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{CORE MAT

Ta_bte 7-6 Qljantity and tems of Laboratory Test for Construction Materiats

ERIAL 1)

Sample
o
L}
KB-1a
KB~1b
Ki-te
KB-1d .
Kb-le

Pit No.

in Depth(m)

P-1,

L,
“,

C#, 20 )
”, Mixed 1

Specific
Gravity
—— e,

(irain-size

finalysis

Liguid
Limit

Plastic
Limit

Cempaction

N s

— e

Total ' 4

L.

[CERE MAT

ERTAL 2]

= -
Sample
] Ko

Sampling _Lbcéﬁion

Grain-size
Analysis

X-ray
Analysis

Anzlysis

L-t
FL2
U-1

Lower B/S Site(

| Lower Denn Site{River Deposit)

#” }

Ugper Dam S_ite(Residual Soil)

1
1
1

Eneral Cooposition

—— ey

-
1
1

' —

Total

3

[CONCRETE AGGREGATE (Fine Aggregate))

Sanple
o,

Pit No
in Depth(m)

Specific
Gravity

tion

ﬁbsorp—.

Unit
Yeight

Grain-size
Analysis

Organic
Iopurities

Ke-2.
Ke-3
ko4
Ka-5

P2 1.6
P3 11
P, 1.2
{G-1 Site)

— A s

Lk b o s

- o ko,

P

Alkali-sggregate
Reaciion

[

© Total

"

[COMCRETE AGGREGATE. (Crashed Coarse Aggregate) ]

Sample
¥o.

Location
o Gravity

Specific

Absorpr-
tion

Unit
Weight

Clay
Lumps’

Q2 Site| i

KQ-6b

i

Total 1

1

i

[CRASHED AGOREGETE  (Drilled Core fest)]

sample
- to,

Holé No. in Depth
cmy

Speci fic
Oravity

Absorption

Unconf ined
Compression

Tensile
Splitting

-| Mkali-aggregate

Reaction

K- 7
Ky 8
KQ--9
KQ-10-
Ko-11
Ko-12
KQ-13
FHG-t4
KQ-15
“PEQ-10 .
AkorT
KQ-18"
K3-19
KQ-20
KQ-6a

33.2-33%5
Fh-35.6
“BTRYG
0.5-30.8
3$.71-31.0
6558
1%.0-15.3
17.5-18.0
S T-10.0
15.5-16. ¢
© 6.8-1.0
1.5 L8
1.5-11.8
T18,5-18,0
K1 18,3418, 7
-2 12T
{Site Q-2)

KU1

7~

—- e o b b s e k. wk mh aeh b e b o e

o wh sk o ko art ce h mk ek e e e

B e e o b h et ik b otk kA —h ek A

1

-] b [ b ot e o e b o | e |

b b b gk b o ok pm ek kb el

. Total

11

R

Y
ry
-




Table 7-7 (1) Resulis ot Laboratory Test for Construction Materials

[CORE MATERTAL 1]

Sample | Pit No, Specific | Grain-size | Liquid | Plastic | Cowpacticn ?exmea*
Now in Depth(m) | Gravity [#Analysis |[limit jLimit . : bility -
KB-ta | p-1, 0.5 - Slightly plastic - -
KB-~1b R W] - Shown ” - e
KB-1c #y LG - in ” - -
KB- K #, 2.0 - Fig 7-16 v - -
KB-le #, Mixed 2.65 ” Shovi in Fig 7-17
B3 er-. ASTH
[CORE MATERIAL 2
Saaple to. -1 L-2 S
Sapling Location Lower Dam Site | Lower P/S Site | Uppsr Dam Site -
{River Deposit) | (River Deposit) | {Resideal: Soil)
Specific Gravity B 2.05 2.6"{ A
vater Content(%4) » .6 55 M2
Grain-size Analysis Showm in Fig. 7-16
X-ray Analysis Quartz B A B
Flagicelase D D -
Orthoclase E E =
Muscovite E E -
Biotite E E E
Magnetite D E E
Chicrite E E E
Chamosite - - E.
Kaclinite - = D
Mineral Composition ] Quartz (94} 62,0 5.3
Apalysis Peldspar (%) 6.0 12,7
Hica (%%} 13,0 t3.6 '
dmphibole  (94) ) 7.7 —
Garnet (%) 30 39
Tron Hineral (9%4) 2.0 2.9
Clay Mineral (%) 0.0 39
X-ray Analysis ; A:Strong Bibedive C:¥eak 1) JIS 4 t202
D:Very Wesk E:Trece 2) JI8 & 1203
3} SIS A 1204 .

