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PREFACE

In response 1o a request from the Government of Mauritius, the Government of Japan
decided to conduct a Detailed Design Study on Port Louis Water Supply Project in Mauritius,
and entiusted the study to the Japan Intemational Cooperation Agency (JICA).

JICA sent to Mauritius a study team headed by Mr. Norizo FUJITA, Nippon Koei
Co.,Ltd., and composed of members from Nippon Koei Co.,Lid. and Nihon Suido Consultants
Co.,Ltd., for four times from May 1950 to December 1991,

The tecam held discussions with the officials concerned of the Govermment of Mauritius,
and conducted field surveys at the study area. After the team returned te Japan , further studies

were made and the present report was prepared.

. 1 hope that this report will contribute to the promotion of the project and to the

enhancement of fiendly relations befween our two countries.

I wish to express my sincere appreciation to the officials concerned of the Government of

Mauritius for their close cooperation extended to the team.

March , 1992

Eomridza Ypmagof—

(W4 P Wy
Kensuke Yanagiya

President

Japan Intemational Cooperation Agency






March, 1992
Mr.Yanagiya Kensuke
President
Japan International
Cooperation Agency
Tokyo

Dear Sir,

LETTER OF TRANSMITTAL

We have the pleasure of submitting to you the Final Report (2) of the Detailed Design on
Port Louis Water Supply Project in Mauritius prepared for the implementation of Lot-II work in
the Project.

This report is composed of ten (10) volumes consisting of the Summary Report, Design
Report for Lot-II (Three (3) volumes of English and Japanese version and Appendix), Tender
Document (Four (4) Volumes), Cost Estimate for Lot-1I and Data Book. The Summary Report
summarizes outlines of the detailed design carried out for Loi-11. The Design Report for Lot-11
contains the reéults of the detailed design on Lot-II components. The Tender Documents are
composed of (i) Vol.I presenting the instructions to tenderers, conditions of contract, various
forms for bonds and agreement,etc.,(ii) Vol.Il presenting the general and technical
specifications, (iii} Vol.III presenting the form of tender, bill of quantities and schedules_of
particulars, and (iv) Vol.IV presenting the tender drawings. The Cost Estimate for Lot 1I
conlains the unit cost analysis and construction cost estimate for each work item included in
Lot-I1. The Data Book coniains the detailed design calculations, work quantities calcutations

and field investigation data,etc,

All members of the Study Team wish to express grateful acknowledgement to the personnel
of the Advisory Committee, Ministry of Foreign Affairs, Embassy of Japan in Madagascar as
well as officials and individuals of Mauritius for their assistance exiended to the Study Team,

In conglusion, the Study Team sincerely hopes that the siudy resulis would contribuie 1o
the further water resource developinent for water supply 10 Port Louis and to socio-economic
development and well-being in genesal.

Truly yours,

v

Norizo Fujita

Team Leader

The Detailed Design on
Port Louis Water Supply
Project
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CHAPTER 1. INTRODUCTION

1.1 Project Location and Description

The Statc of Mauritius is located at about 900 km to the east of the Madagascar in the Indian Ocean.

The State of Mauritius cbmprises the islands of Mauritius, Rodrigues, Agalega, and St. Brandon.
The total area is 2,040.0 km2 of which Mauritius island accounts about 91.4% or 1,864.8 km?2 and
Rodrigues 5.1% or 104.0 km2, The island of Mauritius comprise 5 municipat areas and 98 viliage
council areas, Port Louis City, the capital of Mauritius, is one of the five niunicipalities, and is
located at northwestem part of the Mauritius island. | |

The Grand River North West (GRNW) which is one of Lhe largest rivers in Mauntlus originates in
the central plateau, runs north—westward and flows into the Indian Ocean in the South of Port Louis
City. The water resources for Port Louis Water Supply Project are intended to0 be developed from
the surface water of the basin, and therefore, the project area covers the whole basin of GRNW and
Port L0u1s Clty The GRNW basin w:th a catchment area of 113. 21 km?2 (at Municipal Dike)
consists of the central plateau of Wthh elevatlon is more than 300 m and gorge area which was

formed by river channel erosion.

The upstream reaches of GRNW are composed of several tributaries named as the Moka river,
Profonde river, Cascade river, Terre Rouge river and Plaines Wilhems river. The proposed damsite
is located at the downstream of the Terre Rouge river, just upstream of the co_nﬂuénce with the

Plaines Wilhems river,

The water to be released from the dam is planned to be taken at the existihg Municipat Dike and
transmitted to the existing Pailles Treatment Plant located at about 4.0 km downstream of the dam,
from which the water will be distributed to Port Louis City.

The general location map of the project area is shown in Fig. 1.1,

1.2 Project Background

The populatlon of Maunttus is about one million and forty-two (42) pcrcent of the population is
concentratcd m 'Port Louis Clty and the neighboring sate]hte cities. As such, Post Louis City plays a
' very 1mp0rtant Tole as not only the capltal city of Mauntius but also the base of commerce and
industry in Mauritivs. '
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The present municipal and indusirial water supply is made by utilizing the water resourees of
GRNW basin. Major water supply facilities are the intake weir called the Municipal Dike, pipelines
from the Municipal Dike, Pailles Treatment plant and water distribution system from the Pailles

Treament Plant,

However, the above present water supply system involves various problems. Major problems in the

present system are as follows:

(1) The water delivery system is already irery old and thereby, water loss due to leakage in the
system is remarkable, reaching about 45% of the water volume treated.

2 The river run-off has a large seasonal fluctuation. On the other hand, the present system has
no storage function to regulate the seasonal fluctuation, which causes a severc’ water
shortage in the dry season from July to November every year.

&) The presem water treatment pl.mt is not pmwded with a sufﬁc:ent capacuy 10 treat the
muddy water. Then, the water supply is frequently forced to be slopped during ﬂoodmgs

Such being the situation, the Government of Mauritius requested a technical assistance from the
Govemment of Japan for a study on the project to cnsure a stable water supply to Port Louis City.

The govemment of Japan, in response to the request of the Govemnment of Mauritius, agreed to
make a I‘casnb:hty Study on the Port Louis Water Supply Project, and JICA (Japan Intemational
Cooperation Agency), the official agency respons:blc for the implementation of the tech_mcal
cooperation programmes of the Govemment of Japan, was appointed to undertake the Feasibility
Study in close cooperation with the authorities concerned in Mauritius.

The Feasibility Study was conducted by the JICA Stﬁdy Team during thé period from March, 1988
to July 1989. The Feasibility Study revealed that the project be fcasible technically and

economically, and recommended to implernent the project as early as possible.

In accordance with the recommendation of the Feasibility Study, the Government of Mauritius
decided to conduct the Detailed Design of the project, and requested its technical and financial

assistance to the Govemnment of Japan.

Thus, the Detailed Design of the project was commenced by the JICA Study Team from March
1990. Since then, the review of the Feasibility Study, various addmonal ﬁcld investigations and
basic design, etc. of which results are summarized i in the Basic Design Report prepared in Octobf;r,
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1990, Following the Basic Design, the detailed design works have been cxccuted. The detailed
design works for Lot-I were finished in March, 1991. The detailed design works for Lot-IT and Lot-
111 have been continued. This Design Report summarizes results of the detailed desigﬁ carried out
for Lot-II. Results of detailed design for Lot-HI are presented separately.

1.3 Objective of the Project

The objective of the project is to develop the most suitable and economical scheme to improve the
water supply system of Port Louis City by hamessing the water resources in the basin of GRNW in
order to meet the water demand of Porl Louis City at the medium term up to year 2010 and long term

up to year 2030.

- 1.4 Objective of the Detailed Design

The objectives of the Detailed Design are as follows:

)] To prepare the detailed design with drawings for the structures relevant 1o the Project
including dam and its related facilities, transmission pipeline and treatment plants as well as
detailed construction schedule and cost cstimate, o

() To prepare the detailed implementation schedule of the Project,

(3  To prepate the tender documents including gencral and detailed technical specification for
various works as well as the contract document, and

4)  To extend transfer of know.Iedge to the Mauritius counterpart thiough the Study.

1.5  Division of Lots and Components in Lot-II

Aiming to facilitate and efficiently implement the Project works, the Project works are divided into
the following three (3) Lots:
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- Lot-I : Preparatory works and diversion tunnet
- LotIl : Dam and related facilities, and repair work of the existing Municipaj Dike

- Lot-If : Intake at the existing Municipal Dike, waier transmission pipeline and

treatment facilides
Major components to be included in Lot-II are as follows:

- Coffchciam (the cofferdam forins a part o_f the main dam)
- Main dam |

- Spiliway structure

- Water intake and water supply facilities

- River outlet facilities

- Repair work of the existing Municipal Dike

1.6 Organization

CWA (Central Water Authority) under the Ministry of Energy, Water Resources and Postal Services
will be the executing agency of the Project implementation.,

During the construction, the construction works will be managed and supervised by CWA with

assistance of a consultant,
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1.7

Principal Features of the Project

The principal features of the Project are as follows:

Y

@

3

Reservoir

Catchment area
Annual basin rainfail
Gross storage capacity

Effective storage capacity

Flood water level
High water level
Low water level
Surface area
Mean munoff
Design flood
Retum period

Dam

Type

Crest elevation
Height

Crest length
Embankment volume

Spiﬂway
Type
Crest elevation of weir

Width of weir
Discharge

54.9 km2
2,400 mm
6.7 x 106 m3
6.3x 106 m3
EL 1935 m
ElL 189 m
El 139 m
30ha

1.8 m3/s
1,890 m3/s
(PMF)

Rockdill
ElL 196 m
84m
250m
1,548 x 103 m3

Side channel
EL 189 m
92 m

1,890 m3/s
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&)

(©)

)

River Diversion

Type

Design flood
Retum period
Discharge in tunnel
Number of tunnel
Diameter

Tunncl Iength

Gate type

Intake

Type

Discharge
Number of gates
Dimension of gate
Gale type

New Transmission Pipeline

Design discharge
Number of pipeline
Diameter

Length of pipeline

New Treatrent Plant

Type
Capacity

Tunnel diversion
520 m3js

(20 years)
520m3/s

1

6.8 m

499 m

Sluice gate

Selectable intake gate
1m3s

3

2,100 mm x 2,100 mm
Fixed wheel gate

660 lit/s
1

- 800 mm
2,100 m

Rapid sand filiration
30,000 m3/day (First stage)
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CHAPTER II. SITE CONBDITION

2.1 Socio-Economy

According to the population census carried out in 1983, the total population of the country was
1,000,432, ‘The population of Mauritius island was 966,863 or 96. 6% of the country's populauon
and population of Rodrigues was 33,082 or 3.3% of the total.- Population density of the country
was high at 507 persons/kmz_ overall and, for Mauritius and Rodrigues islands, 535 personsfkm2
and 339 personsjkmz, respectively.

