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| Fig. |B.2.12(14)
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| Fig- [B.2.12(15)
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Study on Continuous Openings in

Damsite and Reserveoir Area

1. Assumed Openings

Attachment-1l shows all the cases of continuous opening if
any, although the Team considers those openings are not likely to
exist.

This paper tries to verify the water tightness of dam and
reservoir through examinations on all the cases of continuous

openings assumed above,

2. Examination for CASE (A) to CASE (H)

CASE (A) to (H}) will not cause any problems, since CASE (A),
(B), (D) and (H) are situmted outside the reservoir and in CASE
(C() and (E) to (G}, both inlet and outlet of opening are situated
within the reservoir.

3. Examination for CASE (L) and CASE (M)

CASE (L) and (M) are the case that the continuous opening
exists in the damsite.

Attachment-2 shows the cross section of damsite together with

the groundwater table investigated by boring.

As seen, a quite normal groundwater table is shown in the
right bank.

Although the groundwater level in left bhank is lowered near
the riverbed level, it 1s understandable in consideration that the

left bank has no water source.

The present groundwater level din the xight bank generally

coincide with estimated groundwater table without lava tunnels.
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Assuming that the continuous opening of CASE (L) or CASE (M)
exists as shown in Attachment-2, the present groundwater level may
not be maintained; that is, an unusual groundwater table as shown
with dotted lines may be indicated.

Besides that, the water in the openings should be subject to
some pressure due to groundwater, resulting in the spring water at
the outlet. The field reconnaissance confirms no existence of
such spring waters in the are. Further, the boring investigations
indicate a very good core recovery. Non-core recovery appears
with a few percentage, for which it is considered highly weathered
materials were discharged in the process of drilling, since the
permeability tests show a normal foundation condition with
permeabllity coefficients of 10°% to 1076 cmfsec, suggesting no

existence of any continuous openings there.

Thus, the Team comes to a conclusion that the openings of
CASE (L) or (M) will not exist.

b, Examination for CASE (I) to CASE (K)

Attachment-3 shows a profile of CASE (I) to (K). It seems
that a continuous opening is not created in this directiaon in
consideration of the process of creation of a lava tunnel; that
is, a lava tunnel is created along the slope of lava, i.e. in the
direction of mountain side to sea side. However, assuming that
this kind of continuous opening exists, the rainfall will come out
from the opening. This discharge from the opening forms a gully
near its outlet for a very long time.

The Team carried out a careful reconnaissance throughout the

reservolir area to find out such a sign or any openings.

The above reconnaissance did not find any sign of the
existence of such openings, coming to a judgment that CASE (I) to
(K) may not exlist in the area.
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5. Examination for CASE (0) and CASE (P)
Attachment-4 shows a profile of CASE (0) or CASE (P)

Assuming the existence of opening of CASE (0), a detectable

excessive water loss should occur through the continuous opening,

On the other hand, the discharpe measurements carried out Ffor
confirming any water loss in the river stretches clarify no water
loss in the river, certifying the continuous opening of CASE (0)
does not exist.

The continuous opening of CASE (P), if any, has to pass
through below the riverbed of Moka River. It must largely effect
on the Moka river water and groundwater in surrounding area.
However, the Moka river water and groundwater in surrounding area
keep just normal flow without any disturbance by the opening below

riverbed. It suggests no existence of such an opening.,

6. Judgment based on investigation of existing wells and

coreholes

There are many existing wells and. coreholes in the

surrounding area.

Attachment-5 gives the water levels in the existing wells and

coreholes,

As seen in Attachment-5, the water levels in the existing
wells and coreholes mostly appear at shallow depths less than 30 m
where the boundary between the weathered soil materials and firm
rock exists, meaning that continuous openings do not exist below

these water levels.

Then, it can be said generally that the existence of
continuous opening should be wvery rare in the area even if it

exists.
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7. Conclusion

As mentioned, all the investigations and studies indicate
that such a8 continuous opening as cause an excessive leakage in
future will not exist, Thus, the Team considexrs that the

necessary water tightness of dam and reservoir will be secured.

