3.10 Foundation Treatment

Surface soil with boulders and a superficial loose rock zone of the bedrock should be removed for
the foundation of the imparvious core zone and the filter zones of the dam.

The bedrock is strong enough to support a 80 metre high rockfill dam, even for its weakest soft rock
" layer. Problem lies rather in the inter-stratal diversity of strength for alternating hard rocks and soft
rocks,. This may cause occurrence of harmful tension in the bedrock or in the embankment due to
differential deformation of the foundation. This condition is examined by Finite Element Method
utitizing the results of the in-situ rock mechanics tests. The differential deformation can be prevented
by concrete replacement of the weak layers to a depth of two times thickness of the weak layer.
Fig. 3.10.1 shows the above foundation treatment with concrefe replacement.

Water seepage t.hmugh the dam foundation and abutment can be cut off by ordinary cement grouting.
From the result of the test grouting, the grout hole arrangement at 2 metre intervals on a couple of
lanes is recommended. Necessary depth of the curtain grouting will be approximately 30 metres in
the river bed and 30 metres to 60 metres in the abutments.

Blanket grouting shall also be carried out on the foundation of the impervious core and ﬁltef ZOnes to
ensure the watertightness near the surface of the above foundation. The blanket grouting is designed
10 be carried out by tw_d lanes at 2 m hole interval (10 m in hole depith) and six lanes at 3 m hole
interval (5 m in hole depth). Consolidation grouting will be carried out in the spillway portion. The
consolidation groutihg is designed to be done by two lanes at 2 m hole interval (S'm in hole depth),

No sign of lava tunnel ha_s been found_ihrough two years field geological investigations, including
‘observation of rock outcrops, core d_rilling with Lugeon test, test grouting, and test adiiing.
Judgement is negative for existence of a lava funnel.

The low piezoinetric heads found in the borehole JD-12 and other holes nearby are judged to indicate
existence of local privileged water passage, but not large opening as lava tunnel because of slow
draw-down df the water level in the borehole and not outstandingly high Lugeon unit. A few small
cavities of about 20 centimetres have been encountered at levels near the contemplated reservoir
surface in the borehole ID-102, but not in other holes within 25 metres' distance, which seems to
indicate limited distribution of the cavities. The highly pérVious portions as indicated by the low
groundwater level in JD-12 in the left abutment should be treated by rim cuttain greuting stretching
for about 400 metres from the wing of the spillway. This stretch of the grout curtain will cover all
~ parts where the feservoir depth is more than 30 metres and can have more than 1/10 of hydraulic
gfadient, The rim grouting shall be made from a grouting tmmeludriven'-at_ elevation 190 metres, one
metre higher than the reserVO_ir high water level, and to the depth of 60 metres through grout holes
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arranged at 3 metres intervals. By the split-spacing method, substantial quantity of the grout hole
may be eliminated from the parts which do not require grouting, and be added where grouting is

really necessary.

Followings are explanations for determination of extent (400m), depth and spacing of the rim
grouting on the left flank :

The length (lateral extent) of the grout curtain has been determined so that the curtain may intercept
seepages in a zone where the river bed of the Terre Rouge upstream of the dam site, which runs
parallel with that grout curtain, is not higher than elevation 160 meters. As the full supply level of the
reservoir being at elevation 189 meters, there can be seepage from a 30 meter deep reservoir through
under a 300 meter wide plateau without any cut-off work outside the extent of the rim grout curtain.
The seepage within the range of 100 meters outside the rim curtain is estimated at Ohi}/: 0.3 Iitres
every second, little enough to be acceptable, assuming 1 exp.-4 cm/sec of permeability coefficient
and 30 meters for the range of seepage in depth. The hydraulic gradient is estimated to be 1/10
(30m/300m). The length of the rim grout curiain is, therefore, sufficient. '

The depth of the rim grout holes, 60 meters and 40 meters, has been determined to ‘satisfy the
conditions : '
(1) to reach the level of the nearest river bed or deeper and ; _
(2) To be deeper than the level of groundwater, aciually observed arid conceivable from the
observations, including the part of groundwater table depressmn around the test hole

J-12.

