Tabled.]  Quality Classification of Rock

Classification . Charﬂcteriétics

Rock-forming minerals(}) are fresh and not weathered or

A altered, Joints and cracks are very closely adhered
with no weathering along their planes. A clear sound is
emitted when hammered, . .

Rock~forming minerals are weathered slightly or

B partially sltered, the rock being hard. Joints and
cracks are closely adhered. A clear sound is emitted
when hammered. '

Rock~forming minerals are weathered but the rock is
fairly hard. The bond between rock blocks is slightly
: reduced and each block is apt to be exfoliated along -
CH joints and cracks by strong hammering. Joints and
cracks sometimes contain clay and other material which
may be coloured by limonite. A slightly dull sound is
‘emitted when hammered. C

Rock-forming minerals are weathered and the rock is
slightly soft. Exfoliation of the rock occurs along
M joints and cracks by normal hammering. .Joints and
cracks aometimes contain clay and other material, A
somewhat dull sound is emittéd when hammered.

Rock-forming minerals are weathered and the rock is

CL soft. Exfoljation of the rock occurs along joints and
cracks by light hammering., Joints and cracks contain
clay., A dull sound is emitted when hammered.

Rock-forming minerals are weathered, and rock is very
soft. There is virtually no bond between rock blocks,
D : and collapse occurs at the slightest hammering. Joints
and cracks contain clay. A very dull sound is emitted
when hammered, ' ' :

(1): Except quarté



Table 4.2 Relationship between Seismic Velocity and its Corresponding Geology
Pamsite '
Velocity Velocity Assumed Geology
Layer (km/sec)
18T layer 031008 Top soil, residual soil, talus and river
| sand/gravel
2ZND layer 131015 Talus and river sand/gravel, Heavily
: _ ' weathered rock (CL)
1 3RD layer 2.8 to 3.0 Slightly weathered rock (CM)
4TH layer 54t035.5 Fresh rock (CH)
Saddle damsite
18T layer 03004 Top soil
2ND layer 0.9 10 1.1 Compacted laterite soil
3RD layer 201030 Weathered rock of andesite and sandstone
_ (CM - CL)
4TH layer 4.0 to 4.7 Slightly weathered andesite and sandstone
CM)
Wgtgrwag A
15T layer 0310038 Top soil, residual soil, and talus deposits
2ND layer 1.3t 1.5 Heavily weathered rocks (CL-D) (andesite,
- sandstone, toff breccia, granodiorite)
3RD layer - 281032 Weathered rocks (CM)
| 4TH layer 441055 Fresh rocks (CH - B)

-25-













14 e w () w
9 g 0 ;
4 o 5 3
LAKE or 15°S - F 0'5's
VICTORIA /7
~ /f '
WS IIINYi
_ . 5 RGN SADDL‘.E/ -DﬁMSIT/ v
N Ay e
LEGEN W}‘%\{GWA%WA- DAMSITE /
Nt - Ny
AGE {svmeoL | DESCRIPTION SAGEIA _ -
’ N -\" - 1
RECENT . Superficiol Alluviom’ HEH
PLEISTOCENE Sond gravels sllf clay N.F§ ;( . S
o 1 » o
PLEISTOCENE | . ¥« | P£1 Mou and Landiani ashes tuffs Ty
C

r’//’l'\.r

AT )
Ba
PRE- CAMBRIAR
[Z=]eq
| Bb

PRE-CAMBR;AN@ NR:
ARCHEAN I::IM

TERTIARY

Jatep

Tertiary volcanfes )
Kericho phenolile, Nyobondo phonolite

‘Bukoban System

Rhyoliles and. tuffs, porphyritic felsites and Andasite

Quartzites with some chepis
Basoits and po_rph_yrillc besalts
Duartzite , porphyritic faisites

INYANZIAN SYSTEM)
Rhyolites with intercolated tuffs {NR)and
aggiomerated Basoii

{BASEMENT SYSTEM) . -

Undiffacentioted gnelss, schists and quarlziteé,Includlnq"<|

Nyoanzion schists and Kovirendion schists

INTRUSIVES

Gronites {Ga Pos! Kovirondien

(G2 Post Nyanzlan {Mirju Granodierite )

(G Undated

sV
]

MAGWAGWA
RESERVOIR

&
/v
'~
/
_(v

\

Figure 2.1 Regional Geological Map of the Sondu/Mirin Catchment Area

Note:

This map was drawn based on the existing
geological maps, but party changed by the
field recannaissance carried out around

Magwagwa and its reservoir arca.

&

¢+ Existing Fouit (j

' Very Clear
Lineament in Landsat fmoge

! Clear Lineament in
l.andsat Image

. Lineament { Inferred)

: Strike and dip of 0* 45' §
schislocity H

10 Km

]

REPUBLIC OF KEMYA
MAGWAGWA  HYDROELECTRIC
POWER DEVELOPMENT PROJECT

JAPAN INTERHATIONAL COOPERATION AGENCY

- 26 -




P @:‘9 Eiiﬂ Valley Iopz

o

- ot
O Lake
A . Peak

% City or Toun

—~{ry—4{>— international Boundary

* Scale .

2% 50 . 100 : '1?0Km

20 . 50 80 HILES

N 0?5 0 © 50 //’—'““
A N o2 32V E 34t e N 6 € 38'E v
,}
| UMARALAL
TORQRG f
. .
055 ,K;‘Busga
(1 o*
on & MO KENYA
LAKE
YiCTORIA
85
O 86 . 32'E 8]
L E G E N D l ___Os____T
O Kesnitudet) =T
O s=N<T -
O  55H<s
o 1-86. . .
Open synbol show the focus shadllower than S0ke,
Biack symbol show the focus deeper than SOkn,
Hos attached in the above symbols show the same as Tabls 2,1
sarthquake list,
52

- 34°E

Figure 3.1

Epicentral Map of Earthquakes Occurred over a Period of

1904 to 1990

A6 E

680

g

L ) PURSTy
2 £ 86073
. - 070
7%0079

L MT RILIMANIARD
Q
69

3 E

REPUBLIC OF KENYA
MAGWAGWA  HYDROELECTRIC
POWER DEVELOPMENT PROJECT

JAPAN INTERNATIONAL COOPERATION AGENCY

27 -







{Nc)

ACCUMULATED FREQUENCY

50

30

20

14

10

A: log NC = 1.935-0.24111

B log NC= 1:146~0:3101}

(KAWASUMI'S METHOD!

O]
\
\
X
®.
\
\
') VS-O
5 5 7 8 S 10 MMS 1)
1 11 JMA SCALE (13}

‘Figure 3.2 - Analysis of Ea_rthquakc_ Intensity and Frequency

REPUBLIC OF KEHYA
MAGWAGWA  HYDROELECTRIC
POWER DEVELOPMENT PROJECT

JAPAN INTERNATIONAL COOPERATION AGEHCY

- 28 -







At Magwagwa Reservoir

q =062° on average
h=110m at maximum .
L = 15,000m

1= h/L. =5 0.0073

Vﬂ-’“kh \\ ,,”
. N gy .3
el af2i by @t ~ (el -
feoiy T
A
Hetl@, P
S kil | :
ALTHT T -d} Magwagwa
-;I" 7-‘- 1 Koyna
L 2 Kremasta
A 3 Kariba
4 Hoover
5 Benmore
6 Monmaynard
7 Bajina Basts
B Nutek
9 Mangala
10 Kebsn
1% Vaipnt

12 Piavedicadore
13 Grandvat
14 Grancesreve
15 H. Verwoerd
16 Schlegeis
7 Qued-Fodda
18 Vouglans
19 Volta
20 Manicouagsn
+ W62
sarthquakes :
*  major
minor
variable
transiant

1y

.
et L
=

IR NI
f

ol ! AL
Q001

The relanonship between the volume of water storage, and & dimensional number of
_the depth of underground storage. The following symbols are used: @ = dirnansion-
igss nurnber: Y = aperture angle of the parabols which describes the gverags morpho-
iogical type of reservoir; and i the average siope of the river slong the water storage.
The shadowed area wiicates the occurrence of induced phonomena for 20 reservoirs.
The numbers indicaie the reservoir involved (see lisi),

(B)

oo

Figure 3.3 Identification of a Risk of RIS Occurrence by Impounding
(by T. VLADUT)

- 29 -






'SAuDLE.
DAMSITE

' !«
& 17 s00m
gsz IS5 m)

3sm) \\

| s om"

Magwagwa

Nl

Nyamonge

' QUARRY. <y
SITE
ALTERNATIYE 1,

/MAGWAGWA
" DAMSITE

a@2(35n! .3“\\

Matongo

)

LEGEND

WATERWAY
BORROW AREA

_HAND AUGER
TEST PIT

" SEISMIC EXPLORATION LINE

QUARRY SITE

DRILLING POINT

POWER HOUSE

Geological Investigation in This Study

SCALE
| 3 km

REFUBLIC OF RENTA
MAGWAGWA ~ HYDRQELECTRIC
POWER DEVELOPMENT PROJECT

JAPAN INTERMATIONAL COOPERATION AGENCY

- 30 -



il 1 I o v vy,

ot B A e AT L e
vy Ny,
vy ey y

LEGEND

i,

A bt

X7
'

v

GECLOGY

SYMBOLS

py

e A

vy wy v vliyy
Yuvevvulvvulevy

wrrwve

vvrdvyy

e

YAV rryw vy vy
AR AR A AL L LA
[REATI)

)

