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Cl1 Geology
Cci.1 Regional Geology

The Tana river rises from the Aberdare Range (Mt. Ol-doinyo Lesatima; EL. 3,999 m)
which is located at about 80 km west of Mt. Kenya (EL. 5199 m). In the upper and
middle reaches of the river, many uibutaries which show radial drainage pattern join
from the slopes of Mt. Kenya.

Tana river basin can be divided into three distinct physiographic units from west to
east, the eastem slopes of Aberdare Range and the southern - eastem slopes of Mt.

Kenya, the Kenya Basement System terrain (peneplain) and Tertiary - Quatemary
sediments area.

‘The eastern slopes of Aberdare Range and the sowthem - eastern slopes of Mt. Kenya
are formed by the volcanic formations which overlie the basement complex formations
(Kenya Basement System). The volcanic formations are composed of basalt,
phonolite, agglomerate, wlf, etc., originates from Mt. Kenya and the Aberdare Range.

The volcanic activity (eruption) of Mt. Kenya is estimated to be in the late Tertiary
{Miocene-Pliocene) to early Quaternary (Pleistocene) age, and no evidence of volcanic
activity is found in the Recent (Holocene).

The middle reach of the Tana river runs on the Kenya Basement System terrain which
is composed mainly of high-grade gneisses of the Kenya Basement System of the

Archacan age. Several types of intrusive rock (mainly granite) are found in the
£Neisses,

The lower reach of the Tana miver flows on the rather flat plain formed by the
sedimentary rock or sediment layers of Tertiary to Quaternary age. The river forms the
flood plains along the course which comprises river levee Jand and river basin land.
The river levee land lies just above the normal flood level and is generally flat. The
river basin land is seen in the outside of the levees, is periodically flooded. The Tana
river forms the delta (recent deposits) at the outlet to the Indian ocean. In the della, the
‘Fana river has periodically changed its course.

Cl.2 Reservoir Geology

The reservoir areas of the Mutonga and Grand falls dams are located in the middle reach
of the Tana river. The geology of both reservoir areas is composed of high-grade
gneisses of the Kenya Basement System of Archacan age. The gneisses {(metamorphic
rock) show a wide variety of rock facises in the area, reflecting the varied nature of the
original sediments from which the gneisses were derived. They range from granite
gneiss through semi-pelitic banded gneiss to biolile-rich pelitic-mafic, semi-felsitic and
homblende plagioclase gneisses.
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There arc two prominent ridges (monadnock); (a) Kijege forest - Kierera forest (N-S
direction) and (b) Gikingo forest - Mutejwa forest - Kamuwongu - Kiuga - Mumoni
forest (NNE-SSW direction), formed by mainly granitic gneiss which have rather
higher resistance to weathering than the other gneisses. The Tana river runs in the area
between those two ridges from south to north until Grand Falts. In the downstream
from the Grand Falls, the river course changes toward the east and cuts the later ridge
(b). The area between two ridges is formed mainly by semi-pelitic banded gneisses,

biotite rich pelitic - mafic gneiss, etc. poorly resistant to weathering. (Refer to Figure
C1.2.1)

The river courses of the Tana river and other tributaries are generally adapted by the
slopes of Mt. Kenya and structures of the Kenya Basement System, mainly strike of

the gneisses formation which shows between north and northeast direction over the
ICSCIVOIE arcas.

The gneisses have been intruded by many small and several large granite bodies,
generally fine-grained and partly coarse or pegmatitic,

Basalt lava flow, originating from Mt. Kenya, of Tertiary or even younger age,
develops on a long narrow ridge about 1.5 km north of the Mutonga damsite. The lava

flow is found more than 130 m above river level and no other outcrops can be seen at
lower clevation.

Overburden in the reservoir areas consists of a thin covering of residual soil which is
matnly sandy gravels, silty sand, silty clay or clayey silt, Sandy deposits are seen in
some seasonal rivers, such as Kalange, Kamura, Konyu, etc.

No noticeable fault structures are found in the reservoir areas.
C1.3 Geology in the Project Areas
C1.3.1 Mutonga Project

(1} Introduction

The Mutonga project site is located approximately 37 km downstream from the

Kiambere site. The geology consists of gneisses of the Kenya Basement System and
sonie granttic intrusions.

The geological investigation as a feasibility study has been carried out in the 1979/1980
period by the British consulting firm, Engineering and Power Development Consultants
(EPDC), as part of their work on the Kiambere Feasibility Study, and some additional
geological mapping has been done in the 1986/1987 period by UNDP/World

Bank/Acres.  The investigation results are described in the following reports
respectively.
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(@) Kiambere Hydroclectric Development Feasibility Study
Geology Report, Part 3(A), April 1980
Tana River Development Company Ltd, Kenya/EPDC

Geological mapping: scate 145,000 approximately.
Seismic survey: 10 spreads, about 3.2 kmi in total

Table: Boring Investigation

Hole No. Depth{m) _ Lugeon test (nos) Location
MDD-1 35.22 4 Right bank
MDD-2 35.22 4 Right bank
MDD-3 25.28 4 Right bank

_MDDS-4 25.00 0 _Spillway weir
Total 120.72 12

Source: EPDC Report 1930

(b) Kenya National Power Development Plan, 1986 - 2010
Appendix Vol. 2, June 1987
UNDP/World Bank/Acres

Geological mapping: scale 175,000 approximately.

The geological investigation in this study (1995) is the additional study for the above as
the feasibility study stage. The dam axis in this siage was selected at abowt 50m
downstream from the original axis proposed in the above mentioned studies.

Investigation item and quantity in this study (1995) are summarised in Table C1.3.1,
and cach location of bore holes and seismic survey lines are shown in Figure C1.3.1.

(2) Geology of damsite area

The overburden consists of a thin covering of residual soil which is sandy gravel,
gravely sand, silty clay or clayey siit, and alluvium deposits. Alluvial deposits consist
of sand with frequent gravel, cobbles and, sometimes boulders exist along the banks of
the Tana river and in the river beds of some of the seasonal rivers surrounding the dam
site area.

Bedrock belong to the Archaean Kenya Basement System consists of mafic - semi-
felsitic and granitic gneisses which have been intruded by small contemporary bodies of
granite and pegmatite. The mafic gneiss, comprising with thin, closely spaced bands of
biotite, hornblende, quartzo-feldspathic materials, etc. is the dominant rock type in the
area. Younger sedimentary rock (sandstone, limestone, etc.) i scen in some areas
narrowly/thin and indiscontinuously.
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Generally the mafic gneiss is more highly weathered and weaker than the semi-felsitic
gneiss and granilic gneiss. Results from the drilling investigation, the bedrock is
typically weathered to a depth of several meters to 15 m in maximum approximately.

The gneisses have a foliation of N20-40°L/60-80°NW in general.  Major joint
structures also are of a generally similar direction and dip of the foliation. Minor joint

struclures are N40-60"W/70-85°NE-SW on the cutcrops distributed along both banks
of the Tana river.

No major fault structures were identified in the dam site arca. Some minor crushed and
sheared zones were observed on the rock outcrops on both banks of the Tana river and
of the seasonal river located at right bank, immediately downstream of the dam site.
One fault is reported in previous investigation reports to exist approximately 1 km
sowth-southeast of the dam site (which could not be confirmed in this study, 19953,

(3) Geology of dam foundation

The main dam is proposed to be a center core type zoned rock fill dam with a height of
approximately 47m and a crest length of approximately 660m or concrete gravity dam.

Spillway in the case of the rock fill dam is proposed to be located about 200m away
from dam body to the north.

‘The right and left river bank slopes for about a 10m height from the river level are very
steep, 40 - 60 degrees in general. The upper half of the left bank slope is rather gentle,
20 - 30 degrees, where gneisses (highly to moderately weathered) are rarely
outcropped. The right bank is formed by gently sloped hills with fewer outcrops of
rocks than that in the left bank. Moderately - slightly weathered to fresh, and hard
gneisses are seen along both banks in the Tana river channel. River bed deposit is
distributed in the right bank narrowly, formed by sand, silty sand, gravels and
boulders, seems to be rather thin, several meters in maximum thickness,

The foundation rocks are mostly well foliated mafic gneiss, with some semi-felsitic
gneiss and granitic gneiss, having the following joints in general.

Table: Major Joint Structure

Strike/dip

N20-40°E/60-80°NW:  Along foliation, several 10cm to Im intervals approx.
_N40-60°E/70-80°NE-SW: Along river flow direction, several meters interval.
Source: JICA Study Team

The geological map is shown in Figlire Cl.3.l' and geological prdﬁles are shown in
Figure C1.3.3 and Figure C1.1 to C1.6 in Annex-C.
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(1) Excavation line for dam core zong trench

The bed rock is generally deeply weathered. According to the drilling resulls along the
dam axis, the weathering condition is summarised in Table C1.3.2, From the tesults of
drilling, the depth of slightly weathered rock surface in both abutments observed in the
investigation boreholes is estimated 1o be as follows.

Table: Rock Classification
_Prvious dam axis (1979/1980)

Ds,pth of moderately slightly weathcrui rock surfacc (m)
Left abutment 3.50 (MDD-1)
_Right abutment ) ~1520-5506  (MDD2 & MDD3)

Source: EPDC Repont 1980
Dam axis in this stage (1995)

Dep!h of moderately-slightly \'.ealhered rock (CM-CH class rock) surface (m}

Left abutment 3.20 - 9.35 (M95-1 & M9S- 2)
River bed 3.00 (M95-3)
Right abutment 7 5.20-4.70 (95-4 & M95-5)

Soucce: JICA Study Team

The dam axis in this study is selected at about 50m downstream of the previous dam
axis.

Moderately to slightly weathered rock (CM - CH) which approximately corresponds to
the zones of seismic velocity more than 2.8knv's, will be appropriate for the foundation
of the core zone of the center core type zoned rock fill dam and for the foundation of
concrete gravity fill dam. Therefore, 3 to 5 m, partly about a 10 m deep excavation for
the both abutments will be required in principle for the newly selected dam site in this
study (1995). The river bed deposit which is formed by sand, silty sand, grav el and
boulder is 3m thick at the bore hole M95-3. Rock shows CH class immediately below
the river bed deposit.

The seismic survey was performed for the newly selected dam axes in 1995.  The
results are shown in Table C1.3.3 and in the geological profiles in Figure C1.3.4 and
Figure C1.1 to C1.6 presented in Annex-C. The relation between seismic velocity (Vp)
and rock classification is mentioned in Table C1.3.3.

The surface depth of the zones which have seismic velocity of more than 2.8-3.0
knvsec (CM-CH-B class rocks) on the dam axis is approximately as follows.
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—— . Table: Surface Burden Depth
DA-DB-DC (upstream)

Line Depth of more than 2,8-3.0 knysec (m)
Left abutment MOs-A 10- 12m

Right abutment__ M95-B 10 -13m
Source: JICA Study Team {Depth: approximately)

The relation between seismic velocity {(Vp) and rock classification is mentioned in the
later sub-clause (b) of the succeeding clause C1.3.2 (3).

Some low velocity zones are found in the seismic survey results as mentioned in Table
C1.3.3 and in the geological profiles, These may suggest the existence of fault
structures which have some fractured zones. However, the fractured zones of these
fault structures observed in the field and in the drilling core samples show mostly re-
consolidated and hard/in geod condition, without any thick clayey zongs, in general,
while they have more joints and are sometimies nore friable than normal rock.

The rocks, except decomposed soft rock, and river sand/grave! deposit will be
appropriate for the shell zone foundation of rock fill dam in principle.

()  Rock properties of foundation rock

The rocks at the Mutonga dam site are the same type of gneisses in the same
formations of the Kenyan Basement System as the rocks in the Grand Falls dam site.

Therefore, the rocks in this dam site may have similar properties to that of the Grand
Falls dam site. (Refer to cluse C1.3.2(3))

(c} Pereability of foundation rock
The permeability test resuits in each borehole are summarised in Table C1.3.4.

High pervious rock, more than 10 Lugeon or coefficient of permeability of more than
1.0x10* env/sec is seen in the following depth in the both abutments.

Lefiabutment  between rock surface and 10.00 - 10.30 - 13.20m deep.
(MDD1, M95-2 & M95-1)

River bed between rock surface and 5.50m deep.
{M95-3)

Right abutment between rock surface and 7.70 - 20.00 - 20.05 - 24.00m deep
(M95-4, MDD3, M95-5 & MDD2}

‘the zones below the depth show very low permeability, being almost impermeable.

Cl-6

g

b }

(ﬂm

Tk



=

(dy Groundwater condition

According to the results of investigation performed by EPDC (1979), the groundwater
level is estimated to be higher than the river water level in both banks.,

The water levels measured during and after the drilling works in the borcholes are

shown in the Supporting Report. The decpest water levels in the records of cach
borehole are summarised as follows.

_ Table: Ground Water Level

Hole No. EL. of Depth & (EL.) of
hote mouth {m}) water level {m) Location

MO935-1 554.60 25.95 (528.65) Left bank
M95-2 537.59 9.15 (521.84) Leftbank
M95-3 512.98 .90 (512.08) River bed
M95-4 535.84 19.65 (516.19) Left bank
MO5-5 549.15 15.70  (533.45) Left bank
M95-6 553.49 21.00 (532.49) Spillway weir
M95-7 553.35 6.20_(547.15) Spillway chute

Source: JICA Study Team (The deepest water level observed in each hole)
The bore hole M95-3 is located at the Tana river bed. Therefore, the water level
measured in the M95-3 shows the water level of the Tana river at the dam site.  All the
records suggest that the groundwater levels in both abutments are higher than the Tana
river water level, and rises toward the mountain sides in both banks.

{4} Foundation treatment of dam

The following grouting works will be required for the dam foundation

For rock fill dam
a. Curtain grouling; Along the dam axis and spillway weir axis. Two
lines, 2 - 3m hole spacing.
b. Blanket grouting, For all the foundation area of impervious core zone.

Depth of 5m, with 3m grid.
For concrete gravity dam

a. Curtain grouting; Along the dam axis. Two lines, 2 - 3m hole
spacing.

b. Consolidation grouting; For all the dam foundation arca. Depth of 5m, with
3m grid.