However, considering the event that there are continuous
openings in the reservolr sarea by any chance, the impoundment in
the reservoir will be made pradually, 3If there is any continuous
opening to cause an excessive leakage, its sign will appear., In
such an event, the reservoir water level can be lowered with the
river outlet system equipped in the dam, and then, the opening
will be plugged with concrete, Its cost is considered minor,
since it is investigated at least that the continugus opening does

not exist in a large scale,

For reference, examples of treatment are shown in Attachment-
7. Attachment-8 and 9 list up the past examples of treatment for
highly permeable dam foundation in wvarious countries.

it is5 noted that the measures of treatment depend largely on the
actual situatlion of opening, requiring a detailed examination in

accordance with its location, scale and state, etc.
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SURROIIND WATER LEVEL IN WELLS AND BOREHOLES IN 1982-1983(1/2)
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1. Analysis of Groundwater Level .at Present Condition

1.1 General

An analysis is made to confirm whether the groundwater level
measured in the left bank of the proposed damsite 1s reasonable or
not.

1.2 Methodology

The analysis is based on the following equation:

d.(K, Oh) +d Ky:@b_)=0 e (2)
lx dx dy dy

where,

K

Ky = Permeability coefficient in x and y direction
respectively,
h = Water head
The above equatlon is obtalned as follows:

x!

Y
= X

Tv+dv

> U

I RN —lu+du.

/ i\
v

S A Y QT
Assuming no increase or decrease in discharge,
u Ay - (u + dujAy + vox - (v F dv)ax = 0
- du Ay ~ dv Ax = 0
du 4+ AV L g e e (1)

AX AY
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On the one hand, u and v are given by Darcy's formula as

follows:
u =Kx .@..11 LI 4 =Ky @.ll—
dx Oy
Substituting the above for Equation (1),
d (k. Gh ) + 3 K, Gy =0 e (2)
dx dy dy
The above equation is applied as follows:
A
_ i+1
mmmmm ey
i
I
I
J .
4

K, oh
Ox

d_(k,dh)
cx ax

;h
Ky gh

ay

8 (xyh)
dr dy

Kyoqg (hy = hy 4)
R

Kitvp (hyyq - hy) - Ky 3 (hy - hy 4)
Ox Fa%'s
X

Kigp hygy - (Kjgq + Ky 4)hy + Ky 4-hy 4
Ayt

Kj_l (hj - h'_l)
oY

Kys1 (hggn - Bg) - Kyg (hy - By q)
Ay Ay
y

Ay2

Thus, the followinpg equation;
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g (Redhy 9 (Rygh) =g
dx  Ox dy Y

is represented by this finite differentiation equation.

Kisg Bigy - (Kggq + Ky 9) hy + Ky 5 hy 5

Ax?

Kjpp Pyan = Ryyy + Kyq) hy o+ Ky g My,
2

Ay

Substituting hi = h and hj = h ,then,

Kigg Bagn * Kyg hy g + Kypy Byyg + Ky g by g
- (Rppg *Kyg + Kyyg Xy pdh =0

, 01
Bow Kjyg By Ky g hyg v Ryyy hyyg t Ky g by
Ki+l+ Ki-1+ Ki+14 Kj-1

uuuuuu

Equation (3) should be satisfied at all the points. Then,
simultaneous equations having the water head at each point as

unknown quantity can be obtained,.

The water head at each point is found by solving the above

simultaneous egquations.

1.3. Result of Analysis and Comment

The result of analysis 1s shown in the Attachment-l. In the
analysis, the present river water level 1s glven as known

groundwater levels, which are shown in bracket.

The groundwater level in the left bank of damsite obtained by
the analysis is shown in the Attachment-2 in comparison with that

measured actually.

As seen in Attachment-2, an approximate coincidence bhetween
the analyzed and measured ones is obtained, indicating that the

present low groundwater level in the left bank of damsite is not
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due to an unusual geological condition.
The flow velocity and direction of groundwater is shown in
the Attachment-7,

The maximum flow wvelocity of 376 cm/day is indicated at
western side of southern edge of the plateau, suggesting that a
particular problem will not occur at flow velocity less than 376
emfday.

2. Analysis of Groundwater Level and Leakage After Dam Construction

2.1 Methodology

The same methodology as mentioned in the previous section 1.2.