YHVW Y YR
WAV s YN T v Y v vy

MYy

LAt AL

b A

0
-

2

Z g
g 7
o =
© =]
- =%
2 5

=

3 3
< -l
OO
ouo
bo ©
000

0 d

vy,

<
Y
<
<
<

5

Ve vy

i

MYV PNV oy v v

Mrvveyvry ey

Talus deposits

£
<
<
<,
o
<
<
}
IR
3
<
<
<
5
<

XYY o W W A VY

NV YNV W Yy vy

Bukoban system

Sedimentary rocks mainly corriposed of sandsfone in:

Andesii ic dolerite in Bukoban system
Bukoban systern

Felsitic andesite in

A.fternol ive-B

In

ly quartzite

Sedimentary rocks of ma

Bukoban system

ng
Alternotive-A

+

0,

r
h

<

'

wv oyv Vv

<
<
«
5

v vy

%X ox %

>
.
>
s
=
A=
)
A
‘.T.
8 z
. =
L ..z =
o ‘=3 =
¢ 2 g =
0 2 Q

O

Seismic exploration tine

Test pi

Hond aquger

Possible quarry 8 borrow areg

SCALE

l.Map around the Magwagwa Damsite

a

Geologic

Figure 4.2

800 12G0m
T g

400
e

ol

REPUBLIC OF . KENVA
MAGWAGWA - HYDROELECTRIC

POWER DEVELOPMENT PROJECT
JAPAN INTERNATIONAL COOPERATION AGENCY

- 31 -




IN METRE

ELEVATION

2

6"‘]
\V) \}
%ﬁg,% _
.

5 =
oDo®  LEFT BANK RIGHT BANK
Wb
1700 3 _ (700
X . " 0.3~0.8 km/sec
|__Folieo SEISMIC LINE sb2 - q
B EL. 1,665 m -
e B 0.3~0.8 km/sec
b 3~L5Kkm/sec
" .3~L5Kkm/se 90 60‘0 60,60‘“\
v v \9/’ : o7 =i
&
v %,/
1600 = 1600
A v G, Lol
5.4 kinfsec (P b X
g
Iy .
o -
1%
1500 | LEGENRD 1500
) 54km./sec R ‘ . X
% & Residual Soii/Debris EXPLANATION OF LINES
[aN [ .
PO River-'pepusits of Silty BORING LOGS
SELEL _Sand with Gravel \\. foundary of Seismic Velocity
N
VV- v V\, Porphyritic Andesite in Bukoban System
. N Assumed Rock Line
AR i P : S
Felsitic Andesite in Bukchan System
AVERAY L
X% L andesitic Doterite in Bukoban Systen Geolagical Boundary
Sedimentary Rocks mainly Composed of Fault
Quartzite in Bukoban System :
: - : Top Soil P S
IR Sedimentary Rocks mainly Composed of P : _ Horizontal Scale
VAW Shale in Bukoban System o Heavily Weatheked and/or 0 00 2?Orn
' : Fractured Rock t L  m— I - 3
Sedimentary Rocks mainiy Compased of cL. Weathered and/or .
Sandstone in Bukoban System cm Slightly Fractured Rack ) . . ' :
oM Figure 43 Geological Profile along Dam Axis Alternative-A
. . : ~ Fresh and Stable Rock
e Sedimentary Rocks mainly Composed of cHi | . )
Limestone in Bukoban System i

REPUBLIC OF KENVA
MAGWAGWA  HYDROELECTRIC
POWER DEVELOPMENT PROJECT

IAPAN INTERNATIONAL COOPERATION AGENCY

- 32 -




| 700

1600

1500+

Left Bank

Right Bank
\a}
&
- 1700
1600
- 1500

LEGEND

20 = Lugeon

Lugeon < 5

S = Lugeon

<20

Tested
Section

\‘\0

_Lugeon Value

(#/min/m)

Horizontal Scate

0 50 100 200m

I
U VA I U S | 1

Figure 4.4  Lugeon Map of Dam Axis Alternative-A

REPUBLIC OF KEWTA
MAGWAGWA  HYDROELECTRIC
POWER DEVELOPMENT = PROJECT

JAPAN INTERMNATIONAL COOPERATION AGENCY
- 33 . '




ELEVATION IN METRE

@
o
o

1500

LEFT BANK RIGHT BANK
A
32_; 50“\\
\ w 1700
= 3~ T
. i O e
5o 08kmsse _ & %e," a0 0.3~0.8 km/sec
? ¢-6~U Dam_ Crest - EL. 1670.00 o. \ (. 3~1.5 km/sec
_____ i35 7 . B
V2 | HW.L EL. 1,665.00 E:
o e - 4 S
52 kmsAsec . W v T — .
) Isakm e, Ly v 1 VQP“‘\ 5
v 29 |, e 4 kmysec | N 0.3~0.4 km/sec W z
ey v oY & ' g LWL EL 1,605.00 3
: 5 v KRN LW A .
- V.V V  30knkec NGEPNE =
—————————————————————— -3 : 0.6~0.8 kmaec
WoW W W W W VIR ol 31 B km/sec
- 5.4 km/sec NS
VWU W W VI VIR TNy
_ NS '*u\.
LEGENTD wWoowW W WII\V%__:
w Ll W w x X
7 ) 2.5 5.4kmssec
N Residual Soil/Debris Vv w
PIOTTRY vy W 1500
Letdl River Silty Sand With Gravel : o
SRR ‘ Note:Seismic results are applied
| from SDZ, $03 and 5D !ines
YARRY) Porphyritic Andesite : nearby Located,
V.V V in Bukoban System EXPLANATION OF LINES
LA A Felsitic Andesite Top Soil —— Assumed Rock Line
Vv vV In Bukoban Systen T N ? e !?O agl)Om
D frHeavily Weathered Rock BT Boundary of Geology
X X Andesitic Dolerite ciL [//] Weathared and/or
X %X X in Bukoban System oM é Siightly Fractured Rock e R Fault . . _ . _
- . Figure 4.5 Geological Profile along Dam Axis Alternative-B
- CM | Frash Rodl :
Sedimentary Rocks mainly Composed of cH| | . i Boundary of Seismic Velocity '
Sandstone in Bukoban System

REPUBLIC QF HENYA
MAGWAGWA  HYDROELECTRIC
POWER DEVELOPMENT PROJECT

JAPAN INTERNATIONAL COOPERATION AGENCY
- 34 - '




-1 70C

Bonk

Right

t.eft Bonk

{700

1600 -

1500+

LEGEND

200m

Scale
100
D

Horizontal

50

0
“3$'

Figure 4.6  Lugeon Map of Dam Axis Alternative-B

Lugeon Value
{¢/min/m’)

oo

iugeon

1%7

.
88
ITRT
@ D
[l ?2]
e
o~
N
=
o

w 0

3 W

c

_ g

vl =4

5

u ~

'REPUBLIC OF - KENYA
MAGWAGWA  HYDROELECTRIC

POWER DEVELOPMENT PROJECT
JAPAN INTERNATIONAL COOPERATION AGENCY

- 35 .



IN- METRE

ELEVATION

UPSTREAM DOWNSTREAM
{SOUTH) INORTH)
585 B SEISMIC _LINE SD5 1,200
1 vﬁ -
% 2=
§ 700 W @ : 1700 -
E
g :
l_
M g4
3 e
) o) ] -
2805 3 S
e’ . 0.3~0.4km/sec
: ] : 0.6~0.8 kmsiec
s X mm G e
W - g "]
1600 3 = - 8 1600
- / 5 ; ' T
0.3~0.4 km/sec - -—l Wl 03.0:4 kin/sec : =y
. qo 6~0.8 km/sec al & Q 6«08km/vec WoOW WYV VW W W vy
TR TR - 8 ” T
ol R i S ' A ' e 5.2 km/
__.’5._3""5 km/see == 4—-“~—;-—-E'_ T:ﬁ:‘?f—;_:—:“:;::: vV W W v w v M
X . J8a30 kmssec x % x .‘Y—?f:—"“j":’t_'-":’-'a :
R PR S 8 ,;‘—"’{T_-_,- “*_‘\-_'L“‘____, L VYWY NV W WY oy vy
X B4 xmmec X e :
PR L L TealX X wWowW oy w
x 2] e S o S
1500 St SR SO 1500
T S
.28
ki
L %;c
LEGEND
. - . : : :
B : : imentary Rocks mainly Composed of
sidual Soil/Debris Sed y :
5% Res| : Sandstone in Bukoban System
(AVRNAVAY) Felsitic Andesite in L ] Sedimentary Rocks mainiy Composed of 3 Horizontal Scale
VWV vy : [ ] ; :
Bukoban System _ Limestone in Bukeban System o \00 200 m
' . ) | N— 1 W 1 —
X X Andesitic Dolerite in . Ve i '
X X X Bukoban System . Boundary pf Seismic Velocity
. ' S . \“ﬁ\ Assume'd Rock Line
WV Sedimentary Recks mainly Composed of . ~_ D L _
i Shaie in Bukoban System “~<.  Geological Boundary ) L Vo : .
' T ' Figure 47  Longitudinal Geological Profile along Seismic Line SD-5 at
L - : wagwa Damsite
Sedimentary Rocks mainiy Composed of \\ Fault the Magwagwa Da
Quartzite in Bukoban System

