km, 4 5 km and 5. 5 km upstream from
the dam51te, respectively, and are relatlvely small. The materials

are of weathered dlorite and gravelly silts.
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The avallable quantities are 50 x_103 m3 at average thickness
of about 5 m, 50 x 103 w3 at average thickness of about 2 m, and
60 x 103 w3 at average thickness of about 3 m.

Sampling was not done in particular at these areas.

M 2.8.3 Sand and gravel material

Five river deposit areas were selected almost in a continuous

stretch along the river upstream of the dam.

The areas were numbered G-1 to G-5 from immediately above the
damsite to approximately 5 or 6 km upstream. The material consists
of granite and gneiss, is comparatively well graded, and is good

sand-gravel as a whole,

The a#ailable:quantity is approximately 4.0 times the design
concrete volume in caéé of a rockfill type dam and approximapély
1.4 times in case of a concrete gravity type dam, In the latter case
the quantity would be rather short for requirement, but since there
are river deposits existing here and there upstream of G-5 and down-

stream of the damsite, a quarry site would be unnecessary.

The results of the survey are summarized in Table M 1.8.

M 2,9 Hamyang Damsite
M 2.9.1 General

The Hamyang damsite is_ as indicated in Fig. M 1.9. The geology
consists of diorite at the damsite and immediately upstream, but
further up it consists of gneiss. Montainsides are generally gently

sloped.

In the present invéstigations, four borrow areas and three river
deposit areas were explored but in the vieinity of the damsite there
are only two borrow areas, while the three river dep051t areas and the

remaining two borrow areas are scattered far distant away (10 to 15 km),

The design quantities of this damsite are as indicated below.
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SR skl —

- 3 '3
Impervious core material 570 x 107 m

Concrete structures 140 x 10

For concrete gravity dam

Concrete structures 33
including dam ' 910 x 10" m

M 2.9.2 Impervious core material

As borrow'ereae; $-1 was selected et the left bank immediately up-
stream of the damsite and S-2 also at the left bank approximately 4 km

upstream

Other than the above, two locations were investigated as Mumjeongri
approx1mately 11 km downstream from the damsite, but because of the
small quantities there and the long distance, these 1ocat10ns were

dropped out of consideration.

The material.at the §-1 Area.is of weathered diorite and is a
reletively Well—graded soil. Tt belongs to 'SC according to'the Unified
Soil Classification System and the proportion passing No. 200 sieve is
around 35 %

On the other hand, the material at the S 2 Area is of weathered
granite w1th high content of flnes,.and the proportion passing No. 200
sieve is 40 % to 50 %. It belongs to the MH and SM groups under the
Unified Soil Classxflcatlon System and contalns a large proportlon of
non- plastlc fines with a high content of mlca It is de51rab1e for such
a material to be used mlxed together w1th other materials as much as
p0551b]e ' Accordingly, blending of the mater1a13 from $-1 with S 2

should be considered,

The available quant1t1es ‘at the abovementioned two areas are 400 x
103 m3 for 5-1 with an average thickness of 2 m and 480 x 103 m3 for S—2
with an average thickness of 2 m respectlvely, making a total of 880 x

103 no.
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The above quantity is approximately 1.5 times the design quantlty

and it 1s thought adequate as for supply capacity.

M 2.9.3 Sand and gravel material

Since river deposit areas could not be found around the damsite,

exploration was extended to a range of about 15 km.

The nearest location is the G-1 area on the right bank approximately
7 km upstream from the damsite, Other than this, there 1s an area with
available quantity of about 600 x 103 m3 at Umbong Myeon approximately
15 km upstfeam from the damsite. There is also a place where material
can be collected, Donggangri approximately 13 km downstream Since both
of these are much too distant away from the damsite they were dropPéd.

- put of consideration.

The méterial at the G-1 area has low sand content with a large

proportion of grével of the'large size (about 30 cm), being poorly graded.

. ' C g S ..3 3
The available quantity is approximately 150 x 107 m with an average
thickness of 2 m, The supply capacity will be insufficlent in both case
of the dam type, rockfill or concrete grav1ty type and a quarry gite for

concrete aggregate would be required.
M 2.10 Juam Damsite

M 2.10.1 General

The Juam damsite.is as indicated in Fig. M 1.10. The damsite has
relatively stable slopes at both banks with relatively broad river width.
The reservoir and ifs'surrounding area consist of gneiss, and the area

is that of a fairlﬁrwell develbped valley plain.

s

In the present 1nvest1gatlons, six locatlons were explored as borrow

areas and two as river deposit areas.

The provisional design quantities of this dam are as indicated below.
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For rockfill dam

Impervious core material - 460 x 100 n°
3
Concrete structures _ 130 % 103 -
For concrete gravity dam
Concrete structures _ 3
g% _ including dam - approx. 650 x 107 m

M 2.10.2 TIwpervious core material

Individual large borrow areas do not exist at this damsite and

small ones are scattered.