During the inter-census period of 1972 - 83, the population in Mauritius island grew at an annual
average rate of 1.43%. The growth rate in Rodrigues was 2.67% per annum. In Mauntms lsland
403,251 people or 41.7% of the total lived in the urban area of five municipalities and the rest in
rural areas or villages. Based on the past trends, the total population of the country as of 1988 was

estimated at around 1.1 million.

According to 1983 population census, the populanon of Port Louis Cuy was accounted at 133, 702
which corresponded to 33.2% of urban populauon or 13.8% of the popuiatlon of Mauntlus island.
The population density was 3, 131 persons;'km2 which is about 6 times higher than that of Mauritius
island. The number of households was 29,187 with an average household size of 4.58 persons.
The population of Port Louis grew at an annual average rate of 0.97% during 1983 - 85 period.

The gross domestic product (GDP) of Mauritius in 1987 was estimated at Rs. 18,020 million at the
current factor cost. Per capita GDP is about Rs. 18,600. Value-added of ihe manufacturing sector
is the higgest with 4,530 million or 25.1% of GDP. Agriculture. hunting, forestry and fishing come
next with Rs, 2,495 miltion or 13.8% of GDP.

2.2 Water Supply Condition

_The present Port Loms water supply system conststs of the water mlake (Mumc;pal Dike), Pallles
Treatment Works, three transmission mains to the city, 10 service reservoirs, two booster pumping
stations at Plaine Lauzun and Pailles and distribution pipes with a range of diameter 150 mm to
800 mm. The main source of supply is the intake at Municipal Dike on GRNW. In 1980, two
- additional sources were developed. The Pailles filter beds with slow sand filier beds were first
constructed in 1926 and have been expanded in capac1ty in 1960 and 1981, now having a total ﬁlter
area of 10,062 m2 ‘Ten treated water service reservoirs have a combined capacity of 61,000 m3.



The present distribution system serves an area of approximately 3,900 hectares, equal to 91% of the

total area.

The above present water supply system includes various problems. Major problems. are (i) no
storage function 1o regulate the seasonal variation of river run-off which causes a severe water
shortage in the dry scasons, (i) the superannuated facilitics which cause a remarkable leakage, and

(iti) shortage of water treatment capacity, etc., as mentioned in Section 1.2.

According to the flow records for GRNW for 1965 - 1983 period, long-term mean monthly flow is
low for the months from July to December. Rainfail and discharge is normally abundant during
J anuary - February period due to ihe visits of cyclones The Port Louis water supply system, water
source of which is manﬂy dependent on the flow of GRNW, has been suffering a shortage of raw

-water almost gvery year. .

The most drought condition is recorded in 1983. Recently, the water shortage in 1987/88 was
severe and prolonged from August 1987 to February 1988. The whole pbpulation and all economic
activities in the municipality of Port Louis and its environs were badly affected. During the months
of January and Fébniary. 1988, piped waler was supplied to consumers for only 4 hours in a day,
causing serious inconveniences to the inhabitants and disrupting the economy of the town,

2.3 Outline of the Project Area

The Study arca consists of Central Plateau whose elevation is more than 300 m, and gorge area
which is formed by river channel erosion of GRNW. Central Plateau inclines gently westward to
north-westward and high mountain area located in the eastem and south-eastern ridge of the plateau.
66 percent of the plateau is utilized as permanent sugar cane field. Tea trees are planted in mlati\'f_é,ly
high clevation area in southeastern rim of GRNW. These cultivaied area is covered with thick or
enough vegetation agaihst surface soil erosion occurring in summer season when the basin has
intensive rainfall. - Natural forest remains in southern and north-castern rim of the basin. The area is
11 percent of GRNW. There are some urbanized areas such as Rose Hill, Quatre Bomes, Phoenix
and Curepipe, which are located along the westem side of the GRNW. 'Proportion of land use is as

foliows:



2.4

¢y

Land Use Arca Percentage

(km?2) (%)

Plateau Sugar cane field 74.2 66
Tea plantation 38 3

Forest, eic. 10.5 9

Urbanized area 22.6 20

Gorge ~  Forest/Bush 2.1 2
Total 1132 100

Meteo-Hydrology
Precipitation

From the climatical point of view, one year is divided into two seasons. One is the summer
season from November to April, and another is the winter season from May to October. 70
percent of annual total rainfall falls in the summer season. Driest month is October when
this basin has only 3.5 percent of annual total rainfall on an average. Heaviest rainfall
occurs usually in December to March which is caused by cyclone, or by front of Inter
Tropical Convergence Zone. Annual average rainfall from 1,400 mm in the noth to
3,200 mm in the south.

In and around the Study Arca, fifty six rainfall gauging stations are in operation by CWA,
Meteorolegical Office and some sugar estates. These data have been collected and compﬂed'
by Meteorological Service. Some of them have guite a long YeCOrding duration of about 100
years, such as Alma, Reduit Experimental Station and Vacoas. Automatic recorders are |
operated at Vacoas and Velle Rive. At the remaining stations, daily total rainfall is read at

8 a.m. every day. Original data in the past twenty five years are still stored in
~Meteorological Service. On the other hand the previous data are missing or not well

preserved.

These available rainfall data are presented in Appendix A, Feasibility Study Report, 1989.
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The probable basin rainfall by return year in terms of the point rainfall is analyzed as

follows:

Return Year One-day Two-day Three-day
2 272 398 470
5 387 551 632
10 . 463 661 751
20 535 765 864
50 ' 630 501 1,021
100 701 1,003 1,140
200 771 1,114 1,260
1,000 935 1,381 1,551
10,000 1,168 1,799 : 1,999

The average basin rainfall by retumn year is analyzed as follows:

Return Year One-day Two-day Three-day
10 T 168 393

20 84 ' 195 . 455 .
100 _ 116 _ 257 596
200 125 291 ' 656
10,000 (PMP) 171 536 993

Fig. 2.4.1 shows the location of rainfall stations in and around GRNW. Fig. 2.4.2 shows
the duration of records at each station. The iso-hyetal map of rainfall in and around the

basin is given in Fig. 2.4.3.

) Evaporation

Evaporation data at threc meteorological stations such as Reduit experiment station, Vacoas
and Velle Rive are available infaround the GRNW basin. Average annual evaporation
reaches 1,694 mm. Maximum and minimum cvaporation rate is 5.9 mm/day in January
and 3.2 mm/day in June. Evaporation from a wide open water surface is estimated o be

70% of Class A-pan evaporation of corresponding scason.



Class-A pan evaporation and Penman's estimate for 20 year average (1961 - 1980} are as
follows; '

(Unit; mm)

Stations Nov. Dec. Jan, Feb. Mar. Apr. May Junc July Aug. Scp. Oct. Total

Class-Apan . .-
Vacoas 171 179 176 155 161 133 123 107 107 122 141 164 1,739
Reduit 169 178 182 151 155 129 111 96 104 119 137 163 1.694

Belle Rive 132 142 127 113 115 105 103 89 87 89 101 123 1,320

Pgﬂm‘ an's Formula
Curepipe 142 153 158 140 135 110 S0 67 78 93 1058 129 1,400

3

1

Wind

Extreme wind in Mauritius is caused by cyclones. Data of annual highest wind speed of
30 MPH (Miles per Hour) a.n'd above over a whole hour recorded during tropical cyclones
from 1876 to 1975 are plotted in Fig. 2.4.4. The r_ecorded highest wind speed is 82 miles -
per hour in one hour average, which was recorded at Mon Desert during Cyclone Gervaise.
As seen in Fig. 2.4.4, the recorded highest wind speed corresponds to the magnitude of
100-year return period.

Discharge

Discharge of the GRNW basin is changed according to the mentioned climatical cycle.
Mean annual total discharge of GRNW at Municipal Dyke (113.2 km?2) is estimated to be

88 MCM. One eighth of total discharge is presently used for water supply. The rest runs

through into the sea as unused water because there is no surface water storage facilities in

the basin and the flow voiume is changeable and not reliable for perennial use.