REPUBLIC OF XENYA
MAGWAGWA.  HYDROELECTRIC
POWER DEVELOPMENT PROJECT

JAPAN INTERNATIONAL COOPERATION AGENCY

- 346 -




METRE

I

ELEVATION

E R
Q \ !
124, & M 226 SEISMIC LINE SS (&= 600m ) 600, m
m:/&,,'bo s : 5555 5 e ~I
1700 & ° o2 5 _ %«x\ : 1700
o F : W’ 2_
0.4 km/sec T : _ - & 03.0.4 kinfsec
—_— e e |- MAGWAGWA VILLAGE CENTRE 3 // ool hinsec 0 |
Y kn ; —_‘::_'#_':___u____i_”_'__.- ———
V___..T ~~~~~~~~~ v2.8~3.0 km/sec v v
— - - e T b~
VoV 40 km/sec V_ v .B 2
- e Y v
1600 . ':- l/ Bb_ l: -4.7 ‘kmA;ec.‘ - 11600
"%c
1500 1500
LEGEND EXPLAHAT!UN 0F LOGS |
| Residual Soil with Gravels — = ——  Assuned Rock Line
v : B Gec.m.lugical Boundary
Bh 2 Andesite in Bukoban System ? Top Soil
. Y e Boundary of Seismic Velocity g . o
—-— Residual Soil
Bb | Sandstone in Bukoban System ‘ _ . D Heavily Weathered/Fractured Rack
v - co . T Fault cL Weathered/Fractured Rock
Bg " Andesite in Quartzite Zone : ' v .
R q v in Bukeban System _ cml,| Andesite
e \ Main Fault oM Sandstone

B

3

HORIZONTAL - SCALE
100

Figure 4.8  Geological Profile of Seismic Line SS at

the Saddle Damsite

O

200 m
i REPUBLIC OF KENYA
MAGWAGWA  HYDROELECTRIC

POWER DEVELOPMENT PROJECT

I 13 i I [

JAPAN INTERNATIONAL COOPERATION AGENCY

37 -




1700 -

i 600

Upstream

{South)

Downstream
(North )

— -1 600
2 =
(2 3
]
{ 500
1 500
LEGEND
\¢]
| Qa0¥
20 = lLugeon
. Horizontal Scale
e 1 00 200m
W 5 = Lugeon < 20 | f,l’ 1 - . ‘| ar
= 4 Tested |30}, l-ugeon Value
XYY Section st {(&/min/m)

3 = lugeon < 5

Lugeon < 3 .

3

Figure 4.9 Lugcon Map at the Saddlc Damsite

~REPUBLIC OF KENYA
MAGWAGWA  HYDROELECTRIC
POWER DEVELOPMENT PROJECT

- 38 -

JAPAN INTERNATIONAL COOPERATION AGENCY




ELEVATION IN METRES

1750 —

1700 -1

1650 4

1600+

1550

SEISMIC LINE

i LI

=15 K Fung,

@ SHISHIC LINE

W

soKnTaan

.

e

ur" )
i n
N

e oL gD

<g .

& =)

Y
50

HE _ese SEISHIC LINE W &

150 A
¥t
24~ i Kelpaz,

ROAD YO RIGAR]

EAT LYY

v

Lixatiee

HEAD RACE TUNNEL

EGEND

Present Rlver Deposits

Terrace Deposits of Silt Sand With Gravels
along the Sondu Biver

Hirlu Granodorite In Post ﬁvénzgn;azi

Anﬂesite of Chahera Hills in

. Bukoban Systea

Volcanic Rocks mainty Corposed of Andesite,
and Felsite in Bukoban System

Yolcanle Rocks milnly Composed of Tuff-Brecs,
And Porphyritic Felsite in Buksban System

Sedimentary Rocks mainiy Composed of Sandstone,
And Quartzite Schist in Bukohan Systen

i
¥

PENS‘I’U(KJ.;B,L___,,_} _ ' d- 1600

1 1150
W6 - 1500
W5 - 150
wed HL5
f
! «+ 1700
-1 1850

! = A
)’(i!uc. WV ossuar Fl
v (=]
v -4 §
e ;
axgaTae Madl §§ %
s . 1L 50
. cuid L
WMa A A A e s M oy g
' .
EXPLANATIGN OF BORIKGS \ N\ st B
. ' \\a)'a,‘(a,‘:a.}(a;"..‘: A—"(\\ﬂ §
! b v
. (;‘\\ 3
o S C et adcart asrepg et pd
o Ohe ooy ‘ (2 4]
'\“ * s.l.m-‘.,u.
AP I E D N P
t PRPRIETY i N S 1 1500
> 6 B
& oo l": PR «
Top Scil And Overburden ) , g
. BOUHDARY LIHES St ar A Mty &
9 Conpletely Weathered Ruck _BOU”DA” LIHES a Al a M el 5
. ) 2
t Heavily Weathered or Fracterad Haln Fault sl a2 ¥a g
Rock S .
. Completely Gecomposed Weathered ~ Jiferred Faults
++1  Granediorite . tsologlcal )
o [*4|  Heavily Weathered Granadiorite T Boundurs - Yy
eu|” 1. Siightly Neathered Rocks . " Boundary of 1uso
et . Seismic Yeloclty
; fresh Rocks 7 9.6

% Lo Ye Ioc'i:ty Tones

Figure 4.10

"Geological Profile along the Waterway Route of

Aliernative-3 :

. REPUBLIC OF KENYA
- -MAGWAGWA  HYDROELECTRIC.
POWER DEVELOPMENT PROJECT

JAPAN INTERNATIONAL CGOPERATION AGENCY

- 30 .




oy

165000 -5

1,200 00 |

14000
i

s.amen -

+ + +

+ + + + + + + + + + N + + +

Gate thamber

Powerhouse

te 'mﬁfi o}
Woiei:
HINAsTEI

Surge ank il

g 58
583 )
: Cable by

Surge lank

b I

a voa 3 Ay

,Jhﬁi!;;\&\ )‘
\ /'2‘;;)!}{ \\\\

v v
Y ¥ Fowernouse R

A

of bow 1 M50 a3
%]

N

ear ;:ird / X
SN
Conll h?uz:c

-ﬁ}ﬁ%&»@ﬁ% .

Vary hard and fresh Yedliered . Common Soll

-~ Origival growik surfage
: 4C% aRLavalisn 14 txcavgtion
iRy - : (CH~B) excavotkn
T o monE . [ CuCL)
n %oadan A Ey,

¥ v L3 v

.A:zb.‘:A{.". i SfaRaFanaNANaMavaXanaNaaNaN aNahshanarmatleWaNakaa¥al
H H . . :

* =Gate chamber ® 3 * % s Mg »
AT 1 1w i s a2 [RYrY. -
A gurpe nkst LAY Al Ve neln oA : - Y Saiasta ™
E & e B s S masasanetiatiatonanaianai NaNadsataan Qutlei channel
- o aiey wi (o k1 PSR g
¢+*+GP_"*’*‘* PRSI A

FROFILE

“Figure '4.11_ Geological Plan and Profile along the Tailrace Tunnel

| Aiovial Depozits { grovel, clay, fina sand )

Terroce Deposits { gravel, clay}

Hiriu Granodiorite in Post Nyanzenian

Andesite of Chabere Hills In
Bukobon Systam

Volcanic Rocks meinly Composed of Tuff-- Breccia, And Porphyritic Felsite
in Bukobon System

REPUBLIb OF KENYA
MAGWAGWA = HYDROELECTRIC
POWER DEVELOPMENT PROJECT

JAPAN INTERNATIONAL COOPERATION AGENCY

- 40 -







APPENDIX III

CONSTRUCTION MATERIAL SURVEY o






II.

1L

Iv.

APPENDIX IIL

CONSTRUCTION MATERIAL SURVEY

TABLE OF CONTENTS

RESULTS OF THE FIELD INVESTIGATION WORK...............o........
2.1 BOTTOW  SIlE.iiuiiiiiiiiiiriiiiiiiiiiiiaareiiiairin e esssseeseansnnsesessnnnns
2.2, R@Ck QUATTY . SHIE..uiiiiiriieriiris e cirnrr s essese s e esraessae e eeeeeas
LABORATORY TESTS ... evvteoeioieianieniensi e nesen e
3.1  Physical Properties of Soils at the Borrow SHes ... ..veveereerevsions..
3.2 Mechanical Properties of Soils at the Borrow Sites.......vcevveremnn..
3.3 Results of Rock Test in the Quarry and Damsite............v.vvoeon.ns

DESIGN VALUE

......................................................................



LIST OF TABLE

Page
Table 1.1 Work Quantity of Constiuction Material SUrvey...ooociiiiiiee 10
LIST OF FIGURE
| | Page
Figurc 2.1~ Map Showing the Activities of Construction Matcrial Survey........ 11
Figure 3.1 Physiéal Properties of Soil in the Borrow Areas...........ou... 12
Figure 3.2 Plasticity Range of SOiL...ovviviiiviviieinnnns e .. 13

-1 -



I. INTRODUCTION

Construction material survey was carried out over a period of January to November
1990 driving into two study stages. The survey work of those two stages is as follows:

i) .' Identiﬁcatioh Stage (janilaxy'to February, 1990)

- Preliminary site reconnaissance to the potential borrow and rock quarry sites to

“look for suitable impervious core materials of the rock-fill type dam and

. construction materials of the rock-fill and concrete gravity types such as rocks
and concrete aggregaies respectively in terms of quality and quantity,

- Preparation of the technical specifications for such survey as hand augering, test
pitting (for borrow 'site_s'), core drilling (for rock quarry site) and laboratory tests
to subcontract to a subcontractor.