The grout hole spacing of 2 meters near the dam/spillway and 3 meters in the most part of the rim
curtain has been determined empirically. The length of seepage paths through the plate'au is larger
(300m) than that under the dam body (approximately 60 i), and reverse is the hydraulic gradient.
Requirement for the permeability in the rim can be not so strict as in the dam site. The purpose of the
rim grouting is to block outstandingly large and continuous water leakage paths, if any. The grout

hole arrangement at 3 meter intervals is deemed appropriate and sufficient.

In the scene of the construction work, the grbuling will be performed by a split-spacing method, in _
which the holes will be initially drilled and grouted at larger intervals (e.g. 6 m) to examine by the
grout-takes whether it is necessary to put other holes at the locations of 3 meter intervals. In this
procedure, the grouting work guantity will be saved in zones appreciably 'Watenight and may be
added where it is necessary. In this context, the designed quantity will be sufficient with due spare.

The design of the foundat:on treatment with the curtam grouimg, blankct grouting, consohdauon

grouting and river grouting is shown in Fig. 3.10.2.
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3.11 Instrumentation
3.11.1 General

The instrumentation is installed in the dam body and foundation in order to monitor the behavior of
the dam embankment and its foundation and to evaluate the pertinence of the design. The

instrumentation aims at the following;

1} Control during construction period,
2) Operation and maintenance after completion,and
3} Collection of data for further design and study

3.11.2 Instrumentation for Construction Control

The main purpose of the construction control by the measuring apparatus during the construction
periods is to check whether the construction of the dam is being carried out safely or not. It will be
measured by comp'aring the design value with the abtuatly measured one. For this purpose , the
following measurements are designed to be equipped in the dam body and foundation,

1) Measurement of pore water pressure in dam body and foundation

2) Measurement of earth pressure in impervious core
3.11.3 Instrumentation for O/M after Completion

. The main pﬁrpose for operation and maintenance (O/M) of the dam is to check the safety of it after
impounding the reservoir. Moreover , the safety of the dam will also be monitored by checking the

behavior of the dam embankment and its foundation.

* For this purpose , the foilowing measurements will be made in and on the main dam embankment

and its foundation.

1) Measurement of vertical displacement in impervious core
2) Measurement of displacement of slope
3) Measurement of pore water pressure in impervious core
4) Measurement of earth pressure in impervious core
' 5) Measurement of pore water pressuie in foundation
6) Measurement of seepage quantity through dam and its foundation
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3.11.4 Selection of Measuring Apparatus

The various kinds of the measuring apparatus are selected to perform the above-mentioned
measurement. The 'type and the required number of the apparatus ate as follows.

Apparatus ) uanti Abbreviation

1) Pore pressure meter (no.)

- in foundation 30 - PF.
- in embankment .33 PP
- in abutments under grout tunnel 16 PN
2) Earth pressure meter (no.) EP
' 3) Multi-layer settlement meter (set) MY

4) Surface displacement survey point {pcs.)

- reference point 10 ' SR

- survey point 22 S8
5) Leakage measuring facitity (set) 1 LE
6) Water level detector and in ' | WL

dicater with gaging staff (set)
7) Recording and data processing 1 -
system (lot)

(Note:A triangular weir is provided at entrance of the inspection tunnel to measure leakage water. No
automatic water level recorder is provided at this location.)

Location of all measuring apparatus are shown in Fig.3.11.1 and Fig.3.11.2.

3.11.5 Measuring Apparatus

(1 Pore Pressure Meter i _ _
Pore pressure meters are instatled to monitor the pore pressure in the dam embankment and
foundation in order 1o analyze the stress status together with the earth pressure meters and

the scepage status together with the Ieakage measuring facility, -

0 - 28



@)

€)

@)

The pore pressure meter is planned to be of strain gage type

The measuring system of the strain gage type pore pressure meter consists of transducer and

such accessories as porous plug, connecting cable.etc,

The connecting cables are joined to relay terminal boxs set in the inspection gallery, around

the right abutment of the spillway bridge, and in the side wall of grout tunnel, in order to
transmit measureed pore pressure to the dam control house for recording and data
processing.