58



[CONGRETE ACGREGATE(Fine Aggregate)]

_ Table 7-7 (2) Resuits of Laboratory Test for Construction Materials

[ sanplo | Pit o, Spocific | Absorp- | Unit | Grain-size | Organic Clay Soudness | Alkali- |
Fo. | in Depthlm) | Gravity jiion Weight | Amalysis | Impurities Lueps aggregate
% {g/ o) ' 3 {%) (% L loss) Reaction
- : . T v
Kg-2 P2, 1.6 .55 0.3 1.51 Not- 6.4 b8 Limited
. : Showmt Present fcceptable
Kg-3 -3 1.1 2.61 .52 1,54 in “ %6 h2 Hapaful
Ko-=d p-b, 1.2 251 10,29 {:t.34 Fig. 7-18 - 3.6 82 #”
Ko-5 Q-7 Site) 266 1 2 4] nel - 1.6 3G Limited
. i N R ] _fioceptabli
Maximum ASTM less than 3.0 | less than 10.0
Allowance - .
JIS less than i.0 #”
[CONGRETE - AGGREGATE (Crashed Coarse Aggregate)]
Sanple | Location Specific #bsorption Unit Clay Lumps Soundness Abrasion Loss | Alkeli-
to. : CGravity Height : . aggregate
: 4] (& o) (%) (3wt less) (%) Reaction
KQ-bb | Q-2 Site 2.42 0.68 1.59 0.1 X' 55 Tnnocuous
- - . —
Maximuom ASTH less than 2.0 | less than 18,0 less than 50,0
Allowance . - - - _ - — - — —
Ji5 Jmore than 2,5  less than 2.0 1ess than 0.75 ) less than 12.0 | less than 800

. [CRASHED AGCREGATE (Drilled Core Test))

Dther Test Items

1 BS or ASTH

59

Sample | Hole No. in Depth | Specific | Absorption | Uneonfined | Tensile Alkall-sggregate
ton " {(m) |Gravity Coempression | | Splitting | Reaction
. (% {kegf/cd {hef/ o)
K- 7 fxu-t 3 2-3as 2.1 2.8 110 10 Tnnocuous
K-8 | - #» 354356 2.9 o4 701 - ”
« 7 5.9 2.2 0.6 %9 - Limited Acceptable
KG9 [ KU-3 30.5%0.8 a0 0.6 571 =) Innochous
KQ-10 # 6 7-37.0 2.1 0.6 T84 H0 ”
Ko-11 K-l 5.5-5.8 2.2 39 80 - ”
Kg-12 # 15.0-15.3 23 1.2 154 17 ”
K13 | o~ 1L5-18.0 24 0.93 2335 s ”
KG-14 |Kl-2 9.7-10.0 2.1 26 138 15 Limited Acceptable
KG-19 # 15,5-16.0 2.9 0.03 18 152 Innocuous
Kg-i6 [KLS5 6.8 7.0 2.3 0.6 uzy K74 #
W 7 1.5 1.8 23 2.5 743 23 i
Ko-17 | ~ 11.511.8 0 1.3 108 22 ”
KQ-i8 # 18,5-19,0 23 0.5 - R - o
KQ-19 | &1 18.3-18.7 2.3 0.3 1109 &8 ”
KQ-20 | K2 17.2-17. 4 2.5 6.3 52 - o
Lx%a {Site -2} P 0.3 87 31 «
{Note) Alkati-aggregate Resction : TZS (Tanzanian Standard) 8
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~ Fig. 7-19  Selsmicity Around the Project Site