2.2, Leakage After Dam Construction

After dam constructilon, water level c¢f dam reservoir will
rise in the range of low water level (El, 139 m) and high water
level (El. 189 m) except for short period during flood.
Attachment-3 to S5 show groundwater level contour maps of the
Plateau by several water levels of the reservoir. Stored water in
the reservoir flows into the Plaines Wilhems river and its amount
is 30 lit/sec at 189 m, 18 lit/sec at 185 m and 6 lit/sec at 180
m. When water level falls down to 176 m amount of ground water
flow is balanced and there is no leakage loss through the Plateau
Attachment-6 shows the relationship between leakage volume and

water level of the reservoir.

2.3 Velocity of Seepage Water

There are two areas where ground water has high velocity in
the present condition. One is on the Plaines Wilhems river near
the confluence with the Terre Rouge river. Maximum velocity there
is 186 cm/fday. Another 1s western side of southern edge of the
Plateau. Maximum velocity there is 376 cm/day. Attachment-7

shows distribution of groundwater flow velocity in the analysed
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area under the present condition,

This distribution pattern does not change compared with the
present condition even if dam reservoir is filled with water.
Attachment-8 shows distribution of groundwater flow after dam
construction (EL. 189 m).

Following changes of ground water flow wvelocity from the

present

condition are observed after dam construction.

Present After
SITE condition condition
(1) Plaines Wilhems river
near confluence with
Terre Rouge river
- Max. velocity 186 cm/day 199 cm/day
(2) Western side of southern
edge of the plateau:
- Max. velocity 376 cm/day 374 cmfday

In Plaines Wilhems river near the confluence with Terre Rouge
river, the increase maximum of flow velocity of 13 em/day occurs
due to dam construction. However, this increase is considered
insignificant from the aspect of safety.

In the western side of southern edge of the plateau, the flow
velocity tends to reduce due to the rise of water level in the
downstream, changing the condition to safe side.

Detail of conditions such as permeability distribution in the
simulated area, ground water level as boundary and results of
simulation
are tabulated in Attachment 10 to 14,
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Water Level of TRO Dam Reservelr

EL. 189m
(High Water Level)
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Water Level of TRO Dam Reservoir
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Water Level of TRO Dam Reservoir

EL. I70m

187 188 188

187

185

1B—=T82  ||93 |92

"'/‘ra\lal

186

190 |igs_ 499 |ios

196

187

\!92

w2 [210  |aom 205 "|ne01 lige
\e
Q\\zzq 50 1213 1207 e lios
Y Y

L] 150

GROUND WATER LEVEL
(RESERVOIR WL:EL.170,0m)

GOVERNMENT OF MAURITIUS
PORT LOUIS WATER SUPPLY PROJEGCT

JAPAN INTERNATIONAL GOOPERATION AGENGY

10




Lzakage through Left bonk

Annex B-2
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Present  Condition
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Water Level of TRO Dam Reservoir
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AVERAGE WATER BALANCE {1966 - 1986)

(with leakage)