Earth Pressure Meter

Earth pressure meters are installed to monitor and 1o analyse the stress status in the dam
cmbankment.

The earth pressure meter is planned to be strain gage type.

The measuring system of strain gage type carth pressure consists of transducey, connecting
cable,ctc.

The connecting cables are joined to relay tenminal box set around the right abutment of the
spiflway bridge in order to transmit measured earth pressure to the dam control house for
recording and processing.

Multi-layer Settlement Meter

Multi-layer settlement meters are instatled 10 monitor the inlernal vertical displacement of the
dam embankment at 2 sections, namely at Sta.No 16(No,1) and Sta.No.10 (No.2).

The multi-layer settlement meter is of crossarm type , consisting of pipes, settlement plates

and its detctior, a 1ape measure,eic.,

Settlement measured on the dam crest is input to the computer for processing not by on-line

* but by ofﬂine system. - .

Surface_l)isplacemem Survey Points
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Surface displacement survey peints ave instatled to monitor the surface displacément of the

" dam embankment

The points consistof reference points (SR) and survey points ($S). SR are installed on the
stable briginal ground. S5 are installed on the slope and crest of the dam embankment. A
pair of reference points are prepared for cach alignment of survey poinis.

Number of points is as follows.

SR SS Iotal
on crest 2 6 8
on slope 8 16 24
total 10 22 32

The vertical displacement is measured by periodical levelling. The horizontal displacement in

the traversing direction is measured by using a transit and a target device.
Leakage Measuring Facility

Leakage measuring facility is installed to monitor and analyse the seepage status through the

core embankment and dam foundation,

One(1) leakage measuring chamber is constructed at the toe of the main dam embankment in
the spoilbank whose crest elevation is EL.125.00m and sloped down to the cofferdam. An
inlet block is fumished in front of the measuring channel followed by tripple screens which -
have 1 m square in area with 75 mm (center to center) bar pitch. Around the end portion of
the measuring chamber, a triangular weir is set with a notch angle of 90 degree , 750 mm
high and 800 mm wide. Seepage water flows through the inlet block and screens and is
measurcd at the weir and drained to the downstream side. To lead the leakage water into the
measuring chamber, concrele wing walls are construcied on both sides of the chamber and

jutted up to the both abutmenis.
Standing water in the sump pit of the inspection gallery is pumped up and drained through
the inspection tunnel. Al the entrance of the tunnel, a triangilar weir is provided to measure

the water manually.

Water Level Detector and Indicator
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One(1)set of water level detection equipment with electric water level transmitter, housed in
a water-proof enclosure is installed , being embedded in the inclined concrete slab for
travelling winch, that will be temporarily fumnished for closure of the diversion gate.

The water level detector will be of digital water level measurement sensor and consist of

magnet float and other necessary accessories with the following requirements,
-measuring range : FWL.193.50 m to LWL.139.00 m
-accuracy : less than +/-1.0 cm

A staff gauge made of metel plate will be also installed running parallel wiih the detector
and ind_icatof on the inclined concrete step for the intake structure,

3.11.6 Recdrding and Data Processing System

As shown in the overall block diagr&m of instrumentation for measuring apparatus in Fig.3.11.2,
- data measured at each location will be transmitted to the computer for display and processing by the

following system.

- Pore pressure {on-line)

- Earth pressure (on-line)

- Lcakage water (on-line)

- Reservoir water level {on-line)

- Mulii-Jayer settlement (of_f—lihe)
- Slope displacement (off-line)

The data except multi-layer setttement and slope displacement are transmitted to the computer
through relay terminal boxes and data acquisition controller consisting of scanner, A.C.stabilizer,etc.

or converter.
The data of multi-layer settlement and slope displacement are inputted to the computer manually.

