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1. INSTRUCTION

A: Scope

As outlined in the RFP, the (.

conventional hydropower an
incorporate them in the preli

B: Main alternatives and ba.

The hydropower alternatives
1.
see Fig. 1-1

2. Polihali to Muela rou
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DROPOWER — EXECUTIVE SUMMARY

STAGE I SUPPORTING REPORT

onsultant shall review previous studies and formulate a range
] pumped storage arrangements including the Oxbow site and
minary layouts of the Development Options.

sic data

which have been identified include:

)
i

e see Fig. 1-2, w1th diversion through a new tunnel running frd

Polihali reservoir to a
Lebelo to Mohale: In
Lebelo into Mohale re
Power plant at storage

3.

n extension of the Muela power plant.

creased generation capacity at Muela due to 6. 75 m 3/s pumpe
servoir, see Fig. 1-3. ;

dams: At the toe of storage dams, with open nver d/s calling

releases; thereby crea
The Oxbow plant wot
the Monenco FS it wa
h/day which is typical
Muela the installed ca
Reversible turbines: ]

ling a potential for power and energy production up to 210 GW
1ld make use of 742 m net head, and a regulated flow of 3.5 m]
1s suggested to install 80 MW, as a peak power plant running
for high head hydropower plants. Due to higher head going i
pacity would increase to 90 MW, generating 200. GWh/a.
nstead of installing pumps at the pumping plants bf Taung, Ts

of

Katse route: Increased yield from Katse reservoir, due to diversion 1nto the Katse reservoir

1

] from

for IFR
h/a.
/s. In

16

nto

pelike,

Ntoahae or Lebelo, reversible ’furblnes/pumps may be installed. This concept would make

use of cheaper power [for pumping during weekends and at night (from Muela rather|than
from ESKOM), while generating higher rate/kWh power for some 6 h/day to meet daily
peak demand.
Accumulated yield from the yarious storage dams is shown on Fig. 1-4, while Flg 1-5 shows a
profile along the river in terms of elevation, while the distances are measured along the waterway
routes. Location of dams and reservoirs are also shown.
Figure 1-1 Alternative A-1;A-3; Polihali into Katse, with development down to Malatsi
Alternative A-1/3: Polihali into Katse, with|development down to Malatsi t
Addition to Muela plant once ’
Tsoelike and below are in function Muela i
""" i Additional Add yield, i
» yield Katse Total !
New tunnel once Tsoelike and below \ A1 17.3 42.02 Polihali alone
are in function —_— \ IA-2 28.2 2.13 55.05 Pclihali down to Tsoelike
\ IA-3 40.2 2.13 67.05 Polihali down to Malatsi
1
8.6 A-1 \ Polihali
\ 17.3 A1 3
Mohale Y
- T Kase /
(I
.\ Pumping
10.8 A-2
22.9 A-3
{Taung
o)
/ 16.5
Tsoehk7/
Malat51
\ Ntoahae/v
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Figure 1-2 Alternative B-1

Alternative B-1/3: Polihali directly to

I__T_:] Muel
]

\
24.72 '\

8.6 B-1

Mohale

to B-3; Polihali into Katse, with development dbwn to Malg

uela, with development down to Malatsi

Additional Add yield,

E]\Katie
3

Tsoelk

Malatsi o

8 \ Ntoahae/V
8 B-3
—3

yield Katse Total .
B-1 173 42.02 Polihali alone
B-2 28.2 213 55.05 Polihali down to Tsoelike
B-3 40.2 213 67.05 Polihali down to Malatsi
Polihali
[
Pumping .
10.9 B-2
229 B-3
Taung
3
Pumping
45 B-2
16.5 B-3 :

Figure 1-3 Alternative Polihali into Katse, Lebelo to Mohale and Oxbow t(f) Muela

Alternative Polihali, Oxbow and Lebelo ] Oxbow
45.27 l‘g-—//—;:"
Muela 1 x
Total to Muela :
17.3
Now 24.72 '\
Total 27.97 ;
8.6 N RW Polihali;
6.75 Add 1
Mohale 15.35 Total :
] Katse
6.75
Lebelo
-

1tsi
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Figure 1-4 Summary from yield analyses showing yield from various storage reservoirs
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Figure 1-5 Profile along wa

reservoir locations.

Profile through waterways

terways, showing invert levels at dams, FSL, MOL, dam apd

2100 ; i
! 1 !
e | e || ||
& S e e
2050 A-emm e JE——— - // R R i e
—— Invert L % |surge stat MoL - e
2000 +— = FSL - ( :
@ 4 Vi
& MOL Ground elevation above waterways /" X prRREARSEEEEEEE. o
1950 X Shaft / :
1900 4+ o oo e e O A IO, ,;‘.’[‘ : - -
P ;
. M ; :
Y110 (SR R— N S O P - : ] -
" MOL t
1800 - :
1750 - e o e A - -
2rways elevation
Mala]si
1700 o - e -
1650 o] -
1600
1550 442 [P P e
Gravit
bk -
1500 4

-4000 1000 6000 11000 16000

i

21000

26000 31000 36000 41000 46000 51000 56000 61000 66000 71000 76000 81000 86000 9

000 96000 101000

" m of tunnel from Malalsi

C: Lebelo to Tsoelike option

This alternative includes repl:
Tsoelike. Tentative cost com

Fig. 1-6.

acing the “Malatsi to Ntoahae to Tsoelike” alternative with Lebelo to
parison is presented in Table 1-2, while the tunnel route is shown in
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Table 1-2 Cost comparison

of Malatsi-Ntoahae to Tsoelike vs Lebelo to ngoelike

Malatsi to

Lebelo to Tsoelike Ntoahae to

alternative Tsoelike
Malatsi dam with auxiliaries 88,864,698
Ntoahae dam with auxiliaries 71,278,340
Lebelo dam with auxiliaries 59,022,152
Malatsi to Ntoahae funnel 62,062,500
Ntoahae to Tsoelike waterways 50,140,625 v
Lebelo to Tsoelike waterways 326,153,846 GWh . | Rate
Pumping cost Ntoahae to
Tsoelike 94,501,385 262 | 0.038462
Pumping cost Lebelo to
Tsoelike 9,366,472 25.968 | 0.038462
Total 394,542,471 366,847,547
Ratio 1.08 1

According to the above rough
link. The above is based on ¢
believed that the difference wi

Figure 1-6 Possible tunnel 1

ill be more significant.

route from Lebelo to Tsoelike

| estimate, it appears economical to develop the Lebelo to Tsod
ivil and pumping cost alone. Once EIA aspects w111 be added,

I~
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2. POWER AND ENERGY GENERATION

A: System power and energy

The Muela HPP is Lesotho
Transmission to Maseru is th
substation at Maputsoe. Beft
hydropower plants built by t
Corporation (LEC) including

usage and forecast

MantSonyane Mini-Hydro with an installed capacity of 2 MW

's first major generation plant, with installed cfapacity of §1 MW.
rough a 132 kV line from a surface switchyard with an inten
ore the Muela plant, electricity generation was in the form of mini-
he Government of Lesotho and operated by the Lesotho El

mediate

ectricity
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e Semonkong Mini Hydro with an installed capacity of 180 KW which has a diesel generator
as a standby, capacity of 120 kW
e Tlokoeng with an installed capacity of 670 KW
e Tsoelike with an installed capacity of 400 KW
e Katse mini-hydro with installed capacity of 540 kW which forms part of Lesotho Highlands

Water Project, hence bei

ing operated by LHDA.