during 1910 - 1987, and & < 1,000 km .
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Fig. 7-20 () Locailons of Magnitudes (3 s M < 4 during 1910 - 1987)
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Flg. ?—20 (3) Loéations of Magnitudes (5 < M < 6 during 1916 - 1987)
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proposed by T. Katayama _

log(A/640) = (DH0) (-7, 6HL 724-0, 103G )/100 G

proposed by S. Okamoto

(D~ 7 MG 58 & CHAE BN R 5, M FICRORRE i
¥ 5, '
: %&Eﬁtifﬂﬁ% (Firm Ground)
D BRI (Firm Grouné)
%am%imbwéu%EELuVILtﬂ
a:m%%&%%@ﬁﬁ‘m&&rw%xMﬁ&%ﬁi%o
U EQRDTIMELE 8B, D
(51 : LRI FEBHOBRYA R LB — 5 285 (o

7 - 72



- EEOPBRENNC Y B BRIMEIL L AT S & A 0L Gunbel,
1958) O 3 WA LRl L e, MIRRRSBUENRIE ) L 7 MU 5 0
A ETORiE TR LR Th By & f . BANHIED B g R 0k
"Tabl.-e 7-8  Table 7-0 I5L¢F Table 710 (2739 |
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Table 7-9 . Annual Maximum Accelerations during 1963 - 1987 -

Katayama, T,

. Oliveira,C. | McGuire,R.K. | Esteva,L.& Okamoto, S.

Year § Rosenblueth,E. . B
Eq.(1) | Eq.(2) Eq.(3) - Eq.(4) Eq.(5)

19631 0.9 L 3.2 0.25 0.75 0.00
1964 0.71 7.92 0.8l 2.88 0.02
1965 0.30 3.61 0.32 C0.84 0,00
1966 0.26 3,29 -0.28 0.73 0.00
1967 0.71 6.90 0.73 2.02 0.01
1968 0.10 1,27 0.40 1.05 - 0,00
1969 0.31 3,57 0.32 0.77 .. 10.00
1970 0.52 5. 34 0.53 1.38 ©0.00
1971 0.30 i 3.60 0.32° 0.80 0.00
1972 0.60 | 5.81 . 060 1.51 0.00
1973 1.24 E 8.91 1,12 2.40 - 0,07
1974 0.38 b2 0.4 1.1 0.00.
1975 0: 40 1.95 0.47 .40 0.00
1976 0.57 | 6.3 0.64 1,95 0.00 -
1977 0.66 - 6.57 .0.68 1.90 0.00
19781 0.35 h,32 0.40 1L 0.00
1979 0.49 5.28 0.52 1.4 0,00 -
1980 0,69 6.22 0.66 - 1.60 0.00
1981 -0.78 6.32 0.7 1.50 0.0t
1982 0.29 3.41 0.30 0.71 0.00
1983 0.30 3.88 0.35 0.99 0.00
1984 0.58 6.19 0.63 1.82 0.00
1985 ; 1.12 8.31 1.0t 2.21 0.04
1986, 0.0 | 5.36 0.53 1.43 10.00
1987 . 0.61 [ .5.93 0.61 1.58 0.00

Table 7-10  Maximum Accelerations for Six Return Periods (gal)

Return Period (Year)
Model - : :
(Eq. No.) 50 | 100 | 200 : 500 | 1000 | 10000
(1) by C. Oliveira 1.1 2l tal tap o1sp o t.ef
(2) by R.K. McGuire 9.3 9.91 10.4) 11.0] 11.%| 12.2
(3) by Est. & Rosen. 1.1 1.2 1.3 1.4 1.4 1.5
(1) by T. Katayama 2.90 3.2l 3l 36l 3.8 &2
(5) by S. Okamoto 01} 0] 011 011 ©.1] 0.
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Fig. 7-21 Seismic Map of Tanzania
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Table 8-1 Potential Hydropower Project in Rufiji Basin - ‘
Optimum Sequence - Standard Demand Forecast)