The curiain grouting hole depih will be 10 to 30m in general, considering to the
permeability condition of the foundation rocks.

Cl-7



(5) Geology on other structures
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(2} Diversion tunnel

The geological conditions at either right bank or left bank accepts diversion tunnel
alignment. The tnnel length will be 500 - 600m approximately. Rocks along the
proposed tunnel are expected to be mainly mafic gneiss with good quality in general in
both banks. No major fault structure was observed in those areas, but minor sheaving
zones are anticipated. Highly to moderately weathered zones exist at the inlet and
outlet portions in which rather dense tunnel support works will be required.

A seismic survey (lines M95-C and D) was performed for the possible tunnel routes on
both banks in 1995, The results are shown in Table C1.3.3 and in the geological
profiles presented in the Annex-C. The results show that the diversion tunnel ronte will
be mostly in the area where the rocks show the seismic velocity of more than 3 km/sec
and the rock classification of CM-CH-B.

(b) Spillway

In the case of the rock fill dam, a spillway is proposed to be in the left bank, behind the
left abutment hill of the dam. The foundation rock is estimated to be mafic gneiss and

some granite intrusions which are in appropriate condition as the spitiway foundation.
The area has no thick overburden layer.

Three numbers of investigation bore holes have been drilled till now.  According to
those drilling results, the weathering condition of the area is surnmarised below:

Table: Rock Weathering Conditions

Hole No. _ Depth {m) Weathering condition (Rock classification)
MDD4 0.00 - 19.00 Rs & highly to moderately weathered
19.00 - 25.00 moderately-slightly, partly highly weathered
M95-6 0.00 - 14.35 Rs & highly to moderately weathered (D-CM)
1435 - 30.00 slightly weathered (CM-CH})
M95-7 0.00 - 7.50 Rs & highly to slightly weathered (D-CL)
7.5¢ - 10.10 slightly weathered (CL-CH)

Source: EPDC Report 1980 and JICA Study Team .
{Rs: Residual soil, Rd: River bed deposit)

MDD4 and M95-6 are located at the proposed spillway weir site. Weathering in
confirned to be as very deep as 14.35 to 19.00m in this area. For the construction of
the weir, such deep excavation will be required. M95-7 is located at the higher pait of
the spillway chute, in which weathering is 7.50m.
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The scismic survey (lines M95-E and F) was peiformed for the proposed spillway weir
site and chuteway in 1995.  The resulis are shown in Table C1.3.3 and in the
geological profiles in Figures C1.1 to CL.6 in the Annex-C.

The resulls show that the zones which have a scismic velocity of more than 3 kn'sec
(CM-CH-B class rocks) are seen in the area decper than 10 - 25m in the weir section
(M95-E) and 10 - 20m in the chuteway section (M95-F). Therefore, deep excavation
for the weir construction will be required, as mentioned in the former drilling
investigation resulis.

The Lugeon test was done in the M95-6, The results are as follows,

Table: Lugeon Test Results

Hole No. _ Depth (m) Lugeon values
M95-6 0.00 - 4.00 no data

400 - 9.80 0.4

980 - 13.50 no data

13.50 - 20.00 13.7

20.00 - 30.00 0.1-1.9
Source: JICA Study Team

The following foundation treatment will be required for the construction of the spillway
weir.

a. Curlain grouting; Along the weir axis, depthof 10 - 25m.
One line, 2 - 3m hole spacing.

b. Consolidation grouting;  For all the weir foundation area, depth of Sm, with
3m grid.

(cy Power house and intake structure

Both banks of the Tana river will be geologically appropriate for the construction of the
power house. According to the previous design, the site is located in the right bank and
the required maximum excavation depth is about 25 m.  As the power house location
will be close to the river, il is anticipated that the surface zones of highly weathered
rocks will be thin and the excavation will be in good quality rocks in general.

An intake tunnel with the length of 300-500m will be required from the dam reservoir
to the power house. The tunnel elevation will be higher than that of the diversion
tunnel, therefore, more tunnel support works will be required than those of the
diversion tunnel, because the tunnel will penetrate through shallow rock zones where
foundation rock is weathered.
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C1.3.2 Grand Falls Project

(1) Introduction

The Grand Falls project site is located approximately 25 km downstream from the

Mutonga project site. The geology consists of gneisses of the Kenya Basement System
and some granitic intcusions,

The geological investigation as a pre-feasibility study was carried out in the 1979/1980
by the British consulting firm, Engineering and Power Development Consultants
(EPDCQ), as part of their investigation works on the Kiambere Feasibility Study, and
additional geological investigation at a feasibility study level was done in 1986/1987 by

the UNDP/World Bank/Acres. The investigation results are described in the following
reports respectively.

(d) Kiambere Feasibility Study, April 1980, EPDC

Seismic swrvey: 14 spreads, 5.7 km in total

The investigation results are explained in the following report;
Kiambere Hydroclectric Development Feasibility Study
Geology Report, Part 3(B), - Aprit 1980
Tana River Development Company Ltd, Kenya/EPDC

(b) Kenya National Power Development Plan, 1986-2010, June 1987,
UNDP/World Bank/Acres

The investigation results are explained in the following report;
Kenya National Power Development Plan, 1986 - 2010
Appendix Vol. 2, June 1987
UNDP/World Bank

_Table: Boring investigation (with Lugeon tests)

Hole No. Depth (m) Location
BH-1 30.25 Right bank
BH-2 25.43 "
BH-3 40.45 !
BH-4 23.25 M
BH-5 15.00 Left bank
BH-6 10.05 "

_ BH-7 15.50 "
Total 163.95

Source: Acres Report 1987

Geological mapping: scale 1/6,660 approximately.
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The geological investigation in this study (1995} is the additionat study for the above as
the feasibitity study stage. Investigation items and quantitics in this study are
summarised in ‘Table 3.3.5, and cach location of bore holes and scismic survey lines
are shown in Figure C1.3.2,

The proposed dam is a zoned type rock fill dam. Alternative dam types will be a
combine type dam of a rock fill dam (right bank section) and a concrete gravity dam
(river channel section). ‘There are two alternatives on  dam height, which are about an
80m of Low Grand Falls dam and about a 120m of High Grand Falls dam. The
investigation in this study (1995) was made on the Low Grand Falls dam.

Three altemative dam axis as the Low Grand Falls dany, “line A-D-B” (upstreamy), “line
C-D-B” (midstream) and “line E-F-G” (downstream), were selected in this study as
shown in the geological map in Figure. The altemative “line A-B” is almost the same
location as the High Grand Falls dam axis. The altemative “line C-D-B” is the same
location as the Low Grand Falls dam axis planned in the previous study. The
altemative “line E-F-G™ is newly selected in this study.,

(2) Geology of damsite area

The overbirden in the dam site area consists of mainty residual soil which is a generally
thin tayer of 1-2m in thickness, formed by silty to sandy soil with variable amounts of
gravel, boulder and rock fragments. Alluvial deposits consisting of sand with frequent
gravel, cobbles and, sometimes boulders, are found in relatively small quantities with
narrow area along the Tana river and in the river beds of small seasonal nivers
surrounding the damsite area.

Bedrock is Archaean metamiorphic gneisses of the Kenyan Basement System.  Some
intrusions of granitic rock is seen in the gneisses. The main rock types are mafic
gneisses, black to dark grey colored, comprising thin, closely spaced bands of biotite,
homblende, quartzo-feldspathic materials, ete. which have generally good foliation.

Granilic gneiss and semi-felsitic gneiss are also seen in some places. Granitic gneiss is
less foliated than the mafic gneiss, pinkish colored, medium to coarse grained, formed
by quartz, feldspar, biotite, etc, in general. Pegmatitic zones are somelimes seen.
Semi-felsitic gneiss is well foliated, light grey to greenish grey colored, formed by
quartz, feldspar, biotite, hornblende, etc.

The bedrocks is generally deeply weathered. The mafic gneiss terds to be the most
highly weathered, being compared with the granitic gneiss and semi-felsitic gneiss.
The results of the drilling investigation reveal that the bedrock is typically weathered to
a depth of several meters to 18m maximum. Ridge topography and hiils are generally
formed by granitic gneiss or semi-felsitic gneiss, and rather flat'wide and gentle slopes
are formed by mafic gneiss.
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Younger sedimentary rocks (sandstone, limestone, etc.) are scen in some areas
narrowly, thinly and discontinuously.

Foliation of the gneisses strikes consistently to the north-northeast and dips generally
steeply to the west-northwest.  Major joint structures also are generally in a similar
direction and dip of the foliation. Other joint structures are the strike of west-east and
almost vertical dip, showing direction similar to the Tana river flow, as observed on
the outcrops distributed along both banks of the Tana river.

No major fault siructures were identified in the damsite area. Some minor crushed and

sheared zones were observed on the rock outcrops on both banks of the Tana river and
of the seasonal rivers.

The geological map and geological profiles are shown in Figure C1.3.2 and C2.1 to
C2.9 of the Annex-C, respectively.

(3) Geology of dam foundation

The upper half of the left bank slope is rather steep, 20-30 degrees, where gneisses
(highly to moderately weathered) are well outcropped. Moderately to slightly
weathered gneisses are seen along both banks in the river channel. River bed deposit
seemis to be rather thin, several meters in maximun thickness. At the bore hole G93-8,
the thickness of the deposit is 2m. The right bank is formed by gently sloped hilts with
less outcrops of rock than that in the left bank.

The foundation rocks are mainly granitic gneiss in the left abutment, and semi-
telsic/granitic gneisses, partly mafic gneiss in the right abutment,

Main joint structures are as follows,

_ Table: Major Joint Structare

Strike/dip -

N20-40°LE/60-80°NW: Along foliation, several 10cm to lm  intervals
approximately,

N70-80"W/vertical; Similar to the river flow direction, several 10cm to Im

intervals approximately.

Source: JICA Study Team

(a) Excavation line for dam core zone trench

The weathering condition of foundation rock on both abutments, which are observed in
the drilled bore holes, is shown in Table C1.3.6.

From the results of the drilling investigation, the 'depth of the slightly weathered rock
surface in both abutments is estimated for each altemative dam axis as follows:
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... Table: Rock Weathewring Conditions
“line A-D-B” (wpstream)

Depth of moderately - stightly weathered rock (CM-CH ¢lass rock) surface (m)

Left abutment 420 - 9.00 -3.00 (G95-1, G9I5-2 & GI5-3)

River bed 10.00  approx, 94+

Right abutment 405 -1405 -17.80 - 10.10 {(BH-3,BH-2,BH-1 & Bll.4)
6.5 -11.20 -5.30 - 240 (942, G95-4, 94-1 & GI5-5)

“line C-D-B” {midstream)
Depth of moderately - stightly weathered rock (CM-CH class rock) surface (m)

Left abutment 1.50 - 7.00 (G95-6 & GI5-7)
River bed 2.00 (G95-8)
Right abutment 1430 - 1060 -14.05 {G95-9,G95-10 & BH-2)
120 - 550 -2.40 (G9S-4,94-1 & GIS-5)
“line E-F-G” (downstrema) (River bed: No drill hole)

Depth of moderately - slightly weathered rock (CM-CH class rock) surface

Left abutment 150 - 7.00 (G95-6 & GI95-7)
_Right abutment 1600 -1220 -1500 - 1.80 (G95-11,G95-12, G95-13 & G95-14)
Source: JICA Study Team

'! Below the highly to moderately weathered rock, moderately to slightly weathered rock
exist. Moderately to slightly weathered rock which corresponds to the seismic velocity
zones more than 2.8knvsec will be appropriate for the foundation of a core zone of rock
fill type dam, and for the foundation of a concrete gravity dam. Therefore, 3 to 9
meters excavation for the left abutment, and 5 to 15 meters or more excavation in the
right abutment will be required. The excavation depth in the river channel is estimated
to be 2 - 5m in general, while the core sample in the bore hole 94-3, which is an
inclined hole of 60°, shows CL class rock up to 10m deep.

Seismic survey was performed for the altemative dam axes in 1995, The results are
shown in Table C1.3.7 and in the geological profiles in Figure C2.1 to C2.9 in Annex-
C.

The depth of the zones which have seismic velocity of more than 2.8-3.0 kiv/sec CM-
CH-B class rocks) for each alternative dam axis is approximately as follows.

Ci1-13



Table: Surface BurdenDepth  (Depth and St. length: approvimately)
“line A-D-B” (upstream)

. e bine o Depthof more than 2.8-3.0knvsec(m)
Left abutment Gos-C 5-10m
Right abutment G95-D 10 - 15m,

partly 20 - 25m {near G95-9, between G95-10 and GH-2)
Go95-B 5 - 10m between the river and St, 700m

15 - 25m between St 700m and $,250m
e 10- 15m between St 1,250m and the end of the line
“ling C-D-B” (midstream)

. Line Depth of more than 2.8-3.0knvsee{m}
Left abutment G95-C 5-10m
Right abutment G95-D 10 - 15m,

partly 20 - 25m (near G959, between G95-10 amd GH-2)
G95-B 5 - 10m between the river and St, 700m

15 - 25m between St 700m and 1,250m

10 - 15m between St. 1,250m and the end of the line

“line BE-F-G" (downstrem)

Line Depth of more than 2.8-3.0km/sec (m)
Left abutment GI95-E 5-i5m
Right abutment G9s-F 10 - 20m between the river and St. 300m

5 - 10m between St. 300m and the end of the line
GI5-F _§-10m
Source: MCA Study Team

Some tow velocily zones are found in the seismic survey results as shown in Table
C1.3.7 and in the geological profiles. These may suggest the existence of fault
structures which have some fractured zones. However, in general the fractured zones
of these fault structures observed in the field and in the drilling core samples are
confirmed to be mostly re-consolidated, hard and in good condition, without any thick

clayey zones while they have more joints and are sometimes more friable zones than the
normal rock.

The rocks except decomposed soft rocks and river sand/gravel deposit will be
appropriate for the shell zone foundation of the fill type dam in principle.