A total of six locations was explored, one being upqtream of the

damsite and five downstream (see Fig. M 1.10).

The material is decomposed gneiss at all locations. Areas 5-2 and
S-6 consist of fine soils while the other areas have conparatively

coarse soils.
%% The various borrow areas are described below.

(1) S-1, 5-2 and $~5 Areas

The $-1, S-2 énd.S—S areas are all on the leéft bank downstream
from the damsite at distances of 1.5 km,'3.0 km and 3.0 km, respec-

tively.

The materials belong to SM and ML under the Unified Soil
Classification System,.:The material at S-1 is rélatively well-
graded, but the materials at $-2 and S-5 have too high content of
.fioes and are poorly~gradod The proportions passing No, 200 sieve

are 31 %, 54 ¥ and 49 %, respectlvely

Since all of these borrow areas are closely 1ocated on the

left bank, and gradations of the materials dlffer éach’ other it
is preferable to use in the form of a mixture of ‘the materials in"

construction.
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The .available quahtities are 270 x 103 m3, 750 x 103 m3 and -
180 = 103 m3, regpectively, all at average thickness of about.3 m,
making a total of 1,200 x 103 3.

{(2) $-3 and S-6 Areas

The §-3 and S-6 areas are on the right bank downstream from

the damsite at distances of 1.4 km and 1.0 km, respectively.

The materials at the two areas both belong to SM under the
Unified Soil Classification System.with proportions passing No.
~200 sieve around 20 % for the $-3 material and around 70 Z for
the S-6 material. The former is of relatively good gradation.
Since these two areas are also close each other and the gradations
of the materials are diffefent, use after blending two materials

should be considered in construction.

' 3
The available quantltles are approximately 120 x 10 m3 and
90 x 10 m3, 1espect1vely, both at average thickness of about 3 m,

making a total of 210 x 103 m3.

(3) 5-4 Area

This area is on the right'bank”ebCut 4 km vpstream from the
damsite.” The materlal belongs to the SM group, the proportion
pa351ng No. 200 sieve is approximately 20 %, and the gradatlon is
good The available quantity is approximately 370 x 10 m3 at an

~average thickness of about 3 m.

The total volume from the abovementioned six borrow areas is
1,780 x 103 m3, 6; épprqximately 3.8 times the design qgaﬁtity.

Reﬁuiremeﬁts would be sufficiently met,

M 2,10.3 Sand and gravel matefial

_ Two locations were selected downatream of the damsite as river
deposit areas, and other than these, there is no suitable location in

the vicinity of the dam51te.
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"The G~1 area 1s on the right bank approximately 2 km downstream,
while the G-2 atea 1s at the opposite bank of G-1.

Practically all of the sand-gravel consists of gnelss, and although
the gradation is relatively good, there is a tendency that medium-sized

_gravel is somewhat lacking.

" The avallable quantities are approxlmately 110 x 103 m3 at G—l and
130 x 103 3 at G—Z both with average thickress of about 2 m, making a
total of 240 x 103 m3. For the provisional design concrete volume of
130 x 103 m3 in case of a rockfill Lype dam this quantity seems to be
insuff1c1ent For the design concrete volume of 650 X 103 m3 in case

the dam type is of concrete gravity, a quarry Slte will deflnity be needed,
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M 3  RESULTS OF MATERIAL TESTS
M 3.1 Material Tests Performed

M 3,1.1 Sampling

Investigations were made of borrow areas at 43 locations and river

deposits at 36 locations for all of the 10 plammed sites.

Pitting and trenching were performed at 50 places in borrow areas
and 39 places in river deposit areas and respectively collected there-

from were, 47 samples and 13 sémples making a total of 60 samplés:

At river deposits, field sieve tests were carried out at represent-
ative locations among the places where pitting and trenching were per-

formed.

The locations of piting, trenching and sampling are indicated in
Figs. M 1.1 through M.1.10. The tabular form of these are as given in
Table M 2. '

The logs and some descfiptions of pits and trenches are as indicat-
ed in Figs. M 3.1 through M 3.4,
M 3.1,2 Tests and test methods

.The test materials were analyzed by a specialist in the laboratory

of the Korean Ministry of Construction (MOC) 1in Seoul.

All tests were carried out in accordance with the specifications

of Korean Industrial Standards (KIS).

The test items and the respective appiicable standards are as

indicated below.