Total Water Requirement : 1,05 m3/sec

Annex B-2
Attnchment-9

LHL : 139,00 m HWL : 189.0m
Effective Storage : 6.4 MCH  Dead Storage : .275 MCM
SEASON INFLOW®* PIPELINE RELEASE SPILLOUT DEFICIT  WATER LEVEL EVAPORA- LEAKAGE
Resi Dam SHPPLY & NUMBER TION
(HCH} (MCM) (MCH) {HCH) (MCH) {MCH) (m) {MCH) (MCH)
nov, 1 0.28  0.47 0.18 0.45 0.17 0.00 0 185.2 0,010 0,020
2 0.24 0,40 0.18 0.50 0.11 0.00 0 184.0 0.010 0.019
3 0.32  0.51 0.19 0.47 0,23 0.00 0 183.0 0.009 0.017
DEC. 1 0.47 0.68 0.19 0.40 0.30 0.00 0 182.5 0.009 0.015
2 0.71  0.90 0.20 6.33 0.52 0.00 0 182.4 0.009 0.015
3 1.32 1,56  0.22 6.29 0.98 0.00 0 184.7 0.009 6.017
JAN, 1 0.69 0.88 0.20 0.21 0.54 0.00 0 185.0 0.010 0.016
2 1.60 1.82 0.19 0.23 1,53 0.00 0 185,2 0.010 0.018
3 2,74 2.92 0.24 0.15 2.64 0.00 0 185.6 0.010 0.021
FEB., 1 3,42 3.99 0.24 0.04 3.45 0.00 0 1B7.8 0.009 0.020
2 2.95 3.97 0.24 0.06 3.87 0.00 0 187.8 0.009 0.024
3 2,03 2.44 0.20 0.05 2.34 6,00 0 187.9 0.009 0.020
MAR. 1 2.03 2.58 0.24 0.03 2.38 0.00 0 1B8.4 0.009 0.024
2. 2.54  2.95 0.24 0.01 2.86 0.00 0 188.6 0.010 0.025
3 2.13  2.40 0.26 0.05 2.27 0.00 0 188.8 0.009 0.028
APR., 1 1.3 1,59 0.24 0.04 1,48 0.00 0 189,90 0.009 0.026
2 1.51 2.08 0.24 0.06 1.98 0.00 0 189.0 0.008 0.026
3 1,20 1.77 0,24 0.06 1.68 0.00 ©& 189.0 0.008 0.026
HAY. 0.96 1.24 0.24 0.07 i.14 0.00 0 189.0 0.007 0.026
Z 0.75 1.00 0.23 0.11 ¢.87 0.00 0 188.9 0.007 0.026
3 .88 1.15 0.25 0.15 1,00 0.00 0 188.8 0.007 0.029
JUR, 1 0.74 1,02 0.23 0.13 ¢.89 0.00 0 188.7 0.006 0.026
2 0,68 0.95 0.23 0.12 06.78 0.00 0 188.,7 0.006 ¢.025
3 0.63 0.9 g.22 0.16 0.71 0.00 0 188.8 0.006 0.025
JuL, 1 0.55 0.81 0.21 0.18 0.61 0.06. 0 188.8 0.006 0.026
2 06.57 0.80 0,22 0.17 0.61 0.00 0 188.8 0.006 0.026
3 0.71 1.490 0.24 0.17 0.80 0.00 0 188.7 0.007 0.028
AUG, 1 0.63 0.83 0.21 0.15 0.65 0.00 0 188.7 0.007 08.025
2 0.77 1,13 0,22 0.1% 0.96 0.00 0 188.6 0.007 0.025
3 0,77 1.13 0.24 0.16 0.94 0.00 0 188.6 0.008 0.028
SEP. 1 0.56 0.71 0.21 0.19 0.51 0.00 0 188.5 0.008 0.025
2 0.43  0.56 0.21 0.22 0.34 0.00 0 188.3 0.008 0.025
3 0.40 0.49 0.20 0.29 0.23 0.00 0 188.0 0.009 0.025
0cT. 1 0.40 0.58 0.20 0.34 0.29 0.00 0 187.6 0.009 0.024
2 0.31 0.46 0.20 ¢.39 0.15 0.00 0 187.0 0.010 0.023
3 0.29 0.45 0.21 ¢.18 0.10 0,00 0 186,7 0.010 0.024
38.69 49.10 7.88 7.06 40.92 0.00 0 - 0.301 0.835

* Dam : inflow into TRO dam reservoir

Resi: river flow of residual basin
14




PERMIABILITY ( after improvement )}

Annex B-2
Attachment-10

Unit : cm/sec
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Curtain greut or other improved area :

Others
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Annex B-2
Attachment-11