(b) Rock properties of foundation rock

The rock properties can be estimated based on the field investigation results, and the
comelation established by Dr. K. Kikuchi, ¢t al. (1982) as shown in Table C1.3.9
which was made by using the results obtained by field investigations, such as seismic
refraction survey, in-situ rock shear test, in-situ plate loading test, etc. Dr. Kikuchi
suggests that rocks are classified into three groups based on those hardness as below:
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Rock group Uniaxial compressive strength (kefiem?)
Hard rocks 800 or more

Medium hard rocks 200 - 800

Soft rocks 200 or less

The rock classification for the Project is shown in Tables C1.3.8.1t is applied to

drilling logs of all bore holes performed in 1994 - 1995.
A seismic survey was carried out by EPDIC in 1979 and by JICA Study Team in 1995,
According to the results of the survey, the relation between the geological condition and

the seismic velocity (Vp) are summarised as follows:

Table; Seismic Survey and Geological Condition

Layer  Vp (km/sec) Geological condition

Survey results performed by EPDC
l 0.6-1.2 alluvium, residual soil, ete.
2 1.5-3.7 highly to slightly weathered rocks
3 3.4-6.3 slightly weathered to fresh rocks

Survey resuits perfonned JNCA in 1995

Istzone 0.5-0.8 Residual soil, river deposit, decomposed rocks, etc.
2nd zone 1.5-2.0 D & CL-CM: Highly to moderately weathered rocks
3rd zone 2.8-3.2 CM-CH: Moderately to slightly weathered rocks

4th zone  5.0-6.0 or more _ CH-B: Fresh rocks

According to the results of laboratory tests on rock core samples previously carried out
in the Mutonga dam site (1979), compressive strength of gneisses is 650 - 1,000
kgffen?. The rocks in the Mutonga damsite are also mainty the same type of gneisses
in the same formations of the Kenyan Basement System as the rock in the Grand Falls
damsite,

The resuits of laboratory tests un this study (1995) on rock core samples carried out in
both the Mutenga and the Grand Falls projects are summarized as folloews.

compressive strength (kg/em’)
samples in Mutonga damsite

Depth between 4.90m and 5.40m in No.M95-3 297

Depth between 21.80m and 22.50m in No.M95-3 954

Depth between 9.80m and 10.30m in No.M95-4 487
samples in Grand Falls damsite

Depth between 10.70m and 11.00m in No.M95-8 441

Depth between 18.60m and 19.10m in No.M95-8 213

Depth between 14.20m and 14.50m in No.M95-10 683
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Consequently, it can be said that the foundation rock of the damsite is medium hard
rock, and the rock properties of those in moderately - slightly weathered to fresh
condition {CM-CH-B) are estimated to be in the range of “Rock class C to B” of the

Table C1.3.9, which are appropriate propeitics as the foundation of a high dam, both
of fill type and concrete gravity type.

(c) Permeability of foundation rock
The permeability test results are summarised in Table €C1.3.10. High pervious rock of

more than 10 Lugeon or coefficient of permeability of more than 1.0x10"% cnv/sec, is

seen in the zones above the following depth in both abutments for each altemative dam
axis.

Table: Depth of Sufficiently Low-Pervious Rock Surface

e . e e (Unit: m)
“line A-ID-B” (upstream)
Leftabuiment 605 -1735 -30.20 {G95-1, G95-2 & G95-3)
River bed 10,00 approx. (94-3)

Right abutment  9.00 - 600 -2350 - 1855 (BH-3,BH-2,BH-} & BH-4)
1350 -1960 1455 - 1200 (942, G95-4,94-1 & GIS-5)

“line C-D-B" (midstream)

Lelt abutment 13.00 - 940 (G95-6 & G95-7)
River bed 3510 (G95-8)
Right abutment 2600 - 19.10 - 6.00 (G95-9,G95-10 & BH-2)

19.60 - 14.55  -12.00 (G95-4,94-1 & GY5-5) )
“line E-F-G” (downstrema) (River bed: No drill hole)
Left abutment 13.00 - 940 (G95-6 & G95-7)

_Right abutment___ 9.00 -19.75  -1920 - 3230  (G95-11, G95-12, G95-13 & GG95-14) _

The zones below the depth, show very low permeability, almost impcrincabte.
Foundation treatment will be required for the depth in principle.

(d) Groundwater condition

The groundwater condition is estimated by the water level record measuvred i the
investigation bore holes. All the records are shown in the Annex-C. The water levels
mieasured in the bore holes for each alternative axis are summarised as follows.
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Table: Ground Water Level
{94-3: tnclined hole; 3.00m>>2.6m)

ElL. of Depth & (EL.) of
__Hole No. _hole mouth {m) water level {m) {.ocation *
“line A-D-B” (upstream axis)
G935-1 520.37 17.05 (503.32) Left bank
G95-2 493.42 18.35 (475.07} Left bank
G95-3 478.76 19.05 (459.71) Left bank
94-3 444,20 3.00 (441.60) River bed
94-2 474.36 21.10 (453.26) Right bank
G95-4 505.59 23.60 (481.99) Right bank
24-1 495.66 29.05 (466.61) Right bank
G95-5 530.37 24.30 (506.07) Right bank

“line C-D-B” (midstream axis)

94-4 536.62 45.65 (490.97) Left bank
G95-6 522.82 13.00 (509.82) Left bank
G95-7 492.11 13.55 (479.10) Left bank
G95-8 44291 1.30 (441.67) River bed
G95-9 464.46 20.80 (443.66) Right bank
G95-10 473.62 22,70 (450.92) Right bank
G95-4 505.59 23.60 (481.99) Right bank
24-1 495.66 29.05 (466.61) Right bank
G935-5 530.37 24.30 (506.07) Right bank

“line E-F-G” (downsiream axis)

94.4 536.62 45.65 (490.97)  Lefibank
G95-6 522.82 13.00 (509.82)  lLeftbank
G95-7 492.71 13.55 (479.16)  Leftbank
G95-8 442.97 1.30 (441.67)  Riverbed
G95-11 465.06 16.10 (448.96)  Right bank
G95-12 491.83 28.60 (463.23)  Right bank
G95-13 484.45 23.90 (450.55)  Right bank
G95-14 521.78 37.30 (484.83)  Right bank

Source: JICA Study Team

In the Table above mentioned, the record of bore holes 24-1, 94-2, 94-3 and 94-4
which were drilled in 1994, are the depths measured at the final day of drilling work for
every hole, and the records in the other holes which were drilled in 1995, are the
deepest depths measured after the completion of drilling work (refer to the Supporting
Report). :

Hole No. 94-3 is located in the river bed, Therefore, the water fevel in this hole shows

the Tana river water level at dam site approximately. The water levels in the other holes
because higher than that in the No. 94-3 (Tana river water level).This means that the
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groundwater level in this area rises toward the mountain side from the river side in both
banks. The results oblained through the present investigation are almost similar to the
results of the previous investigation performed by UN/World Bank/Acres (1987).

{(4) FPoundation treatment of dam

The following grouting works will be required for the dam foundation

For rock fill dam
a. Curtain grouting;

b. Blanket grouting;
¢. Consolidation grouting;

For combine type dam
a. Curtain grouting;

b. Consolidation grouting;

c¢. Blanket grouting;

Along the dam axis. Two lines, 2 - 3m hole
spacing.

All the foundation area of impervious core zone.
Depth of Sm, with 3m grid.

For the spillway weir foundation. Depth of 5m,
with 3m grid.

Along the dam axis. Two lines, 2 - 3m hole
spacing.

All the foundation area of concrete dam. Depth of
5m, with 3m grid.

all the foundation area of imprevious core zone in
rock fill dam section. Depth of 5m, with 3m grid.

The curtain grouting hole depth will be 10 to 40m in general, considering the
permeability condition of the foundation rocks.

(3) Geology on other structures

(a) Diversion tunnel

The diversion tunnel will be on the left bank near the bore holes No. G95-3 and G95-7,
or on the right bank near the bore holes No. 94-2 and G95-10.

Bore holes 95-3 and G95-7 in the left bank show the following rock condition;

‘Table: Rock Condition along Route of Diversion Tunne!l in Left Bank

RHole No. Depth (m)

Rock condition :

G95-3 0.00- 3.00
3.00 - 35.50
(G95-7 0.00 - 7.00

7.00 - 30.05

Rs & highly to slightly weathered {D-CM)
slightly weathered 10 fresh (CH-B)

Rs & highly to moderately weathered (D-CL,
partly CM)

slightly weathered to fresh (CH-B, partly CM)

Abbrevation: Rs; Residual Soil
Source: JICA Study Team
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Bore holes 94-2 and G95-10 in the right bank show the following rock condition:
Table: Rock Condition along Route of Diversion Tunnel in Right Bank

Hole No. Depth {m) Rock condition
G94-2 0.00- 675 residual soil & highly weathered rock
6.75 - 10.30 moderately to highly weathered rock
10,30 - 15.40 moderately weathered rock
15.40 - 75.00 stightly weathered to fresh rock
G95-1 0.00 - 10.60 Rs & highly to moderately weathered (D-CL)
10.60 - 30.20 slightly weathered to fresh (CH-B)

Abbrevation: Rs; Residual Soil
Source: JICA Study Team

According o the rock conditions mentioned above, the foundation from the ground
surface to the depth of about 3 to 7m in the left bank and 10 to 15m in the right bank is
formed by residual soil and moderately to highly weathered rocks.

On the left bank, the tunnel depth (ceiling) will be about 20 10 30m so that 13 to 23m of
moderately to slightly weathered rock covers the tunnel at the position of the bore hole
No. G95-7. On the right bank, the tunnel depth {ceiling) will be about 20 to 25m which
means that 10 1o 15m of moderately to slightly weathered rocks cover the tunnel at the
position of the bore hole No. G94-2.

A seismic survey was performed for the possible tunne! routes in the both banks in
1995. The results are shown in Table C1.3.7 and in the geological profiles presented
in the Annex-C. The resnlts show that the zone which have a seismic velocity of more
than 2.8 knvsec (CM-CH-B class rocks) exist very deep portion of more than 15 - 30m
from the surface on the right bank, while it is 10 - 20m deep in the left bank.

Conseguently, the diversion tunnel location had better be shifted toward the mountain
(south) to get thicker cover rock in the right bank, or had better be in the left bank.
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(LY Spillway

"The spillway for the rock fill type dam is proposed to be in the left bank, the nowth side
of the dam. The depth of moderately to slightly weathered rock suiface in the bore
holes located in the right abutment is estimated to be as follows:

Table:_Spitiway Geology
Hole No. Depth of moderately to slightly weathered rock surface (m)

G95-1 4.30
G95-2 9.00
G95-6 1.50
BH-5 3.62
BH-6 8.05
94-4 21.70

Source: JICA Study Team

Below the above mentioned depth, the rock is moderately to slightly weathered or
fresh, which will be appropriate as the spillway foundation.

{c) Powerhouse and intake stractures

Both banks of the Tana river will be geologically acceptable for the construction of the
power house for both the fill type dam and concrete gravity dam. According (o the
previous design, the site is located on the left bank and some deep open excavation will
be required. As the power house location will be close to the river, it is anticipated that
the surface zones of highly weathered rock will be thin and the excavation will be in
good quatity rock in general.

For the fill type dam, an waterway tunnel with a length of 300-500m will be required
from the dam reservoir to the power house. If the tunnel is designed at the elevation
above diversion tunnel, more tunne! support work will be required than those of the
diversion tunnel, because the tunnel will penetrate through shallow rock zones which is

more highly weathered than that in the deeper zones. Deeper tunnel may be
reconunendable.

A waterway tunnel will not be required for the concrete gravity dam. The intake
structure will be constructed in the concrete dam body.
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Ci.4  Scismicity and Seismic Risk

C1.4.1 Earthquakes and scismic zones in Kenya
According to 1.8.Loupekine, a catalog of felt earthquakes in Kenya for the period of
1892-1969 (78 years) is given in the following table.

Total number of ecarthquakes for the period of 1892-1969

Maximum magnitude {IMM) _Number of earthquakes

IX l
VIII 0
Vil 3

VI 28

A" 128
v 382
11-11 25
Total 567

(MM): Modified Mercalli Scale (Wood and Neuman, 1931)

Distribution of widely felt earthquakes and major faults (refer to Figure Cl.4.4) in
Kenya is shown in Figure C1.4.6, which Hlustrates the areas affected by tremors
producing intensity effects of at least V on the Modified Mercalli Scale.

A seismic zone map produced by 1.S.Loupekine is shown in Figure C1.4.5. According
to Loupekin (1971), the influence of earthquakes on buildings and other structures in
various zones are as follows.

A Catalog of Felt Barthquakes in Kenya (1892-1969)

IX Damage considerable in specially designed structures; well-designed frame
structures thrown out of plumb; great, in substantial buildings, with patial
collapse. Buildings shifted off foundations. Underground pipes broken.
(These effects are believed to obtain only locally in Zone VIII-IX, shown in
the Seismic Zone Map.)

VII[ Damage slight in specially designed structures; considerable in ordinary
substantial buildings with partial collapse; great in poorly buill structures.
Panel walls thrown out of frame structures. Fall of chimneys, factory
stacks, columns, monuments, walls.

VIl Damage negligible in buildings of good design and construction; slight to
moderate in well-built ordinary structures; considerable in poorly built or
badly designed structures. Some chimneys broken.

VI A few instancés of fallen plaster or damaged chimneys. Damage slight.

V A few instances of cracked plaster.

The project site is located in the Zone V which is the lowest seismic zone in Kenya.
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C1.4.2 Scismic coefficient for dam design

The design seismicity for the dams of the Mutonga/Grand falls Project is reviewed
through estimation of the probable maximum accelerations in the return periods of 100
years and 200 years , and estimation of maximum credible earthquake, based on the
carthquake record of the years from 1906 to 1994 for the area within a distance of 500
km from the Grand Falls damsite. The earthquake record which is shown in Fable
C1.4.1 has been obtained from the British Geological Survey, Fdinburgh, UK. The
location of Grand Falls damsite is selected as the pioject site for this study. The
location of each earthquake is shown in Figure Ct.4.3,

The formulas wtilized in this study are as follows.