2) Field Investigation Stage (June ;o.Novemb_er, 1990) N

- Sub_stantial work of the above su‘r%'éy was carried out by_ihc subcontractor

" selected by tendering, and has duly been completed within the period stipulated
in the specifications. The work quantity of the construction material survey is
given in Table 1.1.



il RESULTS OF THE FIELD INVESTIGATION WORK =
" 2.1 Borrow Site

The possible borrow sites located at the both banks just upstream of the'Magwagiva
damsite (refer to Figure 2.1) were mvesngatcd by. the test pitting (TPL1, 2, and TPR1, 2)
and hand augering (HAL1, 2, and HARI, 2). The survey results reveal thin deposxt soil of
less than 4 m, resulting in a far small amount compared with the embankment volume
required for the impervious core of the rock-fill type dam. However, the borrow site
located at the left bank near the saddle: damsite can readlly be exploited as a source of
embankment materials for the saddle dam due to short haul distance and easy access.
Further detailed discussions are given as below:

1) TestPits at TPR1, 2 (Right bank) and TPL1, 2 (Left bank) -
TPRIGm Deep) |

0 - 02m: Dark reddish brown sandy soil

0.2 - 0.8m : Brown sandy clay

0.8 - '50m : Yellow, completely decomp()sed weathered soft rock wrth clay
of sandstone. The layer below 4 m is hard and consolidated.

TPR2 (5 m: Deep)

0 - 03m : Darkreddishbrown clayey soil

0.3 - 12m : Largeand hard rolling stones of quartzite

12 - 50m : Yellow, completely decomposed, weathered soft rock of
sandstone. The layer below 4 m is hard.

TPL1GmD

0 - 05m : Darkbrown,clayey soil.

0.5 - 08m : Brownclay

0.8 - 22m : Brown,completely weathered and decomposcd sandstone

2.2 - 50m : Brown,heavily wcathemd and loosen sandstone

(The groundwater seepcd at 4.1 m from the ground surface).



2)

2.0

‘TPL2 (5 m Desp)

0 - 05m : Dark brown, cIaye:y= soil

05 - 1lm.  : Yellow, very soft rock of complél_:ely weathered sandstone
1.1 - 15m i Yellow, very soft rock of completely weathered sandstone
L5 - 26m : Light yellow, completely decomposed sandstone with
: o quéﬂzite._ - _ _ _ |
26 - 50m : Light yellow, completely decomposed sandstone with

quartzite. The layer below 4 m is hard and consolidated.

Hand Auger at HAR 1, 2 (Right bank) and HAL 1, 2 (Left bank)

HAR 1(5 m Deep) . _
0 - 10m : Darkbrown, clayey soil
10 - 20m : Dark brown, silty clay
20 - 40m : Dark brown,silty clay
4.0 - 50m : Brown, sandy clay of heavily weathered sandstone.
HAR 2 (5 m Dee
0 - 10m : Darkbrown,clayey soil
1.0 - 20m : Dark brown, silty clay:
20 - 40m : Dark brown, sandy clay
4.0 -. 50m :  Brown, sandy clay of heavily weathered sandstone.
HAL 1 (5 m Deep)
0 - 10m Light brown to red, clayey soil
1.0 - 20m : Lightbrown to yellow clay
- 40m : Lightbrown to yellow clay
40 - 50m : Yellow, completely decomposed sandstone.
HAL 2 (5 m Deep)
0 - 10m : Darkbrown,clayey soil
1.0 - 30m : Brownto yellow,sandy clay
30 - 40m ~Brown to yellow, sandy ciay of heavily weathered sandstone
4.0 -

50m : Yellow, weathered sandstone.



z.2.

When the dam crest elevation of Magwagwa dam is set at-El. 1,670 m, a saddle.
dam is required to build at the gl‘ound depression located at the left bank upstream
of the main Magwagwa dam. The survey results of BS-1, 2 and 3 drilled at the
saddle damsite, showing overburden of 7 to 8 m thick, would suggest the

‘possibility of building a homogeneous earth-fill type dam for the saddle dam, if the

land acquisition is possible for a borrow area around the saddle dam. The required
volumc is some 300,000 and could be hauled from that borrow area. ‘The required
scale of the borrow area is 300 m x 300 m x 3 m (thickness). However, further
discussions will be given place to the detailed design stage. '

Rock Quarry Site

The reconnaissance in the Identification Stage identified the Rigari rock quatty site.

The bore hole BQ1 drilled at the slolﬁe of thc ﬁght b.ank of the Rigari valley showed

the most constricted conditions due to covenng overburden resultmg in the suspensmn of
drilling by 30 m deep for the ongmal target of 50 m deep, and anothcr 50 m drill planned
at BQ2 was reserved for a new quarry site. The new quarry s1tc, located at the left bank of
“some 1 km downstream _bf the main dam axis, was identified using the 1 to 5,000 scale

topographic maps 'ncwly prepared in this study. The site was investigatcd by two bore
holes (BQ2 and BQ3) of 35 m deep each as given in Figure 2.1, revealing thin residual soil
of 1.5 m to 3.5 m and hard porphyritic andesite without heavy weathering.

Furthermore, the area around the surge tank (Chabera I—hlls) couId be cxpected as

another quarry to supply concrete aggregates and sand to the powerhouse penstock,
surgetank and a part of the headrace tunnel, judging from the drilling result at BW-3.
Exploitable volume to be obtained from the quarry sites is estimatéd as follows:

Site - Quantity ngith. thlh

Site 1 km downstream of dam 7,000,000 m3 = 500 (L) 200 (W) x 70 (B
Chabera Hills 1,700,000 m3 =

400 (L) % 400 (W) x 40/3 (H).



II. LABORATORY TESTS
3.1 Physical Properties of Soils at the Borrow Sites

Soil in the borrow area located at the right bank is of silty to sandy clay derived
from weathering of sandstone, which will be suitable as impervious mat_eriais of the
homogeneous eaithfill type dam required moderate plasticity. River crossing makes less
favourable in using this borrow area as a material source of the saddle dam construction.

The in-site moisture contents in the range of 20% to 30% at the TPR 1 and 2 are
nearly the same as the optimum, while 37% to 45% at the HAR 1 and 2 located at the flood
plain of the right bank is in an over—saturated condition comparcd with the optimum. These
soils are classified as ML for TPR 1 and 2, and MH for HAR 1 and 2 under the’ Umfied
Classification System (refer to Fxgurcs 3.1 and 3.2).

SmI in the borrow area located at the left bank is of sandy clay, which will be
suitable as impervious materials of the saddle dam as well without any further operations
for moisture control required. With i m—sue natural moisture content in the range of 20% to
30%, which i is within the optimum, the soil may require a further processing of shghtly
wetting in dry seasons, and gravels larger than 75 mm in diameter will be required to
screen out before embankment of the saddle dam. Soil is classified as CL to CH under the
Unified Classification System.-

3.2 Mechanical Properties of Soils at the Borrow Sites

The maximum dry density of soils in the borrow:dreas ranges from 1.51 to
1.85 t/m3. The laboratory permeablhty of the samples compacted under the optimum
moisture conditton was smaller than 1x10 6 cmy/sec as shown below:

Sample N D_@ pth (m) Permeability (cm/sec

. TPL1 0.5-08 6.8 x 10°7
CTPL1 0.8 -22 8.7 x 10°7
TPL2.. L1-15 2.8 x 107
TPL2 15-2.6 10.6.x 10°7
TPR1 0.2-08 - 1.6 x 10°7
TPR1 . 08-50 1.2x 107
TPR 2 ’ 0.3-12 1.3x 107
“TPR2: - - 12-45. - 5.7x107



Triaxial tests and direct shear tests of the samples showed a wide variation in
cohesion strength and internal friction angle as shown below: '

Triaxial Tes

o gy O e
TPL1 (0.5-0.8m) o005 1210
TPL1 (0.8-22m) _ 0.087 - 140°
COTPL2 (L1-15m) 0064 160°
" TPL2 (1.5-2.6m) 0196 8 17.0° -
Design Value . ) _ 006 o 12
TPR1 - (0.2- 0.8 m) 0085 118
TPR1 (0.8-5.0m) 0.095 . C196°
TPR2 (03-12m) 0.240 287° -
TPR2 . (1.2-4.6m): L .0074 230° .

Design Value 005 o

Diregt Shear Tests (UU)

* Sample No. (Depth) ' Cohesion Strength. ~ Internal Friction

(kg/cm?) Angle (g)
TPL1 (1.0-5.0m) 022 0 181
TPL1 (0.5-08m) 0255 2%°
TPL1 (08-22m) 0262 AP
CTPL2 (11-1.5m) - 0270 1®
TPL2 (1.5-2.6m) 0.32 B
Design Value. 022 - 16
TPR1 (02-08m) ~ 0191 15
TPR1 (0.8-5.0m) 0268 - 23
TPR2 (0.3-1.2m) 0403 28
TPR2 (1.2-4.6m) 0268 7
Design Value R N T T

~ The smallest value obtained in the respective tests is adopted as the design value of
cohesion strength and internal friction angle for the the soils of respective borrow areas. '
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3.3 Results of Rock Test in the Quarry and Damsite

The nibst promising quarry site in quality and quantity was found out at the left
bank some 1 km downstream of the main damsite (Alternative-2). Laboratory tests were
mainly carried out for the samples taken from the Alternative-2 site and the left baak of the
damsite where rock conditions of porphyritic andesite are similar to those of the
Alternative-2.

The unconfined compressive strength of the sample in the depth of 26.3 m to
26.5 m of BQ2 hole is 3409.6 kgf/cm2, which demonstrates an excelient condition in
hardness. The tensile strength of the sample in the depth of 49.8 m to 50.0 m of BD2 -
hole drilled at the left bank of the damsite is 177.8 kgffcm, resulting in nearly 1/20 of the
compressive strength, because the rock tested has no schistosity.