Processed data are displayed on the monitor of the computer, outputted on printer and/or plotter

according to the requiremenits,
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Table 3.5.2; SUMMARY OF TEST RESULTS OF EARTH MATERIAL

Item Range Average
Specific gravity Gs 2.862 - 2.900 2.882
Gravel (%) 0 - 34 4
Gradation Sand (%) 1 - 13 5
' Silt (%) 29 - 59 44
' Clay (%) 24 - 58 47
Consistency Ll (%) 62.8 - 75.6 68.7
PL (%) 407 - 59.7 47.7
PI 159 - 245 21.0
Unified soil classification : MH MH
Natura! moisture content wn (%) 36.0 - 45.0 _ 39.9
Soluble salt determination (parts/million) 100 - 250 175

Table 3.5.3: PERMEABILITY OF EARTH MATERIAL

Dry density ~ Moisture Coefficient of

Sample : content permeability
(tf/m3) (%) (cm/sec)
EM1-2 (Dry side) 1.215 345 5.9 x 106
{Wet side) 1.215 441 3.7 x 10-8
EM2-1 (Dry side) 1.241 36.0 7.6 x 107
(Wet side) 1.241 47.5 7.6 x 10-8
EM3-2 (Dry side) 1.244 34.2 3.3x 106
| (Wet side) 1.244 46.5 6.0 x 107
EM4-1 (Dry side) 1.214 37.9 4.8 x 107

(Wet side) 1.214 47.6 1.0 x 107




Table 3.5.4: PROPERTIES OF FILTER MATERIAL

Item A-l A2 A3 A4 A5 A-6
Specific gravity (Oven dry) 2.871 2.894 2.892 2.892 2903 2.§93
-(Saturated surface dry) 2.898 2913 2912 2915 2922 2915
Water absorption (%) 093 065 070 08! 0.65 077
Gravel (%) 100 100 100 100 100 100
Gradation Sand (%) 0 0 0 0 0 0
Silt (%) 0 0 0 0 ) 0
Clay (%) O 0 0 0 0 0
Soundness (%) 1.9 23 3.1 1.6 29 1.7
Abrasion (%) 16,9 164 167 185 159 16.4
Table 3.5.5: PROPERTIES OF ROCK CORE MATERIAL -
TItern R-1 R-2 R-3 R-4 R-5 R-6
Type of rock™ F 0! 0 )3 F 0
Hole Q1 Q1 Q1 Q2 JQ2  IQ2
Depth (GL.- m) 9.8 12.7 14.6 7.6 9.1 13.7
Unit weight (tf/m3) 2321 2760 2.846 2381 2.578 2912
Natural moisture content (%) 7.4 1.2 1.0 4.8 5.6 0.7
Specific gravity 2.241 2709  2.860 2289 2478 2932
Water absorption (%) 10.3 1.8 1.8 10.6 6.8 2.4
Compressive strength (kgf/cm?) 168 980 1408 216 517 855
* Type of rocks F Flow Breccia )
: 0 0Old Lava (Felty)



Table 3.5.6: DESIGN VALUES OF EMBANKMENT MATERIALS

Fiiter
Item Earth Fine . Coarse _ Rock
Specific gravity 2.88
{Oven dry condition) 2.87 2.87 2.87
Natural moisture content (%) 40.0 '
Water absorption (%) 2.0 2.0 2.0
Dry density _ (tf/m3) 1.23 1.90 2.00 2.10
Wet density (tf/m?3) 1.72 1.94 2.04 2.14
Saturated density - - (tf/m3) 1.80
Submerged density (tf/m3) (.80 1.23 1.30 1.37
Coefficient of permeability (cm/sec) 1x10-3 1x10-3 1x10-2 ix101
Strength parameter (effective stress analysis)
Cohesion ¢' (tf/m?2) 0.0 0.0 0.0 0.0
30.0 36.0 38.0 40.0

Internal friction angle ¢'  (degree)