Borrow Area Materlal

1) Spécifig gravity test (KSF 2308)
(2) Grain size analysis test (KSF 2302)
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(3) Moisture content test (KSF 2306)
(4) Liquid liwmit and plastic limit tests (KSF 2303 and 2304)
{5)  Compaction test (KST 2312)

River Depgéit Material
i (1) Specific gravity test (KSF 2503)
§§ _ (2) Gtain size analysis test (KSF 2502)
The following should be noted:
(1) ‘Thé soil classification adopted was the "Unified Soil
Claesifieetion'Syste .
(2) Compaction tests were performed according to Method of
Test for Mblsture—Den31ty Relations of Soll Using Rammer.

(3) Mblds with 1nslde diameter of. lO em and a rammer of

2. 5 kg were used as testing equ1pment.

(4) Samples used were of maximum size passing the No. 4 sieve.

g? M 3.2 ,;TeSt Results:

A summary of the test results for the various damsites are as indi-

cated in Tables M 3 and M 4,

The relations of NWC-OMC in. Table M'3:and”Tabie ﬁ'S shows NWC to be

cohsiderably-higher than OME for the five northemn sites (Bamseonggol-
Ganhyeon).

" fhis 15 thought to be attributable to the fact that the investiga-

tions of these ftve northern sites were conducted in a especially rainy

period while ‘the investigations of the southern sites (Dalcheon-Juam)

were done in“a relatively dry period.

%% ' The'detai]e’of soil test vesults of each sméple"are shown in Table

. M 5. ‘The grain-size distribution. curves of the test samples (borrow area)

are indleated in Figs. M-2.3 though M 2 3.

.-The sand_and gravel test resuits_fer_eachtof the samples are shown

in Table M 6.
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M 4  ESTIMATED DESIGN VALUES OF SOIL, MATERIALS

The soil tests performed this time were limited to the simple physi-
cal tests. The principal. engineering propertles of soil, i.e. coefficient
of permeability and shear strength (internal friction) were presumed based

- on the above test results.

The results are as indicated below.

Site CL* MDD OoMC K& B
(g/cn) (%) (cm/s) (deg)
Bamseonggol SM-SC 1.75-1. 84 11.0-16.1 1x10:g 33
Inje sC 1.74-1.81  14.0-17.7 1x10_ 31
Hongcheon 5C 1.47-1.52 ~20.0-26.7 5x10_ 30
Gujeol CL 1.40-1.69 18.6-29.8 1x10w5 28
Ganhyeon 5™ 1.62-1.88 12.3-21.0 lxlO_7 35
Dalcheon ML 1.35-1.88 13,2-29.6 5x10_7r 30
Bonghwa sC 1,55-1.87 14.0—24,0 5_:{10_4 31
Inha SW-SC 1.69-1,89 10.0-18.9 5x10_6 36
Hamyang : SM 1.54-1.69 18.2-24.5 lxlO_B 31
Juam . SM 1.66-1. 82 13.6-20.0 1x10 33
Remarks; CL : Soil Classification MDD : Maximum Dry Density
OMC : Optlmum.Water Content K : Coefficient of Permeabillty

@ : Shear Strength (Internal frchion angle)
%* : The soil classifications in this colum were obtalned
:by averaging data of borrow areas by damsite -and.

classifying to the Unified Soil Classification System.

%% ; These design valués weie presumed using data in'"ﬁesigﬁ
of Small Dams" published by the U.S. Department of the
Interior Burécc'cf_Recicmafion and in others. (Refs.

M1, M2) N I

Further with rcgardltcVcoefficicnt_of'pep@ecﬁility aﬁd
" shear strength, these vaiy dépéﬁﬁicg on'dénsity, Watci
content, gradation,'grain size, etc. of soil, and some-
times large dlfferences are indicated with similar .
materlals Accordingly, these values can be. utillzed

_only for preliminary deslgn, but in future ctudies it

“will be necessary to use values obtained through direct.

tests on such englneering properties.
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M5  SUMMARY

M 5.1 Supply Capacity of Construction Materials

Out of the 13 damsites, 10 sites have suitable borrow areas capable

_to supply sufficient imperyious core material in case of rockfill type

dams The sites where the available quantities will be 1nsufficient
are ‘three, i. e. Bamseonggol downstream site, Inje downstream site and

the Bonghwa downstream site.

However, even though provided with adequate supply capacity, there
are sites such as the Inje ups tream site which has source 10 km distant
away from the damsite, and Hamyang and Imha which have available quan-

tities barely enough for requirement or materials of questionable quality.

On the other hand, regarding supoly capacity Sor concrete aggregates
considering river deposits, even in the cases of rockfill type dams with
relatively small volumes of concrete required Gujeol, Juam, Hamyang and
the upstream and downstream sites of Bonghwa have insufficient oY some—

what insufficlent quantities.

In case of the concréte gravity dam type,'tne”sites'With'Sufficient
capacity (including cases of somewhat irisufficient but barely adequate. -
capacity) are the four of the Bamseonggol upstream site;'Hongcheong*:
Ganhyeon and Dalcheon. The others are sites which cannot help but rely

on quarry sites.