I

Figure 2-1 Monenco 1989 forecast of power and energy
Of the above noted mini-hydro needs for Lesotho
plants currently only Semonkong Forecast for Lesotho in 1989
and  Mantsouyane are | in trop
operation. At Mohale, provisions —+—Peak MW
have been made for re (el I 7
installation of a mini-hydro. 800 —{ ~ O SYh-scwal 2006
~x--2.5% increase

Fig. 2-1 shows power and energy 600 1 -
forecast prepared by Moneco in ool ]
1989. Prevailing values are also
shown. 200 -

0 T T T y T . v d

1970 1980 1990 2000 2010 2020 ;2030 2040 2050
B: Monthly load Characteristics

The electricity consﬁmption
electrical consumption during

shows a typical winter peak during May to Sepftember due
winter months, mainly due to use of electrical heaters.

Fig. 2.-2 shows typical montmy average power (MW) and energy (GWh) needs in Lesotho,

Fig. 2-3 shows average month
shortage in winter, which is p

1y Lesotho load curve vs what is obtained from Muela indicat

to high

while
ing

Figure 2-2 Typical present
Muela power plant, MW an

prchased from ESKOM. ‘
pperation of the Figure 2-3 Muela genelf'ation vs Les
d GWh production | monthly demand ’

sotho

Lesotho Load in 20}

_tosolho Load
MW -Lesotho Load

6 Lozotho Load in 2006
MW N
Source: 2000 Wator Pow of Foracazt

@Eloctricily lo LEC, Mucla MW
@ Losotho Load

From Ep

Typical daily load curves for
shown on Fig. 2-4. Added to
MOL, for existing conditions

the roughness of the tunnel lining may have increased from 0.9 mm to 2.1 mm. ' In view of t

manner in which the plant hag
obtained from ESKOM.

[Lesotho during summer and winter, respectively, for 2005/200

this plot is the max power generation correspondihg to Katse f
as well as for assumed conditions to apply 50 years from now,|

been operated, during winter peak load hours, power must be

6 are
‘SL and
once
he

C4/SEED JV - 09/05/06 - Executive summary Muela May 4 06 w-o cover - 1 -




LHFP - Contract LHWC 001Stage 1 Supporting Report — Hydropower — Draft April 6, 06

Figure 2-4 Lesotho daily load carve, min, average and max KW load

Lesotho Daily load cujrve, min, ave and max in winter and summer ﬁ
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C: Base cost of thermal plani

The following rates have been
e pumping on weekends
e pumping at night
e base power during day
e peak power, 6 h/day

The 35 ¢-R/kWh have been cd
under construction in RSA. R
return calculated over 50 year;

3. MUELA POWER PLAN

Main data are as follows:
e MW installed
o  Q(rated)
e FSL, Katse
e MOL, Katse
e TWL

Historic reservoir levels at Katse reservoir from start of operation and until end bf 2005 are s
ws flow and accumulated volume diverted from Katse and Matsoku

on Fig. 3-1, while Fig. 3-2 shq
through Muela.

generated energy

| derived and used:

15 ¢-R/kWh
15 ¢-R/kWh
25 ¢-R/kWh
35 ¢-R/kWh.

s has been applied.

I

nfirmed by cost values obtained from a pumping iplant present
egarding capitalized worth of water and power Sales 6% rate

81 MW

12*3 m3/s
2053 masl
1989 masl
1761 masl.

ly
o

hown
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Figure 3-1 Historic Katse r¢

00°00 86-ROED

00°00 £6-P020

00°00 96-PC-10

Apr01

Dec-99

]
g. 3-3.

Jul-98

Diversion from Katse & Matsoku through Muela from start of transfer

Flow, m3/s

18 m up-surge and 12|m down-surge during closure.

00°00 5619010

35

30 -
25 4 -
20 -
15 4—-

o Startup: 3 minutes to synchronize; 0 to max load in 10 seconds.

o Emergency closure occurs in 15-30 seconds

o 10 m drawdown during startup

Mar-97

In the hydraulic calculation of energy in terms of MW and GWh/a, Ka value of 09 for the present
o]

conditions was assumed, while a Ka value of 2.1 mm was assumed to apply 50 years from npw.
plant during emergency closure. The critical conditions apply at MOL and plani emergency

This must be added to/ deducted from head loss, to assess possible up/down-surge at the power
closure, see Fi

For closure and startup of theturbines, the following is understood to be valid: |

Fluctuations upon closure and start up of the turbines amount to:

Figure 3-2 Transfer from Katse and Matsoku through Muela plant from start

C4/SEED JV - 09/05/06 - Exgcutive summary Muela May 4 06 w-o cover - 1 —
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Figure 3-3 Water level fluctuations in u/s shaft during turbine start up (2 units)

WS Surge Shaft fluctiations during start up of turbines (2 only)
2060
2040 4
&
200 {---
2000 -
1680 - o+
1960 o - -
1940 ~@ Tark fromKatse
4 Tark fromrreasrement
120 —#— W in Tark fromKatwse during operign| |
—— ML, Katse
—— Bar
1800 7 T v T T
0 5 10 15 0 2 0 35
Minutes

125
L 12
r 115
R

- 10.5

13

10

Applying the above noted ex

sting and 50 years Ka value for the concrete lined headrace an

d

tailrace tunnel and an “n” value of 0.0115 for the steel lined penstock, head Iosses in the waterways

down to the surge shaft/ elbow and overall have been calculated as plotted on Hi ig. 3-4. Add

some 10 to 20 m due to down surge as above noted, maximum flow at MOL reservoir level
» 40 m’/s applies for present conditions of Ka = 0.9 mm, while flow may' ‘decrease to
» 37 m’/s for assumed conditions 50 years from now, for Ka = 2.1 mm.