GROUND WATER ELEVATION (Present condition)
River bed Section 4-5
1 2 3 4 5 6 7 (Terre Rouge) Flux{1it/sec)
14 130 122 M4 - - - - - . ..o -
130 126 120 16 - - - - - - . ..
13 130 1286 126 22 117 1% 3120 121 122 . - - 122 122 -0.03
139 136 133 120 127 126 126 127 127 128 - 129 135 135 -0.31
12 147 143 139 136 134 132 132 132 133 134 135 139 148 148 ~0.42
156 150 146 142 140 138 137 137 137 138 40 143 148 148 -0.16
11 164 156 151 148 145 143 142 142 142 142 144 146 148 148 ~0,01
165 160 155 152 149 147 146 145 145 145 146 148 - 148 0.03
10 166 162 158 155 153 151 150 149 148 148 148 - - 148 -0.02
167 164 161 156 156 154 153 152 161 151 150 - - 150 -0.06
9 168 165 162 161 159 157 156 155 154 153 152 - - 152 -0.10
‘ 169 166 164 163 161 160 158 157 156 156 164 153 - 153 -0.19
8 169 168 166 165 163 162 161 160 159 158 157 156 154 154 -0, 26
170 169 167 166 165 164 163 162 161 161 160 159 158 158 -0.20
7 171 170 169 168 167 166 166 165 164 163 162 162 161 161 -0.13
171 171 1/ 170 169 169 1688 167 167 166 165 165 164 164 -0.10
6 177 172 312 172 171 ATL 1300 1700 169 169 168 188 167 167 -0.07
173 173 173 173 173 173 173 172 172 111 1711 171 - 1N ~0.04
5 174 175 175 176 176 176 175 175 174 174 174 - - 174 -0.01
176 w77 177 178 178 178 178 177 1727 176 175 174 - 174 -0.09
4 177 179 180 181 181 181 181 180 179 178 177 176 175 175 -0.23
181 182 183 184 184 184 184 183 181 180 178 177 175 175 ~0.47
3 184 185 186 187 188 188 187 186 184 182 180 178 176 175 -0.86
- 187 189 192 193 193 181 189 187 184 182 180 178 178 -1.24
2 - - 190 198 199 198 196 193 190 186 183 182 181 180 -1.84
- 216 212 210 20B 205 201 197 192 188 184 182 - 182 -2.94
1 242 236 230 224 218 213 207 201 195 189 183 - - 183 ~4.50
1 2 3 1 5 6 7 Total -14,23

16



GROUND WATER ELEVATION

Annex B-2
Attachment-12

Water Level of TRO Dam reservoir : 188 m Unit : meter
River bed Section 4-5
1 2 k! 4 5 6 7 (Terre Rouge) Flux(lit/sec)
14 130 122 114 - - - - - - - - - - - -
130 125 120 116 - - - - - - - - - -
i3 130 129 126 122 117 119 120 1% 189 - - - 122 122 4.72
139 136 133 129 125 124 122 127 89 188 - - 136 135 1.91
12 147 143 139 135 31 129 127 135 147 18% - - 148 148 -0,21
156 151 146 142 136 133 136 152 175 189 - - 148 148 0.98
11 164 157 154 151 144 138 160 182 187 189 - - 148 148 0.98
165 162 159 158 158 164 182 186 188 189 - - - 148 2.34
10 166 1656 164 164 169 176 183 186 187 189 - - - 148 2.61
167 167 168 169 174 178 18r 185 187 189 - - - 150 4.12
9 168 169 170 172 178 178 181 184 187 180 - - - 152 4.14
169 170 172 174 176 179 182 184 187 189 -~ - - 153 3.95
8 169 171 173 175 177 180 182 184 187 189 - - - 154 i.60
1700 172 174 176 178 180 182 184 186 0 188 185 189 - 158 2.7
7 171 173 175 177 179 181 183 185 186 188 189 180 189 161 2.10
171 173 175 178 180 182 183 185 187 188 183 189 - 164 1.75
6 171 174 176 179 181 182 184 186 187 189 - - - 167 1.52
173 175 118 180 182 183 185 18 188 189 - - - mn 1.09
5 174 177 179 181 183 185 186 187 188 189 18¢ - - 174 0.64
176 178 181 183 184 186 187 188 188 180 189 - - 171 0.42
4 177 180 183 18 186 188 188 189 189 189 189 - - 175 0.16
181 183 185 187 189 190 190 190 90 190 189 189 - 175 ~0.16
3 184 185 187 190 192 192 192 192 191 190 190 189 - 175 -0.63
- 187 189 183 195 196 195 194 192 191 150 189 - 178 -1.19
2 - - 190 199 201 200 199 196 194 191 189 - - 180 -1.89
- 216 212 211 209 206 203 199 195 152 189 - - 182 -2.94
i 242 236 230 224 a8 213 207 200 195 192 189 - - 183 -4,50
1 2 3 4 5 6 7 Total  30.22
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Annex B-2
Attachment-13

GROUND WATER ELEVATION

Water Level of TRO Dam reservoir @ 180 m Unit : meter

River hed Section 4-5
1 2 3 4 5 6 7 (Terre Rouge) Flux(1it/sec)

14 130 122 114 - - - - - - - - - - - -
130 125 120 116 - - - - - - - - - -

13 130 129 126 122 117 119 120 150 180 - - - 122 122 3.55
139 136 132 129 125 124 122 126 180 180 - - 135 135 2.67