M 5.2 Quality

7 The materials in borrow areas are almost all decomposed granite or
decomposed gneiss with relatively fine—grained materials predominant.
The soil components consist of clayey sands, silty sands of sand—clay
mixtures, and practically all are concentrated in the SM, SC, ML and CL_
oroups under ‘the Unified 'Soil Classification System s '

Soue golls are low plastic showing low plasticity indeces as shown
in Table M 5. These soils may be weak to- piping. This defect is now
stood with by careful compaction, smooth trimming of abutment and zoning
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with sufficient thickness of transition zone. Examples of high dams

constructed with low plastic core materials are shown in Table 7.

Examined by site, Imha stands out as'being pfoblematic. The ma-
terial consisLs of poorly- graded gravel and gravel sand—clay mixtures,
- and there is a question with respect to- watertightness (COEfflClent
of pelmeability was estimated at around 5 x 10 4, see M 4.) Consequentn
1y,'1t will be necessary for confirmations to be made by carrying out

permeability tests.

Since the materials of other sites are relatively high in content
of fines (50 % or more passing No. 200 aieve); and low to medium-
plasticity materials are. predondnant, it 1s necessary to consider
mixing with materials in underlying layers high in gravel content, or
- mixing with coarse fractions of other borrow areas. By doing so,
impervious core material of improved gradation and gdod_ quality as a

whole can be obtained.

The river deposit matefialé innestigated-this.time coneisted of
granite, gneiss or sandstone, and gradatiqns-are good as'a whdle (see
Table M 6). Regarding ﬁarticle shapes, flat gravels tﬁaracteristic of
gneiss are contained;'bnt they will be usable as concrete aggregate

since soft particles are few.
M5.3 Future Studies
"~ The following points should be investigated in future project

studies.

(1) Planning of test pits on. grid systems at prin01pal sites for
investigation of available quantities or borrow area and l

river dep051t materials

(2) Deep excavatiqn.of test pits at borrow areas to confifm,,

qualities of.materials at underlying portions.

H(3) Execution of permeability tests on borrow area materials

of the Imha area.--
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e

{4)

(5)

Thorough énalyses of gradations for necessary sites in
consideration of use of river deposit materials as fllter

materials.

Execution of permeability tests in view of questionable
water-tightness of borrow area materials of principal sites

comprised of decomposed granite.
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i

Borrow

Area

Table M 1.1 SUMMARY OF SURVEY RESULTS
{(Bamseonggol Borrow Areas)

Distance . Available Depth of

from Dam Volume (m™) Stripping (m)
Site (km) . Average e

Thickness'(m)'

(Upstream Dam Site)

5-1
S—4

Total

1.8 600,000 (3m).
3.0 L 300,000 (3m) 0.5
900,000

(Downstream Dam Site)

S-1
'§-2
$-3
54
§-5

Total

Remarks

.
¥

5.8 ' 600,000 (3m) 0.5

2.5 260,000 (2. 5m) 0.5

1.0 260,000 (2.0) 0.8

7.0 300,000 (3.0) 0.5

8.0 | 150,000 (2.0) 0.8
| 11,570,000

The available quantity of 906,000 m3 for the upstream dam is
approximately double the design volume and is deemed suffi—
cient to meet requirements.

The avallable quantity of 1, 570 000 m for the downstream'
dam is approximately 1.4 times the design ‘volume and there
is a risk of a shortage. There will be ‘a necessity for
investigatidns”to be made in the future to gain a grasp

of the quantity.:
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Table M 1.2 . SUMMARY OF SURVEY RESULTS
(Bamseonggol River Deposaits)

River Distance Available Depth of
Deposit from Dam Volume (m™) Stripping

Site (km) : Average . - . . - (m)
' - Thickness (m} - =~ .

(Upstream Dam Site) .
G-1 _ 2,0 (U.R.) * 1,200,000 (5m) 0.5

G2 1.5 (D.L.) * - 600,000 (5m) 0.5
Total 1,800,000

(Downs tream Dam Site)

G-1 6.0 (U.R.) 1,200,000 (5m) 0.5
G-2 2.0 (U.L.) . 600,000 (5m) 0.5
c-3 0.6 (U.R.) . 160,000 (8m) 1.0
Total 1,960,000

Remarks ; * U.S. = Upstream Right Bank D.L. = Downstream Left Bank

Table M 1,3 SUMMARY OF SURVEY RESULTS
(Inje Borrow Areas)

Borrow ‘Distance ~  Available Depth of
Area : fram Dam Volume (m™) Stripping (m)
Site (km) Average :

Thickness (m)

(Upstream Dam Site)

s-1 6.5 (U.R.) 310,000 (2.5)