For FSL the max flow amounts to some 52 m%/s. For present conditions it is assumed that t
generators and auxiliaries can handle some 15% overload conditions, which for FSL allow

'
1

ling
of:

ne

generation of 86 plus MW, which may be reduced for conditions assumed to apply 50 years from
now to 80 MW. The above is an indication of how much flow can go through the plant without any
modification or added cost. Fig. 3-4 and Fig. 3-5 show the limitation set by the high setting of the
elbow and of the surge tank at Muela.

Figure 3-4 MW vs flow through turbines for FSL and MOL with limitatiofns at shaft

Existing Muela plant for

a 0.9 (now)and 2.1 mm (in 50 years)

100

1980
Elevation
1975 # S e e et s e
1970 o - ™ -

1965 -

1960
1955
1950 -+ --
1945 .

1840

1935 - it
Bottom of wide surge tank

1930 ¥% . .

—=— WL atsurge tank-MOL,Ka =0
~~~~~~ +- WL, surge tank-MOL, Ka=2.1
—e—MW-FSL, Ka=0.9
—e—MW-MOL-Ka=0.9
——MW-FSL-Ka=2.1mm
—X--MW-MOL-Ka=2.1mm

—— MW-Installed

1925 4
1920
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1910 |-
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— _A‘_\
=0b

e
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160
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+ 30

-+ 20
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Figure 3-5 Minimum reser?

voir levels at Katse considering shaft and elbow limitations

o oo T T | Under the above scenario:
Minimum reservoir leyel avoiding surge problems at tank ‘ A
IMin res El = 2036 + 10 m |buffer for surge + head loss(Q) —] hd L?belo flow (C 75
2080 e m /s) could easily be
2070 § —e— —=—-Min Res Lewel, Ka 2.1-50 years from now MOL —x—FSLf % agisorbed and
2060 1 S RN IR ISR I . ‘l‘ P i e Polihali/Lebelp/Oxbo
2040 s adsorbed; = 45.25
2030 I o= - 7 // S U N m3/S.
2020 A oo . o ;’.,/Q/,A A _ R ‘
LT This flow can go thrm(lgh the
2010 4 e N - - 1o : .
w00 || 1 o ] | plant for reservoir levels
1990 A | | | exceeding EL 2025 far
1980 T |+ | present conditions and EL
20 22 24 26 28 30 32| 34 36 38 40 42 44 45 48 s0 s2 4 2040 for Ka = 2.1, 50|years
Flow, m3/s from now.
For diversion beyond above noted values, e.g. in case Taung & Tsoelike are constructed, then a
second tunnel from Katse to Muela must be constructed. The addition to the Muela plant would
make full use of existing plant facilities such as ventilation, air conditioning, crane, station power,
etc. ' ;
4, OXBOW HYDROPOWER PROJECT ‘
A Feasibility Study was carried out by Monenco Consultants Limited of Montreal, Canada for the
Oxbow Hydroelectric. The Monenco 1989 FS indicated that a 92 m high dam at the Oxbow §site

would permit the most favora
elevation of 2525 masl and a li
diversion of an average of 3.5

With the revised layout, Oxba
drawings. Peak production w

The transmission line would b

5. HYDROPOWER PROJ
A: General

1t is presently assumed that at
form of d/s release. This is si
Mohale, which makes it sensil

Furthermore, at each dam site
work and outlet facilities, allo
cost and at a minimal hydro-1y
an issue, as it was at some of'1
and switchyard will be at hanc
on this sector as well.

The above makes it very econ
IFR-flow. The turbine would
discharging into a “tailrace tar

ble exploitation of the Oxbow water resource, with full supply
ive storage of 72.8 million cubic meters. This would allow the
m?/s to the powerhouse. : '

w waterways run into the Muela afterbay dam as shown on encl

ould run for 6h a day at Q(peak) ~ 14 m?/s, produjcing 200 GV
e 8 km long 132 kV line, connecting to Muela.

ECTS AT D/S TOE OF DAMS HARNESSING IFR FLOW

all storage dams approx 15% of the inflow has to be released in
onificantly more than the d/s (IFR) releases spec1ﬁed for Katse
ble to harness this flow.

waterways will be customized to handle IFR flow with intakes
wing a turbine to be hooked up to this system at aminimal civ
1iechanical cost. At these large reservoirs, sedimentation will n
he mini-hydro plants mentioned above. At each site, transmis

| to provide construction power, which means minimal additio

51

omical to install turbines to harness some 140-15 0 m of head an
be of Francis type, with simple butterfly valve installed u/s of it
k> to secure submergence. Details are listed in Table 5-1. The

osed

Vh/a.

the

and

, pipe
11-
ot be

work

o1l

hal cost

d the

2
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generation is significant, considering that in 2006 Lesotho usage amounted to 244 GWh/a. In fact,
the entire surrounding rural pppulation could be electrified from these units.
Cost and an economical assessment are presented in Table 5-2. Based on this prehmlnary
assessment it is highly econoﬁucal to hamess IFR flow. Note that risk of cost overruns is
essentially nil. No carbon credit has been included in values listed below. :
Table 5-1 IFR flow and potential power and energy production at storage dams
Q(IFR) MW GWh Cumulative GWh
Turbine at Polihali 3.31 53 46.5 46.5
Turbine at Tsoelike, if no d/s development 8.6 8.6 75.3 121.8
Turbine at Ntoahae 9.34 14.4 126.4
Turbine at Malatsi 6.89 4.4 38.8 211.8
Turbine at Lebelo, assuming Ntoahae and