Date Installed Firm - | Capital

Project Required | Capacity 'Energy - Cosgt .

| (MW) (GWh/yeaxr) | (10° 8)

Kihansi River 1992 - 285 1,344 310.5
Mpanga River 2001 160 - 617 173:5
Ruhudji River 2005 685 2,173 492.0
Mnyera River 2015 485 2,506 639.0.
Iringa : - 2023 87 ‘ 412 133.0
Lukose River 2024 _ 130 _ 566 -1 177.0
Stiegler’s Gorge | 2025 1,400 5,880 .| 1,181.0
Kilokmbero River After 464 2,171 | 954.0

' 2034 _ ' ' :
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Fig. 8-1 Outline of Rutijl Basin Hydropower Master Plan ~ ~ - ,-

To Afusho . ' . o J \
ﬁf} : o ‘ - N ZANZIBAR

# 'DOdOmd : . | ] \4" ﬁ'\/ d‘\}%
. o : , i { E

T L DAR E} SALAAM

e — - e
- -~ B e .

et

- . / . . !i'
/ iringa Projecs - S
N R S MAFIA ISLAND
e - ~FBurij; 100 - (J
- o _‘““‘@_‘_ . é\}
; i N . e c‘c(f
/ 1500 Stiegters Gorge Project S ;ﬁ 7
R 7 ‘300 %

" taxora ,,:é"—"
,.:,3" Fats

I4

. . - .
Kilombero Projegt: ¢ o

1
i o
i 2000 .

Mot inga & /

]

- %
\{H..L

; . \* “Kihansi Project” / /'Mahenge €
B : e B /. P A o
PR P RN B il Wb, (Y ’ 1500 -
yndomo Loe R i ’ ! - -
T o 0 A Mpanga Project T

. 50
Mheyo 'Z.!%ﬁcﬁ " Rugha
N -

' 'y N Mnyero Project,” o
\ Njomb’e.‘._/-,/.“;-f" S T S Lupembe / - iatd T
. o - 7 ,:5(\‘}. - .
__‘....._.‘»({r\\ (/.- - / . o B —/,
/ . To Songeo _ __r,--,/

c 50 IOCKm
L ]

A LAKE "\
NYASL )
!