0.5
g-2 5.0 (U.R.) 150,000 (L.5) 0.8
5-3 9.0 (U.R.) 100,000 (1.5) 0.8
5-4 10.5 (D.R.) 1,400,000 (2.0) 0.5
Total 1,960,000

(Downstream Dam Site)

S—4 7.0 (D.R.) 1,400,000 (2.0) 5
-5 © 8.0 (D.R.) 800,000 (2.0) .5
s-1 10.0 (U.R)) 310,000 (2.5) .5
Total 2,510,000

M 38



Table M 1.4 SUMMARY OF SURVEY RESULTS

(Inje River Deposits)

Available

River Distance 3 Depth of
Deposit from Dam Volime (m™) Stripping (m)
Site (km) Average |
Thickness (m)
{Upstream Dam Site) _
G-1 5.0 (U.L.) 500,000 (5m) 0.5
G2 1.2 (U.R.) 50,000 (3m) 0.
G-3 8.0 (U.L.) 450,000 (5m) 0.3
Total 1,000,000
(Dowris tream Dam Site)
G-1 8.5 (U.L.) 500,000 (5m) 0.5
G-2 5.0 (U.R.) 50,000 (3m)
G4 7.0 (D.L.) 560,000 (5m)
G-5 10,0 (D.L.) 200,000 (3m) .3
Total 1,300,000 -
Table M 1.5 SUMMARY OF SURVEY RESULTS
{Dalcheon Borrow Areas)
Borrow 'Distance Available3 Depth of
Area from Dam Volume (m™) Stripping (m)
: Site (km) Average
. Thickness (m)
S-1 0.4 (U.R.) 370,000 (1.5m) 0.3
g2 1.5 (U.L.) 310,000 (1.5m) 0.3
-3 0.5 (D.L.) 110,000 (1.5m) 0.5
S~4 3.5 (U.R.) 210,000 (1.5m) 0.5
§-5 1.2 (D.L.) 80,000 (1.0m) 0.3
Total 1,080,000
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Table M 1.6 SUMMARY OF SURVEY RESULTS

Distance

(Bonghwa Borrow Areas)

ﬁorrow AvailaBle Depth of
Area from Dam Volume (m7) Stripping (m)
S8ite (km) Average .
Thickness (m)

(Upstream Dam Site)
-1 2.0 (D.L.) 280,000 (2m) 0.5
§-2 1.0 (U.R.) 120,000 (1m) 0.3
5-3 3.0 (U.R.) 860,000 (lm) 0.5
S-4 3.0 (U.L.) 500,000 (2.5m) 0.3
8-5 2.5 (U.L.) 470,000 (1.5m) 0.5
Total 2,230,000

(Dovmstream Dam Sité)

s-1 0.6 (U.L.) 280,000 (2m) 0.5
8-2 3.5 (U.R.) 120,000 (im) 0.3_
S-3 5.5 (U.R.) 860,000 (1m) 0.5
S~4 5.5 (U.L.) 500,000 (2.5m) 0.3
8-5 ‘5.0 (U.L.) 470,000 (1.5m) 0.5
Total

2,230,000
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Table M 1.7 SUMMARY OF SURVEY RESULTS

(Imha Borrow Areas)

Borrow - Distance * Available Depth of
Area from Dam Volume (m™) Stripping (m)
g Site (km) Average
Thickness (m)
8-1 2.0 (U.L.) 250,000 (2m) 0.5
§-2 1.0 (U.L.) 220,000 (2m) 0.3
5-3 1.0 (U.R.) 210,000 (3m) 0.3
S-4 3.5 (U.R.) 50,000 (5m) 0.5
5-5 4.5 (U.L.) 50,000 (2m) 0.3
8—6 5.5 {U.R.) 60,000 (3m) 0.5
Total 840,000
Table M 1.8 SUMMARY OF SURVEY RESULTS
(Imha River Deposits}
River Distaﬁce Available Depth of
Deposit from Dam Volume (m™) Stripping (m)
' Site (km) Average
» ' ] " Thickness (m)
G-1 1.0 170,000 (3m) 0.5
G-2 2.5 130,000 (3m) 0.5
G-3 3.5 270,000 (3m) 0.5
G4 3.5 190,000 (3m) 0.5
G-5 5.0 190,000 (2.5m) 0.3
Total 950,000
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Table M 2 LIST OF SAMPLES