Malatsi are not constructed 2.5 3.2 28.0
Table 5-2 Cost of turbines installed
_ Capitalized B/C
MW El-Mech Civil Total . revenue ratio
Mio $ Mio $ Mio § Mio $
Turbine at Polihali 5.3 3.9 4.31 8.23 ° 15.11 1.83
Turbine at Tsoelike 13.8 6.8 7.45 14.23 39.17 2.75
Turbine at Ntoahae 14.4 7.0 7.66 14.62. 41.08 2.81
Turbine at Malatsi 4.4 3.5 3.89 743 12.62 1.70
Electrification of the rural population is of significant environmental and social benefit. Proyiding
electricity to the local household will reduce burning of biomass (reduce de-forestation) whigh is
one of the main contributors tp global warming. Night electricity could be used for pumping for
irrigation of nearby agricultural fields, and for other similar improvements.
B.: Generation capacity vs pumping needs
Table 5-3 through 5-5 prove and overview over generating capacity and purnpmg needs as well as
balance of generation vs pumping GWhs. As noted in column 5 in Table 5-5, in general, surplus of
GWhs prevails |
Table 5-3 Pumping details, including MW installed and GWh generated
| GWh-
| GWh- aflded
From To Q-yield H-pumping | MW*1.1 pfumping generation
15 Ntoahae Tsoelike 8.05 103 - 10.7 ' 85.0 -
14 Tsoelike Taung 16.50 154 32.9 261.8 -
7a Taung Folihali 22.90 193 57.0 454.3 -
10 Lebelo Mohale 6.75 377 32.8 261.6 149.8
Total without Lebelo 801.1 Rumping
Table 5-4 Generation details for the various stages
MW MW
Generating capacity Q H generated installed GWh generated
Polihali to Muela along 17.3 272 41.5 54.0 363.9
Polihali, Taung and Tsoelike 30.33 259 69.4 81.0 607.6
Polihali to Malatsi, into Muela 42.33 241 90.1 108.0 : 789.0
- (1) -
Oxbow added 2.5 742 16.4 90.0 ?—56.5 143.5
C4/SEED JV - 09/05/06 - Executive summary Muela May 4 06 w-o cover - 1 - 10
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Table 5-5 Summary of gen

C 001Stage 1 Supporting Report — Hydropower — Draft May 4

eration vs pumping requirements for the various stages

Shortage of genération to cove

r pumping
Pumping Generation needs

Polihali - 363.94 -363.94 Surplus

Polihali to Tsoelike 272.40 607.56 -335.15 Surplus

Polihali to Malatsi 801.07 789.01 12.06 Shortage
Including Oxbow 87.01

Polihali to Malatsi

including Oxbow 801.07 876.02 -74.95 Surplus

6. COMBINING PUMPING PLANTS WITH REVERSIBLE TURBINES

Potential hydro-sites and pumping plants best suited for installation of reversible turbines/pymps

are listed in Table 6-1.

Table 6-1 Potential sites suited for installation of reversible pumps

H/L Rating
Any hydro unit located at toe of storage dams 0.3-0.4 'NA
Oxbow 764/16100=0.05 1
Lebelo to Mohale 0.09 L2
Ntoahae 0.030 3
Taung to Katse 0.007 4

Once all civil works have bee

small pumps, without additional space requirements.

An assessment is presented i
turbines at pumping plants, w

turbines at Oxbow.

Table 6-2 Benefit of installi

REVERSIBLE PUMPS/ TURBINES

n provided, large unit reversible turbines/pumps

may replace many

ng reversible turbines at pumping stations andéat Oxbow

Table 6-2, indicating that it is very economical to install reversible
ith increased benefit where the tunnel size is set by minimum
construction related diameter, rather than by flow. It is also economical to install reversible

PRELIMINARY

ENT IF IT PAYS OFF TO INSTALL

Capitalized

Head H ppmping Plant and
loss(Qfir Rate, $/ cpstand  generation
Lebelo to Mohale Qfave) UisFSI [DisFSE L, Tunnel D{id.}use L _shaft D_shaft mused) MW hiday GwWhia kwh  Costcivil El-Mech geperation cost
Pumping all the time 6.75 2075 1,705 41.04 4.5 70 270 1.51 2711 24 2375 0.082 18.9 11.4 120.94 152.23
Pumping. weekends and nights 20.67 2075 1,705 41.04 45 70 270 14.15 80.16 18 5267  0.023 19156
Peak power generation, 6 hours/ day  35.00 2076 1.705 41.04 4.5 70 270 40.58 _ 102.10 6 223.6  0.054 51.1 29.2 189.8 82.2
Monoy saved over the lifetime of the project 76.07
Taung-Maiatsi to Katse 229 2053 1,885 24.95 4.5 168 3.14 10.77 39.25 24 3438 0.032 24.6 141 175.07 213.76
50.53 2075 1,770 24.95 4.5 168 3.14 5243  139.12 18 9140 0023 332.46
60.00 2076 1,770 24.95 4.5 168 3.14 7392 12294 6 2692  0.054 61.1 349 228.5 199.9
V= 3.77 7.76 Money saved over the lifetime of the project 1385
OK . Producgs the peak energy wi
Tsoslike to Taung 16.5 1885 1,770 37.26 45 115 2.20 9.10 19.05 24 AL X-2 0.03’2 16.3 9.3 84.98 110.51
33.00 1885 1,770 37.26 4.5 115 220 36.39 28.28 18 185.8 OAOZ_‘3 67.57
33.00 1885 1.770 37.26 4.5 116 220 36.39 22.90 L} 502  0.054 245 14.0 r42.6 83.5
V= 207 a.68 Money saver over the lifetime of the project | > 47.05
OK i Produces the peal enerqy and reduces
Head plimping  Plant and
loss(Qfir Rate, §/ costand  generation
Oxbow Q(ave) U/sFS! [DIsFSI L, Tunnel D{id.}use L_shaft D_shaft mused) MW hiday GWhia kWh  Cost civil El-Mech geperation cost
Generation, peak 14 2525 1.761 16.079 4 764 3.00 5.67 83.73 6 2053  0.064 40.6 23.2 (174.22) (110.46)
: Cout
Pumping  12.00 2525 1,761 16.08 4 764 3.00 4.186 99.39 18 653.0 0.023 237.51
Genaration, peak 5000 2525 1,761 16.08 4 764 3.00 7230 3535 6 6687  0.054 95.9 54.8 567.6 -179.3
V= 3.98 7.07 ; Revenue 68.87
C4/SEED JV - 09/05/06 - Exe 11