TN






i DAY w‘?"? YiIRENEL V74— SHERE T, 14 Mt &atilh
3, 696NN 7K HFEBBARAFTHETH O %@m SEIERE, s V2 0 M S
EHl7285MY 228U I Ly SGI6OMY, 7 ¢ TN U A7 JI6REM,
AV SI 2 I ErbtJ1485M, ML IS s EEHETISTIN, L
:jm1¢mﬁ MhJ%W\W74~VM$ﬁI&%ﬁhWMR#Dmem
1}mﬁdmm&ﬂﬂfw%o_ |
o IFY‘f\‘/‘:“/Hi_}:.?ﬁ%fStﬂii‘é%ffﬁl. 400mFhiI # T, ARAER /50~ 1/130EBEPh T
BN, COMELD TR LTy FRGE /3008 E 4 5, B L 100m &
]b?%ﬁ;ﬁﬁéﬁwmmnvzyfv-Xﬂmié\%ﬁmmmw$n>v%%§
BAANDHDERE 15 ~C. TR 5 o THT L BEH300mDF 02 <o
BB DHIRL 15 - TV o /0> SHIDHE . FINRHE0. 027 ni/S i £ 5 < .
-it\ﬁﬁéﬁtfﬁﬁﬁﬁiLfméq71?“?57?H\%Ay?M®C®%
et L B, RO 2 B TR L ELTVE,
121985/, TANESCO (3. ACRES (<&SEL T, ¥ ¥ %= 7 [1985~20 0TBAARH
BRI, COWEBOT by £ VIR 2y A, ATt
% 20MMEIEEL 7 DA T, A7 4 — INHMICBOTIE, bRk <& T
BBELTVS, |
@ MRS EOBGRN
B '?._K.’jm.'?"’-jv"./&:qi:/;ff ﬂééhh*i\//uﬁ_ﬂi YA s TENEO&HREL
D 500511???&0)4'—/\_ g O INARFE AR RS, 500m STk AL L 560m . & S 65m.,
CE K @140% 10°0° D1 v 7 TANFLERREL, ChEOEREHKER
mﬁmmém$L\ﬂ%a%mmﬁm%b/mwtmTﬁﬁmuﬁmL\mm®%§
%ﬁm,ﬂ§4mm®mm%by%wm;@\¢n7<vﬁﬁﬁ5m®+ny9mc
HOKGLIL, D20m IR % EBRRHE & . EBBBHBINOK I FiRAL. Shndd ¥ 3> &
MKﬁ\ﬂ%ﬁ%meﬂﬁmqﬁmﬁﬁ%L%mﬂmy7U~h§ﬁﬁﬁA%
BH L. ShkORAMAKES. Oni /s ZHUKL. EE2 6knodBKE B XU
14@@*&%%%&&@%?%%%aﬁmt\%kumwa%%%ﬁw\ﬂﬁ
&%mmﬁk%hy%mm;h,#nyvﬁtﬁﬁummyhxyymn\&mm%
E295m Chkifd B T EIC L D R a5,
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Table 842 Developnient Phasing ot Kihansi Prbject
Installed Capacity (MW)
Phase Upper Lower Total .
Expansion Cumula;_tivé Expansion Cuﬂ\_ulative: C\;ﬁ_\ulative
1 60 60 . | . .60
2 80 120 120
3 Dam only - 120 120
4 60 180 180
5 _ 60 240 - 240
6 45 45 - 240 285
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Table 8-3 tDevelopment Scheme of Kihansi River

—

Master Plan’ Acres Report
_ Scheme Scheme
Description Unit [
_ _ Upper | Lower | Upper Lower
Xihansi| Kihansi| kihansi| Kihansi
catchmetn area km2 377 581 583 590
River runoff w s 6.8 16.6 16.6 16.9
.Resé;#oir
High Water Level w |1,560.00]1,320.00{1,400.00{1,132.00
Low Water Level | m 1.'530.00 1,315.00(1,330.00]1,130,00
‘S.u'r'fa"ée Area km? 8.2 _— 11.2 -
Effective . 1050 | 140,00 ---- 409.00| w-=-
~Storage Capac1ty
bam o
Type Rockfill|Concrete|Rockfill |Rockfill
a : |Gravity
Grest Elevation m {1,565.00(1,324.50{1,403.00(1,135.00
‘Height o m 65 33 115 15
~Crest Length m 370 200 850 100
* Volume oo | 2,150 50 11,000 300
Development Scheme
~ Standard Intake Water Level m 11,550.00{1,320.00{1,377.00{1,130.00
~ Tail Vater Level m 11,320.00{ 295.00(1,140.00] 290.00
' Effectlve Head m 220.00{1,010.00; 230.00} 798.00
Maximum Discharge 103/ 24.0 28.0 23.0 22.8
_Installed Capaglty MW 43 240 45 162
 Annual Firm Energy 10%kWh| 106.0 |1,245 222 945
Investment Cost 108 8 136 176.5 | 169.5 | as1.7




Fig. 8-2 Development Scheme of Kih_ansi River. | S
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Table 8-4 Generating Facilities in 1998
(from ACRES Report, 1989)
_ Installed Annual Firm
Name of P/S Capacity Energy Enexgy
: (MW) (GWh) (GWh}
- Pangani System
Great Ruaha River 330 1,480
Other Rivers
Panagani Redevelop 43 195
- Thermal ' 110 548

~ Ground Total 493 2,223
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Table 8-5 Comparlson Study on Development Scheme

Energy . - .