Imm = 8.0+ £.5M-25Ln(d +h’+400)>°  Comell H
Loga=Imm/3-05 Richter (2)
a=2000¢ ™/ (d* + h¥ + 400) Cornell (3)
a=5000¢ "™/ (1 + 400 Estava {4

Ij=2M-4.6052 Logd-0.00183d - 0.307 Kawasumi (5)
(for “d" not less than 100 km)

l}=2 (M- Logr) - 001668 r - 3.9916
(for “*d” less than 100 km)

a=045x 1002 Kawasumi  (6)
(for “Ij” not more than 5.5)
a=20X 10"
(for “Ij”* more than 5.5)
Where,
Imm: Intensity in Modified Mercalli Scale (MM)
1i: Intensity in Japan Meteorological Agency Scale
M:  Magnitude of earthquake in Richter Scale
Distance from epicenter to the project site in km
Depth of focus in km
Distance from focus to the project site in km
Peak ground acceleration in gal or ciw/sec?
The exponential constant

o W onoT o

Accelerations are estimated by the methods of Comell, Estava and Kawasumi for
comparison. Intensity and ground accelerations, at the project site, of the earthquakes
which are estimated to have been felt at the site are shown in Table C1.4.1.
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{1) Cornelt’s method
The estimation of maximum ecarthquake intensily and peak ground acceleration is made
according to Cornell’s method. Intensities (Imm) of each carthquake are caleulated by
the formula (1), and shown in Table 1. While the total number of earthquakes is 258
cases, according to the formula (1), the intensities of 230 cases are zero or minus, and
only 28 cases are more than zero which are shown in Table 2 as the seclected
carthquakes for the estimation of probable maximum intensity.

The probable maximum earthquake acceleration (a) is calculated from probable
maximum intensity, by the use of the formula (2) presented above. The probable
maximum intensity is estimated from recorded numbers of carthquakes exceeding given
intensities, according to Gutemberg's linear relation between the intensity and the
logarithm of the frequency of earthquakes exceeding it.

The total annual frequencies for earthquakes exceeding intensities of each grade are
plotted on logarithm - normal graphs as shown in Figures C1.4.} and C1.4.2, to obtain
the linear refations between the intensity exceeded and the logarithm of the frequency.
The probable maximum intensities and accelerations for the retum periods of 100 years
and 200years are summarized in Table C1.4.2, and as follows.

0.01g for the return period of 100years

(.03g for the retum period of 200 years
These figures indicate that a design seismic coefficient of 0.01g for the retum period of
100years and/or 0.03g for the return period of 200 years can be applied to this project.

(2) Maximum credible earthquake

Figure C1.4.6 shows the distribution of measure faults and earthquakes. According to
Figure C1.4.6, most of measure earthquakes distribute along these faults which run
with north - south direction (Lake Rudolf - Lake Naivasha - Lake Magadi) in the west
of the project site.

There is one fault runs north - south direction, located for about 50 km far to the
southeast from the project site. While no notable earthquakes can be scen along this
fault in the Figure, it can be said that there is a few possibility to accur earthquakes in
this fault also. The following maximum credible earthquake (MCE-1}) is estimated on
this fault.

Depth{km) Magnitude Distance(km)
25.00 6.0 50

The biggest and nearest earthquake to the project site is selected from the record
(Subukia, 1928 in Figure C1.4.6 / No.4 in Table C1.4.1). This earthquake locates in
the northwest of the project site. As the maximum credible earthquake, the location of
this earthquake is shifted toward south along the faults to obtain minimum distance (150
km approximately) between this earthquake and the project site. Then, the maximum
credible earthquake (MCE-2) on this earthquake and faults is estimated to be as below.
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Depthkm) Magnitude Distance(km)
36.50 7.0 150

The peak acceleration at the project site on this earthguake is estimated by the Comell’s

formulas (1) and (2), Kawasumi’s formurlas (5) and (6), and Estava’s formula (4), to
be as follows.

MCE-} MCE-2

Intensity Peak acceleration Intensity Peak acceleration
Cornell 6.8  68.94gal (0.070g) 6.0 23.62gal (0.024g)
kawasomi 3.6  27.78gal (0.028g) 3.4 22.48gal (0.023g)
Estava 66.06gal (0.067g) 37.46gal (0.038g)

These figures indicate that a design seismic coefficient of 0.023g to 0.070g can be
applied to this project.

{(3) Conclusion

The results of Comell’s method indicate that a design seismic coefficient of 0.01g for
the return period of 100years and/or 6.03g for the return period of 200 years can be

applied to this project. The maximum credible earthquake indicates that 0.023g to
0.070g can be applied to this project.

The Kiambere dam is located in the upstream of the Mutonga damsite, in the border area
of seismic zones VI and V. Mutonga and Grand Falls dams are located in the seismic
zone of V (refer to clause C1.4.1). The foundation rocks of the Kiambere dam are
formed by mainly the same type of gneisses in the same formations of the Kenyan
Basement System as the rocks in the Mutonga and Grand Falls damsites. A value of k
= 0.12g is adopted for the Kiambere project as a seismic coefficient to occur once in
100 years. Lower seismic cocfficient for this project than that of Kiambere dam can be
applied considering these locations in the seismic zone map.

Taking these conditions into consideration, the design seismic coefficient of 0.10g for
the design in the Mutonga/Grand Falls project is deemed reasonably conservative.

CL4.3 Reservoir induced scismicity (RIS) :
Many examples of earthquakes occured during initial impounding of reservoirs are seen
in those reservoirs having depth of more than 100 meters, such as Konya dam in India,
Hoover dam in USA, eic. These examples often suggested an interrelation between
reservoir filling and earthquake occurrence. The cause of these earthquakes is generally
explained by release of preexisting stress, which will be released upon fault movement
being caused mainly by increased load of reservoir water and pore pressure in rocks,
These earthquakes are small to medium in general, mostly of magnitude less than 6. In
the case of the Hoover dem, (he maximum earthquake was magnitude 5 in the
surrounding area of the reservoir (Dictionary of Earthquakes, T.Utsu, 1987, Tokyo).
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The maximum depth of the Mutonga / Grand Falls reservoirs will be 70 - 80 meters in
maximum, therefore a possibility that the impounding of the reservoir will induce of
earthquakes will be very low compate to the examples mentioned above. Lven though,
such earthquakes will occur, it can be said that the ground acceleration to be anticipated
at the damsite will be much less than the design seismic cocfficient (0.10g).

In the Magwagwa project in Kenya, the design seismic coefficient is estimated tobe K =
0.10g. According to the Report on the Magwagwa project, the expected maximum
acceleration of the reservoir induced seismicity (RIS) for the project is estimated to be
0.05g which is judged to be within the range of safety for the dam to be designed as k=
0.10g. The same explanation may be adopted for the Mutonga { Grand Falls projects.

Consequently, no specific consideration will be required on the reservoir induced
earthquakes for this project.
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Tabhle €1.3.1

Boring Investigation (1995)

Geological investigation performed in 1995 (Mutonga)

Hole No. Location Elevation  Depth  Inclination  Lu. test

Northing Easting (m) (m) {deg.)  {nos)
M95-1 9,953,043.65  382,391.11 354.595  45.00 90 3
M95-2 9,952,978.41  382,372.66 532,585  30.15 90 5
M95.3 9,952,838.43  382,330.74 512981 50.30 90 9
MO5-4 9,952,696.04  382,288.82 535,836  30.00 90 5
M95-5 9,952,528.75  382,238.43 349.146  50.20 20 9
M95-6 9,953,442.83  382,557.00 553.450  30.00 90 4
M95-7 9,953,360.55  382,563.81 553.351 10.10 90 0
MQ95-1__9.951,746.57 _ 382.100.05 609.510  30.00 90 i
Total Quantity 275.75 40
Seismic Survey (1995)

Line Length{(m)

MOS-A 290

M95-B 460

M95-C 690

M95-D 575

M95-E 625

M95-F 460

Total Length 3,100

Laboratory test for dam foundation rocks

Specific gravity and absorption test (ASTM C127,C128): 3 samples.
Uni-axial compression test (ASTM D2938-86):

Sample:

3 samples.

Depth between 4.90m and 5.40m in bore hole No.M95-3

Depth between 21.80m and 22.50m in bore hole No.M95-3
Depth between 9.80m and 10.30m in bore hole No.M95-4

Petrographic Microscope Study

Sample:

6.5 m depth in bore hole No. M95-1

22.5 m depth in bore hole No. M95-2
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Table C1.3.2  Weathering Condition Observed in Borcholes (Mutonga)

(A) Results of previous drilling investigation (1979/1980)

Hole No.  Depth (m)

Weathering condition

MDDb1 0.00 - 3,50

Rs & highly to moderately weathered

3.50 - 35.22  slightly - faintly weathered to fresh
MDD2 000 - 1420  nocorc recovery

1420 - 15.20  highly weathered

1520 - 16.40  highly 1o moderately weathered

16.40 - 35.22  slightly - faintly weathered to fresh
MDD3 0.00 - 5.50  Rs & completely to highly weathered

550 - 6,10  moderately weathered

6.10 - 2528  slightly-faintly weathered to frgsh

(Rs: Residual soil)

(B) Results of drilling investigation in this stage (1995)

Hole No. Depth (m) Weathering condition (Rock classification}

M95-1 0.00 - 3.20

Rs & highly to moderately weathered (D-CM)

320 - 45.00  slightly weathered (CH)

M95-2 0.00 - 935  Rs & highly to moderately weathered (D-CM)
9.35 - 30.15  slightly weathered to fresh (CH-B)

M95-3 000 - 300 Rd o
3.00 - 50.30  slightly weathered (CH, partly CL-CM)

M95-4 0.00 - 5.20 Rs & highly to moderately weathered (D-CM)
520 - 6.20  moderately weathered (CM)
6.20 - 30.00 slightly weathered to fresh (CH-B)

M95-5 0.00 - 470  Rs & highly to moderately weathered (D-CM)
470 - 92.85  moderately to slightly weathered (CL-CM)
985 -50.20  slighily weathered to fresh (CH-B)

(Rs: Residual soil, Rd: River bed deposit)
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Table C1.3.3 Seismic Survey Resulls (Mutonga)

{A) Relation between Seismic Velecity (P-wave) and Rock Classifieation

Borehole No. M95-1 (45.00m: Right bank)
Yo (knv/sec)

Botehole No. M25-2 {30.15m: Right bank)

Depth (m) Rock class . Vp (knvsec)  Bepth (m) Rock class
05 - 0.6 000 - 200 Rs&D 0.5 - 0.8 003 - 200 Rs
1.5 - 1.8 200 - 1200 (CM)&CH 1.6 - 1.8 200 - 1000 CL&CM
30 - 32 1200 - 23,00 CH 30 - 32 10,00 - 21.00 CH & (CL, CM)
6.0 below 2300 CH 58 - 60 below 2100 B
Borchole No. M95-3 {50.30m: Right bank) Borehole No. M95-4 (30.00m: Right bank)
¥pikovsect  Depth (m) Rock class Vp aw'sec)  Depth {m) Rock class
045 - 0.7 000 - 150 Rd 05 - 0.7 000 - 150 Rs
16 - 1.9 1.50 - 400 Rd&CM,CH 16 - 1.9 .50 - 1200 D, CL,CM & CH
30 - 32 400 - 10,00 CM,CH & (CL) 0 - 32 1200 - 23200 CH&B
5.6 below 10.00  CH & (CL., CM) 3.6 below 32.00
Borehole No. M95-5 (50.20m: Right bank) Borehole No, M95.6 (30.00m: Right bank)
Yo (kny'sec)  Depth (m} Rock class Vpkavseo)  Depth () Rock class
05 - 08 000 - 200 Rs 0.5 - 0.7 000 - 400 Rs&D
15 - 1.8 200 - 900 D,CL&CM 1.8 - 2.0 400 - 1500 (D), CL & CM
28 - 30 900 -2600 CH & (CL,CM) 30 - 32 1500 -3600 CM&CH
5.6 - 58 below 26,00 CH 6.0 below 3600 CH & (CM)

Borehole No. M95-7 (10.10m: River bed)

Vo (km'sec)  Depth (m) Rock class

05 - 0.8 000 - 200 Rd

16 - 1.8 200 -17.00 D,CL,CM&CH
ip - 32 17.00 - 39.00

53 below 39.00

{B) Low vclocity zone

Rs: Residual soil
Rd: River bed deposit
Depth: approximately

Line Distange {n1) Vo (knvsec)
MO5-A 65 - 80 3.0
120 - 130 2.0 near M95-1
200 - 220 1.2 near M95-2
M93-B 125 - 130 3.0-3.2
390 - 400 2.7
M95-C 65 - 70 3.0-3.2

120 - 130 35
490 - 500 31
590 - 600 2.2

M95-D 8% - 90 2.9-3.3
180 - 190 2.7
250 - 255 2.8-3.2

390 - 315 18
MI5-E 130 - 140 34
255 - 205 20
MO5-F 215 - 225 24
330 - 335 3.0
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Table C1.3.4 Permeabllity Condition Observed in Borekoles {Mutonga)

(A) Results of previous drilling investigation (1979/1930)

Hole No. Depth {m) Lugeon values
MDDI 0.00 - 10.00 miore than 100

10.00 - 19.90 1.5-2.5

19.9¢ - 35.22 impernicable
MDD?2 0.00 - 14.20 no data

1420 - 24.00 24 - 34

24.00 - 35,22 0.45-24
MDD3 0.00 - 10.70 no data

10.70 - 20.00 15-20

20.00 - _25.28 0.3

(B) Results of drilling investigation in this stage (1993}

Hole No, Depth (m) Lugeon values
M95-1 06.00 - 3.80 no data

3.80 - 1320 218.9-363.4

13.20 - 45.00 0-5.1
M95-2 0.00 - 400 no data

400 - 900 64.6

9200 - 1330 no data

10.30 - 30.15 0-4.8
M95-3 0.00 - 550 no data

5.50 - 10.10 2.6

10.10 - §5.00 7.2

15.00 - 50.30 0-2.0
M95-4 0.00 - 7.70 no data

770 - 12,70 9.3

12.70 - 30.00 0-0.3
M95-5 000 - 3.00 no data

3.00 - 7.20 34.0

720 - 10.10 no data

10.10 - 20.05 18.4-46.0

20.05 - 50.20 0-0.4
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Table CL1.3.5 Geological investigation performed in 1994 - 1995
(Grand Falls)