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7. COST ESTIMATION OF OPTIONS AND RATING

A: Escalation

In 1988 1 USS$ was 2.25 Ran
rate of 6.5 to the USS$, this co

1#1.0452006-1988) _ 5

225%1.1 1(2006-]988) —

This means that while it is ap

should be escalated by some

B: Consideration related to tunnel cost

Overall cost values used in th

d/ Maloti. Escalating the US$ by 4.5% to 2006 and applying ¢
rresponds to 11% escalation of the Rand from 1988; i.e.

21 US$;2.21 * 6.5=14.4 Rand
1472 Rand ~ 14.4

10-11%/a. This approach is being used in all hydro cost assess

e tunnel cost estimate are listed Table 7-1. It is not common td

urrent

propn'até to escalate the foreign portion by 4.5%, ihe local portion

ments.

excavate a 70-80 km long water tunnels without vehicular access (all through shafts). In view of

this and very high rock cover
tunnel is found low and the Erlands tunnel as well, although to a lesser degree. This affects
installations, as gravity flow 1

suggested this be carefully lo

Table 7-1 Cost comparison of Phase II tunnels, all included

, relative to other Phase tunnel costs, the cost of the Taung to N

may be favored. In view of the dominating cost of the waterw
oked into.

Auela
hydro-

1ys, it 1S

Mio Rand per
D (m) km Tunnel report | Rand/m | US$/m Ratioc | Comments

Taung to Polihali 4.5 27.2 1,935 71,132 | 11,114 | 168 | High
Tsoelike to Taung 4.5 37.3 2,265 60,724 | 9488 | 144 | OK
Ntoahae to Tsoelike 3 2.6 321 123,423 | 19,285 | 292 | Yeryhigh
Oxbow to Muela 3.6 16.08 1,000 62,189 | 9,717 1.47 | High

Internally not in

T balance.

Pohhall to Muela, Compared to
gravity 5.1 72.1 4,400 61,026 | 9,535 1.44 | Karahnjikar, OK.

Internally not in

balance.

d - Ce Compared to
Polihali to Erlands 5.1 66.65 4,779 71,695 | 11,202 1.70 Kérahnjtikar, OK.
Kérahnjl:lkar 55 13 '{AUCh |arger tunne]’

7.4 > 42 6,602 1 very expensive cauntry

Comparison of lined tunnel ¢
data in a basaltic setting vs th)
1n cost seems to warrant that

tunnel layouts are being comj

C: Cost of Electro Mechanic

Cost curves shown on Fig. 7-
turbines and pumps. Cost is ¢
plotted, being higher than the
carefully into in the next phas

The pumping plant cost, affec
curves of gates and valves. C

D: Detailed cost assessment

Summary of data entering the
(GWh) for these alternatives 1
capitalized revenue from pow

ost, including adits and auxiliaries, using Mohale and Icelandig
e above noted Phase II estimate is shown on Fig. 7-1. The difi
tunnel and auxiliary cost be looked into more carefully. If thes
vared to canal or pipeline projects, skewed comparison may res

al equipment, valves and gates

2 were used assessing the cost of electro mechanical equipmen
scalated to 2006. The el-mech cost of altematives under study
envelope curves would give. These cost values should be lool
e of this study. i

ting reversible turbine alternatives, is shown belogw, as well as
ost curves of substations, both civil and el-mech, are also shov

cost estimate, as well as calculation of power (MW) and ener{
ander study are shown on Table 7-2. Estimated development ¢
er sales and B/C ratios are also shown, including on Fig. 7-3.

recent
rerence
e

ult.

t, both
is also
ked

cost
V1.

2y
ost,

C4/SEED JV - 09/05/06 - Exs
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E: Oxbow — peak generation

As long as water revenue ma
to install generating units at ¢

B/C ratio of 1.26 for
B/C ratio of 1.47 if re
Figure 7-1 Cost/ m of lined

y carry the cost of the Oxbow dam and the waterways, it is ber
Dxbow waterways, with: ‘

seneration alone, with ~ 90 MW installed for peak generation,

plant, including carbon benefits

L

versible turbines are installed.

tunnel, including adits and auxiliaries

¥m
12000

All in cost,

lined, including adits etc, ¥m

s
.t
-
.t

.
et *

10000 G
8000 { - - ---

6000 4 o} e

e Tadle

0 Mohale, all included
& Mohele, all included, plus 30%)| | -
x loetand ‘
0 Keri, dll included

-
.
-
P
e

4000 |- L.

o

o Tunnel report, all included
< Tunnel repart, Al included

50 55 6.0

6.5

F: Summary of Benefit/Cost

Details of the cost estimate ar
cost, capitalized revenue and
and D address cost, sales reve
installed.

The project component whick
Diversion of water fra
installation at Muela.

With this arrangement Mueld
actual if water transfer is limi
Polihali, and/ or
Polihali, Lebelo and C

As Oxbow will take 3.5 m’/s
however, not the Tsoelike yie
not for reservoir levels close 1

[

If the entire system will be de
The Polihali — Taung
units installed; see Fig.

The situation is impro
Ntoahae, See Fig. 7-3

LU

As most of the RSA plants are
that peak power is sold to RSA as well as used during winters ]

plants, under the assumption
Lesotho.

To mention a free market sim
and purchase base from Frang
general, in particular high hed

assessment

¢ given in Appendix F of the Main Report. Figurie 7-3 A and |
the B/C ratio for the generation alternatives studied, while Fig
enue and B/C ratio of a few alternatives with reversible pump

1 rates highest is:

m Polihali into the Katse reservoir, with no additi?onal turbines