12 147 143 139 135 131 129 127 134 144 180 - - 148 148 -0.24
156 151 146 142 136 133 136 148 168 180 - - 148 148 0.56

11 164 157 153 151 143 137 155 174 179 180 - - 148 148 0.63
166 161 159 157 167 160 176 178 179 180 - - 148 .27

10 166 164 163 163 166 172 176 178 179 180 - - - 148 1.30
167 166 166 167 170 173 175 1727 17% 180 - - - 150 1.96

9 168 168 168 170 172 174 17h W77 179 180 - - - 152 1.90

169 169 170 17y 173 174 176 177 179 180 - - - 153 1.73

8 168 170 171 172 173 15 176 177 179 180 - - - 154 1.49

1720 1710 72 173 174 175 177 18 179 180 180 180 - 158 1.02

7 171 172 173 w4 138 176 177 178 179 179 180 180 180 161 0.68

171 172 174 175 126 177 178 179 179 180 180 180 - 164 0.45

6 7, 173 1% 176 17y 178 179 179 180 180 - - - 167 0.26

173 174 176 177 178 179 180 180 180 180 - - - 171 0.07

5§ 174 176 177 179 180 180 181 181 181 180 180 - - 174 -0.04

176 177 179 180 181 182 182 182 182 181 180 - - 174 -0.17

4 177 179 181 183 184 184 184 183 183 18] 180 - - 175 -0.36

181 182 184 185 186 186 186 185 1B4 182 181 180 - 175 -0.63

3 184 185 187 188 190 190 189 187 186 183 181 180 - 175 -1.07

- 187 189 192 194 194 192 150 187 184 181 180 - 178 -1.51

2 - - 190 198 200 199 196 193 190 185 180 - - 180 -2.12

- 26 212 211 208 205 201 197 192 187 182 - - 182 ~3.13

1 42 236 230 224 218 23 207 2001 195 189 183 . - 183 -4.50

1 2 3 4 ! ] 7 Total 5.76
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GROUND WATER ELEVATION

Annex B-2
Attachment-14

Water Level of TRO Dam reservoir : 170 m Unit : meter
River bed Section 4-5
t 2 3 q 5 6 7 [(Terre Rouge) Flux(1lit/sec)
14 130 122 114 - - - - - - - - - - - -
130 125 120 16 - - - - - - - - - -
13 130 129 126 122 117 119 120 145 170 - - - 122 122 2.44
139 136 132 129 126 124 122 125 170 170 - - 135 135 1.56
12 147 143 138 135 131 129 126 132 140 170 - - 148 148 -0.25
156 150 146 142 135 132 134 145 161 170 - - 148 148 0.21
11 164 157 153 150 143 137 151 166 169 170 - - 148 148 0.33
165 161 158 156 156 15 167 169 170 170 - - - 148 0.43
10 166 164 162 161 164 167 169 169 170 170 - - - 148 0.3t
167 166 166 165 167 168 169 3169 170 170 - - - 150 0.36
Y 168 167 167 167 168 168 169 169 170 170 -~ - - 152 0.27
169 168 168 168 169 169 169 170 170 170 - - - 153 0.15
g 169 169 169 169 170 170 170 170 170 110 - - - 154 0.01
170 170 170 170 170 171 171 171 170 170 170 170 - 158 -0.10
7 inno1o1;1 17r 17;r 171 11 171 11 1700 1700 1700 1700 161 -0.18
7t 172 17z 172 172 172 72 172 171 1700 170 110 - 164 -0.24
] 171 172 173 173 174 174 173 1713 172 170 - - - 167 ~0.26
173 174 174 175 175 176 176 174 173 171 - - - 171 -0.16
5 174 178 176 177 177 177 176 176 175 174 174 - - 174 -0.06
176 177 w8 179 179 179 178 178 176 175 174 - - 174 -0.15
4 177 179 180 181 182 181 181 180 178 177 175 - - 175 -0,31
181 182 183 184 185 184 184 182 181 179 177 175 - 175 -0.56
3 184 185 1B6 187 188 188 187 185 183 181 178 175 - 175 -0.98
- 187 180 192 193 192 191 188 186 183 180 178 - 178 -1.35
2 - - 190 198 199 198 186 192 189 184 180 - - 180 -1.93
- 216 212 210 208 205 201 196 192 187 182 - - 182 -3.n
1 242 236 230 224 228 213 207 200 195 189 183 - - 183 -4.50
1 2 3 4 5 ] 7 Total -7.99
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ANNEX (B-3)