There are six gauging stations in operation in GRNW basin as shown in Fig.2.43. Of
them, five stations are in tributaries in central plateau. The resi station, W13, is located at
Mounicipal Dyke in GRNW. Conditions of operation and equipment are as follows:



)

Station River Name - Recorder Flow Condition.

w03 Plaines Wilhems AD Concrete conirol section
W04 Terre Rouge AD Concrete control section
W05 Cascade AD Concrete control section
w08 Profonde AD Concrete control section
w10 Moka AD Natural control section

W13 GRNW A Concrete controt section

A: Automatic recorder  ID: Daily staff reading

Gauging station on the Profonde river (W08), the Cascade river (W0S5), the Terre Rouge
tiver (W04), the Plaines Wilhems river (W03) and GRNW at Municipal Dike (W13) have
concrete control weir with iron blade, and critical flow occur over the weirs. As for the
gauging station on the Moka river (W10), the river bed section about 10 meters downstream
of the station is covered with fresh lava and critical flow also occurs over the section. The
stations have been well maintained and operated by CWA, Hydrological Section and data

~ have been published as hydrological year book since 1966.

All the surface flow at Municipal Dyke (W13) is abstracted in the drie.st period of every
year, being carried through Municipal Pipeline into Pailes treatment plant, so waier level
often drops down below the lowest level of the weir crest in the seasons. At station W13,
conduct pipe which connects reservoir of Municipal Dyke and the cylinder of a float of the
recorder is set at the same level as that of low flow section of the weir, Furthermore,
abstracted water volume at Municipal Dyke has not been observed. Therefore recorded data
at W13 are, so far, not available especially for dry seasons. '

There is another station in the Moka river calléd W12, but it has not been operated since
1972. Therefore, the data of the station is not used in the study. Table 2.4.1 shows
monthly discharge of 6 stations.

Floods

The 10-year, 20-year, 100-year, 200-year and 10,000-year (PMF) probable floods at the
damsite are analyzed by the storage function method based on the probable basin rainfall

records.

Each flood peak discharge is worked out as follows: Its flood hydrograph is given in
Fig. 2.4.6. - '



Probable Flood Peak Discharge

Retumn Year Peak Discharge Spec:ﬁc Dlscharge Creager's C

{m3/s) (m¥/skm?)
10 440 8 17
20 520 0 19
100 1,040 18 37
200 1,200 _ 22 46
10,000 1,850 35 72
(PMF)

©) Sedimentation

The average annual sediment yield in the basin is analyzed to be 3,949 m3jyear or
72 m3/km2/year in terms of the specific sediment yield (0.07 mm in the denudation depth
of the basin) on the basis of the available sediment data, and the bed load transport is
estimated at 140 m3/year.

The trap ratio of wash load into the reservoir is estimated 1o be 70% or 2,764 m3/year. The
total sediment to be stored in the reservoir is, therefore, estimated to be 2,904 m3/year with
the bed load t_ranSport of 140 m3/y¢ar.

2.5 'Topogr.aphy. '

The project area, which consists of basins of the main rivers such as the Plaines Wilhems, the Terre
Rouge, the Cascade, the Moka and their tributaries, occupies about 130 sq.km clongating to east in
the upstream reaches. These rivers join to be the Ground River North West (G.R.N.W ) directing
north-west in the downstream, draining into the Ground River Bay. The rivers flow in very gentle
'Plaines from the east to the west or the southeast to the northwest, meandering extensively in the

upstream reaches.

At the just upstream parts where each river joins to-be G.R.N.W. rivers dissect the gentle Plaines
deeply and chahges to be very steep gorges accompanying rapids and waterfalls.” The GR.N.W,
has the width of 50 m {0 100 m in general with very stéep, mostly vertical, river flanks.

The genﬂe Plames are bounded by outstandmg high mountain ranges of Anse Courtoas of which
'main mountain peaks are Mount Ory (349 m), Le Pouce (811 m), Ground Peak, Pietcr Both, ctc.
The westem part of the gentle Plaines are boundcd by Corps de Garde (720 m) and other small



hills. The boundary of eastern and southern parts are in the highlands area, and the watersheds of
the study area are not very clear in these parts. The eastern pari of study area forms the boxindary
between the project area and the river basins of the Ground River South East and River La Chaux.

The proposed damsite is situated at the downstream of the Terre Rouge river, just upstream of the
confluence between the Plaines Wilhems and the Terre Rouge river. The dam abutment forms a

deep gorge of about 130 m in height.

The dam abutment of this site is very steep, about 50 deg., on the right abutment and about 35 deg.

on the left abutiment.
2.6 Geology
) Regional Geology

A prominent feature of the project area is the clear topographic distinction between high
mountainous area and gentle flat land. The high mountainous area is composed of old
volcanic series. General regional geological condition of the project area is indicated in

Fig. 2.6.1.

According to the potassium-argon dating by N, McDOUGAL and CHAMALAUN, the
main shield volcano composed of the older volcanic series was built between 7.8 and
6.8 m.y. ago in the early Pliocene and lavas of the younger volcanic series were erupted

from about 3.5 m.y. ago to less than 0.2 m.y. ago.

The young volcanic series are composed of basaltic lavas and agglomerates, generally
dipping to the north 1o the northwest at low angle around 5 deg. - The old lavas dip about
10 deg. from the south 1o the north or the southeast to the northwest.

The vesfcles in the old lavas are generally filled with zeolites.  The lavas of this series
appears 1o be dark grayish, and fresh part is very hard with emitting clear s_dund by
harmmering. Uniaxial compressivé strength of the fresh lavas is more than 1,000 kgjcmz.-
Tuff layers and volcanic breccias intercalate with the lava layers. Weathering on the tuff

layers or volcanic breccias is developed on the ground surface.
The young volcanic lavas are characteristic with frequently developed vesicular appearance.

Volcanic breccias intercalate the Java layers with thickness of about 3 m _to 10m, In the
upstream reaches of the Ground River North West (G.R.N.W.), hard lava layers are
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~ predominantly observed. Columnar jointed basaltic lava layers of more than 10 m in

thickness expose in the river flanks, intercalating with volcanic breccias, In the middle
reachés of the G.R.N.W, volcanic breccias are observed predominantly near Municipal
Dyke.

Geology of dam site

’f‘lw river Terre Rouge for the dam and reservoir forms a gorge dissected in the Late Lavas.
Top of the lava plateau is at elevation 240 metres to 250 metres in the contemplated dam site,
and the river bed is at elevation 120 metres. At the dam site, 'the river flows westward
through a 30 metre wide channel. The river bank rises with steep slopes of 1 vertical to 1 or
1.25 horizontal up to the flat tops of the platcan. A 40 metre wide terrace is formed at
elevation 140 to 150 metres on the left bank.

. A gorge of Plains Wilhems joins the Terre Rouge from the left bank side at about 350

meires downstream of the dam site. With the Terre Rouge on the cast to north and the
Plains Withems on the wesf, the plateau on the left bénk i as narrow as 400 metres to even
250 metres in the narrowest portion at the contemplated high water level of the reservoir,
i.e. elevation 189 metres. When the reservoir is built up in the Terre Réuge valley, this thin
plateau has 1o form a water—tight'balﬁer against the empty Plains Wilhems. The bottoms of
these two valleys are nearly at the same level on cross sections right angle to the axis of the
Plateau.

The bedrock is composed of a number of basalt lava flows, with thicknesses varying from a

few te more than 10 metres, which are stratified sub-horizontal. The basali is generally

 characterized by coarse plagioclase phenocrysts of about one millimetre in size among basic

minerals, and hard and solid if it is fresh. It is often the case thaf the basalt is vesicular
bearing many pores near the upper and lower boundaries of each flow. It is also frequently
observed thét the basalt is in't'énsively weathered at the top into soft deteriorated rocks and
dense or compact residual soil, namely "hard clay” in this report. Sometimes, signs of
volcanic ashlaﬁd old surface soils are seen in the hard clay. A sort of auto-brecciated lavas,
mingled with soil or volcanic ash are also observed in the boundary zones between two lava
flows, as called flow breccias in this report.

A unit of lava flow is, accordingly, represented by a schematic sequence, in ascending
order, of flow breccia, vesicular basalt, non-vesicular massive basalt, weathered vesicular
basalt, highly weathered basalt and hard clay, though all the real lava flows do not alWays
include all these members in their cycles.



Stratigraphic correlations, with the boundary features as marker beds, among all the drilling
core samples of the dam site indicates wide horizontal development and continuity of each
flow though some of thin basalt beds may pinch out and do not endure for a long distance.

Encountered in lower horizons, or in levels lower than elevation 140 meires, are a 20 metre
thick porphyritic basalt with relatively large plagioclase phenocrysts of 2 to 3 millimetres
and the underlying cycles of fine grained basalt flows. The latter shows an aphanitic
texrure, that has too fine grained com'pdnent minerals to be'visible to naked eyes and
appears to have no discrete crystalline units. Hence the name of glassy basalt in this report.
It is also characterized by inclusion of fluorite and opal in pores.

Considering dominant existence of the similar sort of aphanitic basalt in Mount Ory, a
contemplated quarry site, which obviously' consists of the Older Volcanic Series for its
'gcom'orphological situation, the "glassy basalt" below the river bed of the dam site is
deemed to fall under the same old series. In the other hand, the coarse basalts forming the
" dam abutments may be classified into the Late Lavas in the Younger Volcanic Series.

The above classification of the dam site geology in terms of the theoretical stratigraphy of
Mauritious, however, may not be well proved. For the 'enginee'ring geological purpose of
this report, a tentative terminology of Old Lavas and Young Lavas will be applied.

A layer of intermingled basalt and hard clay, named the pyroclastic flow, which has been _
encountered by a few drill holes near the level of the river bed, is deemed to mark the base
of the Young Lavas. An unconformity plane as the boundary of the Old Lavas and the
Young Lavas is Jocated between the pyroclastic flow and the underlying porphyritic basalt.
Accordingly, the stratigraphic sequence of the dam site is schematically tabulated as shown

below:
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Volcano-stratigraphic Sequence

of Basaltic Lava Flow at the Dam Siie

Classification Strata Thickness {m)
Young Lava 4 (YL4) 40
_ Young Lava 3 (YL3) 20
Young Lavas Young Lava 2 (YL2) 20
) Young Lava | (YL]) 40
Pyroclastic Flow (YLO) 0-10
Unconformity
OldLava3 (OL3) 5-20
(porphylitic basalt)
Old Lavas Old Lava 2 (OL2) 20
{glassy basalt 2)
Old Lava 1 (OL1) 7

{glassy basalt 1)

No major fault has been in the dam site and the reservoir area.