Site Name Numbering ' Sampling Depth Test Carfiéd'out B
o Area Sample at ' A B C D E F
Bamseonggol Ba,S-1 S1-1 B.A 3.0 G 0 0 0 0O
- 812 B.A 2,0 0 0 0 0 ©
Ba.§-2 - §2~1U B.A 1.6 0 0 0 0 0
§2-11 B.A 1.6 0 0 0 0 0
Ba.S-3 83-1 B.A 1.1 0 0 0 0 0
Ba.G-1 - Gl-1 R.D 1.0
Ba.G~2  G2-1 R.D 1.1
Inje  In.S-1  Sl-1U - B.A 2.2 o 0 0 0 0
S1-11, B.A 2.2 0 ¢ 0 0 0O
In.S-4  S4-1 B.A 3.0 0 0 0 0 0
' ' S4-20 ‘BiA 2.0 ¢ 0 0 0 0
S4~21, B.A 2.0 00 0 -0 0
In.G~1 Gl-1 R.D 1.0
In.G-4  G4-1 R.D 1.2 0
G4-2 R.D 3.0 0
Hongcheon' Ho.S5-1  §1-1 B.A 4.3 G 0 G 0.0
- 81-2 B.A 2.0 0 0 0O 0 0
Ho.G-1 - €l-1 - R.D 1.0 0
o Gl=2. R.D 1.0 0 o
Ho.G-2 - G2-~1 R.D 2.0 . 0
Remarks: _ : :
Depth : Depth under surface A:Specific Gravity., :
B.A : Borrow area B:Grain Size Distribution (at Laboratory).
R.D : River deposit C:Grain Size Distribution (at fleld)

D:Moisture Content.
E:Consistency. '
¥:Compaction,
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Table 'M‘Z Coﬁtinued (2)

Site Name Numbering - Sampling Depth ‘Test Carried Out
: : Area Sample at _ A B C D E

Gujeol GU.S-1 §1-1U B
S1-1L B

81-2 . B
R

GU.G-1  Gl-1"

e T wo Y e i

Ganhyeon Ga.S-1 81-1 B
- - §1-2 . B

Ga.G-1  Gl-1 - R.

Gl-2 R

oo

Dalcheon Da.S-1 S1-1
: . 81-2
‘Da.$-2 82-1
52-2 .
Da.5-3  53-1

Da.G-3 G3-ink:
: G3-4

' Da.G-& G4-1°

- »
« = -

-
. - -5
~N D O O OO
© oo o0
c o0 oo
C o0 OO
o oo OO

@
PO

4
.
o .

U oY > B P

o oW W W ww
-

oM N RN =N
r .

o oo oo

Bonghwa BouS—l 51-1
. ’ _ 812
Bo.8~3 83-1
S 832
$3-3
- BowS-4 S4-1
B S54-2 -
Bo..S8~5 85-1
 Bo.G-2 62-1
 Bo.G-3 G3-1~3
' G3-2Z

-

-
* s e .8

M = B s DWW WL

.
-

O o0 OO0 OO
O 0oCc o000 OO

Do O bRk R B>
©C O o0 COOO OO
oo oo cons oo

O 00 CooC OO

.
*

Hm ow N EE BEEW BWw
= Fﬂ_hih‘ hﬂCfFﬂhﬂ e
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Table M 2 Continued (3)

Site Name Numbering. Sampling Depth Test Carried Qut
Area Sample _ at ... .. . .. A . B..C D . E
BoG-4  Gh-] R.D 1.7 0 0.0
Imha Im.S5-1  S1-1 B.A 1.8 o 0 0 0 o
S1-2U B.A 2.0 0 0 0 0 0
$1-21 B.A 2.0 0 0 0 0 0
Im.S-2  52-1 B.A 1.5 0 0 0 0 0
: §2~2 - B.A 1.4 0 0 0 0 0
Im,§-3 $3-1 B.A 1.0- 0 0 0 0 0
Im.G-1  Gl-1 R.D 2.1 0 0
Gl-1m2 R.D 1.3 0
Im.G-2 G2-1 R.D 1.8 0 0
G2-1a2 R.D 0.9 0
Hamyang Ha.S-1 Si-1 B.A 2.0 0 0 0 0 O
o ' 51-2 B.A 3.0 0 0 6 0 O
Ha.S-2  §2-1 B.A 2.0 00" 0 0 0
§2-2 B.A 2.5 0 0 0 0 0
Ha.G-1  Gl-l R.D 1.4 0 o
Gl.1i~2 R.D 2.0 0
Juam Ju.S-1  S1-1 B.A 1.8 0 o o o o
Ju.5-2  §2-1 B.A 1.4 0 0 0 0 O
Ju.s-3  8§3-1 B.A 1.8 0 0 0 0 O
Ju.S-4  S4=1 B.A 1.5 0 0 0 0 o
Ju.S~5  85-1 B.A 1.4 0 0 0 0 0
Ju.5-6 S$6-1 B.A 1.0 0 0 0 0 0
Ju.G-1  Gl-1 - R.D 1.5 0 0
- Gl-1~2 R.D 1.0 0
Ju.G-2  G2-1 - R.D 1.7 0 0
. G2~1~2 R.D 1.0 0
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“Table M 3  SUMMARY OF SOIL TEST RESULTS

a5

Spec. Grav.:

Specific Gravity

NWC : Natural Water Content
OMC : Optimum Moisture Content
MDD : Maximum Dry Density

Passing

' Spec. Grav. NWC OMC MDD No. 200

Site CL g/ cm3 y y o/ cm’ Sieve, %
Bamseonggol 8M-8C 2.64-~2.71 14.2-19.3 11,0-16.1 1.75-1.84 23-45
Inje sC 2.64~2.69 18.6-23.3 14.0-17.7 1.74~1,81 24--55
Hongcheon sC 2.61-2.68 23.9-39.2 20.0-26.7 1.47-1.52 33-64
Gujeol CL 2.67-2.70 24.1-38.0 18.6-29.8 1.40-1.69 51-80
Ganhyeon SM . 2.61-2.706 17.8-30.4 12.3-21.0 1.62-1.88" 15-27
Dalcheon ML, 2.63-2,72 13.6-38.5 13.2-29.6 1.35-1.88 34-68
Bonghwa 5C 2.63-2.72 7.4-24.1 14.0-24.0 1,55-1.87 14-80
Imha SW-8C  2.65-2.70 5.6-16.0 10.0-18.9 1.69-1.89 - 1-13
Hamyang SM 0 2.64~2.67 7.0-33.9 18.2-24.5 1.54-1.69 36-53
. Juam - 8M 2.65-2.67 11.2-23.7 13.6-20.0 1.66-1.82 23-70

Remarks " CL : Soil Classification

Table M 4 . SUMMARY OF SAND AND GRAVEL TEST RESULTS

Specific

. Grain Size:(%y

Site Gravity -76.1mm  -38.1mm  ~-19.0mm  -4.76 mm

(g/cw3) C (3 dn) (1=1/2 in) = (3/4 in) (No. 4)
Bamseonggol - 52 41 33 20
Inje - . - 62 51 42 32
Hongcheon 2.62 90 71 49 35
Guleol 2.62 100 72 347 24
Ganhyeon - 68 49 38 32
Dalcheon . 2,68 90 64 45 26
Bonghwa -~ 2.55 84 67 52 34
Imha 2.63 67 62 - 38 17
Hamyang 2.66 79 48 30 6
: 87 . 62 41 19

Jggm 2.68

Remarks : Therfigufés‘fdr'grain'siée are average Vélués'bf'thé.résults

of laboratory sieve.tests and field éieVe_iests~a£‘ééch dam

sites.
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inued

M 5 Conti

Table

CGrain Size (m/m)

Atterberg Limit

Borrow Sample Depth Spec.

Site

" Name

area

No. -
Bo.S5~1 '§.1-1

cn’).

MDD
{g/

—0.074  OM
(NO200) (I

-4 .76
(NO4)

-19.0
(3/4in)

-38.1
(sin)

NWC Grav. 1L P, PI
(%) (g/cnd)

CL

{m)
0.9-1.5

No.

ang—

47

70
86

78
29
87

100

7.0
. 7.9

27.4° 20.4

7.68
2.72
2.70
2.72
2.66
2.68
2.70
2.65

b
18.3
2.

0.7-1.3 SM-SC 12.2

0.8-1.3 sM-SC 12.6°

0.2-0.6
0.5-1.0

11

sC

.CL

1.67
1.87
1.83
1.85
1.75
1.84
1.55
1.65
1.69
1.74
1.79

16.C

51

100

27.2 19.3
25.0 19.1

28.0 23.6

1.1-1.7

S.1-2
Be.S-3 S.3-1

1"

hwa -

14.0
15.%
14.5

31
32
4%

78
73
95
100

92
98
100

100
100
180

5.9
4.4
3.0

20.2 17.2

12.7

MI-CL 15.8

&M

$.32

$.3-3
.S.3-4
Bo.S5-4 S.4-1

"
"

17.5

60
14
4%
-80

100

5.8

"

22.4 16.6

75 14.8
100

86
100

a3
100
100

7.4
24.1

sM

0.6-1.1

24.0

46,1 29.8 14.3

sC
CL

1.0-1.5
0.8-1.4

S.4-2

Bo-$-5 §.5-1

1

20.6 17.8 11.8

29

100

63

18.9

19.1

18.9

43
58
57

76
100

87
100

2.69

12.8

GP
sP

sC

1.2-1.8

5.1-2U0 1.0-1.6
8.1-2L 1.7-2.0

Im.S~1 S.1-1

3.3

2.67 - 27.0 23.7
28.2 19.7

2.67

16.0

a

Tmh,

16.7

15.9

13-

83

100

8.5

13.8
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Table M 7 EXAMPLES OF HIGH DAMS WITH LOW PLASTIC CORE MATERIAL