L.41

[ Master Plan Scheme Revised Acres Scheme
© Item Unit {Upper |Lower Upper Lawer
E o Total Total
Kihansi)] Kihansi Kihansi} Kihansi
Catchment Area lem? 374 577 583 590
Reservoif _
High Water Level m - |1,560.00{1,320.00] 1,370.00|1,135,00
Liow Water Level m . |1,530.00{1,315.00 1,330.00)1,127.00
Gross Storage 10° m*| 170.00 7.00 175.00 0.73
Capacity .
Effectiv’e Storage | 10° m'| 140.00} ~--- 144 .00 9.55
Capacity - ' '
Availablg-Drawdown Sem 30.0 —_—— 40.0 7.0
Pam
Typé Rockfill|Concrete RockfilllConcrate
R Gravity Gravity
1 f_Hei’ghc x Length - n |65 x 370{33 x 200 85 x 630{25 x 110
| Yolume 10° ©® |2.150 50 4,820 25
Development Scheme .
Maximum Discharge | m'ls 24.0 28.0. 26.4 26.5
‘Standard Intake m |1,550.00(1,320.00 1,356.70]1,131.00
Wgter_Leve; : _
Tail Water Level ‘m |1,320.00] 295.00 1,140.00{ 290.00
_ Gross Head ‘m | 240.00|1,025.00 216.70] 841.00
 Effective Head m | 220.00|1,010.00 208.70] 809.50
‘Installed Capacity HW 45 240 47.3 180.8
~ Annual Firn Energy 10%uh | 96 791 887 185 869 1,054
_Iﬁ&estmen; cost | 108§ | ‘136.0 | 174.5 [ 310.5 | 176.6 | 172.2 | 348.8
‘Unit Cost for Firm S}RWh 0.22 0.35 0.95 0.20 0.33
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Fig. 8-3 Comparison Study on Deveiopment Scheme
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Table 8-8 Alternative thermal Power Piant
for Qptimization Study

Interest Rate = 10%
Itenm Unit _ Déscripﬁion
Type Coal Thermal Power Plant
Installed Capacity MW 100
Annual Plant Factor - % 75
Thermal Efficiency ¥ 25.6
Annual Energy Production 10°kwh 657
Investment Cost ) S
Thermal Power Plant 106$ -148.0
Transmission Line 107s 6.7
Service Life .
Thermal Power Plant Years 25
Transmission Line Years 35
Capital Recovery Factor
Thermal Power Plant v3 11.02
Transmission Line % 10,37
Heat Rate Btu/kWh 13,270
Operation & Maintenance Cost
Thermal Power Plant % 3
Transmission Line % 1.5
Fuel Price $/MBtu 2.28
Annual Cost
Capital'Receiving 5 Fixed Cost Variable Cost
Thermal Power Plant 103$ 16,309.6 ' :
Transmission Line 1078 694.8
0 &M Cosﬁ, Administration Cost . - ‘
Thermal Power Plant 103$ 3,996.0 444.9
Transmission Line 1078 - 90.5 10.1
Fuel Cost 10%s °19,907.9
Total 20,396.1 ©20,362.0
Annual Cost at Receiving End o :
kW Cost $/kW 274 Y
kWh Cost $/kW 0.0351 %
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1)

2)

,3)

20,396.1 x 10°

sy X
| 100,000 kw x 1.3437 = 274 $/kW

20,362.0 x 10°S
657 x 10° kwh

x 1.134% = 0,0351 $/kw

Adjustment Pactor for kW & kWh

__Item . ' . kW XWh
rransmission: Loss (%) 6.2 6.2
Station Service Rate (%) 6.0 6.0
Forced Qutage Rate (%) 4.0 -
Scheduled -Outage Rate (%) 12.0 -
kW Adjustment Factor = (1 g 0g3yx(1-0.06)x(1=0.04)x(1-0.17)
= 1.343

1
(1= 0.062) x (1 - 0.06)

kWh Adjustment Factor = = 1.134
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