becomes essentially a base plant. This alternat1ve is, however,
ted to: ‘

xbow.

out of the Katse tunnel, the Muela power plant can handle mof
1d of 31.1-3.5+24.4 = 52 m%/s (possible at high reservmr levels,
o MOL).

veloped, it appears that the highest benefit comes from:
— Tsoelike — Ntoahae — Malatsi alternative, with up to4x 27N
. 7-3 B :
ved still if reversible turbines/pumps are installed Eat say Tsoeli
D. :

“base plants” it appears worthwhile to install peak power/ pu

ilarity, Norway, with its hydro plants, sells peak to Europe at i
e at a much lower rate. This is how hydro power: plants are us
d plants.

eficial

or

3 show

7-3C

only

e flow,
but

TW

ke or

mping
n

igh rate
ed in
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Figure 7-2 Cost curves for el-

mech/hydro, pumping plahts, gates & valves and substations

$/ kw Data f | o ‘ 30.0 - .
ata from Muela, two turbines * 1.5, sheet Icelandic projects Million US §
25.0 4
©OEl_Mech, $/ kW - ]
XPhase Il Ei-Mech
o Francis, mini hydro S 20.0 - m
+ Francis, min{ hydro
3 Pumping plant, < 15 MW units 15.0 4
X
X 10.0 -
[~ needs — 5.0 |
escalation by * ’
350 4—— — 9] S MwW
300 —-TTFTT . - T T T T T T T
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250 e -
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200 7 T T T T T T
0 20 40 60 80 100 120 140 160
Cost curves for gates and valves
¥ Bollerfly PRy VSR Roler 60:;(()5]0 Substation cost in US$
—0 VST-M —+— Cos! of gates-H70 m wet---Head 15 m = - z
—~—Head 202 m ~~0—LV cost model, Wheel gale, 70 mhead —o— 1600 ; wtalcnwtl’nmlrmsfom A us'sln-:?Sa-iesa)
== Lineer (Civil) = Linear (Substation without trensformer)
Cost curve = 7T1(W"2*H'Head)"0.7 ‘Rate(17.2 $/kg) 5000000 A
3000000 .
with transformer
4
2500000 B 000000
y=27001x+ 727610
2000000 3000000
*
o 1500000 Motale Hg valves 2000000
3 L A
without transformer
T / L // d - . y=2396.9x+99709 Qv wors .
500000 {——-4 |-~ X e S — — . = *
/ e - | e [ I — 4 - T T T T T T
b S h g e N e 0 20 60 80 100 120 140 160
o ¥ b o
1000 100 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 MA
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Figure 7-3 Cost and B/C ratios of hydro generation units,

inéluding for reversible turbine alternatives

A: Generating unit cost and capitalize revenue

B: Generating unit B/C ratio

Development cost and capitalized revenue from power sales

E/C ratio - hydro cormponent

Oxbowto Mudla Pesk plart |

I-AZ Poli>Katse & Melatsi-Taung>Katse; all to Muda

1-A-1: Polibgli alone to Katse, no add cost at Mudla

1-83: Mdatsi-Pdihali to Muda

Oxbow to Muda Peak plart

I-A-3: Pdi>Katse & Meatsi-Taung>Katse; al to
Mugla

1-A-1: Palibdi done to Katse, no add cost ot Muda

1-B2: Tsodlike-Pdibdli to Muda,

I-B3: Melatsi-Pdihal to Muda [

1 B1: Pdihali, Muda-1st stage

II-B2: TsodlikePdihali to Muela,

1 | [ I

- 100 200 300 400 500 600 700 800

1_B1: Pdlihali, Mueia-1st stage

Qo0 1 t g T t

MilliGe0 -

C: Reversible units, cost and capitalize revenue

D: Reversible units, B/C ratio

B/C ratio with and withoiut reversible turbines

Lebelo, reversible wrbine

Oxbow, reversible turbine

Oxbow, generation alone

Base c¢ost, pumping, added cost with reversibie turbines and capitalized savings
100%
90%
80% 4-————|
70%
60% ———e—-r
O Capitalized savings
50% e o Added costwilf\ revpump
20% 2 @ Base cost
o e
30% d———— = A—
20% A
10% 4——— ] —
0% 4
Tsoelike, reversible turbine Oxbow, reversible turbine

“Teodlike, reversible turbineg

Tsoelike, pumping alone
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Alternative B-1/3: Polihali directly to Muela, with development down to Malatsi
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Alternative A-1/3: Polihali into Katse, with development down to Malatsij
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are in function —_— \ A-2 28.2 2.13 55.05 Polihali down to Tsoelike
\ A3 40.2 2.13 67.05 Polihali down_to Malatsi
\ ;
8.6 A-1 , \ Polihali
\ 17.3 A-1 ]

Mohale \
T e,

Pumping
10.9 A-2
22.9 A-3

16.5

— Malatsi . -

8 Ntoahae /
A-3

.

8



1. AL DIVENSIONS M MILLIMETRES UNLESS OTHERWSE SHOWN,

- AL LEVELS IN WETRES ASOVE SEA LEVEL. (MASL)

=

. SLOPE OF TUNNELS TO BE uoo(nm AT A LATER SUEE 0
PROVIDE GRAMTY DRAWNAGE DURING CONSTRUCTION,
POSSBLE.

. THE HORIZONTAL AND VERTICAL ALIGKMENTS AND THE POSITIONS
OF CONSTRUCTION ACCESSES, VENTILATON SHAFTS, INTAKES
AND OUTLETS 10 BE WODFID AND/OR DETERMNED WHEN
HIGHER RESOLUON SlRVEY DATA IS OBTANED AND OAM
OPERATIHG LEVELS ARE fI

5. THE FINAL HORIZONTAL AND VERTICAL ALIGHWENTS, AHO TRE
POSITONS OF THE (NTAXES, OUTLETS AND OTHER STRUCTURES
WL BE DEPENOENT OK GEOLOGICAL CONDIMONS,

DRAFT

¥ £
pros L.
m & A\
200 z b\ -
ﬂ“; P} 3 3 \ AN £ Dcts | Rov. Revision Den | Crid | Apod
2
o %: v // \\ Lit SCALE 1:50 00O
pis \/ o G pid 9 1000 2000 3000 4000 5000
w 2 \ <3
g ] g ! g
é’ 24 §_ & i [
E ponlD |
o TUNNEL VERT 7 % /:
§ GROUNO UNE 21003 7_&@/ .
5 Y e, i |
] scas: ::m -
Horizontal 150000 ™. : S o e
2] Vertical 1:10000 1~ o : :
= 1700] N : : : ILESOTHO HIGHLANDS
g Datum : 1600 m™4... ... ) ; : o R WATER COMMISSION