An ultra sonic velocity value of Vp and Vs for the above samples is obtained as

follows:
Sample VP VS ED D o' (=ccxVpZ/Vp?)
(Depth) (kmfsec)  (kmfsec)  (kgffem?) (kgffem?)
BQ2 (26.3-26.5) 6.54 3.78 9.62x10° 0.249 600-2,300
BD2 (49.8-50.0)  6.78 4,50 1.21x106 0.106 580-2,100
where,
VP : Ulmn sbnic velocity of the primary wave of the samples

vS Ultra sonic velocity of the secondary wave of the samples

ED : Dynamic modulus of elasticity of the samples

uD  :  Dynamic Poisson's ratio of the samples

o' -Assumned strehgth of the in-situ basement rock (kgf/cm?2)

Vp (= 5.4 km/sec, 28 km/sec) : Seismic velocity value of the primary
wave detected by the field exploration work (SD-1, 2, 3, 4 and 5)

Gc :  Uniaxial compressive strength of the samples (= 3409-kgf/cm?2).

From the seismic velocity values of the in-situ and Iaboratory test, the assumed
. strength of the most fresh basement rock (Vp =5. 4-km/sec) and the dam foundation rock
(2.8 km/sec) is inferred more than 2,000 kgf/cm?2 (Vp = 5.4 km/sec) and 580 kgf/cm?
(Vp=2.8 km/sc:c)_ respectively, The static modulus of elasticity of the basement rock (Eg)
is inferred to be 1x103 keffem?, taking Eg = (0.1 - 0.01) x Ep on the safety side.



Mechanical properties of these rocks proved to be applicable for any kind of dam
types. In case of the concrete facing dam type with rockfill, the internal friction angle of ¢
= 55° or more and cohesion of ¢ = 0 kgf/cm? for rockfill material can be expected for the
design valuc of rockfill zone in the feasibility stage, although the design values in the
'detaﬂed design stage shall be carefully cxammed aftcr checkmg compaction method and
conditions. '



IV. DESIGN VALUE

Based on the results of the field data, laboratory tests and so on, the design values
adopted for the dam construction plan are summarized as follows:

TTEM __ DESION VALUE REMARKS
- Seismic coefficient ' 0.10G Magwagwa and Saddle
Dam
- Strepgth of basement 6'=125 kgffem? Magwég_wa Dam
(Rockfill zone) Foundation -

0'=580 kgf/cm? "
(Concrete zone)

- Static modulus (Modulus of Es= 1x103 kgffem3 "
Deformation) .
- Angle of internal friction ¢ =55 degree Rockfill material
- Cohesion stmﬁgth  C=0 kgf/ch "
- Angle of internal friction of soil ¢ =12 degree Saddle dam, earthfill
' material
- Cohesion strength C = 0.05 kgf/cm? : "

- Permeability of compacted soil k = 1x10-6 cmy/sec












1)

2)

Table 1.1 Work Quantity of Construction Material Survey

Test Pitting & Hand Augering in Borrow Site

TPR1 Right bank Depth 5 m
TPR2 Right bank Depth § m
TPL1 Left bank Depth 5 m
TPL2 Left bank Depth 5 m
HARI Right bank Depth 3 m
HAR2 Right bank Depth 5 m
HAL1 Left bank Depth 5 m
HALZ2 Left bank Depth 5 m

Laboratory test
ITEM A

- Unit Weight test

- Uni-axial compression test
- Tensile strength. test

- Ultra sonic velocity test

ITEM B

- Specific gravity of soils
- Natural moisture content
- Particle size analysis
- Liquid }imit :
- Plastic limit and plasticity index
- Moisture - density relations of soil and soil-aggregate,
mixtures, using 5.5.-1b (2.4 kg) rammer and 12 in (305 mm) drop

- Permeability of solid (at Optimum moisture condition)

- Triaxial shear (CU) in optimum moisture condition

- Consolidation test

- Direct shear (C1)) in optimum ' moisture . condition

- . Shrinkage test in optimum moisiure condition

- Measurement of solube salt and Na, K, Mg, Ca, Fe, S04, CO3 ions

ITEMC

- Natural moisture content

- Particle size analysis

~  Specific -gravity

- Liquid Hmit

- Plastic limit "and plasticity index

ITEM D

- Abrasion test (Los Angels Test)
- Chemical durability
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1. INTRODUCTION-
1.1 Scope of Work

Hydrolo’gical stndies aim at grasping meteo-hydrological conditions in the Sondu
Rwer basin to assess the wablhty of Magwagwa Hydro-electric Power Development
Project. This project is a component of the integrated development of the Sondu River and

the Kano plain with the Sondu/Miriu Hydro-electric Power Project and the Kano Plain
Irrigation Development Project.

- Both the projects, the Sond!zMiriu and the Kano, are located downstream of the
Magwagwa power outlet. Thus, the role of the Magwagwa dam and reservoir is not only
to generate power at the Magwagwa p_owei' station, but also to regulate discharge for the.
Sondu/Miriu power station and to supply irrigation Water to the Kano plain.

Consxdermg the above, the contents of the study are composcd of data collecnon
_ low flow analysis, flood analysis, sediment y’teld analysis and estimate of water abstract i in
future.

Description of study activities in each chapter are is given below:

_ Chapter II shows the rcsults of basin reconnaissance and the progress of such field
work as installation of stream gauges and discharge measurements.

~ Chapter HI discusses meteorological studies on temperature, wind speed, dew
point and evaporation in the Sondu River basin.

.Chapter IV deals with basin-rainf&ll, mean monthly rainfall pattern, point rainfall
 intensity and rainfall depth-area-duration analysis. '

Chapier v discu_s’sés river runoff estimated based on the daily gauge heights
recorded at 1JG1, the observation period of which is 45 years between 1946 and 1990.
‘The result so estimated is applied to determine the optimum development scale of the
reservoir.

Chapter VI provides probable flood hydrographs and a probable maximum ﬂood
for detenmnmg the scale of splllway and diversion tunnel and the dam crest elevatlon



Chapter VII estimates sediment deposit volume in the rcser\'i_()ir for assessing the.
dead storage volume and the minimum operating level, MOL, based on suspended load
observed at 1JG1, o o

Chapter VIII contams a hst of exlstmg water abstract permlts in the Sondu Rlver
wluch are used for assessing the quantity of nver maintenance flow Water Act in Kenyais
also referred (o formulate the water regulation and dlvemon plan

1.2 Sondu River Basin

The Sondu Rivér which originates from the wéStem frank of the Mau Forest
meanders the vast highlands with gentle slopes westward, finally draining into Lake
Victoria with a catchment area of 3,470 k2 at the estuary. The Southwestern Mau Forest
extended in the upstream reaches with an area of 1,000 km?2 is protected as 4 gazetted
forest from developlng Middle and lower reaches of the basin are well developed as
agrlcultural lands, espeually, large scale tea plantations lie in the north-central part of the
basin, Kericho region, with an area of 250 km?. : : '

Thcxe are two main tributaries in the basin, the Klpsonm and Yurith rivers, which '
meet 60 km upstream of the river mouth, and the downstream stretches after the
confluence of two rivers are called the Sendu/Miriu River. The proposed Magwagwa
damsite, with a catchment area of 3,160 km?, is located 5 km downstream of the

confluence.
1.3 Previous Study

A meteouhydrologncal study focusscd on the Sondu River basm was camed out in
the Sondu Mulupurpose Development Pro_:ect executed by JICA ] in 1986. Considerabie
parts of the study are applicable for the Magwagwa Hydropower Development PI'Q]CC[ due

to the over-lapping of the project areas. Thus, the previous meteo-hydrological siudy was
 reviewed by adding the data observed thereafter. -

1.4 Agenéies Related to Meteo-hydrological .Stu(_iy.
(1) Ministry of Water Development (MOWD)

The MOWD is responmblc for thc managemcnt of surfacc water including -
installation of water lcvel gaugmg stations, runoff observation, dlscharge
measurement, sediment mcasurement water quahty management and issuance of
water abstract permits.
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‘The stream gauges installed in Kenya are managed by the MOWD. The observation
records measured in daily base are stored in the MOWD headquarters. The flood
records are not arranged, but the recorded charts are available. -

Monthly rainfall records observed in Kenya are transferred from the Meteorological
Department and are complled in the MOWD headquarters.

A hst of the ex1stmg water abstract permits is stored in the data base system of the
headquartcrs

Metcorologicéi Depé:_hneﬁt

‘The Meteorological Department is a government agency under the Ministry of
Transport and Communications (MOTC), being respoasible for such

" meteorological observation and forecast as climate, air temperaturc wind speed,

dew’ pomt evaporatlon and S0 on.

'The'agiency'insta'll's and manages all the meteorological stations and rain gauge

stations in Kenya. A data base system of rainfall and meteorological records is
available in daily base over a pericd between 1926 and 1988.

" Rainfall data of hoﬁrly base is not arranged but the recofdcd_charts are kept in the

Rainfall Section of the agency.

Lake Basin Development Authority (LBDA)

Lake Basin Development Authority under the Mixﬁshy of Regional Development is
responsible for the development planning and 1mplemcntat10n in the Lake basin area
including the Sondu Rwer basin.

- The meteo-hydrological data of the Lake basin area is transferred from the MOWD

and the Meteorological Depariment. Rainfall and runoff records on daily base are
stored in the computer data base system, through which the LBDA examines such
work as in-filling of I‘l‘llSSlng data and correction of unreliable data, although the
records observed in recent 5 years have not been processed yet.