With the sub-horizontal bedding of the lava flows, the stratigraphy of the reservoir area is
eésemially similar to that of the dam site. Its major part is situated in the Young Lavas,
because of the raised river bed higher than in the dam site.

The situation of site geology is presented in Fig, 2.6.2 to Fig. 2.6,3.

Results of laboratory tests carried oul for various kinds of rocks in damsite are shown in
Table 2.6.1. '

The detailed geological ficld investigations in the damsite included (i) core borings with
permeability tests, (it) test groutings, (iii) test aditing and {iv} in-situ rock tests in the test

adits, etc.

Results of the above geolog_ical invcstigations are reported in detail in Appendix of this
Desigﬁ Report: that is, Appendix, Design Report for Lot-1I, Final Report (2).
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{Origin: 57°31'18.58" East of Greenwich})
No.  Station Ne.  Sistion No. _ Sation chcnci
-1 Line Barracks 21 Alma . 30 Vacpas O Rainfall Sation
2 Pie.aux Sables 22 . Coie d'Or 40 Dubreuil Factory
4 Indusgics 2?3 Ebene = - 41 Weolon L4 *  (Sclecied)
5 Richelieu 24 Bagatelle (H) 42 Holyrood - ’
& Les Guibies 25 Camocne 43 Reunion -— Boundary of GRNW Basin
© 7. Pailles, - 26 . Valeua . 44 Dubreuil (3E3N3W)
9 - 'Les Rosieres © 97 Mduriffods (Triasion) 45 LaPipe
10 Monuwgne (MDA) 28 ' Quare Bomes 46 Chartreuse
11  BesuBois MDA) 29 Trianon 41 Curepipe Garden
12 Chebel - 30 Hemnitage 48 Moon
13 Bagatelie .~ 31 Phoenix . 49  Henrietta
i4 Mon Desert Alma 32 Highlands - . . 50 Curepipe saperi, St
15 Barkly . 33 Belle Rive (IN) © 51 Laarie '
16 Minissy (MDA) 34 Belle Rive (SIR[} 52 XVIpile
17 Bega 35 Belle Rive 2N 53 Bananes
18 . Reduit Exgeri. St, 36 Belle Rive (1E) 54 Tamarin (Res.)
19 Minissy (H) 37 Belle Rive (2E) 55 Bonnefin
20 38 56 Good End

Bonne Veine

Piton du Milieu

LOCATION OF AAINFALL STATIONS IN AND

AROUND GRNW

GOVEF{NMENT Of MAURITIUS
PORT LOUIS WATER SUPPLY PROJECT

JAPAN INTERMATIONAL COOPERATION AGENCY




g ' - ]Fig.]2.4.2

Ho. {1) (2) Hame of Station Lat. Long.

ldent | Ident (km} {km} 1950 © 1960 1870 19890 1988
gz Uine Barracks TR TR T L R R PR
Z 0D10L pte. aux Sables 162 272 [oeesnnnan |.-.§ §§§§§§§§§§§§§§§§§§§§§
4 D313 Industrles 107 341 | P | AN EHERNRLAR NN, |
5 1D203 Richel e 113" 272 i GEbit bR R ERCEEE R R R R E PR LR L E
6 88214 Les Guibles 114 293 [ovveanns |- - SURMRURUERRAREARRRANEY, |
7 88215 : Patiles 116 280 Jevvenanes EERBRE REREL GG RERERE RIS I
g D204 Les Rosieres 118 268 fevervnnns R R tELREERR

10 119305 Hontagne (MDA) 119 3635 % ......... E ....... §§?§§§§§§§§§?gﬁg§ﬁa l
11 FF301  H1B.HDA {**) Beau Bois (MDA) 124 335 £§§$§§§§§§3§§§§-=----=~---------"----l
12 DD306 V&.MED {**) Chebel 125 270 §§§§§§§§§§§§§§§lanllnuullnnu-ululnuunn|
13 PD308 Ha.HDA {**) Bagatelle {HDA) 131 292 §§§§§a§§§§§§§§§----::--nu:ua-.nunlslun]
14 FF302 NIZ.HOA {**) Hon Desert Alma _133 316 PRUGRNEREESY §§§lln-a31l-u:::-:|lun-t:-]
15 133274 garkly 134 274 |.ERNEIRBNSSGSERSRasROURIRIRLIEN. |
16 FF304 W6.MDA (**) Minissy (H) 143 306 prprresieiine (NPT PELE L TEETELL ALY
17 DD312 Mi.H (**) Bega 137 285 fa it b he s P PTTVERREY L EEPER TR EETY
18 Do3YA. - {**} Le Redait Exper!, St. 132 203 fnebblan i ea BEUU PRI S LT DR TR PR T T T )]
15 FF393 Wi.H {**) Hinissy (MDA} 135 302 EELetE b e PR RS LV C TP R TR T R |
20 EE301 £15.HDA Bonne Yefne 143 353 %ﬁﬁﬁ%§§§§?§§‘?§E§§§§?§§§§§§§ Ranam. |
!

21 FFa05 Y19.HDA {**) Alma 144 340 §§§§§¢§§§§§§§§§hh:hnuulllllll-n-l.naun|
27 FF306 ¥Wil.i#  (**) Cote d'Or . 147 315 SRR R s s anrunanaa N RE R |
23 147285 tbene . 147 - 285 | A [, | | 5%EENE.
24 FF307 RI.H (**} Bagatells (1) 1517 398 §§5§§§§§3§§§§§§Iltll.alllaun.an------lI
25 1532301 Camoene 152 301 Jeveevanns [ivnenenss locevuanin 1888....
26 FFa08 WE7.HDA (**} Valetta 152 334 Jasnen §§3§§§§§§---------nn-n-na-----s-i
27 FFI10 {**} Maurifoods (Trionon) 159 295 [esevinnns | [, | I Ry |
78 155288 {*=) Quatre 8ornes 155 288 g§§§§§§§§g§§§gglilIllllIIIIIIIIllli!ll]
29 DD317 WI.HDA (**) Vrianon 150 291 §§§§a§§§§a§§§§§!lllllillnillnnlugnu .
30 FFa11 H14.K ) Hermitage 161", 318 I ......... } ......... | |§§§§§§ |
; i |
31 FF332 {**} Phoenix 164 295 §_§a§§_ﬁ§§_§§§a&§§llllInIl-lslnlnlsn-nl |
37 FF313 W8.H {~*) Highlands 164 305 gi§§§a§§§§§§§§§u-uuuunr------la:llnlnlI
33 FF414 E18.CHA Belle Rive (IN) 166 333 T I | . 1RERENE. |
34 FF415 H15.SIR (**) DBelle Rive (SIRI) 168° 326 | . §§§§§§§&§lnl:-ll-a-uannuunlzlnnr[
35 EE403 H16.CHA Belle Rive (2} 1700 330 Jeveanennn | | panEnes. |
36 EEA04 EL17.CRA Belle Rive {1E} 1786 335 N FUEBURRRAANENARS. |
37 EE406 E16.CHA Belle Rive (2E} 174 335 | N Joweenus RERGUBHNIROUNREES. |
38 EE307 - Piton du Hillcu 175 348 ST EEREE SRR AR IR B R ea |
39 FF316 LHET {**) Vacoas ) 176 274 3 srintade el LT RV PEVECT TR LT Y
40 EE310 £14.DUB Dubreuil Factory 188 340 % ------ .---5--ﬁﬁﬁﬁ&ﬁ&?&%ﬁ&%ﬁﬁﬁﬁﬁﬁi& ;
4] FFal8 - {**) Hootan 182 316 §§3§§§§3§2§§§§§1ullslul:alu-illnun.nn-I
42 FF320 TE.HED Holyrood 186 0 275 [uaiiaeely {oeees EERRPEERESEEBREERE
53 FF319 T10.MED {**) Reunion 184 293 . §§§§§§§§§§§§ﬁ§§--l----lul:!l:lill!ll- i
44 EEIN8 EL1.CHA Dubreull (3H) 184 361 T lereenaens 15 E R E RGP bR R M
45 €E311 E12.CHA La Plpe 188 358 LEEHESBEEE LR KR F EERDE LR Rb A
46 EE309 Chartreuse 148 341 [EREEERS BEERERERRRRRRE BT RRR bbbk e b
47 194304 (**) Curpipe Gardens 194 304 Jesrerannn l....ensanannsmansnnn....... i
48 FF3z1 T7.HED Moon 192 276 EEERERELEERE IR REEPE PR p I B e
49 FFA22  T8.HED Renrictta 199 281 EEREEERRE R bbb b bR bR G L B
50 FF423 (**) Cureplpe experi. S$t. 200 303 [ ......... foverens EAsEsEEARNERyRAREREN |
' | } | |

51 FFAza  T9.HED La Marle 201 290 3@@3’@3@%33§§§§§§§§§§3§§§3§§53§§3§ |
57 EEA12  64.CHA X1 Hile 205 323 ... lEﬁﬁ%ﬁ?ﬁ§§§§§§§§§§3§B§§ﬁ§§§ |
53 220333 G3.RB Dananes 276 333 } .................................. |
54 FF425 . 59.CED Tamarin (Res.} 211 273 §§§§§EQnaﬁﬁ35§§§§§§§2§§§33§53§3§335 |
55 FF426 S7.MED gomnefin 214 283 IZ858 R an R NS AR IR |
56 FF427 TI1.CHA Good End o216 2% %ﬁ%33%3ﬁﬁ%’sﬁz‘r}%&&&%ﬁﬁ%@ﬁaﬂﬁﬁ%f}ﬁﬁ@aﬁﬁ%-l

Ref: (1) Identifier by Heteoroluglcal Service

(2} Identifier by Hydrological section,CHA

(**) Selected stations for dally dase analysis ( 1965-1987 )
4% Period in which menthly data are available
a3 Period tn which daily data are availabie
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CHAPTER IIl. DAM DESIGN

3.1 Damsite and Type of Dam

The proposed damsite is situated at about 6 km from the estuary of G RN.W (:the Ground River
Bay). Just downstream of the TRO dam site G.R.N.W starts after the confluence between the Terre
Rouge river and the Plaines Wilhems. The damsite is situaied in the straight section between two
confluences; one is the starting point of G.R.N.W at the downstream site and the other is between
the Terre Rouge river and the Profonde river. The proposed dam will be embanked in a deep gorge
with the difference of height of 130 m; the elevation of top of the steep river bank is about 250 m
and the riverbed at 120 m.