% Approval;
Lt
= E4 5 &I § 2 g 3 § ] & & (8 _ B U8 3
2| DEPTH 3 & g . & ﬁ[ g g g 5 § -4 g ds 3 2l g
= i : i T i ! : ; ks I b ! ol Beee S " T Thar
TUNNEL INVERT SL g 5 8 2 g a2 g E’ =‘ 2 El 5]§ 3 1y g LRSOTHO HIGHLANDS WATER PROJECT
g g 2 g g g g HE & g g g 8 e § B s FEASIRILITY STUDY POR PHASE I ~ STAGK {
g 8|
12| CHAINAGE . EL 1 1 3 g g H §| g‘ E EL a5 g E g[ § POLIHALI — KATSE TUNNEL
g ClE & ¥ L 8 g k] g g GENERAL ARRANGEMENT AND
LONGSECTION
g GRADE LK 2065515 ~—SHEET 1 OF 2
SEEn: L4
& | HORIZONTAL Ime menm,
2 Appravol; pritivi i
o O —— ) — By
2 || EXCAVATION METHOD — e
?é o Project Manager Dots
% DIAME"ER & LINING p— énm pr———— Dota chwinq No. Rev,
(=] .

24/03/2006] 1-P001-100-001 | PO1




1. ALL DIMENSIONS N NILLIKETRES UNLESS OTHERWISE SHOWN,

2. AL LEVELS 1N WETRES ABOVE SEA LEVEL (MASL)

ks

SLOPE OF TUNNELS TO BE NODIFIED AT A (ATER STAGE TO
PROVIDE GRAVITY DRARUASE DURHG CONGTRUCTION, WHERE
POSSIBLE.

4. THE HORIZONTAL AND VERTICAL ALKGNWENTS AND THE POSITONS
OF CONSTRUCTION ACCESSES, VENTILATION SHAFTS, BTAKES
AND OUTLETS TD BE WMODWIED AND/OR DETERMINED WHEN
HIGHER RESOLUTION SURVEY DATA IS OBTAINED AND DA
OPERATING LEVELS ARE FIRALISED,

5. THE PRAL HORIZONTAL AND VERTICAL ALIGNWENTS, AND THE
POSTIONS OF THE INTAKES, OUTLEYS AND OTHER STRUGTURES
WILL BE DEPENDENT GN GEOLOGICAL CONOMONS.

_ ; Dets | Rev. Revison Dm | Chid | Appd
:.g % & SCALE 1:50 000
- 2 3 1000 2000 3000 4000 5000
= =
z2 . /. |
g a A /. 5
& AN A <1
= AN 7. E
c: ——— TUNNEL INERT pd 3
k] 8/
E GROUMO LINE \k I 20530
151 ] AV
| Sscaes: e R DR T
..| Horizontal 1:50C00 LD DS
2| Vertical 1:10¢00 , LRSOTHO HIGHLANDS
g Datum : 1600 m R - e WATER COMMISSION
z
] g 8 3 s g g 3 5
21l DEPTH %‘ §[§ .8 3 g,, ; 5 g gg
e : ' ' o I : i ; d e Evacuin Bt T T T
= ; 3 2z g sl = 5 3 5 g 1SOTEO HIGHLANDS WATER FROJECT
. TUNNEL INVERT F b g g g g § g glél FRASIBIUTY STUDY FPOR PHASE 1 ~ STAGE
z
g 8 glg 8 8 8 g 8 8 8 ¢
11| CHAINAGE ] 28 : ‘ : 3 ] % POLIHALI — KATSE TUNNEL
: § Eg § . § g g, § § § & GENERAL ARRANGEMENT AND
. LONGSECTION
:‘_g GRADE | 'in-gxsls.is's SHEET 2 0OF 2
se: [
& {| HORIZONTAL Eﬁmi?’»f‘“"s“’ s
3 roval Coraulisnla Srx
g
- TRy
21 EXCAVATION METHOD P
% p— Frojoct Uoncgor Dots
& -am Dcte Drawing No. Rev.
3 DIAMETER & LINING 250men CONCRETE SEGUENTAL UNNG 24/03/2006] 1—P0O01-~100~-002 | P01




EXISTING HLOTSE

CONSTRUCTION. ADIT

1. ALL OIMENSIONS B WLLMETRES UMLESS OTHERWISE SHOWN.

2. AL LEVELS ¥ METRES ABOVE SEA LEVEL (MASL)

=

. SLOPE OF TUNNELS TO BE NOCIFIED AT A LATER STM;E il
PROVIOE GRAVITY DRAMAGE DURING CONSTRUCTION,
POSSIBLE.

=

. THE HORIZONTAL ANG VERTICAL AUGHNENTS AMD THE POSITIONS
OF CONSIRUCTION ACCESSES, VENTKATION SHAFTS, ITAKES
AND QUILETS TO BE NODIFED AHD/OR DETERWINED WHEN
RICHER RESOLURON SURVEY DATA IS DBTANED AND DAN
OPERATING LEVELS ARE PINALISED,

5. THE FIRAL HORIZONTAL ARD VERTICAL AUGHMENTS, ARD THE
POSIMONS OF TRE INTAKES, QUTLETS AND OTHER STRUCTURES
WL BE DEPENDENT ON CEOLOGICAL CONDITONS,

6. THE POSITION OF THE DXSTING TRANSFER TUHNEL 15 INDICATVE
ONLY,

7. FOR DETALS OF SEE
STAGE 1 SUPPORTING REPORT,
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1. AL DUENSONS [N MILUMETRES UMUSS OTHERWISE SHOWN.

=

AL LEVELS IN METRES ABOVE SEA LEVEL (MASL)

=

. SLOPE OF TUNHELS YO BE NODHIED AT A LATER STAGE TO
PROVIDE GRAVTY DRAIRAGE DURING CONSTRUCTION, WHERE
POSSIBLE.

4. THE HORIZONTAL AND VERTICAL AUGHMENTS AMD THE POSONS
OF CONSTRUCTION ACCESSES, VENTRATION SHAFTS, INTAKES
AND QUTLETS TO 8 MODIFIED AND/OR DETERMINED WHEN
HIGHER RESOLUTION SURVEY DATA (S DETANED AND DA
OPERANNG LEVELS ARE FINALISED,

5. THE ARAL HORIZONTAL AND VERIICAL ALGNWENTS, AND THE

POSMONS OF THE INTAKES, OUTLETS AND OTHER STRUCTURES
WILL BE DEPENDENT ON CEOLOGICAL CONDITIONS.

6. THE POSITION OF THE EXISRNG TRANSFER TUNNEL § INDICATVE

ONLY.
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2. AL LEVELS (N WETRES ABOVE SEA LEVEL (MASL)

“

SLOPC OF TUNKELS TO BE WDBIED AT A LATER STAGE TO
PROVOC GRAVTY CRAMUAGE DURWG CONGTRUCTION, WHERE
POSSIBLE.

. THE HORIZONTAL AND VERTICAL ALIGNWENTS AND THE POSINONS
OF CONSTRUCTIOR ACCESSES, VEMTHATION SHAFTS, WYAKES
AND QUTLETS YO BE MODKED AND/OR DETERMIMED WHEN
HIGHER RESLUTION SURVEY DATA IS OBTAHED AND DAM
OPERATING LEVELS ARE AINAUSED.

5. THE FINA HORIZONTAL AND VERTICAL ALGNWEMTS, AND THE
POSTIONS OF THE INTAKES, OUTLETS ANO OTHER STRUCTURES
WILL BE DEPENOENT OR GEOLOGICAL CONDITIONS.
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CONSTRUCTION
"ACCESS - SHAFT /
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. THE HORIZONTAL AND VERTICAL ALCNMENTS AN THE POSMIONS
OF CORSTRUCTION ACCESSES, VENTILATION SHAFTS, INTAKES
AND OUTLETS TO BE WODIFIED ANO/OR DETERWINED WHEN
HIGHER RESOLUTION SURVEY DATA IS OBYANED AND DAM
OPERATING LEVELS ARE FINALISED.

5. THE FIRAL HORIZONTAL AND VERTICAL ALGNWENTS, AND THE
POSITIONS OF THE INTAXES, OUTLETS ANG OTHER STRUCTURES
WL BE DEPENDENT O GEOLDGICAL CONOMONS.
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1. AL DIMENSONS IN WILUMETRES LUNLESS DTHERWESE SHOWN.
2. AL LEVELS 1N NETRES ABONVE SEA LEVEL (MASL)