(A) Geological investigation for pre-feasibility study performed in 1994
Boring lnyvestigation

b

Hole  Location

Elevation Depth  Inclination  Azimuth Lu. test

No. ____Northing Lasting (m} (m) (deg.) (deg.)  (nos) _

94-1  9,968,810.45 392,179.63 49566 10020 90 19

94.2  9,969,586.43 392,526.14 474.36 75.00 90 13

94-3 9,969,832.02 392,653.23 44420 10025 60 205 19

94-4  9970,218.55 _393,155.71 536.62 12535 90 24

Total Quantity 400.80 75
(Azimuth: From

North) (B) Geological investigation for feasibility study performed in 1995

Boring investigation

Hole Location Elevation Depth L. test

No. Northing Easting {m) (m)

G95-1 9,970,390.11 392,886.02 520.37 50.50 9

(G95-2 9,970,147.87 392,771.42 493.42 30.00 5

G95-3 9,969,954.38 392,690.60 478.76 35.50 6

G95-4 9,969,299.91 392,397.06 505.59 50.25 8

G95-5 9,968,518.63 392,051.75 530.37 50.00 8

G95-6 9,969,956.60 393,066.82 522.82 80.15 6

G95-7 9,969,880.85 392,989.38 492.71 30.05 4

G95-8 9,969,746.24 392,853.92 44297 50.20 9

G95-9 9,269,657.03 392,760.12 464.46 30.15 5

G95-10 9,969,522.46 392,627.47 473.62 30.20 4

G95-11 9,969,570.23 393,038.41 465.06 30.25 5

G95-12 9,969,160.65 393,010.72 491.83 30.10 4 g

G95-13 9,968,950.26 392,922.39 484.45 30.10 4 =

G95-14 9,968,403.07 392,695.85 521.78 50.20 9

GQY5-1 9.967,854.36 392.G79.64 51215 30.25 0

Total Quantity 607.90 96

{Hole inclination is vertical for all holes.)
Seismic Survey

Line l.ength (m1)
G95-A 690
G95-B 1,495
G95-C 245
G95-D 750
G95-E 345
Gos-F 630
G95-G 1,035
G95-H 1,035
G951 515
Total Length 6,900

Laboratory test for dam foundation rocks (1995)
Specific gravity and absorption test (ASTM C127, C128): 3 samples.
Uni-axial compression test (ASTM D2938-86). 3 samples.

Sample:  Depth between 10.70m and 11.00m in bore hole No.G95-8
Depth between 18.60m and 19.10m in bore hole No.G95-8
Depth between 14.20m and 14.50m in bore hole No.G95-10

Petrographic Microscope Study {1995) :

Sample:  21.3 m depth in bore hole No,95-2
16.6 m depth in bore hote No.95-10
19.3 m depth in bore hole No. 95-10
13.6 m depth in bore hole No. 95-14
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Table C1.3.6 (1)

Weathering Condition Observed in Borcholes

(Grand KFalls)

(A) Boreholes drilled by UN/World Bank (1987)

Hole No. _Depth {m) _Weathering condition 1.ocation
BH-4  ©0.00 - 8.40 Rs & slightly to moderately weathered  Right bank
8.40 - 10.10 moderately weathered
10.10 - 13.56 stightly-moderately weathered
13.56 - 23.25 slightly weathered to fresh
BR-1 0.00 - 2.00 Rs & highly weathered Right bank
2.00 - 1695 slightly-highly weathered
16.95 - 17.80 moderately weathered
17.80 - 30.25 slightly-partly moderately weathered
BH-2 0.00 - 538 Rs & slightly-comptetely weathered Right bank
538 - 6385 moderately-completely weathered
6.85 - 14.05 highly-completely weathered
14.05 - 25.45 moderately weathered to fresh
BH-3 0.00 - 4.05 Rs & moderately to highly weathered  Right bank
4.05 - 40.45 slightly weathered to fresh
BH-5 0.00 - 3.62 Rs & highly weathered Left bank
3.62 - 19.00 slightly weathered to fresh
BH6 0.00- 100 Rs . Leftbank
1.00 - 8.05 moderatety-highly weathered
8.05 - 10.50 slightly weathered
BH-7 0.00 - 14.30 highly weathered Left bank
14.30 - 15.50 slightly weathered

{Rs: Residual soil)

(B) Borcholes drilled in this stage (1994)

Hole No.__Depth (m) Weathering condition (Rock classification)
94-1 0.00 - 5.50  Rs & slightly to highly weathered (D-CM)
5.50 - 8.55  wmoderately weathered (CM)
8.55 - 100.20  slightly weathered to fresh (CH-B)
94-2 0.00 - 675  Rs& moderately weathered (CL)
6.75 - 10.35  slightly weathered (CM, partly CH)
10.35 - 1540  slightly weathered {CM-CH)
15.40 - 75.00  slightly weathered to fresh (CH-B)
94.-3 0.00 - 10.30  Rd & moderately to slightly weathered (CL, partly CH)
10.30 - 100.45  slightly weathered to fresh (CH-B)
94-4 0.00 - 7.70 Rs & highly-moderately weathered (D-CL, partly CM)
770 - 10.45  moderately-slightly weathered (CM, partdy CL)
10.45 - 125.35____slightly weathered to fresh (CH-B)

(Rs: Residual soil, Rd: River bed deposit)
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Table C1.3.6 (2)

Weathering Condition Observed in Borcholes

(Grand Falls)

(C) Boreholes drilled in this stage (1993)

Hole No. Depth (m) Weathering condition {Rock classification)
G95-1  0.060- 430 Rs& highly to moderately weathered (D, partly CM)
430 - 50.50 fresh (CH-B) , _
G95-2  0.00- 900 Rs& moderately weathered (D-CL)
9.00 - 30,00 slightly weathered to fresh (CH-B)
G95-3  0.00- 3.00 Rs & highly toslightly weathered (D-CM)
3.00 - 35.50 slightly weathered to fresh (CH-B)
G95-4  000- 11.20 Rs & highly to slightly weathered (D-CL)
11.20 - 50.25 slightly weathered to fresh (CH-B)
G95-5  0.00- 240 Rs& moderately weathered (CL)
2.40 - 50,00 slightly weathered to fresh (CH-B)
G95-6  000- 1.50 Rs
1.50 - 80.15 slightly weathered to fresh (CI1-B)
G95-7 000- 7.00 Rs & highly to moderately weathered (D-CL, partly CM)
7.00 - 30.05 slightly weathered to fresh (CH-B, parily CM)
G95-8 0.00- 200 Rd
2.00 - 50.20 slightly weathered to fresh (CH-B, partly CL-CM})
G959  0.00- 1430 Rs & highly to moderately weathered (D-CL, partly CM)
1430 - 30.15 moderately to slightly weathered (CH, parly CL-CM)
G95-10 0.00 - 10.60 Rs & highly to moderately weathered (D-CL)
10.60 - 30.20 slightly weathered to fresh (CH-B)
G95-11 0.00- 8.40 Rs & highly to moderately weathered (D-CL)
8.40 - 16.00 moderately, partly highly weathered (CM, D-CL)
16.00 - 30.25 slightly, partly moderately weathered (CH, partly CL-CM)
G95-12  0.00- 12.20 Rs & highly to slightly weathered {D-CL, partly CH)
12.20 - 30.10 slightly, partly moderately weathered (CR, partly CL-CM)
G95-13  0.00- 15.00 Rs & highly to moderately weathered (D-CL)
1500 - 30.10 slightly, partly moderately weathered (CH, partly D-CM)
G95-14 0.00- 1.80 Rs & highly weathered (D)
1.80 - 50.20 slightly weathered to fresh (CH-B, partly D-CM)

(Rs: Residual soil. Rd: River bed deposit.)
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‘fPable CL.3.7 (1) Scismic Survey Resuvlts (Grand Falls)

(A) Relation bhetween Scismic Velocity (P-wave) and Rock Classification

Borchole No, G95-1 (50.50m: Left bank)
Vp (knvsee) Depth (ny) Rock class

Borchole Neo. G95-2 (30,10 Left bank)
Vo (knvsec  Depth {m)d Rock class

05 - 0.7 000 - 350 Rs, D& (CM)
1.5 - 1.7 350 - 800 (D)&B
30 - 3.2 800 - 1600 B
6.0 below 16.00 __ B, (CHh

05 - 08 000 - L0 Rs&D

1.8 - 2.0 150 - 10,00 D, CL&(CH)
28 - 3.0 1000 - 4000 CH&B

6.0 below 40.00

Borchole No. G95-3 (35.50m: Left bank)
Vp (knvsec)  Depih (m) Reock class

Borehole No. G95-4 (30.25m: Right bank)
Vp (kivsecy . Depth {mi) Rock class

05 - 06 000 - 1.00 Rs

1.8 - 20 100 - 700 (D, CL,CM) & CH
30 - 32 7.00 - 2800 B

6.0 below 28.00 B (CH)

05 - 08 000 - 150 Rs&D

18 - 2,0 L5080 - 1000 D, CL&(CHH
28 - 30 1000 -3500 CH&B

6.0 below 3500 B

Borchole No. G95-5 (50.00m: Right bank)
Vp (knvsee)  Depth (m) Rock class

Borehole No. G95-6 (80.15m: Left bank)
Vp tkav'sec)  Depth (m) Rock class

05 - 0.7 000 - 200 Rs&D
1.5 - 1.8 200 - 5.00 (ClLy&CH
30 - 3.1 500 -2800 CHE&ESB
6.0 below 2800 B

Bosehole No. G93-7 (30.05m: Left bank)
Vp (knvsec)  Depth {m) Rock class

05 - 06 000 - 150 Rs

15 - 17 150 - .50 CH&(CL)
10 - 3.2 7.50 - 2500 CH,B & (L)
6.0 below25.00 B

Borehole No. G93-8 (50.20m: River bed}
Vp (kovsec) _Depth (m} Rock class

05 - 006 000 - 150 Rs

15 - 16 1.5 - 8.00 D& (CL,CM)
30 - 31 800 -2400 CH&B

6.0 below 2400 B

06 - 0.8 000 - 200 Rd

15 - 1.7 200 - 800 CH&(CM)

30 - 32 800 -21.00 CH&(CL,CM)
56 - 60 below2}.00 CH & (CL.CM, B

Borcho'e No. G95-9 (30.15m: Right bank)
Vp (km'sec) _ Depth (m} Rock class

Borchole No. G93-10 {30.20m: Right bank)
Vp (knv'see)  Depth {m) Rock class

06 - 08 000 - 500 Rs, D CL&CM

06 - 0.8 000 - 250 Rs&D

t.5 - 1.7 500 - 2100 D,CL&(CMCHY 1.6 - 1.8 250 -150¢ D, Cl.& CH
1o - 32 2100 - 3700 CH 30 - 3.2 1500 -3500 CH&B
56 - 6.0 below 37.00 56 - 6.0 below 15.00

Borchole No. G95-11 (30.25m: Right bank)
Vo (knvsec)  Depth (m) Rock class

Borehole No. G95-12 (30.20m: Right bank)
Vp (knyvsee)y  Depth (m) Rock class

035 - 0.7 000 - 200 Rs

1s - 1.7 200 -17.00 D,CL,CM & {CH)
30 - 32 1700 - 3500 CM,CH & (CL)
6.0 below 35.00

05 - 06 000 - 150 Rs

16 - 20 150 -1000 D, CL& (CH)

3.0 - 3.2 1000 - 4800 CH.B & (CL,CM)
6.0 below 48.00

Borehole No. G95-13 (30.10m: Right bank)
Vp (kn¥sec) Depih (n) Rock class

Borehole No. G95-14 (50.20m: Right bank)
Vp (knvseey  Depth (m) Rock class

0.6 000 - 1.50 Rs

06 - 0.8 000 - 100 Rs

15 - 19 1.50 - 10.00 D & CL 1.7 1.00 - 9.00 D, CL, CH & (CM}
28 - 30 10,00 - 3500 D, CL,CM&CH 3.0 000 - 30.00 CM,CH & (D.CL)
6.0 below 35.00 6.0 below 3000 B

Rs: Residual soil
Rd: River bed deposit
Depth: approximately
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Table CL3.7 (2)

Seismic Survey Results (Grand Falls)

{B) Relation between Scismic Velocity (P-wave) and Rock Classification

Borchole No. 94-1 (100.20m: Right bank)

Borehole No. 94-2 {75.00m: Right bank)

Vp knvsec} . Depth (m) Rock ¢lass Vp (km/sec) _ Depth {m) Rock class

0.5 - 08 000 - 1,50 Rs&D 05 - 0.8 000 - 100 Rs

16 - 1.8 150 - 2200 (D,CL,CM&CH 18 - 20 100 - 800 CL&CM

28 - 30 200 -5600 D, CL,CM&CH 30 - 3.2 8.00 - 3500 CM&CH
more than 6,0 below 56.00  ClHL B & (CL.CMY 6.0 below 3500 CHl. B & {(CM)

Borchole No. 94-3 (100.25m: River bed)

Vp (km/secy Depth {m) Rock ¢lass

05 - 0.6 000 - 130 RA&D

1.8 - 20 1.0 - 1000 CL &CH

3.0 - 1.2 1000 - 28.00 CHLB&(CL CM)
6.0 below2800 ClE&B

(Depth: Along borehole)

Borehole No. BH-1 (30.23m: Right bank)

Vp (knvsec)  Depth () Rock class Yp(knysec) Depth {m) Rock class

05 - 08 000 - 300 Rs& HW 0.5 - 0.7 000 - 300 Rs&HW

1.6 - 1.8 3.00 - 15.00 HW-MW 1.8 - 20 300 - 13.00  HW-MW

28 - 30 18.00 - 4500 SW 30 - 32 1300 - 3300 MW -SW-FR
more than 6.0 below 45.00 6.0 below 33.00