Dam .  Unified | Plasti-  Plasti-
Name of Dam Height Clasgifi- Liquid cicy city

{m) cation. . ‘Limit Limit J, Index
Oroville : 224 CL & CL-MI, 28 21 7
Goscheneralp 155 20 15 o 5
Swift 153 SC - SM - 5
Miboro 131 ML 35 30 5
Trinity 122 CL - ML 28 122 -6
Méssaure 103 SC - SH 22 5

Round Butte 132 _ 20 5

Source : Ref, M 3
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Table M & AVAILABLE QUANTITY AT EACH BORROW AREA

- . .. .. Area . . -Number . --Area2 . Depth . Volume
Site. Nane Name - of pits ‘in m in m in m3
Bamseonggol ~~ Ba.S-1 2 200,000 - 3.0 600,000

Ba.§$-2 1 104,000 2.5 260,000

" Ba.$~3 1 130,000 2.0 260,000

Ba.S~4 - 100,000 3.0 300,000

Ba.S-5 - - 175,000 2.0 150,000

Inje Tn.S-1 3 120,000 2.5 300, 000
: §-2 - 100,000 1.5 150,000

$~3 = 67,000 1.5 100,000

S=4 4 700,000 2.0 1,400,000

5~5 - 400,000 2.0 800,000

Hongcheon Ho.5-1 2 ~ 300,000 3.0 900, 000
Gujecl Gu.S-1 3 © 235,000 3.0 700,000
Ganhyeon Ga.5-1 2 500,000 2.0 1,000,000

S §-2 - 80,000 1.5 120,000
Dalcheon Da.S-1 2 250,000 1.5 370,000 -

: §=2 2 210,000 1.5 310, 000

- 8-3 1 75,000 1.5 110,000

54 - 140,000 1.5 210,000

N §-5 - 80, 000 1.0 180,000
Bonghwa, Bo.5-1 2 140,000 2.0 280,000
S s-2 - 120,000 1.0 - 120,000
s-3 4 860,000 - 1.0 860,000

84 2 200,000 2.5 500,000

-5 1 315,000 1.5 470,000

_ Imha Tm. =1 2 125,000 2.0 250, 000
- 8=2 2 110,000 2.0 220,000

" 5-3 1 70,000 3.0 210,000

S~4 = 10,000 5.0 50,000

'8-5 - 25,000 2.0 50,000

56 - 20,000 3.0 60,000

Hamyang Ha.S-1 2 200,000 2.0 400,000
- 5-2 1 240,000 2.0 480,000

Juam Ju.§-1 1 190,000 3.0 270,000
- 5-2 1 250,000 3.0 750,000

s-3 1 40,000 3.0 120,000

S~4 1 125,000 3.0 370,000

$=~5 1 60,000 3.0 180,000

S-6 1 30,000 3.0 90,000
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‘Table M 9 AVAILABLE QUANTITY AT EACH RIVER DEPOSIT

. Area Area " VYolume
Site Name Name in m Cin w3
Bémseonggol Ba.G-1 1 240,000 5.0 1,200,000

G2 1 120,000 5.0 600,000

G-3 | 20,000 8.0 160,000

Inje In.G-1 3 100,000 5.0 500,000
G2 - 17,0000 3.0 50,000

G-3 - 90,000 5.0 450,000

C=4 2 112,000 5.0 560,000

G-5 - 67,000 3.0 200,000

Hongcheon Ho.G-1 2 100,000 - 3.0 300,000
G-2 2 160,000 5.0 800, 000

-3 - 135,000 4.0 540,000

Gujeol Gu.G-1 2 35,000 2.0 70,000
G=2 2 30,000 2.0 60,000

G-3 1 7,000 3.0 20,000

Ganhyeon Ga.G-1 2 175,000 5.0 870,000
- G-2 - 100,000 3.0 300,000
Dalcheori Da.G-1 - 50,000 2.0 100,000
G-2 - 35,000 1.5 50,000

c-3 4 120,000 2.0, 240,000

G=4 1 55,000 2.0 110,000

'G=5 - 147,000 3.0 440,000

Bonghwa Bo.G-1 - 20,000 2.0 40,000
G-2 1 20,000 1.5 30,000

G-3 3 30,000 1.5 45,000

Tmha Tm.G-1 2 57,000 3.0 170,000
G2 2 45,000 3.0 130,000

G-3 - 90,000 3.0 270,000

G-4 - 65,000 3.0 190,000

G5 - 175,000 2.5 190,000

Hamyang Ha.G-1 2 75,000 2.0 150,000
Juam Ju.G-1 2 55,000 2.0 110,000
=2 2 45,000 3.0 130,000
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