1. FIELD INVESTIGATION

2.1 Field Reconnaissance

Field reconnaissance was made twice at the begmmng of February and at the end of
November in 1990, through whlch the following characterisncs were identified:

K

@

The Sondu Rii.rer bdsin .is well developed by agriculturé espccially, tea
plantations - with an area of 250 km?, are developed in and around Kericho
Township located in the middle reaches of the river.

The upstream basin is covered with the Mau Forest, which is protected from
developi'ng with Tespect to environmental aspects. The area is estimated at

- 1,000 km2.

)
@

5)

Large scale swamps exist upstream of the proposed ‘\riagwagwa damsxte

Water is drawn from the Sondu River for the domestic use of Sondu
Township whlch lies between the proposed damsite and the power outlet site.
River width of the Sondu River is relatively narrow, between 50 m and

100 m in the downstream reaches of the picposed M gwagwa damsne

2,2 Installation of New Stream .G.auges _

The installation of staff gauges was made at the proposcd damsne and the power
outlet site, the purposes of which are as follows:

1) Staff gauge at the damsite:

This gauge was 1nstalled to reveal the river stage. durmg flood penods for dcsxgmng
“the height of cofferdam.

(2)  Staff gauge at the power outlet site:

- This gauge was installed to’ establish a discha’rgé-rivér stage relationship for
designing the tailrace water level. ' Discharge meastirements-are currently carried out
at these two staff gauges by MOWD. '



I, METEOROLOGICAL STUDY

Meteorological' observation in Kenya is carried out by the Meteorological

Department, Meteorological data inciuding temperature, relative humidity, wind speed,

"dew point, sunshine hours and evaporation was collected at three meteorological stations,
Kisumu, Kericho and Kisii, locatéd in and around the Sondu River basin.

3.1 Temperature

Monthly temperature records in and around the Sondu River basin are shown in
Tdbie 3.1 Mid-daytemperatures (observation at noon) in the Scadu River basin are
generally stable throughout the year, ranging from 17.6°C in August to 22.2°C in February
at the Kericho meteorological station located in the north-central part of the basin. On the
other hand, average annual daily'temperature fluctuates in the range of 2.8°C from 16.8°C
at 6:00 a.m. to 19.6°C at noon at Kericho, showing rather small fluctuation compared with
that of Kisumu, 6°C.

3.2 Evaporation

Evaporation is observed at three meteorological stations, Ahero Market, Kericho
and Sotik, using the class-A pan. Those monthly observation records of evaporation at
these three stations are listed in Table 3.2

Mean monthly pan evaporation of the Sondu River basin was estimated by
computing arithmetic mean of records of three stations as shown below:

Unit: mm/day
Pan Evaporation Reservoir Evaporation
Jan. 446 3.12
Feb., 540 3.78
- ‘Mar. ' 5.18 3.63
Apr. 4.20 2.94
May 3.69 T 258
Jun, 3890 2,70
Jul. 3.65 2.56
Aung. 4.05 2.84
Sep. 4.43 3,10
Oct. : 436 ©305
Nov, : 4.25 2.98
Dec. o 4.50 3.15
Mean 434 104




The evaporation from the open surface of the Magwagwa reservoir was estimated
as gwcn above by mulup]ymg 70% by mean monthly pan cvaporatlon of the Sondu River

basin so obtained.

Past experimental researches show that the pan coefficient, which is a conversion
factor from the evaporation rate observed with the class-A pan to the rate for reservoirs, is
recommended to be 70%, even varying from 60% to 80% (Handbook of Applied
Hydrology, Ven Te Chow, McGrow-Hill). This is due to the fact that water temperature in
the small area with shallow water depth, Le. 4 feet in diameter and 10 inches deep for the
class- A pan, tends to go up greater than that in reservoirs w1th an area of square kilometer
order by sun heat resultmg in the }u gher evaporation rate in the class—A pan compared with

that in the reservoirs.



1V. RAINFALL STUDY
4.1 Available Rainfall Data

'Reﬂecting high Il)oten'ti‘al of the Sondu River basin in terms of agricultural
development, a large number of rain gauges have been established and arc well operated in
the basm, although some were abandoned with a short observation period. All of rain
gauges are owned and maintained by the Meteorologlcal Department.

~ Figure 4.1 shows the information of 57 rain gauges located in the Sondu River
basin including the coordinates, altitude and observation period. Monthly rainfall data has
been collected from these 57. gauges, of which 26 stations are currently operated. The
location of 57 rain gauges is shown in Figure 4.2.

Da1Iy ramfall records were collected from following eleven stations out of 57,
cons1dcnng the observation perxod and the distribution of rain gauges in the basin:

Station ID, NO, Data Observation Period
9035001 1947-1988
9035003 1947-1986
9035013 1947-1988
5035067 1947-1977
9035075 1957-1988

9035079 19471988
9035129 1961-1988
9035233 1961-1988
9035253 _ 1963-1988
9035260 1971-1988

9035292 1975-1988.

4.2 Mean Annual Rainfall

_ Mean annual ramfali of recent 50 years between 1940 and 1988 was obtained to be
1,505 mm by computing amhmetic mean of the 13 gauges listed in Table 4.1. Annual
basin rainfall on the other hand fluctuates between 1,152 mm in 1984 and 1,892 mm in
1978.

These rain gauges are well distributed in the north and south-western part of the
basin, however, the rain gauges are sparse in the central and south central part of the basin.



Unbalanced rain gauge distribution and missing the observation records in some stations
limit the accuracy of estimated mean basin rainfall,

An isohyetal map of mean annual rainfall was prepared usmg all the available data
of 57 rain gauges as shown in Figure 4.3, mdlcamg that the central part of thc basm Iying
in and around Kericho district i is abundant between 1,800 mm and 2,000 mm _per annum.
The other place with ample rainfall. spreads at the west-central patt of the basin located in
Kisii district, whilst the upstream area extended in the eastem part of the basin and the
downstream area of the Sondu/Miriu River have a small amount of rainfall bctween
1,000 mm and 1 400 mm'a year. Monthly rainfall records of 13 rain gaugcs listed in
Tablc 4.1 are given in 'Tables 4.2 to 4. 14

4.3 Monthly Rainfall Distribution Pattern

The distribution ‘patterns of monthly rainfall were prepared for the selecied 13
stations as presented in Figurc 4.4 and Table 4.15, showing three distinct types
depenmng on the location of rain gauges; the central, eastern and western part of the basin.
Thé characteristics of respective rainfall patterns are deplcted in Figure 4.5, and described
below:

Central part of the basin

Rainfall is abundant bctwcen March and Novcmber cspemally ample rainfall in
April and May, shanng 40% of annual rainfall. A dry season on the other hand exists
between December and February.

The rain gauges whlch belong to this type are St No 9035001 9035003,
9035075 9035260 and 9035079.

Eastern part of the basin

This part of the basin shows a bi- modal rainfail pattern with the rainy seasons ina
penod of Apnl o May, and July to August rcspectwely, the second peak represents thc
major rainy season with 25% of annual ramfall A rcm_arkable dry season exists in
December to Febroary. | - |

The rain gauges wh1ch belong to thlS typc are St, No 9035067, 9035129 9035233
and 9035292



Western part of the basin

’l‘here 1s 1o typical dry season. Abundant raiﬁfall is recorded in March to May with
a peak of rainfall in April, 50% of annual rainfall. However monthly fluctuation of rainfall
is small compared with the above two patterns. The driest month appears in October,

The rain gauges which belong to this type are $t.No. 9034024, 9035013, 9035253
and 9035261.

4.4 Frequency Analysis of Annual Maximum Daily Rainfali

Frequency analysis of annual maximum daily rainfall was conducted applying the
Gumbel method at eight stations at which the available samples are more than twenty as
given in Table 4.16, indicating the stations located in the eastern part of the basin have
small probable rainfall rather than those in the other parts as shown below:

_ ‘Unit: mm/day

ID.No. 9035001 9035013 9035067 9035129 9035233

~Location ~  Ceniral Western _Eastern Eastern ' Eastern
Sample No., L 64 - - 65 36 28 26.

Retum Period ' ;

1.01 yr 34 27 20 29 26
2yr 56 54 41 45 46
Syr - 69 70 53 55 58
10 yr 78 81 62 62 66
20yr 86 92 . 70 68 73
50 yr 97 105 g0 76. 83
100 yr 105 115 88 82 91
200 yr 113 125 95 88 98

4.5 Depth-duration Analysis

Basin rainfall depth-duration analysis is required to carry out flood study, especially
for derivation of the Probable Maximum Precipitation over the catchment area of the
proposed Magwagwa Dam.

Daily basin rainfall, which is the first step to obtain the depth-duration relationship,
was computed over a period of 1947 to 1988 by taking arithmetic mean of the records listed
in Table 4.17.



Annual maximum rainfalls for respective durations were calculated for each year
based on the daily basin rainfall so obtained as given in Table 4.18. The selection of the
maximum values from the annual maximum rainfalls for the respective durations shows the
relationship between basin rainfall depth and duration as given in Figure 4.6 and as

summarized below:

Duration (day) " Rainfall depth (ram)
T-day 56.6
2-day 854
3-day . R 1079
4-day ‘ 126.7

 Sday . : 1362
6day 160.8
7-day _ 1954

10-day 2336
15-day S © 269.0
20-day - 328.7
30-day 4553

Figure 4.6 shows the relationship between basin rainfall depth and duration for
P.M.P. as well by multiplying 1.6 by the relationship obtained above, which will be
- discussed in the subsequent Section 6.4.7,
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Y. RUNOFF STUDY
‘5.1 Availabie Runnff Daté

- Many stream gauges have been mstalled in the Sondu River basin as well as rain
gauges, counting 46 in total as shown in Figure 5.1. Of 46 stations, 18 gauges are
currently under operation, ihe Iocanon of which is depicted in Figurc 5.2,

All the stream gauges in the Sondu River basin are owned and maintained by the
MOWD. Observed records are collected by the Kisumu branch of MOWD, and transferred
to the MOWD head office and LBDA. However, hourly flood hydrographs are available
only in the MOWD head office.