Borchole No. BH-2 (25.45m: Right bank)

Borehole No. BH-3 (40.45m: Right bank)
Vpkovsecy Depth (n) Rock ¢lass

05 - 08 000 - 100 Rs&HW
18 - 20 100 - 450 HW

1.7 - 1.9 1.00 - 12.00 HW - MW
30 - 32 450 - 16.50 SW - FR 28 - 30 12.00 - 34.00 MW -SW-TR
6.0 below 16.50 _ SW - FR 6.0 below 34.00

Borehole No. BH-4 (23.25m: Right bank)
Vp {(knv'sec) Depth (m) Rock class

05 - 0.7 000 - 100 Rs

Rs: Residual soil
Rd: River bed deposit
Depih: approximaiely

In boreholes BH-1 to 4
HW: Highly weathered rock
SW: Slightly weathered rock
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Table C1.3.7 (3) Scismic Survey Results {(Grand Falls)

i

&t (C) Low Velocity Zone
Ling Distance (m) Vo (knvsesy
G95-A 110 - 130 32
400 - 410 2.6
550 - 560 33 near G95-3
G95-B 355 - 363 2.5
750 - 760 2.8
1,125 - 1,130 2.8-3.0
1,200 - 1,210 3.0
1,400 - 1,430 2.5 near G935-5
G95-C 265 - 295 38
G953 No low velocity zone
G95-E 225 - 240 2.8
255 - 265 2.0
G95-F 55 - 95 33 ricar G95-14
30 - 320 2.0
580 - 605 2.1
G93-G 45 - 60 2.2
175 - 185 2.4
325 - 345 3.0 near G93-13

555 - 565 2.6
670 - 690 jo

890 - 905 2.8 near G9S5-14
960 - 930 3.0 near G95-14

G95-H 120 - 130 3.0

190 - 205 4.0
315 - 328 2.6 near G95-3

§ 565 - 580 2.0

700 - NS 35
860 - 865 3.0-3.2
G95-1 95 - 125 3.0
285 - 300 2.2
500 - 513 EXH
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Table CL3.8 (1) Reck classification for the Project

L]
i

&

|
I
L

Rock o

Class Characteristics of Rock

B Fresh and solid rock. The rock forming minerals and grains have no weathering
and alteration. Joints are tight and their surfaces have no visible sign of
weathering.

CH Slightly weathered and relatively solid rock. The rock forming minerals and grains
have a little weathering and/or alteration in some part. Joints are tight in general but
their surfaces have sign of weathering (brown stained).

™M Moderately weathered rock. The rock forming minerals and grains have more
weathering and/or alteration than CH. Joints are partly tight and their surfaces have
more sign of weathering (brown stained) than CH.

CL Highly weathered rock. The rock forming minerals and grains have weathering
and/or alteration in general. Joint surfaces have strong sign of weathering (brown
stained, with clay minerals} in general.

D Decomposed rock.
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Table CL.38 (2) Roek classification for the Project

- Rock Hardness  Core shape & Weathering &  Rock Classification
class joint interval alteration
B A i a Ala
CH A ) b Atlb
A 2,3 ab A2a, A2b, Ala, Adb
B 1,2,3 ab Bla,B1b,B2a,B2b,B3a,
Bib
M A 4 a, b Ada, Adb
B 2,13 C B2¢, B3c
B 4 a, b Bda, B4b
C 1,2 c Cle, C2c
CL A 5 a,b ASa, ASb
B 4 < Bdc
B 5 a, b, ¢ BS3a, B5h, B5c
C 3,4 c Cic, Cdc
C 5 a, b C5a, C5b
D i,2.3 d Dl1d, D2d, D3d
D C 5 C Csc
D 4,5 d D4d, D5d
D ¥ e D¥e
Note

Rating Standards for Rock Classification

i)  Hardness
A Hard rock
B Mediun hard rock
C Weak rock
D Very weak rock
E Decomposed rock

i} Core shape and joint interval _ _
i Coluomnar: Joint interval is around 30 em or more.

2 Columnar: Joint interval is approximately 15 to 30 cm.

3 Mainly columnar: Joint interval is approximately 5 to 15 cm.

4 Short columnar and fragments: Joint interval is approximately less than 5 e
5 Mainly fragments: Heavily jointed,

6 Mainly sandy - clayey materials, with some fragments.

iii} Weathering and alteration

Fresh/ no alteration

Slightly weathered / weak alteration
Moderately weathered / mederate alteration
Highly weathered / high alteration
Completely weathered / very high alteration

O e O W
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Tablie C1.3.9 Rock Classification and Rock Parameceters

Rock  Uniaxial Static Modulusof  Cohesion  Intemal  Velocity of
grade  compress.  modulus of deformation friction elastic wave
strength elasticity angle
(kglcmz) (kg/cmz) (kg/c:112) (kg/c1112) {(deg.) (km/sec)
300 30,000 50,000 49 55-65 3.7
or mote Or more or more oF more or Imore
: 800-400 80,000- 50,000- 40-20 40-55 3.7-3.0
40,000 20,000 e
400-200 40,000- 20,000- 20-10 30-45 3.0-1.5
15,000 5.000
E-F 200 15,000 5,600 10 15-38 1.5
or less or less or less or less or less
(Dr.K . Kikuchi, Mr.K.Saito & Mr.K.Kusuncki, ICOLD, May,1982)
Notes
In the

above Table, each rock grade for the “medivm hard rocks” (dry unconfined compression strength of

200 to 800 kgf!cm?') nicans qualitatively:

B:

Fresh in lithologic character. The constituent grains are quite free from secondary weathering and
alreration. Fissuces of joints, etc. are little distributed. The rocks as a whaole are solid and hard.

In this case, those close o soft rocks which have the above properties may not belong to this
class, but to Grade C.

. Fresh in lithologic character. The constituent grains are free from secondary weathering and

alteration. Joinis are sparsely distributed, assuring close adhesion. The rocks as a whole av
almost solid and hard. In this case, those close to hard rocks may beleng to Grade B.

. Feldspars and colored minerals existing secondarily as constituent grains are mostly a little

weathered and altered. The weathering is not so intensive, but since the rocks are medium hard,
they give a little soft impression in absolute hardness. Joints are distributed considerably, and
most of them aie a litle open. ‘The joints are weathered and aliered, being discolored and often
hotd thin layers and weathered materials. Rocks of this class have hair-like fissures to some

extent. Therefore, when hit by a rock hammer, they often collapse, being separated at the hair-
like fissures,

: Conslituent grains are weathered and altered, and the degree of consolidation is very low, Since

the rocks are medium hard, they give considerably soft impression in absolute hardness. Joints
are considerably distributed. They are open, and hold weathered materials and clay layer
considerably. Rocks of this class are considerably weathered along hair-like fissures, and when
hit lightly by a rock hammer, they collapse easily.

: Constituent grains are considerably weathered and altered, and the degree of consolidation is

constderably low. They are eften sandy and clayey. With rocks of this class, the distsibution of
fissures is rather unclear,
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Table C1.3.10 (1} Permeability Condition Observed in Borcholes
{Grand Falls)
(A) Borehotes drilled by UN/World Bank (1987)
Hole No.  Depth(m) Permicability Location
(Coeficient of permeability; cmy/s)
Bil-4 400 - 830  Lax10° Right bank
8.30 - 930 no data
930 - 18,55  1.6-22x 10"
18.55 - 23.25 impermeable
BH-1 9.05 - 13.05 4.0 x 10-5 Right bank
13.05 - 2350  1.4-34x 10"
23.50 - 3025 1.6x10°-1.0x10°
BH-2 600 -11.00  8.6x 107 Right bank
13.60 - 1860  1.0x 107
19.60 - 25.45  32x10°
BH-3 400 - 870 10x10* Right bank
900 - 19.15  1.3-7.1x107
19.15 - 24.10 impermeable
24.10 - 40.45  2.4-7.5x10°
BH-5 475 - 15.55 impermeable Left bank
BH-6 0.00_- 10.50 no data Left bank
(B) Borcholes drilled in this stage (1994)
Hole No.  Depth (im) Permeability (Lugeon) Location
94-1 6.20 - 14.55 14.6 - 15.3 Right bank
14.55 - 19.55 9.6
19.58 - 67.060 6.3 - 5.1
67.00 - 77.45 impermeable
77.45 -100.20 0.3-438
94-2 7.10 - 12.15 2.2 Right bank
13.50 - 42,45 0.3-3.6
42.45 - 47.40 impermeable
47.40 - 56.90 02-03
56.90 - 75.00 impermeable
94-3 4.00 - 10.05 54.5 Left bank
11.60 - 16.30 0.9
16.30 - 62.40 impermeable
62.40 - 67.60 6.0
67.60 - 77.05 impemmeable
77.05 - 87.80 2.4-32
87.80 -100.25 impermeable
94-4 7.00 - 11.05 96.6: Left bank
12.00 - 51.35 impermeable
5135 - 56.00°  76.6
56.00 -101.40 impermeable
101.40 -111.50 17.4 - 282
111,50 -125.35 impermeable
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Table CL.3.10 (2) Permcability Condition Observed in Borcholes
(Grand Falls)

(C) Borcholes drilled in this stage (1995) (1/2)

Hole No. _ Depth (m) Permeability (F.ugeon) Location
G95-1 000 - 6.05 no data Left bank
6.05 - 50.50 0-0.9
G952 000 - 7.50 no data Left bank
1.50 - 17.35 10.5-54.6
17.35 - 30.00 0-3.3
G953 0.00 - 415 no data Left bank
415 - 875 201.3
875 - 14.10 2.8
14,10 - 19.05 239.1
19.05 - 24.25 1.2
24.25 - 30.20 25.3
30.20 - 35.50 1.6
G954 000 - 7.00 no data Right bank
7.00 - 12.00 36.6
12.00 - 14.60 no data
14.60 - 19.60 15.7
19.60 - 50.25 impermeable
G955 0.00 - 12.00 no data Right bank
12.00 - 50.00 0-1.4
Go9s-6 0.00 - 2.30 no data Left bank
230 - 8.00 1.7
8.00 - 13.00 771.1
13.00 - 80.15 0-3.6
G957 000 - 940 no data Left bank
9.40 - 13.90 8.1
13.90 - 30.05 impermeable
G95-8 000 - 5.50 no data River bed
5.50 - 15.00 7-9.8
15.00 - 30.50 0-35
30.50 - 35.10 19.9
35.10 - 50.20 impermeable
G95-9  0.00 - 7.10 no data Right bank
7.10 - 12.00 8.3
12.00 - 13.00 no data
13.00 - 18.00 69.8
18.00 - 21.10 no data
21.10 - 26.00 16
26.00 - 30.15 impermeable
G95-10 000 - 6.0 no data Right bank
6.00 - 11.00 429
11.00 - 13.10 no data
13.10 - 18.10 152.0
18.10 - 30.20 0-1.0
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Table C1.3.10 (3) Pcrmeability Condition Observed in Borcholes
(Grand Falls)

S
V (C) Borcholes drilled in this stage (1995) (2/2)

Hole No, _ Depth (im) Permeability (1.ugeon) Location .

G95-11 000 - 5.00 no data Right bank
5.00 - 9.00 28.3
9.00 - 18.00 8.5-9.5
18.00 - 19.00 no data
19.00 - 30.25 0.5-0.9

G95-12 000 - 8.50 no data Right bank
8.50 - 19.75 32.9-42.6
19.75 - 30.10 0.7-3.9

G95-13 000 - 7.20 no data Right bank
7.20 - 17.50 13.1-19.7
17.50 - 19.20 no data
19.20 - 24.70 7.6
2470 - 30.10 0.9

G95-14 000 - 570 no data Right bank
570 - 11.20 6.5
11.20 - 32.30 37.8-133.1
32.30 - 50,20 0-4.3

it
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Table CLA.K{1) List of Esrthquakes
Referred area : latitude -5 (0 8, longitude 33.0 10 43.1