JUSTIFICA’I‘ION FOR DEPTH OF FOUNDATION
EXCAVATION FOR SPILLWAY AND. EARTH DAM
AT MO4 AND TR9 '






Annex (B~3)

1. General

In the design of dam for MO4 and TRY9 schemes, the spillway is
founded on the weathered rock sturface situated at around 15 m
depth from the ground surface. The impervious cut-off Etrench is
alsc excavated down to the weathered rock surface to secure the

safety of dam,

the above design is based on the following consideration:

2. Foundation for spillway

{1) The spillway (a heavy concrete structure) founded on the
clay materials should be considered to cause a
differential settlement due to the sao-called
consolidation of c¢lay materials (The consolidation of
clay occurs hecause the water contained in the clay
discharges out due to the weight of concrete structure);
that 1s, the foundation of the concrete structure will

move.

As a result, many troubles are considered to arise in
the concrete structure itself. Besides that, the earth
dam will be subject to serious damages in the contact
portien with the concrete structure due to the movement
of concrete structure, resulting in a fatal damage of

whole dam.

Therefore, the Team considers the spillway, in
principle, is forced to be founded on the weathered rock
situated at about 15 m depth where the consoclidation

will not occur,.

(2) The spillway is a concrete gravity dam which should

followed the dam design criteria accepted widely.

According to the dam design criteria, the foundation of
dam has to have the safety factor more than 4 times at

least in both sliding and bearing strength.



Annex (B-3)

It will be difficult to secure the above necessary
safety factor on the foundation of clay as seen in the
attached paper {attach.-1) which shows a stability

analysls of a concrete structure on the clay material.

In the case of this example, the safety factor for
sliding is calculated at 0.83 which is much less than
£,0. The bearing stress is calculated at 24.83 t/m® ,
while the bearing strength of clay materials will be
gabout 5.0 to 15 tfm?.

Thus, it is considered that such an important concrete
structure as the spillway of dam should not be founded
on the clayey materials which tend to rcause wvarious

troubles.

3. Foundation for earth dam
(1) Impervious cut-off trench

The securement of a sufficlent impermeability in the dam
foundation is the most important factor for the safety
of a £111 type dam,

As for measures to secure the sufficient impermeability
of dam foundation, there are three(3) widely accepted
measures as shown in Attachment-2, One of them 1is
usually applied in accordance with the thickness of

pervious foundation.

Case (a) in Attachment-2, in which the cut-off trench
reaches the impervious stratum} is most reliable
technically, and therefore, it is recommended to apply
the Case (A),if the thickness of pervious layer is not

so deep or if there is no large difference in the cost,

Attachment-3 presents a preliminary cost comparison on

the above three (3) treatment measures.



(2)

Annex (B-3)

The result 1s as follows:

Case (A): USS$ 3,780,000

Case (B): USS5 6,300,000 (concrete wall)
USS$ 3,900,000 (cement grout)

Case {(c): USS 3,660,000

As seen,the cost difference is negligibly small among
three measures, In such a case, application of the most
reliable and complete measure {Case(A)),in principal, is

recommendable.
Foundation for earth dam

The foundation of &8 £ill type dam 4is prohibited to
contain any organic or harmful materials. Furthermore,
very loose residual soil materials should be removed to
avoid probable troubles to be caused by conscolidation of
loose soill materials or the collapse of dam body along a
weak sliding circle which appears through the weak
foundation.

Based on the field investigations at MO4 or TR9, it is
judged the stripping of about 3.0 m depth at least will

be required.
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Examination of Stability for A Concrete Structure on Clayey Material
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Pervious or impervious zone= A horizontal drainage blanket
. H - izon i anke
& Crest of Dom ”_ﬂ__“ 5tn o | | meefing filter ¢riterio 18 required whe
g ! {t) The embankment is homageneous
l. or the downstream sheil is rockfill,
)
|
)