Daily runoff records of stream gauges collected and examined in this study are
13G1 in the Sondu River, 1JD3 in the Yurith River and 1JF1, 1JF7 and 1JF8 in the
Klpsonox River. In addition, daily runoff of IGD4 which is the key stream gauge in the
Nyando River, is also collected takmg into conmderauon the Kano Plain Irrigation
Development Project. :

_ “The 1JG1 siream gauge standing near Sondu Towriship acts as a key station in
determining the optimal devciopment scale of the Magwagwa Project due to the fact that the
station currently well operated is not only located near the projéét site, but also has the
longest record in the basin. Thus, special attention is drawn to the records observed at
1JG1. '

5.2 ‘Mean Ami_ual Runeoff

* Flow of the Sondu River is ample with an average annual value of 42.0 m3 at the
1JG1 stream gauge site with a catchment area of 3,260 km?2, reflecting abundant rainfall of
the basin, '

~ The Sondu Rlvcr 1s composed of two mam tributaries, Yurith and Kipsonoi rivers.
The Yurith River basin located in the northern prec1p1t10us area of the Sondu River basin
records mean annual runoff of 30.5 m3/fs at 1JD3 stream gauge site with a catchment area
of 1,570 km?, sharing 74% of the Sondu River flow.

" The Kipédnoi_ Ri_verzbasih covers 47 % of the Sondu River basin, 1,540 km? at the

1JF8 stream gauge site, but mean annual runoff is estimated to be 11.3 m3/s at the gauge
reflecting small rainfall in the basin,

-11-



Monthly runoff records at the above three stations as well as 1GD4 in the Nyando
River are shown in Tables 5.1 to 5.4, and summarized below.

CA- o Mean Annual Runoff

Station No. River | (am?) - Period (o !s) (mm)
GI  Sondu 3260 1946-1996 420 406
1ID3 Yurith LS00 1969-1989 305 613
UFI/8  Kipsonoi  1,23/1,540  1951-1989 103 211
1GD4  Nyando 2520 1956-i988 113 141

(1951-1962)

A rating curve was devclopcd at 1JG1 using 93 dlscharge mcasurement ‘records
carried out between 1946 and 1984 as given in Figure 5.3, whilst Table 5. 5 shows a list
of 93 records with the highest record of 349.69 m3/s and the lowest of 1. 47 m3/s.
Although there is no discharge measurement rocord after 1984 thc ratmg curve is judged to
be well dcvcioped Howcver mtensxve dxscharge measurcmcnts shall be carried out to
enhance its reliability.

Discharge measurement records at 1JD3 and 1JF8 are listed in Tables 5.6 and 5.7.
The rating curves at these stations were estabhsned as gwcn in Figures 5.4 and 5 5 based
on those discharge measurement records _

5.3 Month!y Runoff Pattern

Monthly runoff patterns at the four stream gauge stations, 1JG1, 1JD3, lJFIIS and
1GD4, were prepared using monthly runoff data at the respective stanons as given in-
Figure 5.6, showing the characteristics of the respective river basins as described below:

Sondu River at 1JG1 (CA = 3,260 'km2) |

Mean monthly runoff varies between 829 m3/s in May and 13.5 m3/s in
February. Bi-modal hlgh water seasons are found in Apml to June and in August to
September.

A dry season lasts for three months over u:peﬁod of 'Jonu.ai'y“;to March. The

estimated mean runoff in this perxod is around 16 9 m3/s, whlch is 40% of moan annual
runoff 42 0 m3/s |
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Yurith River at 1JD3 (CA = 1,570 km2)

Small fluctuation of runoff was observed throughout the year; the highest runoff of
43.0 m3/s in August and the lowest runoff of 10.6 m3/s in January for mean annual
runoff of 30.5 m3/s. '

Runoff with the small variation in the Yurith River can be explained by the fact that
the Mau forest and large scale tea fields occupying the upper basin and swamps existing in
the Kericho highlands areas contribute to retaining rainfall in the basin for a long time and
retarding runoff to the downstream reaches. This is furthermore endorsed by the fact that
the high flow season lasts for five months of May to Sepiember and that there is no
extremely high flow season. '

Kipsonoi River at 1JF1/8 (CA = 1,523/1,540 km?2)

Despite almost the same scale between the Yurith River and the Kipsonoi River in
terms of catchment area, the Kipsonoi River is observed to be one-third of mean annual
runoff of the Yurith River; mean annual runoff of 10.3 m3/s at 1JF1/8 with the highest in
May and the lowest of 4.0 m3/s in February and March.

The basin occupying the south-western part of the Sondu River basin has small
rainfall,

Nyando River at 1GD4 (CA = 2,520 km?2)

The basin ncighboursf the Sondu River in the south. Compared with the Sondu
River basin, river flow is remarkably small, observmg mean annual runoff of 11.3 m3/s
WIth a catchment area of 2, 520 km?2,

Run()ff ﬂuctuatlon is small between 18.8 m3/s in May and 5.1 m3/s in January.
The monthly runoff pattem is similar to that of 1JD3 in the Yurith River. Runoff in the
high flow season of Apnl to September was found to be 15.0 m3/s on an average.

5.4 Runoff Coefficient

Runoff coefficients of mean annual discharge were examined at three stream
gauges, 1JG1, 1JD3 and 1JE8 (1JF1) by obtaining arithmetic mean rainfall of the
following rain gauges (asterisks show the gauges used to obtain the arithmetic mean):
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Rain Gauge Station No, 1G1 1JD3 PR

*®

9035024 *

9035001 *

9035003 * *

9035013 * ¥

9035067 * *

9035075 * *

9035079 * #

0035129 * * *

9035233 . oo *

9035253 * *
9035260 * * o

9035261 * *

9035292 * * *

Total ' 13 6 10

Mean runoff coefficients of the respective rivers are shown below and detailed in
Table 5.8: ' '

CA Runoff Rainfall  Coefficient

St_. No. River CGmd) (mm) (mm) %) Applied Period
UGt Sondu 3,260 96 1,511 26.2 1947-88
UD3  Ywih 1570 610 1,695 360 ' 1970-88
1JFY/8  Kipsonoi 1,540 211 1,324 159  1952-1961,1986-88

5.5 Duration Curve at the Propbsed Magwégwa Dain_si_te_

A duratlon curve > of daily runoff at the Proposed Magwagwa damsite with a
caichment area of 3,160 km? was prepared using 1JG1 records between 1946 and 1990 as
shown below and applying the series and parallel methods. Further detalls are given in |
Figures 5.7 and 5.8 and Tables 5.9 and 5. 10, Runbff at the Magwagv{ra damsite for the
preparation of the duration curve was estlmated by muluplymg the catchment area ratlo of
0.969 (=3 ,160/3, 260) by that observed at 1JG1.
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Series method

EXcess in % Runoff in m3/s
1 234.4
0 _' 89.9
20 | | 62.6
30 | 48.0
40 36.1
50 | 259
60 185
70 | 13.2
80 93
90 59
95 - 43
98 29

.9 . 23

Paraliel method

Excess in days Runoff in m3!é
1 - 186.8
16 92.0

T . 60.7
108 483
144 39.0
180 : 302
216 ' 23.1
252 16.2
288 113
324 : 8.0
342 - 6.7
355 R 58

365 48
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VI. FLOOD STUDY
6.1 Available Data

Flood study includes probability analysis on annual maximum flood, provision of
the design flood hydrograph based on the recorded hydrographs and estimate of probable
maximum flood based on the storm rainfall records in and around the Sondu River basin,

Data required for the above study is rainstorm records, hourly flo_od runoff records
and various meteorological records especially during the flood period. '

In this study, hourly flood data recorded at 1JG1 for 44 years and the following
daily rainfall records are available for the' flood analysxs

Available Rainfall Data for Flood Analysis

Station No. ~ Data Period Type of Data
9035001 1947 - 1988 Daily
9035003 1947-1986 Daily
9035013 1947 - 1988 Daily
9035067 1957 - 1976 Daily
9035075 . 1963-1988 Daily
9035079 1955 - 1987 Daily

Hourly rainstorm data could not be coliected due to no observation in the Sondu .
River basin.

6.2 Frequency Analysis on Annual Maximum Flood

Frequency analysis has made using annu_al maximum flood records observed at
LIG1 for 44 years of 1947 10 1990. Flood records of annual instantaneous flood peak
discharges are collected as shown in Table 6.1,

Recorded maximum peak flood is 639 m¥s on April 6, 1990. Specific peak flood
discharge is calculated to be 0.195 m3/s/km2, It i is judged that the specific flow of the
recorded maximum flood in the Sondu River is rclanvely high compared with other rivers
in the Lake basin as shown below:
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Recorded

Specific

; - : Catchment Recording .
River _ GaugeID Maximum 2 s Discharge
: ' Flood (m3/s) Area (km?) Period {m3/sfkm?)
Sondu UGt 639 3,260 1947 - 1990 0.195
Nyando 1G4 363 2,600 1955 - 1983 0.139 -
Yala 1FG1 139 2,388 1948 - 1985 0.058
Nzoia 1DA2. 528 8,417 1948 - 1985 0,062

Frequency analysis on flood peak flow was carried out applying two approaches,

Gumbel and Log Pearson Type-1lI methods as given in Table 6.2.