Saurced from British Geological Sunvey

Dist.  Intens.  Cormncll Kawasumi Estma

No. Latitude  Longitude  Depth  Magnitude Year  (kms) (MM) Imm a ij a a
1 4.00 33.00 ¢ 5.0 1506 734 0.0 0.20 0.0 0.45 G146
2 4.00 3300 0 50 1506 ™ 0.0 0.20 0.00 0.5 0.46
3 3.00 33.00 6 6.7 1912 &7 1 18 0.96 0.00 043 213
4 0.50 36.50 0 1.0 1928 186 ¥ 5.4 14.97 28 1216 25.78
5 0.50 36.00 0 6.0 1928 10 Wl 13 419 0.29 0.63 1.75
& 5.00 33.60 0 50 1937 766 0.0 0.1% 0.00 0.5 0.42
7 5.00 36.00 0 6.2 1937 630 H 12 0.7 0.00 0.45 1.59
8 -3.00 40.00 0 6.0 1938 m o 22 1.713 0.00 045 354
9 -3.80 33.60 0 5.0 1951 626 0.0 028 0.00 045 0.62
10 300 40.00 0 30 1951 429 03 0.59 0.00 045 124
n -4.00 35.20 0 6.0 1951 516 i 14 0.91 0.00 0.45 1.97
12 -5.00 35.40 33 6.5 1956 % N I8 1.0} 6.00 045 272
13 3.00 35.00 ] 19 1959 496 I 00 04 0.00 0.45 0.88
14 319 39N 0 4.0 1959 397 0.0 on 0.00 0.45 0.64
15 -3.00 34.50 0 12 1959 492 ) 0.0 0.24 6.00 0.45 0.51
16 -4.50 33.00 0 4.5 1959 726 I 0.0 014 0.00 0.45 0.3
17 -1.25 34.00 0 6.1 1959 625 ! 11 0.67 0.00 0.45 1.49
18 -3.00 35.00 0 30 1964 Ho 0.0 0.1t 0.00 0.45 023
% -4.00 34.00 0 o 1964 606 0.0 0.06 0.00 0.45 013
20 -340 35.00 0 10 1964 480 0.0 0.10 0.00 0.45 0.20
21 -3.88 35.06 9 6.7 1964 516 1 24 158 0.00 0.15 34
22 -5.00 35.00 0 1.0 1965 620 0.0 0.06 .00 0.45 013
2 4.00 35.50 0 3.0 1965 554 0.0 0.07 000 " 045 0.16
4 -1.7% 3492 15 43 1565 ) l 0.0 0.17 0.060 0.45 037
23 -1.83 35.00 12 30 1965 605 0.0 0.06 0.00 0.45 0.13
26 110 is5n0 24 19 1965 512 i 0.0 0.35 0.00 043 037
27 -3.00 35.00 0 30 1966 620 0.0 0.06 0.00 0.45 013
28 -39} 3575 0 3.0 1966 475 0.0 0.10 0.00 0.45 0.29
29 -1.00 35.00 0 30 1966 330 0.6 0.08 0.00 0.45 0.17
30 -$.60 38.00 0 30 1966 412 0.0 0.13 0.00 0.45 0.27
1 -1.50 3540 0 3.0 1966 550 0.0 007 0.00 0.45 016
32 -4.00 3500 0 30 1966 530 0.6 0.08 0.00 045 0.17
33 -4.00 3500 ¢ 30 1966 530 0.0 0.08 0.00 045 0.17
34 -4.00 33.00 0 30 1966 £92 0.0 0.03 0.00 0.45 0.10
35 -1.70 41.40 0 3.0 1966 619 0.0 0.06 0.00 0.45 0.13
36 -3.54 35.35 0 30 1966 466 0.0 0.10 0.00 0.45 022
37 -1.00 36.00 0 30 1966 468 0.0 0.10 0.00 045 0.23
38 -1.00 35.00 0 30 1966 343 0.0 0.19 0.00 0.45 0.38
39 -3.60 35.60 0 30 1966 454 0.0 on 0.00 0.45 0.23
10 -3.90 35.40 0 30 1966 494 0.0 0.09 0.00 045 0.19
41 -5.00 35.00 0 30 1966 620 040 0.06 0.00 0.45 0.13
42 -1.00 35.00 0 o 1966 530 0.0 0.08 0.00 0.45 0.17
43 -5.00 35.00 0 30 1966 620 0.0 0.06 0.00 0.45 0.13
H -1.00 35.00 0 30 1966 530 0.0 0.08 0.00 045 0.17
45 -1.00 36.00 0 30 19646 468 0.0 0.1¢ 0.60 0.45 0.21
6 -3.90 35.53 33 1.3 1866 436 1 0.0 0.04 0.00 0.45 0.08
17 -1.00 36.00 0 30 1966 468 0.0 .10 .00 0.45 021
18 -3.00 3600 0 30 1966 3N 0.0 0.16 .00 0.45 0.32
19 -1.00 31.50 0 30 1966 567 0.0 0.07 0.00 .45 .15
50 -3.30 35,40 0 3.0 1966 112 0.0 0.11 0.00 0.45 0.24
51 -3.08 33.63 33 26 1966 643 [ 0.0 0.02 0.00 0.45 0.05
52 -5.00 33.00 0 3.0 1956 763 0.0 0.04 0.00 0.45 0.69
53 0.70 3620 0 30 1966 229 0.0 0.42 0.00 045 0.76
5% 0.50 36.50 0 3.0 1566 189 0.0 (.61 0.00 045 103
55 -1.60 33.00 o 30 1966 §75 0.0 0.07 0.00 0.45 0.15
56 -1.60 34.00 0 3o 1966 506 0.0 0.06 0.00 0.45 0.13
57 -4.50 3540 0 30 1966 550 0.0 0.07 0.00 045 0.16
58 -5.00 36.00 0 30 1966 568 0.0 0.07 0.00 045 0.15
59 -5.00 36.00 0 10 1567 568 0.0 0.07 0.00 045 0.15
60 -4.00 36.00 0 10 1967 468 0.0 .10 0.00 045 0.2}
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Table C1.4.1(2) List of Earthquakes

Referred area : Yatitude -5 1o &, lopgitude 33010 4.1 o Sourced from British Geological Survey
Dist,  Iatens, Corpell Kawasurii Lstava
No. fFalitude lengitude  Pepth  Mapnitude Year  (kms)  (MM) lnm 3 lj a a
61 -5.00 36.00 0 30 1967 568 0.0 0.07 0.00 045 0.15
62 -5.00 3500 0 3.0 1967 620 00 0.06 0.00 0.45 0.13
63 -4.70 3170 0 30 1967 612 0.0 0.06 0.00 0.45 0.13
64 -3.00 36.00 0 30 1967 KL 0.0 0.16 0.00 045 0.32
65 110 3540 0 30 1967 569 0.0 0.07 0.00 0.45 0.15
66 -4.20 3700 Y 30 1967 448 0.0 0.4t ¢.00 0.45 0.23
67 -3.80 36.50 0 10 1567 124 0.0 0.12 0.00 0.45 0.26
68 -3.00 37.00 0 3.0 1967 320 0.0 1]} 0.60 0.43 0.43
69 -3.00 36.00 0 30 15567 N 0.0 0.16 0.00 045 032
79 -3.99 3I5H ] 3.0 1967 182 0.0 0.6% 0.00 045 0.20
71 -3.32 3819 33 1.9 1967 337 1 08 028 0.00 045 176
72 3.00 3100 0 3.0 1967 667 0.0 0.05 0.00 045 0.4
73 -4.00 36.00 0 30 1967 468 0.0 0.10 0.00 0.45 o
M 1.30 3100 0 3.0 1967 480 0.0 0.10 0.00 045 020
75 1.30 33.00 0 30 1967 480 0.0 .10 0.00 045 0.20
76 130 34.00 0 30 1967 480 0.0 0.10 0.00 0.45 0.20
17 1.30 34.00 0 30 1967 480 0.0 .10 0.00 045 0.20
78 1.30 3400 0 30 1967 420 0.0 0.l0 0.00 0.45 0.20
79 -2.70 40.20 ] 3.0 1968 362 0.0 0.17 0.00 045 0.34
i) 5.00 34.00 0 3.0 1968 739 0.0 0.04 0.00 045 0.09
81 -5.00 38.00 0 30 1968 523 0.0 0.08 0.00 G5 0.17
82 -1.00 33.80 o 3.0 1968 174 0.0 0.10 0.00 0.45 021
83 -1.00 33.80 6 30 1963 474 0.0 0.10 0.00 0.45 0.21
84 0.61 34,40 0 10 1968 402 0.0 0.14 0.00 0.45 028
85 .50 31.00 0 30 1963 146 0.0 6.1 0.60 0.45 023
86 0.61 3142 13 30 1968 300 0.0 0.14 0.00 0.45 0.28
- 87 -0.58 3438 1 3.0 1968 404 0.0 0.13 0.60 0.45 0.28
!, 88 -0.50 34.20 0 30 1968 424 0.0 012 0.00 035 0.26
89 -0.50 3430 0 3.0 1968 412 6.0 0.13 0.00 045 0.27
90 -0.60 3437 0 3.0 1968 105 0.0 0.13 0.00 0.45 0.28
o1 0.30 kEEE] o 30 1968 396 0.0 0.14 0.00 045 0.29
92 -1.67 31.96 33 45 1968 592 1 0.0 0.21 0.00 045 0.46
N1 0.66 14 0 3o 1968 402 0.0 0.14 0.00 045 0.28
94 -1.00 33.00 0 30 1968 692 0.0 0.05 0.00 045 Q.10
95 0,69 34.40 I8 30 1968 403 0.0 0.4 .00 0.45 028
96 -3.47 37.10 3 37 1963 335 } 0.0 0.34 0.00 0.45 0.68
97 -3.30 3350 0 3.0 1968 602 0.0 0.06 0.00 0.45 0.13
98 -3.80 36.60 0 3.0 1968 420 0.0 0.12 0.00 0.45 026
99 -1.00 35.00 ) 3.0 1968 530 0.0 0.08 0.060 0.45 0.17
100 -1.90 36.50 0 36 1968 434 0.0 0.12 0.00 0.45 0.25
101 -3.80 35.30 0 30 1968 492 0.0 0.09 .00 045 0.19
102 221 3395 66 3.0 1968 530 .0 0.08 0.00 0.45 047
103 -1.81 3458 33 20 1968 604 | 0.0 0.03 0.00 0.45 0.06
104 -4.26 -33.35 30 1.0 1968 528 i 00 6.02 0.00 045 0.03
105 -1.28 35.07 0 3.0 19568 550 0.0 0.07 0.00 0.45 0.16
106 -4.00 33.00 0 10 1968 692 0.0 0.05 0.00 0.45 0.10
107 -4.63 35.66 0 30 1968 548 0.0 0.07 0.00 0.45 0.16
108 330 35.50 0 30 1968 438 0.0 0.09 0.00 0.45 0.20
109 -3.81 3563 34 3.7 1969 471 | 0.0 0.17 0.60 045 0.37
110 -3.62 35.80 33 3.6 1969 443 I 0.0 0.i8 0.00 043 038
i -3.20 3644 33 1.1 1969 367 1 0.0 0.39 0.00 0.45 0.80
12 -1.48 35.2% 0 kY 1969 357 [ 6.0 ol 0.00 0.45 0.25
I3 -3.84 - 35.69 33 39 1969 170 1 0.0 0.20 -0.00 045 043
il4 -390 36.00 3 ER 1969 158 1 0.0 0.20 0.00 0.45 0.42
1": 115 -4.30 36.10 ] 3.8 1969 493 { 0.0 017 0.00 0.45 0.37
- 116 -3.90 3570 0 37 1969 475 i 0.0 047 0.00 0.45 0.36
17 -3.00 33.60 ] 35 1969 51 i 0.0 010 000 0.45 0.22
118 -1.50 33.00 0 29 1969 726 i 0.0 0.04 0.00 645 0.09
119 -4.14 3540 0 26 1969 516 1 0.0 0.06 0.00 045 0.13
120 -1.25 3102 0 10 1969 455 I 0.0 024 0.00 045 0.50
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Table C1.4.3{3) List of Earthquakes

Referred area @ latitude -3 to 5, longitude 33.0 1o 43.1 _ Sourced from British Geolopical Survey

T Dist.  Intens. Comell Kawasomi Estava

__Ne.  latiwde  Longitude  Depth  Magnitude Year  (kms} (MM) fmm a 1] a a
i -3.28 36.00 33 26 1969 39 1 0.0 0.10 0.00 0.45 0.1
122 -1.90 38.40 0 30 1969 51 i 0.0 008 0.00 0.45 0.18
123 -1.64 3840 0 35 1970 485 1 0.0 0.14 0.00 045 0.30
124 -3.70 35.60 0 3.5 1970 463 1 0.0 015 0.00 045 0.32
125 -2.50 40.10 0 35 1970 339 1 0.0 0.29 0.00 0.45 0.57
126 -1.69 36.79 0 35 1971 507 1 0.0 0.13 0.00 045 0.27
127 14 3518 0 s 1971 470 1 0.0 0.15 0.00 0.45 032
128 -3.64 3549 0 36 1971 465 1 0.0 0.16 0.00 0.45 0.35
129 430 33.60 0 30 1971 708 0.0 0.04 0.00 0.15 .10
130 -4.00 3330 0 37 1972 665 I 0.0 0.09 0.00 0.43 .19
131 -130 RERE! 33 15 1972 635 } 0.0 0.18 0.00 0.45 0.40
132 -4.17 J4.4t ¢ 4.1 1972 587 ! 0.0 .15 0.00 0.45 0.34
133 -4.10 3551 o 15 1972 506 1 0.0 .29 0.00 0.45 6.61
134 -3.44 3597 0 3.7 1972 416 [ 0.0 0.22 0.00 0435 0.46
113 -0.29 in G 41 1972 322 i 0.9 0.51 0.00 0.43 1.01
136 -3.27 36.66 33 4.1 1972 363 1 0.6 0.40 0.00 0.45 0.81
137 -3.57 35.80 0 19 1972 439 I 0.0 0.23 0.00 043 0.49
138 -3.41 3648 0 1.1 1972 385 1 0.0 036 0.00 0.45 oM
139 -3.50 3641 0 33 1972 398 | 0.0 0.26 0.00 045 0.54
140 -3.59 359 0 1.0 1972 431 [ 0.0 0.26 0.00 045 0.55
111 -3.30 38386 0 4.0 1973 47 I 0.0 o4 0.00 045 0.82
142 ~1.93 3596 0 38 1973 563 1 0.0 0.13 0.00 0.45 0.29
143 -3.04 35.56 13 22 1973 408 1 0.0 0407 0.00 045 0.14
114 -1.85 LR R E| 0 33 1973 643 I 0.0 0.09 0.00 045 021
145 -4.90 3490 0 37 1973 6117 i 0.0 6.10 0.00 045 022
146 -3.31 3548 0 35 1973 437 i 0.0 0.17 0.00 0.45 0.36
147 =150 34.30 0 34 1974 623 { 0.0 008 .00 045 0.17 .
148 -1.61 302 0 3.7 1974 519 1 0.0 0.14 0.00 0.45 0.31 g
149 -1.94 33.30 0 33 1914 661 1 0.0 0.14 0.00 0.45 0.32
150 -3.00 33.00 0 40 1974 632 ) 0.0 0.12 0.00 045 0.27
151 -4.23 33.38 0 39 1975 675 L 0.0 0.10 0.00 045 0.22
152 -412 35.23 0 3.2 1975 525 I 0.0 0.2} .00 0.45 0.45
153 -280 37.50 0 49 1975 284 1 1.2 1.24 0.00 0.45 2,40
154 -2.35 38.76 0 4.1 1975 243 1 04 0.8% 0.00 0.45 1.66
155 -1.33 3575 32 19 1975 516 | 0.0 038 0.00 045 081
156 -2.61 3828 (] 4.1 1975 262 I 0.2 0.77 0.00 .45 I.46
157 -3.91 3562 0 19 1975 481 1 6.0 0.20 0.00 G35 0.42
158 -2.39 Jo.ls a 16 1975 31 1 00 0.37 0.00 045 072
139 2N 3101 0 472 1973 293 [ 0.1 0.67 0.00 045 1.30
160 <271 37.86 0 41 1973 269 i 0.2 073 0.00 043 1.39
161 341 1647 g 3% 1975 386 i 0.0 0.30 0.00 045 0.62
162 161 37.15 0 4.1 1975 330 1 0.0 0.327 Q.00 045 0.75
163 244 384 0 3o 1976 243 | 0.1 0.76 0.00 045 1.41
164 -3.10 37.20 (] 3.7 1976 Ly H 0.0 037 .00 0.45 0.73
165 =293 3746 25 4.4 1976 299 1 03 0.75 (.60 0.45 1.46
166 -2.8i 37.34 ¢ 4.0 1976 289 % 0.0 0.58 0.00 045 113
167 -2.78 36.97 40 3.0 19756 259 ; 0.0 0.24 6.60 045 0.47
168 285 37.38 0 4.0 1976 292§ 0.0 0.57 0.00 0.45 It
169 -3.3¢ 36.30 0 1.9 1976 3z i 0.0 0.3 0.00 0.45 0.63
170 -2.66 3693 0 37 1976 288 I 0.0 0.46 0.60 0.45 0.90
171 -3.00 37.00 0 16 1977 30 I 0.0 0.35 0.00 0.45 0.69
172 -2.80 17.06 0 LR 1927 297 | 0.0 647 000 045 092
173 -3.25 36.09 0 36 1977 488 | 0.0 .15 Q.00 045 0.32
174 -4.79 RERY| 0 5.6 1977 606 I 0.4 043 0.00 0.45 1.06
175 -1.91 3483 0 2.8 1978 623 [ 0.0 0.05 0.00 0.45 011 S
176 -5.00 3430 0 4.0 1973 666 8 0.0 0.4 0.00 0.45 0.25 £
177 <3.73 33.63 0 43 1978 618 1 c.o 0.16 0.00 0.45 G.36
178 S ¥ | 3115 25 43 1978 133 1 1.4 1.8¢ 0.00 045 1469
179 -3.59 3483 0 4.1 1978 532 1 0.0 0.19 0.00 0.45 0.4
180 296 36.22 0 39 1978 13 1 00 0.26 0.00 0.43 0.55
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Table C1L4.1(4) LIst of Earthquakes