1
V
'
1
1
I
|
1
1
)
1
]
1
H
z
1
1
t
1
)
i
1
4

Pervious or

S A e |

I
|
X ! ; I {2) Permaability of the pervious
Original lzrg;r)'eer:\it_ous En N i ] layer is questionable
ground S /ljnper\fLO s zone 3\ 4 (3} The possibility of piping exists,
4 g T A i (4} The foundlotion is strofified
S G T ot T i
F ‘-5_"‘. uto <t i ’ N
Steip organic .0 IR 1pench.:: PR ---Filter may be *._.Toe drain
materiol - -~ ’ _ 5. G Ak

required here to prevent piping

Impérvious stratum -~
*~Grout cap

Moy be required if
,- - Grout holes;

imparvious strotum is rack
{A} SHALLOW PERVIOUS FOUNDATION

& Crest of Dom----a ,.-Downstream slope of

. minimum-size core [1:1)

Pervious or
imparvious zons..
.y " i M
Original ground 7 aGeT Imperviaus L v,
surface:: F N 747, 108 AL,
e L A e TR
---------- o T :
Strip orqonic _.-- ~.-Key |trench !
moterial-- " A e w7 4 5L
! ,.~Sheat piling, cement bound curtain T Thesa treatments require
< cutoff, slurry trench, or alluviol | the supervision of an
grouting 4 experienced engineer
Ll 220 S A D2 T

-Pervious or impervious zone

Horizontal drainage blanket meeting
filter criterio if overlying zone is
imperyious, rockfill, or f dictated

by piping requirements

“--Toe drain

g 1AL
> __4/4'// PR

"
’

Wl

Pervious foundation-

........ Imparvlous straotum
{B) INTERMEDIATE DEPTH OF PERVIOUS FOUNDATION
€ Crest of Dom-.r

____________________________ .- Downstream slape of
"lF .-./-;,".'u‘ " minimum-size core { I:1}
- 2
t . SCEATE Rt .-~Pervious or impervi
7  Pervious or 0\\6“'-:/3(5 . J/-;”'V.:.Lf'-/.-?‘)b B or imp aus zane
T impervious zone-. ﬁ\‘/_/'- Impervious zone Original ground surfoce -,

2 -Toe draoin |
- T P . . -~ :-" . T g /

Key french. . "“Harizantal droinage blanuet meeting filter
criterio (f overlying zone is impervious,

rockfill, or if dictoted by piping requiremenits
“---Pervious foundation ---.. o,

(C) DEEP PERVIOUS FOUNDATION

*~Blanket, extend os Strip orqanic moTerial“'
necessary o reduce
seepoge losses e

Source : DESIGN OF SMALL DAMS, USBR, 1977

TYPICAL FOUNDATION TREATMENTS
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Preliminary Cost Comparison of Foundation Treatments

(1) Case (&)

cut - off trench

l bm l

A= % (30+6)=270m°
L=1,000m

V =270, 000m3

Cost=270,000X ($4.0+&10.0)
=Us$ 3,780,000

(2) Case (B)
(1) Conerete Cut -~ off wall :

L = 15mx1.000m = 15.000m2
Cost = 15.000m® X $420/m? = US$6,300,000

(ii) Sheet pile :
The effect by sheet pile is poor, and the sheet pile is not used

recently, Its cost is also higher,

(iii} Cement grout :

1.000m
15m><-—-—-—-0 c xX$130/m = US$_ 3,900,000
.bm

Note : Cement grouting in five grained pervious layer is not
recommendable because of its poor technical reliability.
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(3) Case (C) ‘

Upstream blanket

< T

50m{ Average)

A

Excavation : A 3.0mX50m = 15Om2
V = 150m2X1.000m = 150.000m3
Cost = 150.000m3X$4/m3 = US$ 600,000

1

#H

Embankment A = 3,.0mxX50m = 150m2
¥ = 150m®%1.000m = 150.000m3
Cost = 150.000m3X$10/m3 = US$ 1,500,000

Horizontal drainage blanket
K in downstream

N J’

/ B // 3.0
) =g —
1J 50m (Average) ‘I
< g

Excavation : A= 3.0mx30m = 90m2
V = 90mex1.000m = 90.000m>
Cost = 90.000m3%$4.0/m3 = US$ 360,000

Embankment : A = 3.0mx40m = 120m°
V= 120m°%1.000m = 120.000m3
Cost = 120.000m3x$10.0/m3 = US$ 1,200,000

Grand Total of Cost = US$ 3,660,000
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