The most desirable dam type has been examined through the Feasibility Study and reviewal studies
in the Basic Design.

The examination on the dam type included comparative studies on various dam types such as the
concrete gravity dam, earthfill dam, rockfill dam (with center core and inclined core), upstream _

' impervious membrane type dam, etc., and the study finally selected the rockfill type dam with center
core as most suitable from both technical and economic aspects.

The above comparative study is detailed in the Basic Design Report. Followingisa summajy of the
comparative study: :

{) The concrete gravity dam will be much costiier due to the weak foundation sirength. -

(i)  The project area has difficulty to obtain such & large amount of earth material required for the
~ homogeneous earthfill type dam, resulting in a costlier scheme,

(iii) In the case of the upstmafn impervious membrane type, a technical ﬁmblem was pointed out:
that is, the upsiream impervious membrane tends to be subject to damages due 10 settlement
of dam which will inevitably be caused. The membrane is to be supported at one thin line

(at one point in a section). Especially in the case that the foundation to support the-

" meémbrane is not homogeneous mechanically including highly weathered portions like the
proposed damsite, the membréné will have a high possibility to cause differential settlement,
leadirig_ to a fatal damage of the dam,

Furthermore, it was also revealed that its cost will not be less than that of the rockfill dam
with the usual impervious core,
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(iv) In the comparison between dams with center core and inclined core, the dam with center

core was finalty selected in the following views:

- The behavior of the impervious core against dam settlement is much more favorable in
the dam with center core, meaning that the dam with center core has higher safety.

- The dam with center core has a slight economic merit since its dam slope cari be stceper

than the dam with inclined core.

- Although the dam with inclined core has a merit that it has a flexibility in the
construction schedule, the dam with center core was finally recommended in view of

two merils as mentioned above.,

3.2 Reserveir Capacity and Dam Height

The Stage-Storagc-Arca curve of the reservoir is given in Fig. 3.2.1.

The effective reservoir storage required to meet the water supply requirement is found to be
6.3 MCM. L.W.L and H.W.L of the reservoir are determined at EL. 139.0 m and EL. 185.0 m,
taking the above required effective storage into consideration. The determination of the above
L.W.L and H.W.L also, considers the necessary dead storage to accommodate the sediments for

100 years and the estimated evaporation loss from the reservoir surfacc.

The determination of dam crest level is related to the spiliway crest lenglh to be provided, since the
dam has to be provided with the necessary free board. The most economical dam crest level in
relation to the spillway crest lengih should be determined. Thus, the relation between the dam crest
level and spillway crest length is oblained through flood routings for several assumed spillway crest
iengihs. The probable maximum flood (PMF) of which peak discharge is worked out at 1,890 m3/s

is applied for the ficod routings.

The relationship between the spillwéy crest .lengih and the cost of dam and.s.pillway is given in
Fig. 3.2.2 which indicates the most economical combined cost at the spi!lwéy crest length of 90m
(It is noted that the spillway crest Iéngth is finally adjusted into 92 m as a result of lhe ‘spillway
model test.) Hence, the design flood water level is EL. 193.5m. | '

Then, the dam crest level is determined at EL. 196.0m as_-fo_llowsﬁ The sdm_ of 0.7 m in wave
height and 1.0 m for necessary allowance is less than 2.0 m which is the specified minimum
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requirement of free board for the dam. Thus, the free board of 2.0 m (up to the top of the core
above the flood water level) is provided. Assuming a surfacing of 0.5 m thick above the top of the

corg, the dam crest level comes to EL., 196.0 m.

3.3 Zoning of Dam

The dam is a zoned rockfill dam with impervious center core. The maximum height of dam above
core foundation is measured at 84 m. The crest length is 230 m. A width of 10 m is provided at the
dam crest EL. 196 m in consideration that the dam crest may be used as a traffic road in future. The
dam stability analysis determined the upstream dam slope of 1 10 2.3 and downstream dam slope of
f10138, respectivciy.

The dam is composed of the cofferdam and the main dam as scen in Fig. 3.3.3. The cofferdam
forms the upstream part of the dam, having the impervious core, filter and rock zones in it. The
main dam which is also zoned into the impervious core, filter and rock zones will be embanked in

immediate downstream of the cofferdam.

~ As seen in Fig. 3.3.3, the dam émbankmeht of about 1.4 million m3 in total is divided into five (5)
zones: those are (i) the central impervious core zone of 0.24 million m3 in volume, (ii) fine filter
zone of 0.059 million m3..in volume, (iii) coarse filter zone of 0.063 million m3 in volume, (iv)
pervious rock zone of 0.99 m3 in_volumé and (v) riprup in the upstream slope surface of 0.017

“million m3 in volume.

The impervious core is provided with the thickness not less than 30% of Water depth on the basis of
the standard saying that generally, in the case .of dams of thickness equal to 30 to 50 % of wz_itcr
depth, the structure is considered stable even under extremely adverse conditions. As for the
thickness of filter, the standard mentions that its minimum thickness should be 2.4 to 3.0 m and that
it is désirable 10 provide a thickness of 3.6 to 4.2 m. Taking into consideration the properties of
a\}qi!abie core material for the project which is classified into MH soil and in due consideration of the
above standard, the double filter consisting of fine and coarse filters, each having 3.0 m thickness, is

provided.
‘3.4 Excavation of Dam Foundation

~Fig. 3.4.1 shows the excavation plan in the dam foundation. Fig. 3.3.4 shbws a profile aloﬁg the

dam axis.
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The dam excavation plan is prepared with the following considerations:

)

(i)

iii)

{iv)

7

3.5

ey

The impervious core and filter zones should be founded on a sound foundation to keep
sufficient water tightness and to avoid any differential settlement. Thus, the top soil and

highty weathered portions should be excavated 10 expose a sound foundation.

In the rock zone, its foundation should not include any organic materials such as grass on
roots of tree. Therefore, the surface excavation with 2.0 to 3.0 m thickness is made for the

rock zone 10 eliminate all the organic materials.

Some talus deposits exist in the rock zone foundation. The talus deposiis do not have to be
excluded unless it effects on the dam stability. Hence, some talus deposils rerain in the

rock zone foundation based on the dam stability analysis.

- The damsite geology consists of the horizontal alternate la'y'ers of sound basall lava and

highly weathered portion. As such, the surfaces of the highly weathered layer are forced to
expose on the foundation of impervious core and filter zones. Some treatments are required
for the above highly weathered layers on the foundation to avoid possible differential

setilement and damage on the impervious core.

The slope of core foundation will not be stecper than 1 to 0.7 (55° with horizontal) to secure
a sufficient contact with the foundation in due consideration of the standard for abuiment
slope saying that commonly, adopted slopes are within the range of about 45° (1 to 1'.0) 1o
70° (1 to 0.36) with the horizontal. The excavation plan of the impervious core zone in the

right abutment which has a very sicep slope is made 1o meet the above requirement.

Dam Materials
Impervious Core Material

The proposed borrow area for the impervious core material is located on the right bank
upsirearn of the damsile as seen in Fig. 3.5.1. This borrow arca has been sclecied through

investigations on scveral conceivable alternatives in the Feasibility Study stage.
The Detailed Design works carried out additional investigations for the selected borrow

area, inctuding iest pittings, sampiihgs, and laboratory tesis such as (1) speciﬁc gravity, @)
moisture content, (3) grain size-analysis, (4) liquid limit, (5) plastic limit, (6) soluble salt
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determination, {7) moisturc-density relations, (8) perm'eability, (9) triaxial shear, (10)
consolidation, cic.

The test resulis are summarized in Table 3.5.1t0 3.5.3.

Based on the test resolts, the design values of the | nnpcrwous core material is determined as
follows:

Desigm Values of Impervious Core Material

- SPECfiC Bravily .ot 2.88

- Matural mo.isture COMBTIL oeeerivricceiae e s 40%

= DIY GEIISILY croveeeeceseerrseee e sessessesssssenes 1.23 ¢/m3

= Weltdensity oo 172 /M3

- Saturated density ......crenmcrnineerienseerniennns 1.80 ¢ym3

- Submerged denSity ....coeverincressssssissereneenn 0.80 ym3

- Coefficient of permeability .......ccccoecveceeovrinns 1x 10-5 cm/sec
« CONESION €' el O M2

~  Internal friction angle @' ... 30 degree
The above design values are oblained as follows:

Specific gravity (Gs):

The specific-gravity is obtained as the average of test results shown in Table 3.5.1.