Referred area : fatitude -5 to §, longitude 33.0 to 4.1 Sourced from British Geological Survey
£ Dist.  lnlens, Coraell Kawasumi Estava
i\,} No. fattude  Longitude  Depth  Mapnifude Year  (kms) {(MMY) Imm a 1j a a
181 -+.86 B4 0 4.1 1978 510 1 0.0 0.20 0.00 045 0.4
182 -3.00 3600 0 39 1979 s | 0.0 0.32 0.00 0.45 0.66
183 -418 45 1% 24 1979 35 1 0.0 0.04 0.00 045 0.69
184 -4.90 39.00 0 36 1930 502 1 0.0 0.14 0.00 0.45 0.30
185 -3.70 331460 0 36 1980 619 1 0.0 0.09 0.00 045 0.21
186 -3.78 35.42 0 15 1930 482 1 00 014 0.00 0.45 0.30
187 -4.16 3468 33 22 1980 561 { 00 0.04 0.00 0.43 0.08
138 -3.85 3600 33 2.4 1580 153 I 0.0 0.07 0.00 0.45 0.H
189 -2.483 39.75 0 38 1980 282 I 0.0 0.52 0.00 0.45 1.01
190 -394 3464 10 22 1982 620 1 0.0 0.03 .00 0.45 0.07
9N -4.20 3430 ¢ 3.0 1983 583 00 0.06 0.00 043 0.14
192 -3.97 35.66 e 3.5 1983 484 1 0.0 0.4 0.00 043 8.30
193 443 3519 i0 30 1983 544 0.0 0.07 0.00 045 0.16
19 -3.39 36.85 10 3.0 1983 367 0.0 0.16 0.00 045 033
195 43 35.25 19 17 1933 5H b 0.0 0.29 0.00 045 0.64
196 -1.40 KL L] 0 30 1983 551 0.0 0.07 0.00 0.45 0.16
197 -1.20 1279 14 5.2 1983 435 0.6 0.68 0.00 0.45 1.42
198 -4.20 37.80 0 33 1983 435 [ 0.0 0.17 0.00 0.45 0.36
199 -4.20 37.80 0 35 1933 435 1 0.0 0.17 0.00 0.45 0.36
200 -4.70 34.32 0 3¢ 1983 638 0.0 0.05 0.00 0435 0.12
201 -3.00 35.81 10 26 1983 387 1 0.0 0.11 0.00 045 0.22
202 1.05 36.40 0 3.0 1984 233 0.0 0.40 0.00 045 0.74
203 -3.91 37.87 10 39 1984 402 I 0.0 0.28 0.00 0.45 0.58
204 -4.18 3587 0 3.0 1984 493 0.0 0.09 0.00 0.43 0.19
205 0.50 KL 0 30 1983 487 0.0 0.09 0.00 0.45 0.20
206 470 3319 10 3.2 1985 72 i 0.0 0.04 0.00 045 ° 010
207 -4.10 33.65 0 3.0 1985 643 0.0 0.05 6.G0 0.15 o2
208 -0.86 3102 10 30 1986 447 0.0 041 0.00 045 023
209 -1.50 3336 10 30 1986 696 0.0 0.05 0.00 0.45 0.10
210 -4.18 37.68 1 39 1986 433 1 0.0 024 0.00 045 0.51
211 -3.28 36.21 33 3.0 1986 187 0.0 0.15 0.00 045 0.30
212 -1.60 36.60 0 39 1986 503 1 0.0 0.18 0.00 043 038
213 -4.62 3577 10 30 1957 541 00 0.08 0.00 045 0.16
214 <170 3350 10 26 1987 525 ; 0.0 0.06 0.00 045 0.13
215 -3.69 RER X! 0 3o 1987 548 0.0 0.07 0.00 0.45 0.16
216 -0.92 35.85 10 40 1987 249 1 0.2 0.79 0.00 6.45 147
217 -4 80 35.90 ¢ 3é 1987 553 | 0.0 0.12 0.00 0.45 025
218 -0.66 34.61 10 30 1987 379 0.0 0.15 0.00 045 0.31
219 142 35.61 10 2.3 1988 389 1 0.0 0.05 0.00 0.45 012
220 -4.16 33.60 10 3.9 1988 651 I 0.0 0l 0.60 0.45 0.24
21 -1.60 33.00 10 27 1988 375 ! 0.0 0.05 0.00 0.45 011
222 -3.87 3582 10 32 1988 166 i 0.0 012 6.00 045 0.25
23 -1.89 313.94 10 3.0 1988 485 0.0 0.69 0.00 0.45 0.20
224 -3.78 3409 10 35 1938 582 1 0.0 0.10 0.00 0.45 0.21
225 -3.75 3530 10 19 1988 552 1 0.0 0.15 0.00 045 032
226 142 35.61 10 2.3 1988 589 1 0.0 0.05 0.00 0.45 0.12
227 -4.16 33.50 10 3.9 1988 651 I 0.0 011 0.00 0.15 024
228 -1.60 33.00 10 21 1988 575 1 0.0 0.05 0.00 0.45 0
219 -3.87 35.82 10 3.2 1988 466 0.0 0.12 0.60 0.45 025
230 -1.89 33N t0 3.0 1988 1835 0.0 0.09 0.00 0.45 0.20
231 3718 3409 10 35 1988 582 ! 0.0 0.10 6.00 045 0.2}
232 -§.78 3580 10 i9 1988 552 1 0.0 .15 0.00 045 0.32
233 -1.06 3346 10 KN 1989 512 ) 0.0 0.08 0.00 0.45 0.18
234 -3.74 4.22 10 30 1989 569 0.0 0.07 0.00 045 0.15
! 235 -3.70 35.70 10 38 1989 457 1 0.0 0.20 0.00 0.45 0.42
- 236 -343 34.50 i 3.7 1989 522 i 0.0 0.14 0.00 0.45 031
237 001 3861 10 43 1989 78 33 5.47 0.00 0.45 11.08
238 018 38.56 10 43 1989 g2 W 3 8.63 6.00 0.45 10.37
239 -4.03 399 10 5.2 1950 467 i 0.4 0.59 0.00 0.45 1.25
240 <290 35.78 10 30 1990 381 I 0.0 0.15 0.00 0453 0.31
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Table CL4.1(5) List of Earthquakes
Referred area : latitude -5 to §, fongitude 33,0t 43.1

Sourced from British Geological Survey

Dist.  Inwens. Comell Kawasunm Estava
No. Latitade  Longitude  Depth Magnitude Year  (kms) (MM) Tmm a li a a
241 -2.95 3595 38 45 1990 n 1 0.0 0.52 0.060 0.45 1.06
42 -1.30 981 10 24 1990 489 | 0.0 0.06 0.00 0.45 012
243 -3.20 3578 5 48 1990 106 I 0.2 0.56 0.00 045 1.17
244 .10 - 3586 b3 5.2 1950 392 ] 0.9 0.83 0.00 045 1.72
245 -120 35.80 10 10 1990 405 0.0 0.1 0.00 045 0.28
246 -1.30 3380 10 10 1990 645 0.0 0.05 0.00 0.45 0.12
247 483 3163 10 39 1990 750 H 0.0 0.08 0.00 045 0.18
248 -293 36.01 10 4.1 1990 k1Y) i 0.0 0.39 0.00 045 0.80
249 -3.50 3120 19 30 1990 553 0.0 007 0.00 045 0.16
250 -3.90 3188 it 4.1 1990 &0% { 0.0 0.14 0.00 0.45 0.32
251 -3.02 3540 33 35 1990 419 i 0.0 0.19 0.00 0.45 0.39
252 -4.37 in 10 3.0 1950 658 0.0 0.05 0.00 0.45 ¢il
2583 349 3807 0 3.0 1991 32 1 0.0 0.21 0.00 0.45 0.42
254 -3.97 35381 10 4.5 1991 476 H 0.0 0.32 0.00 0.45 0.69
255 3.8 3563 28 53 1993 474 1 0.5 0.61 0.00 0.45 1.31
256 -3.97 35.85 13 312 1993 473 | 0.0 61! 0.00 0.45 0.24
237 -3.99 34.05 33 49 1593 601 1 0.0 0.28 0.00 .45 0.61
258 452 15.03 0 44 1994 630 i 0.0 017 0.00 0.45 038
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Table C1.4.2 List of Selected Earthquakes for the Fstimation of Maximum Acceleration
Sourced frora British Geologicat Survey

Depih Dist. Intens. Corngil
1 atitude Longitude (hms) _Magnitude Year {kms) (MM Imm a
05 365 0 7 1928 189 v 54 Y
0.04 386 1o 43 1989 7 ] o 33 R
0.18 86 (4] 43 1989 82 I 33 g6
05 360 ¢ [ 1928 240 11 33 42
2388 51 49 67 1964 516 ] 24 16
-3 10.0 0 6 1938 3N il 22 7
3 330 0 6.7 1912 €67 H 18 1.0
-5 154 33 6.3 1956 598 1l 1.8 1.0
1.1 37.2 25 43 1978 18 i 1.4 1.8
-4 352 0 6 1951 516 1 1.4 0.9
-28 37158 0 49 1975 284 | 12 12
5 360 0 62 1937 630 | 1.2 0.7
-425 310 ] 6.1 1939 625 I 1.4 07
-3 359 5 52 1950 392 1 0.9 08
2332 82 33 19 1967 37 1 08 09
42 178 14 532 1983 435 ] 0.6 0.7
-384 356 28 53 1993 474 i 0.5 06
-403 199 10 52 1990 467 i 04 0.6
-235 388 0 4.1 1975 243 | 0.4 0.9
-4.79 349 0 56 1977 506 1 0.4 05
3 40.0 0 5 1351 434 03 0.6
-2.93 315 25 44 1976 299 H 03 0.7
2264 333 0 4.1 1973 262 i 02 08
-0.92 359 10 k] 1987 249 H 02 8
32 358 5 48 1990 406 1 0.2 06
2 319 0 41 1975 269 ] 0.2 0.7
=244 384 0 39 1976 243 H 0.1 0.8
! 2714 37.0 0 42 1975 293 I 01 0.7

tmm : Intensity in Modified Mercalli Scale, estimated according to Comell.
a Acceleration, estimated according to Comel.
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Table C1.4.3 Fstimation of Maximum Accelevation by Coracll's methed

Intensity Frequency Frequeny Cumiifative number Frequency Cuniutative number
in B9 years in 100 years for 100yes in 200 years for 200yrs
Tmimy ] N N

) (6-03) 12 B R 31.46 2697 62.97

1 {0.5-1.5} 8 359 17.98 17.98 3596

2 {1.5-2.5) 4 449 8.99 8.99 17.98

3 (25-3.5 3 3.37 4.49 6.7 8.99

3 (35-4.5) 0 0.00 112 000 2.25

] (4.5-5.3) | 1.12 1.12 225 2.25

6 (5.5-6.5) 0 0.60 0.00 0.00 0.00

7 (65-7.5) 0 0.00 0.00 0.00 0.00

g {1.5-25) o 0.00 0.0 0.00 .00

9 {8 5.9.5) 0 060 0.00 0.00 0.00

For 100 years (Refer to Graph 1)
Log(N) = -0.3184(Imm)+1.3383

Expected Maximum Intensily for 100 years
Imm = 483
Maximun Acceleration in 2 Reium Peniod of 100 years
Log(a)=TImm/3 - 0.5
a= 13 gal
= 001 g

For 200 years (Refer to Graph 2)
Log(N) = -0.3184(Imm)+] 3393

Expected Mavximum Tatensity for 100 years
Imm = 518
Mavimum Acceleration in a Retum Period of 100 years
Log{ay=Imnmv3-05
as= 27 gal
= 0.03 g
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