Table 3.6.1 RESULTS OF DAM STABILITY ANALYSIS _ _
(Dam Scheme: Present Scheme (Dam Crest EL. 196.0 m),
Dam_Section: Left Bank Dam Section)
MF-01:  Case Name
SFN : Safety Factor in Normal Condition
SFE : Safety Factor in Scismic Condition
Case Water Seismic Upstream Downstreamn
Level Coefficient 1:23 1:1.8
MQ-01 MO-01
Reservoir Full 189.00 0.05 SEN = 1,926 | SFN = 1.533
SFE = 1.568 | SFE = 1.367
| Mo | Mo
Rapid Drawdown (1) 155.50 0.05 SFN = 1979 | SFN = 1.533
SFE=1.722 | SFE = 1.367
_ MO-03 MO-03
Rapid Drawdown (2) 164.00 0.05 SFN = 1.883 | SFN =1.533
| SFE = 1.594 | SFE = 1.367
_ MO-04 - MO-04
After Compleﬁon —_ 0.025 SFN = 1979 | SFN = 1.533
SFE = 1.849 | SFE = 1446
_ MO-05 MO-05
Design Flood ©193.50 — SFN = 1979 | SFN = 1.533
SFE = — SFE = —




Table 3.62  RESULTS OF DAM STABILITY ANALYSIS
(Dam Scheme: Expanded Scheme (Dam Crest EL. 215.0 m),
Dam_Secction: Left Bank Dam_Section)
MF-01: Case Name
SFN : Safety Factor in Normal Condition
SFE : Safety Factor in Seismic Condition
Watcr Scismic Upstream | Downstream
Case Level | Coefficient | = ;)4 12,5 1:18
MF-01 MF-(2 MF-01
Reservoir Full 209.00 0.05 |SEN=1711 |SEN=1881 |SFN=1533
SFE = 1.387 | SFE=1.509 |SFE = 1.366
MF-03 MF-04 MF-03
Rapid Drawdown (1) |  155.50 005 |SFN=1506 |SFN=1620 |SFN=1533
SFE = 1.294 |SFE=1.386 |SFE = 1.366
MF-05 - MF06 MF-05
Rapid Drawdown (2) | 174.00 005 |SFN=1.523 |SEN=1.620 |SFN = 1533
| SFE=1.289 |SFE=1.378 |SFE = 1366
_ MF-07 MF-08 MF-07
After Completion — 0.025 |SFN=1543 |SEN=1597 |SFN=1533
- SFE = 1.435 | SFE = 1469 | SFE = 1.446
MF-09 MF-10 MF-09
Design Flood 212.50 — SFN = 1.831 | SFN =1.982 -| SFN = 1.533
SFE = — SFE=— SFE=—




Table 3.6.3 RESULTS OF DAM STABILITY ANALYSIS
(Dam Scheme: Expanded Scheme (Dam Crest EL. 215.0 m),

~Jam Section:  Right Bank Dam Section) ..

MF-01: Case Name
SEN : Safety Factor in Normal Condition
SFE :  Safety Factor in Seismic Condition

Case Water Seismic Upstrcam Downstream
Level Coefficient 1:2.3 1:1.8
' MFR-(1
Reservoir Full 209.00 0.05 —_ SFN = 1.464
SFE = 1.276




Table 3.6.4 RESULTS OF DAM STABILITY ANALYSIS
{Main Coffer Dam. (Pam Crest EL, 155,35 m)
MF-01: Case Name
SEN : Safety Factor in Nommal Condition
SFE : Safety Factor in Scismic Condition
Case Water Seismic Upstrcam | Downstream
Ievel Coefficient 1:2.3 1:1.8
c-0 C-01
| Rapid Drawdown 138.00 0.05 SFN = 1.843 | SFN = 1.604
SFE = 1546 |SFE=1426
Cc-02 C-02
After Completion — 0.025 SFN = 1998 | SFN = 1.604
SFE = 1.866 | SFE=1.511
C-03 C-03
Design Flood 154.50 — SFN = 1.997 | SFN = 1.604
SFE = — SFE=—
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| Fig.[38.2.2
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