Natural moisture contenl (Wn):

The natural moisture content is also obtained as the average of test results shown in
Table 3.5.1.

Dry density (yd):

The dry density is obtained as 95% of average of test results of maximum dry

density showh i in Table 35.1.

Wet density '(ms‘ |

The wet density is obtained by the following equation;
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Yio="Ya (1 + Wn/100)

Satuvated density (ysat):

The saturated density is obtained by the following equation:

Ysar =Yd (1 + Yw/¥d - 1/G9
'Y\\; = 1.0 (,’m?,

Submerged density (1sub )

The submerged density is calculated by the following equation:

Ysub = Ysar - Yw
. ’Yw = ].0 Um3

Coefficient of permeability (k):

As scen in Table 3.5.1, the coefficient of permeability less than 1 x 10-0 cm/sec is
indicted in the laboratory test. However, the design value of the coefficient of
permeability for impervious core is conservatively determined to be 1 x 10-3

cm/sec.

Mechanical strengih (¢', ¢"):

The mechanical strength, the cohesion and internal fiiction angle, is determined
conservatively al the design value shightly less than test resulis shown in Table
351

Gradation curves of the impervious core maicrial are given in Fig. 3.5.3. Particle size of the

material is very fine.
Soluble salt is tested to be 175 paris/miliion in average in the rahgé' from 100 10 250
parts/million, and the material belongs to a non-dispersive soil in consideration of soluble

salt valucs of 2,000 to 2,500 parts/million shown in dispersive soils.

Furiher, the tests reveaied that the embankment of core material s_hould be undertaken under

the foliowing conditions;
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As the content of the pariicles is more than 90%, trafficability of the carth material will be
remarkably bad during rainy seasons. For this reason, consiruction period of the earth
material should be limited to only dry seasons, during which ficld moisture content will be
casily adjusted in field, because the natural moisture content of the earth material will be
close 1o its OMC,

For quality control, the carth material is usually compacted at dry density of more than 5%
of ydmax which is maximum dry density. Required range of moisture content {o aitain
sufficient compaction effect or dry density more than 95% of ydmax will be OMC to OMC
+ 3% in field. This is because over compaction may occur and it will be impossible to
obtain sufficient trafficability when the material is compacied at moisture content of wet side
more than OMC + 3% and embankment of the finc-grained soils like the earth material
used in the project tends to be stiff and brittle when compacted at a moisture content several
percent below OMC whereas the compacted soils are capable of appreciable deformation
without occurrencé of crack when compacted at a few percent above OMC.

Filter and Rock Materials

The filter material is planned to be taken frb_m the same quarry sit¢ as rock material shown
in Fig. 3.5.1. The laboratory test resulis for filter material are given in Table 3.5.4. Specific
gravity of the material on oven dry condition is 2.891 in average. Specific gravity of the
material on saturatéd surface dry condition is 2.913 in average. Absorption is tested to be
0.75% in average, ranging. from 0.65 10 0.93%. Loss in weight of soundness tesi by using
sodium sulfate is 2.3% in average. Loss in weight of abrasion by the 1.os Angeles machine
is 16.5% .in average. As such, the test rcsullt_s indicate that the material properties will

sufﬁCienﬂy be suitable for the Glter material.

- As'mentioned, the soil material avaitable for the ilnpéwious core belongs to MH soil with

very fine particles which rclatively tends to causc a concentrated water leakage resulting in
the piping. For preventing the concentrated leak and piping of core material, special care
should be paid for the design of filter, 'Hence, the double filter consisting of the fine and -
coarse filters is designed to be provided. In due consideration of sizes of core material and
rock zone material, the following gradations are recommended for each of fine and coarse

filters.
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Fine filter

Grain size (mm) Percentage (%)
0.075 = 0
0.2 ' 15
1.2 ' 50
17 . 60
3.3 ’ 85
5.0 100
Coarse filter
Grain size (mm) Percemigg, (%)
0.075 ' 0
3.4 15
5.0 20
24.5 50
36.0 60
70.0 | g5
100.0 100

The range of gradation in cach filter is as shown in Fig. 3.5.4 together with those of

impervious core and rock material.

Determination of the above mange of gradation is based on the following standard criteria of

the filter design:

@ Filter material shall be cohesionless, and its fine content, .which is gravinietric
percentage of particles fess than 0.075 mm,; shall be less than 5%.

) Fine filter material with D5 size of 0.5 mm or smaller are conservative filters for

most fine-graded soils in nature,

©  Dysdis>S5
where Djs  15% diameter of soil particle of filter material -
dis 15% diameter of soil particle of material protected by filter
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@ Dys/dgs <5
where D15 15% diameter of soil particle of filter material
"~ dgs  859% diameter of soil particle of material protected by filter

&) Grading curves of recommendable fine and coarse filter materials are desirable to be
' paraliel with core and recommendable fine filter materials, respectively. Grading
curve of recommendable rock material is also desirable to be parallel with

recommendable coarse filter material.

) Grading curves of upper and lower limits are desirable o be parallel with each

recommendable grading curve.
Da to Dh in Fig. 3.5.4 are determined in accordance with the above criteria as follows:

- D . :
Da is 0.075 on the basis of criteria (a), and percentage passing of Da is 5%.

- Db
Db is 0.5 mm on the basis of criteria (b}, and percentage passing of Dbis 15%.

- Dec,De,Df
Dc to Df are determined on the basis of criteria (¢) and (d). Dc to Df are 1.0 mm,
17.5 rmm and 17.0 mm, respectively, However, Dc and De are influenced by the
ranges of fine filter and rock materials. D¢ and De are decided to be about 2.0 mm and
8.0 mm, respectively. And percentage passing of D¢ to Dfis 15%. '

- Dg
Dg is controlled by Dh and criteria (f). Dg is assumed to be 70 mm, and percentage
passing of Dg is 15%.

Dh is controlled by spreading thickness of rock zone in field. In general, rolling
thickness of rock zone is less than 1 m. Dh should be 1.0 m, and percentage passing
“of Dhis 100%.

Design values of filter and rock materials are determined as shown in Table 3.5.6.

Determination of the above design values is based on the followings: "that is, Table 3.5.4
and 3.5.5 indicate test results for filter and rock material, respectively, Tests for filter
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material were made on fresh hard rock. On the other hand, rock material was tested by
using the cores of boring performed in the proposed quarry site which include some
weathered parts and were somewhat disturbed by drilling works. Therefore, relatively
higher guality is shown in test results of filter material. Thus, design values are determined
in due consideration of the above both test resulis as follows:

- Specific gravity (Gs):

The design value for specific gravity of filter and rock materials is provided with the
average value of test results in Table 3.5.4 and test resulis in Table 3.5.5 excluding

those on weathered rocks.

Water absorption (WY

_ The water absorption of filter and rock materials is taken conservatively ai 2.0 %
which is the average of test resulis in Table 3.5.5 ¢xcluding those on weathered

rocks. For a conservative sake, test results in Table 3.5.4 are not taken into

account,
'Dry density {yd):

Determination of dry densities is based on various past examples as follows:

Dry densities of actual dams in Japan ranges from 1.6 to 2.3 t/m?‘. The data of dry
densitics mostly indicate values larger than 1.9 ;/m3_, concentrating on about
2.1 ¢ym3. Hence, the design value of dry density for rock material_-is determined to
be 2.1 ym3, implying ﬂial the compaction energy to attain the dry density not less
than 2.1 /m3 should be given in rock embankment works.

The design value of dry density for fine filter is determined to be 1.9 t/m3 in
.consideration that the gradation of filter tends to be poorer than that of rock material,
Then, the dry density of coarse filter is taken ar 2.0 /m3 which is the average of

fine filler and rock material.

Wet density (_m'.'

The wet density is calculated by the following equation:

Yo="Yd (1 + W/100)
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The wet densitics of 1.94 t/m3, 2.04 t/m3 and 2.14 t/m3 are obtained for fine filter,
coarse filter and rock material, respectively.

Submerged density (Ysub):

The submerged density is calculated by the following equation:

Youb = Ya (1 +YwlYa - 1/Gs) - Yw
Yw = 1.0 t/m3

The submerged densiiies are calculéted at 1.23 ¢/m3, 1.30 ym3 and 1.37 t/m3 for
fine filter, coarse filter and rock material, respectively.

Coefficient of permeability (k):

The design value of permeability coefficient is based on the Creager's values:

Creager proposes the p’ermeability cocfficients in accordance with thé gradaiion.

~ Based on the above Créégef’s values and in due consideration that the uniformity

coefficient assumed by Creager is smaller than the filter and rock materials of the

project, the coefficients of permeability are determined to be 1 x 10-3 cm/sec,

1 x 10-2 cm/sec and 1 x 10-1 cm/sec for fine filter, coarse filter and rock
_material, respectively.

Mechanical strength (¢’ and ¢'):

Determination of design values fofmechanical strength such aé cohesion {¢") and
internal friction angle (@) is bas'ed on results of the large scale direct shear test
carried out under consolidated-drained condition. As seen Fig, 3.5.5 and 3.5.6, the
cohesion and internal friction angle of rock material are tested at 0,14 kg/em? and
- 42 degree, respectively. Based on this test result, the design values of cohesion and
internal friction angle for rock material are determined conservatively at 0 kg/cm?

and 40 degree, respectively.