The results obtained with the Log Pearson Type-III method were adopted as those
of the frequency analysis because the results indicate values higher than those of the other

approach to use the second order moment and because the difference between the observed

records and the calculated values is within an allowabie range. The frequency curve so

“obtained is shown in Figure 6.1.

Specific discharges for peak flood in the Lake basin with a return period of

100 years are listed below:

River _ Gauge ID lﬁﬁ?ﬂ%?gle Catclg:;g;ﬁuea Sgpgchﬁge

(m3/s/km?)
Sondu 1GI 958 3,260 0.294
Sio 1AHI 85 1,450 0.059
- Nzoia 1DA2 512 8,417 0.061
Yala 1FG1 185 2,388 0.077
Nyando 1GD4 459 2,600 0.177
Kuja 1KBS . 1,055 6,600 0.160

It is revealed that the Sondu River basin has a high flood peak in the Lake basin,

because of the following reasons:

(1) Therc isa rich rainfall area in the south -eastern pat of the Lake basm where

the Sondu and Kuja river basins are located.

(2) The Sondu River basin is well developed in the middle and lower reaches,

whilst the upper reachés are covered with the Mau Forest with a catchment
area of 1,000 km?-_. .

Peak dlschargc of a 10 0()(} -year probable flood was furthermore computed to be
2,535 m3/s at the damsite applymg the Log Pearson Type-1Il method, even if the small
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number of samplet: 44 as seen in Figure 6.1, shows the low reliability in prediction, This
computed peak discharge was used for the endorsement of the predxctcd P.M.F, discussed
in the subsequent Section 6.4 and for ensuring the security of the designed spillway from

overtopping.

6.3 Flood Hydrograph Characteristics

In order to predict a unit hydrograph in the Sondu River, nine recorded flood
hydrographs were collected as shown in Figures 6.2 to 6.10. Further details are presented
in Tables 6.3 to 6.11 as reference. ' '

Characteristics of those nine flood hyd_fog_'raphs are _summariscd below: '

Flood Peak Direct Flood Runoff  Peak Time Basin

Base Flow

Flood Period - Duration Discharge (m3/s) Volume ~~ Ratio ~° Lag " Time Lag
_ @day)  (m¥/s) ik m3) 0 @day) - Q)
Jun 1'to 20, 1957 20 230 00 . 116 50.0° 2-3 100.0
May 16024,1962 - 24 325 0 253 48 . .2-3 125.5
Apr. 16 to ' 21 523 50 - 100 415 579 6-7-. 122.0
May 6, 1964 ' _ _
Apr. 20 to 24 346 90 - 150 224 400 2-3 132.1
May 13, 1968 .
Apr. 1510 42 253 80 - 281 35.9 2-3 131.3
May 26, 1977 _ : |
Mar. 23 1o 10 413 170-200 87 - 496 2-3 61.0
- Apr. 1, 1978 _ '

Apr. 6 fo 18 272 50 105 34.2 2-3 83.6
Apr. 23, 1981 .
Nov. 21 to 25 332 9 - 237 374 2-3 1746
Dec. 16, 1982 . - -
Apr. 4 10 20 640 200 271 354 28 hr-48 hr 64.8
Apr, 23, 1980 .
For P.MF. 0 — 200 — . 600. 2-3 —
Estimate : ' : .

~* Peak Time Lag means the time duration Dbetween peak rainfall and pcak dlscharge '
* Basin Time Lag means the time durauon between the cemroxds of the hydrograph and !;he comresponding

hyetograph.

It is found that floods occurred in the Sondu River last almost for one month, and
dull peak runoff is observed. The time lag between the rainstorm and thie corrcspondmg
peak flood runoff is observed to be 2 to 3 days. The flood runoff ratio is estimated to be as
low as the values of 30% to 60% dcpcndlng on the precedent condition of the basin.
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It is judged that the flood in the Sondu River is characterized as the one with a dull
peak and a long time lag, because of the natural retarding effect due to the swamps spread
around Kericho Township and Mau Forest in the upper basin of the Sondu River. In
addition, the long lasting rainstorm also contributes to such a dufl peak flood.

A note is given to the 1990-flood observed in the Sondu River in the course of this
study as follows: ' '

(1) Instantaneous peak discharge of 639 m3/sec observed at 1JG1 on April 10,
1990 is the recorded maximum since the observation was started in 1947.

@ The ob_served hydrograph as referred to Figiife 6.10 shows conspicuous
triple peaks with a long lasting recession rim as same as past floods. '

(3) A rainstorm with an intensity of 30 to 50 ram a day occurred in the middie

and lower reachcs of the basin with time advance of Iongcr than 28 hours

~ from the time when the first ﬂoed peak appears. Another rdmstorm of

40 mm a day is re_corded in the upper reaches of the ba_éin a day earlier from

the above rainstorm. The flood with the recorded maximum peak discharge is

estimated to be caused by s1multanelty of flood runoff from the above two
rainstorms.

(4) A comparison of flood frcqucncy analysxs on the condition of the w1th—and~
‘without 1990-flood is glvcn be.low

Recurrence inferval, year ~ Without 1990-flood " With 1990-flood

5 : 320 © 339
25 600 - 641
100 ' 890 958

200 . 1,060 1,140

1,000 . 1,500 1,634

6.4 Derivation of Probable Maximum Flood
6.4.1 Procedures

The Unit derdgra'ph Méthod was applied to estimate probable maximum flood
(hereinafter as P.M.E. ) for thc demgn of Magwagwa dam Fo]lowmg are the procedurcs to
estimate P.M. F ‘
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(1) Preparation of dimensionless graph at 1JG1, :

(2) Prediction of the unitgraph at the Magwagwa damsuc based on the
dimensionless graph at 1JG1 and topographxc condition of the basin, .

(3) Estimation of Probable Maximum Precipitation (hercmaftcr PM.P, ) based on
the results of rainfall depth-duration analysis and the consideration of the

. storm maximization factor in the basin, and - : -

(4) Derivation of P.M.F. at the Magwagwa damsite applying the convolution
integral for the unitgraph and P.M.P. so obtained. |

6.4.2 - Dimensionless graph

- In order to establish a umtgraph at the Magwagwa damsite, the dlmenswnless graph
at 1JG1 was at first derived from the recorded floods dcscnbed in the preceding

Section 6.3.

The floods which havc consplcuous causahty between storm ramfall and peak

| discharge were trxed to sclcct for prov1dmg the dlmensmnlesq graph However most of

floods recorded at 1JG1 are composed of bulk of rmnfall with-a long duration and dull peak
of ﬂood resultlng in dlfﬁculty in selecting an approprlate flood

1964-flood, which has peak discharge of 530 m/s, could be '_sé'léc':‘t'éd as a typical
fl(_)od for providing the dimensionless graph, however, its rain:falil pattern has dual peaks
and longer time lag of 6 - 7 days compared with others. _

On the other hand, 1978-flood having the peak discharge of 413 m3/s shows a
clear shape and relationship betwcen the peak flood and the butk of rainfall with time lag of
2 - 3 days. Accordingly, 1978 flood was selected as a typical ﬂood to provide the
dimensionless graph as given in Fl_gure 6.11 with that of 1964-flood.

_ It is noted that the 1990- flood whlch has the recorded maximum peak flood of
640 m3/sec, is not suitable as the typical ﬂood 10 prov1de the dimensionless graph due to
the fact that the flood has triple peaks (refer to Flgure 6.10).

6.4.3 Unitgraph

A unitgraph is developed for unit rainfall of 10 mm over the S:dnd.uRiv'ér_' basin
considering the unit duration determined fron: the dimensionless graph and time lag, Tcv,
defined as the time between the beginning of the rising rim-and the centrmd of the net
hydrograph. According to the instruction of U‘?BR glven in "Design of Small Dams" a

-20-



unit duration should be selected 1o be less than 25% of Tev, Time lag of 2 days is
observed in 1978-flood, which is the shortest time lag among the collected floods.
Therefore, 12 hours of unit duration, equivalent to 25% of time lag, Tcv, was selected.

Basin time lag, Lg, defined as the time difference between the centroids of rainfall
excess and hydrograph, is required to develop a unitgraph. The time lag, Lg, is estimated

for all the collected floods as dealt with in Section 6.3.

On 1978-flood, Lg is computed to be 61 hours, which is the shortest time lag due
to the precedent condition of the basin with the highest base flow.

7 To estimate the time lag, Lg, at the Magwagwa damsite, the Syhider's formula was
applied as given below:

Lg = Ct x (LxLc)03

\x)here, Lg : Basintime lag (hr)

1. : Length of the longest watercourse from the pomt Df interest to
the basin boundary (mile) _
Lc : Length of watercourse from the point of interest to the centroid

of the basin (mile)
Gt i Synider's coefficient.

A Synider's coefficient for the Sondu River basin, Ct, was computed to be 49936
from the data of 1JG1; Lg = 61 hours, L = 86.06 mile and Lc = 48.78 mile, applying the
~ above formula.

~ Applying the value of Ct of 4.9936 obtained from the data of 1JG1, L =
55.92 mile and Le=17.09 milé, the value of Lg was obtained to be 39.13 hours. It is
noted that the values of L. and Lc were measured not from the damsite, but from the
reservoir upstream end.

A unitgraph at the Magwagwa damsite was developed as shown in Figure 6.12 and

Table 6.12, applying Lg + D/2 of 51.13 hours, where "D" means the rainfall duration in
hour (12 hours for the unit hydrograph).
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