Considering that the dry density of filter material will be smalier than that of rock
material, less values are given to filter material as follows: Cohesion of :() kg/em?
and internal friction ang]é of 36 degree for fine filter, and cohesion of 0 kg/cm? and
internal friction angle of 38 degree for coarse filter.
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3.6 Dam Stability Analysis
3.6.1  Method of Dam Stability Analysis

The dam stability is analyzed by the slip circular method which examines tn"ally the safety against

slip along various assumed failure circles,

The factor of safety is given by the following equation:

_Z{CxL+(N~U-Ne)xtan<D]
(T + Te)

Fs

where,

Fs :  Factor of safety
normal force acting on slip circle of each slice
tangential force acting on slip circle of each slice
pore pressure acting on slip circle of each slice
normal force of earthquake load acting on slip circle of each slice
tangential force of earthquake load acting on slip circle of each slice '
angle of intemal friction of materials on stip circle of each slice
cohesion of materials on slip ¢ircle of each slice
arc length of slip circle of each slice

Mo edzga-z

Summation for all slices

The factor of safety without earthquake force is obtained by substitution Ne = 0 and Te = 0 into
the above equation. The normmal force (N) and tangential force (T) are defined as:

N=Wcos8+Pn=Wcos®+Psinb
T=Wsind+Pt=Wsin 6+ Pcos 6

where,
8 : angle between horizontal and the tangent of the arc at slice

W @ total weight of slice (embankment and water)

W = (D1 wet .hl + D1 sat .h2 + D2 sat .h3)* AX
or W= (D2 wet.hd4 4+ D2 sat .hS)* AX

in which
AX  :  widthof aslice
Diwet :  wetdensity of material (i)
Disat : saturated density of material (i)
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hi : height of a slice of material (i)
p :  differential water pressure acting on both sides of a slice

)
4

Dw(h2+h3-AX2 xtan®) x AX x tan 0
(h2+h3Hx AX2 xtan 9 (Dw = 1.0 t/m3)

The normal and tangential forces due to earthquake are defined as follows:

Ne=Wxkxsinb
Te=Wxkxcos®

where,
k : horizontal seismic coefficient

Besides the above, the safety should be checked for plane surface sliding of cohesionless materials,

The factor of safety agatnst plane surface sliding of cohesionless materials is given by the following
equations. These equations are derived from the slip circular equation assuming a radius of circle to

be infinite; that is, infinite slope.

@ Submerged slopes {upstréam stopes)

F— m-kxR '
S_1+kaxmxLan

() - Dry slopes (downstream slopes)

m-k
Fs=1 gk x m*an¢

where,
"~ Fs : factorof safety
m : slope gradient {1 : m)
k . horizontal seismic coefficient
¢ : intemal friction angle
R : Dsay/Dsub _ B
‘Dggt :  saturated density of material

‘Dggb :  submerged density of material (Dsat - 1.0)
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3.6.2 Design Value

The design valucs for dam stability anaiysis are determined dn the basis of the field investigation

results on construction materials,

Although Scction 3.5 "Dam Materials" of this report presents explanations on determination of

design values, those are reproduced below:

Desigm Values of Dam Materials

Filer
kem Earth Fine Coarse Rock

Specific gravity | 2.88 .
{Oven dry condition) 2.87 2.87 2.87
Natural moisture content (%) 40.00 _
Water absorption 2.00 2.00 2.00
Dry density (ti/m3) 1.23 1.90 2.00 2.10
Wet density Y 172 194  2.04 214
Saturated density am3) 1.80 223 230 2.37
Submerged density (f/m3) 0.80 1.23 1.30 1.37
Coelficient o}‘pcmlcability (emy/sec) 1x10%  1x103 1x10?2 1x10!
Strength parameter (effective stress '
analysis)

Cohesion ¢' (tf/m>) 0.00 0.00 0.00 0.00

Internal friction angle (g) (degred)  30.00 36.00 38.00 40.00

The dam design considers that some talus deposils be left unexcavated in the rock zone of dam on
the basts of dam stability analysis results, Design values for the tatus deposits are conservatively
assamed 10 be same as those of the fine filter materiat. Furnther, dcsig:n values for coarse filter are

also assumed to be same as those of fine filter for a conservalive sake.
As for the seismic cocfficient, the seismic cocflicieni of k = 0.05 is taken into consideration in the
analysis in accordance with the standard which slates that k = 0.05 should be taken into

consideration even in arcas having no carthquakes.

The safcty factor which the dam has to secuic is more than 1.2 in accordance with the standard.
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3.6.3

(1

@

3

Examined Cases
Present Scheme and Future Expansion Scheme

The present project design considers to make it possible to expand the dam height if required

in future,
Thus, the dam s'tability and dam slope should be examined in due consideration of both the
present and expanded schemes. Further, the safety of the main cofferdam should be

confirmed.

Herce, the dam stability is examined for the following three (3) cases:

@:  Present scheme (Damcrest  EL. 196.0 m)
(b} Expanded scheme (Dam crest  EL. 215.0 m)
(c): Main cofferdam (Dam crest  EL. 155.5 m)
Loading Conditions

The dam will be subject to various loading conditions for which the safety of dam should be

ensured.

In accordance with the standard, the dam stability is examined for the following loading

conditions:

@ Reservoir normal high water level with the full seismic load.
) Rapid drawdown of water level with the full seismic load.
©) Immediately after completion with a half of seismic load.
()] Design flood water level without seismic load.

" Dam Sections

Talus deposits will remain in the upsiream rock zone foundation of left bank and in the
downstream rock zone foundation of right bank where the critical sliding failure circles

appear.

Therefore, the following two dam sections are taken into consideration in the analysis:

(@ Left bank dan‘i section which include talus deposits for determination of upstream

dam slope.
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()] Right bank dam section which include talus deposits for determination of

downstream dam slope.

3.6.4 Results of Stability Analysis

The computer program calculated the factor of safety for various assumed failure circles in respective
cases and indicated the minimum value of the factor of safety in respective cases, which are
summarized in Table 3.6.1 to Table 3.6.4. The failure circle aleng which the minimum value of

safety factor appeared is shown in Fig. 3.6.1 to Fig. 3.6.5.

As seen, the factor of safety more than 1.2 is surely secured in the upstream dam slope of 110 2.3

and downstream dam slope of 1 to 1.8.

Under the above slope of dam, the safety for plane surface sliding is also secured as follows:

Submerged slope (upstream slo

m-k+*R

Fs = YT k.R-m

xtand

il

2.37
2.3-0.05x 1357

= 2.37
1+0.05x i3 X 2.3

X tan 40°

= %%xo.839=1.548>1.2
Dry st wnsiream sl

m - K
Fs = 1o x.-mr@n?

2.3-0.05
1+0.05x2.

3xlan40°

= 1.693>12

¥
&
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3.7 Examination on Soft Layers in Dam Foundation
3.7.1  General

The geology of both abutments of the dam site consists of aliernate layers of hard basalt layer and
weathered soft layer. '

Fig. 3.7.1 shows siluations of hard basalt layers weathered soft layers, and talus deposits to be
removed. The impervious core to be embanked on such alternate layers may cause differential

settiements, resuiting in occurrence of cracks in the impervious core.

Such being the case, analyses of deformation and stress by the Finite Element Method are made to

provide countermeasures if necessary.

The analyses are made with a model as shown in Fig. 3.7.2, Elastic moduli used in the analyses are
assumed on the basis of the in-situ rock tests carried out in the test adits as follows:

Elastic Modulus (kg/cm?2)
Hard basalt . 55,000
Soft layer . : - 2,000
Core maierial 500

The unit weight of 1.8 t/m3 which is the saturated density of core matérial is assumed for the
impervious core material and core material depth of about 80 m is considered as loading on the
foundation, taking ihe future expansion of dam into consideration. The unit weight of the hard
basalt and soft layer is disregarded with consideration that it provides negligibly small cffect on the
result of analysis.

3.7.2  Result of Aﬁa!yses

In order to clarify the effect due to the soft layer, the analyses of deformation and stress are made for

the following two cases:

CABSE (i): Case that the foundation consists only of the hard basalt; that is, the foundation is
- wholly provided with elastic modulus of E = 55,000 kg/em?,

CASE (ii): Case that the foundation is intercalated with the soft layer as shown in Fig. 3.7.2.
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Fig. 3.7.3 and Fig. 3.7.4 show stress distributions for CASE (i) and CASE (ji), respectively.

Deformations are calculated as shown below:

Point Deformation {m) .

No. CASE (i) "CASE (i)
34 2188 x 104 209 % 104
40 4873 x 10°% -5.50x 103
46 -7.466 x 104 -1.03x 102
52 9746 x 104 -1.06 x 102
5% -1.166 x 103 -7.05 x 10°3

64 -1.321 x 10°3 421x103

As seen in the above, a remarkable effect on deformations due to the intercalated soft layer is

recognized.

As seen in Fig. 3.7.3 which shows the casc that the foundation is assumed to consist wholly of the
hard basalt, no tensions arise in the impervious core and foundation. However, in the case that the

foundation is infercalated with the sofi layer as shown in Fig. 3.7.4, tensions occur in the core and
upper hard basalt layer due to deformations of the soft layer, suggesting that there is possibility of
damage on the hard basalt layer and serious occurrence of cracks in the impervious core and that

some countenmeasure is required.

Therefore, examinations are made to find a suitable and effective countermeasure; that is, the

following three (3) cases of replacement with concrete are examined with stress analyses by the

/

Finite Element Method.

Replacement
with concrete
e Sofi
o b | layer

s m—

CASE (A)

Soft
layer

.

‘4m

CASE (B)

%1:

L

Soft
layer

Sm

CASE ()

Results of stress analyses for the above three (3) cases are given in Fig. 3.7.5, Fig. 3.7.6 and Fig.

3.7.7, respectively.
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As seen in the above figures, tensions still occur in the upper hard layer in CASE (A) and CASE
(B). The tension disappears in CASE (C).

The above analyses reveal that the replacement with concrete up 1o a depth of about 1.7 times
thickness of the soft layer will be the efficient countermeasure (o ensure the safety. Based on the
above, the design of dam foundation treatment considers to replace with concrele up to the depth of
2.0 times soft layer thickness for the soft layers of core zone. The replacement will be made with
lean concrete.

3.8 Leakage Analysis throngh Dam Body
3.8.1 General

The dam site topography forms a Steep slope of about 50 to 60 degree in right abutment and
relatively genile slope of about 35 degree in left abutment. Although the hard basalt is exposed on
the river bed, top soils or talus deposits cover the abutments.

The impervious core will be embanked on the foundation where the top soils, talus deposits or
highly weathered portions underlain will be removed and the imercalated soft layers will be replaced
.with concrete. :To avoid an excessive leakage and piping through the foundation of the i;hperviqus
core, ﬁle curtain grouting is plémned to be carried out in the foundation under the core by two lanes
with rout holes at two fmeters interval. ' '

The excessive leakage and piping under the foundation are considered to be évoided by the
foundation treatment as mentioned. However, the leakage through the foundation is-one of the most
imporiant factors for securing the safety of dam, and therefore, analyses on the leakage through the
dam body and its foundation are made 1o confirm the matter.

3.8.2 Leakage Analysis

The leakage is analyzed by the Finite Element Metbod. Permeability coefficients of elements
required in the seepage analysis by the Finite Element Method are assumed as follows:
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Assumed Permeability Coefficient

Troms Permeability Cocthicient

(cm/sec)

- Impervious core:
Horizontal 1x 105
Vertical g 1x 106
- Grout curtain 5x 105
- Foundation below core 1x 10
- Foundation deeper than the grout curtain 1x 105

The above assumptions are based on geological investigations and material investigations carried
out. As for improvement of the permeability coefficient by curtain grouting, a relatively conservative
assumption is given for a safety sake: that is, the permeability coefficient is assumed to be improved -

from 1 x 10 cm/sec to 5 x 10-3 cmy/sec by the curtain grouting.

The analyses are two-dimensionally carried out for five (5) dam sections as shown in Fig. 3.8.1,
based on which total leakage through the dam and its foundation is obtained.

Models for analyses by the Finite Element Method for the above five (5) dam sections are as seen in
Fig. 3.8.2 to Fig. 3.8.6. Seepage flows obtained by the analyses are as seen in Fig. 3.8.7 to Fig.
3.8.11.

(H Examination for piping
The piping is a phenomenon that material particles discharge out due to a large seepage

pressure, forming a large flow passage and resulting in a damage on the dam,

Possibility of the piping is examined by Justin's method. Justin obtains the upper limit of
seepage flow velocity against particle sizes of soil material. Particles of soil material begin
to move when the seepage flow velocity exceeds the above upper limit which is called as
“the critical velocity of flow”, causing the piping as mentioned.

The critical velocity of flow is obtained as follows:

Vc:(%(Gs-l)-d-g)O-S

where, _
Ve :  Critical velocity of flow (cm/sec)
Gs :  Specific gravity of soil particle (2.6)
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d : Diameterof soil particle
(d1p = 0.0001 mm = 0,00001 cm)
g ¢ Acceleration of gravity (980 cm/sec?)

Hence, the critical velocity of flow is calculated at 1.02 x 10-1 cm/sec as follows:

(2(Gs-1)d-g)0$
(32-( 2.6 - 1) x 0.00001 x 980 )05

Yc

H

tH

L}

1.02 x 10-1 (cm/sec)

On thé other hand, the maximum flow velocity (Va cm/sec) is calculated for each of five (5)
dam sections by F.EM seepage analysis as follows:

Maxi m,u' m Seepage Velocity

Statonoy __ BlementNo, MG e Velody
I @) . 52 0.13 x 103
o @ 48 0.15x 103
m (2 _ 41 0.24x 103
IV (16) 49 _ 0.23x 103
Y Q0 56 . 0.22 x 10-3

A criteria specify that the safety factor of 100 times should be ensured; that is, F = V¢/Va
should not be less than 100. Fis calculated as follows:

SaionNo)  Noo () (cmpegy | F=VelVa
I @) 52 1.02x10°1 0.13x103 785
n g 48 1.02x101  0.15x 103 | 680
maz - 4 L02x 101 024x 103 425
IV (16) 49 1.02x 101 023x103 443
V) 56  1.02xi0!  022x103 464

 As seen, the values of F above exceed sufficiently beyond 100, suggesting that a sufficient
safcty against piping is secured.

i -21



) Examination on seepage quantity

The total seepage quantity is assessed based on the secpage calculated for the five (5) dam
sections shown in Fig. 3.8.1.

The total seepage quaniity through the dam body and its foundation i calculated at
86.2 x 104 m3/sec as follows: .

Total Seepage through Dam and Foundation

Section No.  Width Unit Seepage (1/sec/m) Total Seepage (m3/sec)

(Station No.) (m) Core Foundatipn Corg . Foundation
1 @ 30 14x102 08x102  42x104  24x104
o @® 50 2.2x 1072 1u1x10? 1tox 104 55%x 104
I (12) 30 42x 102 08x102  12.6x104 24x104
IV (16) S0 39x102 13x102 195x10% - 65x104
V {20) 45 34x102 1.5x102 153x10% 6.8 x 104

Total C 200 ' 62.6x 104  236x 104

The total seepage quantity of 86.2 x 10°4 m3/sec through the dam and its foundation
corresponds to about 0.5% of the mean annual river inflow of about 1.8 m3/sec, which is
sufficiently within the acceptable seepage quantity in consideration that the standard
mentions that the total leakage volume should be less than 1% of mean annual river. inflow.

The standard also mentions that the daily seepage volume through the dam and foundation
should be less than 0.05% of the gross storage capacity of resérvoir. This standard is also

met as follows:
Daily SEEPALE .vevvvrereerereranannan, IR R 745 m3/day
GIOSS SIOTREE OF TESCIVOIT L.\vvivrevernnnnsrannnnreenans 6.7 x 106 m3
Percentage of daily seepage ........cooviiviiiin 0.01%

3.9 Leakage Analysis through Left Bank
3.9.1 General

Fig. 3.9.1 shows a general plan of the dam site and surrounding areas. As seen, the left bank of the
dam site forms a relatively thin plateau located between the Terre Rouge river where the dam is
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planned to be constructed and the Plaines Wilhem river flowing in the south of the Terre Rouge

river.

As a result of the geologicat investigations for this thin plateau, the geology of the plateau is found to
have permeability coefficients of 104 cm/sec as a whole. The geological invesligations also revealed
that large open'ings such as the lava tunnel may not exist there. However, the geological
investigations discovered a portion where a low piezdmctric head is showﬁ, implying that a localized
zone with relatively higher permeability exists with a limited horizontal width, indicating necessity of
im growting along the left bank plateaun, |

Thus, the design considers o execute the rim grouting along the left bank plateau. The rim grouting
will be cartied out by the split-spacing method which will make it possible to find parts with the high
permeability and efficiently concentrate the grouting there.

Although the rim grouting as mentioned will 'sufﬁciemly improve the parts with relatively high
permeablhty. examinations on the leakage through the left bank after 1rnp0unclmg of réservoir are
considered necessary because of its thin platcau.

The examinations are made in this section hereunder.

3.9.2 Analysis of Seepage

The geological section of damsite and left bank is shown in Fig. 3.9.2. The low piezometric head is
discovered near the boring hole No. JD-12 shown in Fig. 3.9.2. The zone with relatively high
permeability is considered to exist at EL. 130 m to EL. 140 m near the boring hole No. JD-12 in
the direction from the Terre Rough river to the Plaines Wilhem river. However, the analysis is
_ made, assuming these zones with the higher permeability will be all improved by the rim grouting.

The two-dimchsionﬂ F.EM., seepage'analyses are m.ade for three (3) typical sections as shown in
Fig. 3.9.1, i.e. Section A-A, B-B and C-C. The geological sections of Section A-A, B-B and C-C

are as seen in Fig. 3.9.3.

Models for the F.E.M. seepage anzilysis for the above three (3) sébtions are given in Fig. 3.9.4 to
Fig. 39 6 In the models, the permeability coefficient of each element is assumed as follows:
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Assumed Permeability Coefficients

Assumed Permeability

Tems Coefficient {cm/sec)
- QOriginal lelt bank: S 1x 104
- Rim grout curtain 7x 103
- Old lava below rim grout curtain: 1x 105

In the above, the permeability coefficient of 7 x 10-3 cm/sec is conservatively given to the rim grout
curiain, although the degree of improvement by the rim grout is considered 1o be more effective.

‘The F.E.M. seepage analysés for three (3) typical sections have resulted in the followings:

; Scepage Quanti
Section (II:I g/dgw/m) ty
A-A 0.24
B-B 0.35
C-C - 0.64

As seen above, the seepage increase in accordance with that of hydraulic gradient, and therefore,
assuming that little seepage arise upstream more than Section A-A, the total seepage quantity is

approximately assessed at 185 m3/day as follows:

V = 450m x (0.24 + 0.35 + 0.64 } /3 = 185 m3/day
"Fhis daily seepage quantity comresponds to 0.003% of the gross storage capaciiy of reservoir.
The sum of daily seepage quantitics from the dam, its foundation and left bank will be 930 m3/day _
which corresponds to 0.014% of the gross storage capacity of reservoir, which is sufficiently less |
than the standard allowable seepage quantity, 0.05 % of the reservoir gross storage per day.
The maximum flow velocity is calculated to be 2.04 cm/day at Element No. 108 in Section C - C.

This maximum flow velocity corresponds to 0.24 x 104 cm/sec which is much less than those in

the dam, suggesting that the safety against piping more sufficicnt than the dam will be secured.
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