v

SLOPE OF TUNNELS TO BE WOOIRIED AT A LATER STAGE TO
PROVDE GRAMTY DRAMAGE DURING COMSTRUCTION, WHERE
POSSIBLE.

4. THE HORIZONTAL AND VERTICH. ALGNMENTS AND THE POSTIONS
OF CONSTRUCTION ACCESSES, VENTWLATION SHAFTS, WIAKES

HIGHER RESOLUTION SURVEY DATA IS OBTANED AND BAN
OPERATING LENELS ARE PRALISED,

5. THE FIRAL HORIZONTAL AND VERTICAL ALIGHWENTS, AND THE
POSMIONS OF THE INTAKES, QUTLETS AND OTHER STRUCTURES
WILL BE DEPENDENT ON GEOLOGICAL CONDITIONS,
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-A-3:

Poli>Katse &
ILB1: Polihali,| (I-B2: Tsoelike- | -B3: Malatsi-{ [I-A-1: Polihali Malatsi- Oxbow to
Muela-1st Polihali to Polihalito |alone to Katse, no Taung>Katse; | Muela Peak
ANNEX COST A2: SUMMARY SHEET OF COST stage Muela, Muela add cost at Muela|  all to Muela plant
No. DESCRIPTION Gravity
DAMS
1]Polihali dam and appurtenant works
2 0
3 0
4 0 New tunnel
5 0 called for and
610xbow-dam additional turbine
7|Lebelo installation
TUNNELS
9|Headrace and Tailrace Tunnel
10|intake at dam
12{Surge shaft
13| Pressure tunnelpenstock, civil and steel !
14|Powerhouse
15| Switchyard - civil
16| Tailrace tunnel outlet works
17| Total mechanical equipment and turbines
18| Total Efectrical system
19{Total transmission lines
Total
Cost of tunnels, pumping stations, capitalized pumping cost (see Tunnel costing/ Pumping stations)
Taung (to Polihali)
Taung tunnel
Tsoelike to Taung tunne!
Ntoahae to Tsoelike tunnel
Malatsi tunnef
Taung to Muela, gravity
Polihali to Katse tunnel
Katse to Muela, second tunnel
TOTAL TENDER COST
GE, ENGINEERING ETC
75%|Preliminary and general 75% _ nela expmnes on tunnels etc are up to 180%
18%|Contingencies 18% s and 15 for el-mech and tunnels
15%|Planning, design, supervision-and EiA - 5% e T
1%|Health and safely 1%
10%]|Cost relocations 10%
5%]Clients administration 5%
124%! Total multiplier 1,24 124%

TOTAL DEVELOPMENT COST

10

09/05/06 09:55 AM

Hydro alone May 1 06.xls



ANNEX A1: GEOMETRICAL DEFINITION; COST OF HYDRO; REVENUE OF POWER SALES AND HYDRO B/C RATIO

I1-A-3:
Poli>Katse &
1I-B2: Tsoelike-| Il-B3: Malatsi{/l-AT: Polihali to Malatsi- Oxbow to
1I-B1: Polihali| Polihali to Polihali to | Katse, no added | TaungsKatse; | Muela Peak
Alternatives >»> to Muela Muela, Muela cost at Muela all to Muela plant
A: Geometrial definition 'RWL 2065 2065 2065 2053 2053 2525
i MOL 1983 1983 1983 1989 1989 2480
Inv Lev 1975 1975 1975 1980 1980 2470
~TWID 1761 1761 1761 1761 1761 1761
L{headr.) 72200 72200 72 200 38570 38 570 16079
incl. tailrace
Turbine and waterway data 99
Number of turbines 2 3 4 3-no new 3.7 4
MW installed MW 54 81 108 81 99 92
MW-Yield Ka 42,0 70,3 80,7 82,8 99,7
Hours of operation 0,001 H 18,5 20,6 19,9 24,3 24,0 6,0
. f Old tunnel
Length of waterway 0,0141 L 72200 72200 72200 44954 38570 16079
Head loss, m, for 25 years Ka of 1 mm Hloss 73,54 7,56 20,68 39,66 52,08 9,46 8,54
Net Head Head(n) 272 259 240 221 263 742
Tunnel {low 45 17,3 28,3 40,2 17,5 17,5 14
Yield, m3/s {2.13 m3/s in Katse) Qrated 33,14 17,30 30,43 42,40 42,00 42,40 2,50
Velocily in waterway V(m/s) 0,85 1,49 2,08 2,64 2,67 0,22
Internal diameter, all lined Dh 5,10 5,1 5,1 4,50 4,50 3,6
Lower pressure tunnel/ penstock diameter Dst 3,2 3,11 3,67 2,50 3,67 0,89
GWh | Invertintake level at dam site River at dam 1975 1975,0 1975 1980 1980 2470
B: Cost data, including general, engineering, owner's cost, etc, but not cost of financing or interest during construction
Night, base,
Base, daily | Peak. 6 hiday pumping 15,76
R 25 35,0 20
Skwh 0.038 0,054 0,031
GWh/a 3637 608,9 786,2 717,0 863,6 200,8
Carbon credit 0,54
GWH/a check 367,8 6157 7949 . |.... 7250 8732 . . |. .. 2031
‘|Sales of slettricity per yéar, mio USS ™~ " $/kWh | 0,040 14,57 24,39 31,50 28,73 34,60 10,84
Hydro cost alone; including general, engineering and Owner's cost 130,7 161,6 195,5 11,9 315,0 135,3
B/C hydro alone 1,76 2,38 2,54 38,18 1,73 1,26
11 6 7
0,46 0,25 0.29
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DETAILED COST ESTIMATING
1I-A-3:
I-A-1: Polihali Poli>Katse &
I_B1: Polihali,| il-B2: Tsoelike- | 11-B3: Malatsi-| alone to Katse, Malatsi- Oxbow to
Muela-1st Polihali to Polihali to no add cost at | Taung>Katse; | Muela Peak
3{Dam and appurtenant works stage Muela; Muela Muela alHto-Muela plant
9|Headrace and Tailrace Tunnel Unit 72200,00 72200,00 72200,00 38570,00 38570,00 16079,00
5,10 5,10 5,10 4,50 4,50 3,60
9,1]|Tunnel excavation m3
9,2{Rock bolts, 3m, 25 mm, 2 per n . R
9,3]Rock bolts s:;imng, S m a 55 o noe . . Detaield cost esimate deleted
9.4Clearing unnel walls ar; 3 roof m3 Detaield cost esimate deleted. For ~Cost, For ~cost, refer to the Tunnej
: - - refer to the Tunnel Report. For commnets on Report. For commnets on this,
9,5/Clearing tunnel invert m2 . . X
— this, refer to Section 7 of the Hydro Report refer fo Section 7 of the Hydro
9.6{Concrete lining, for Oxbow, 15% m3
- Report
9,8|Reinforcement Tons
9,9|Fiber Reinforced Shotcrete m3 :
9,10|Miscellaneous, including dewatering % 60%
Total Headrace ]
10 | Intake at dam
10,1|Loose excavation, incl. for ramp m3
10,2|Rock excavation m3
10,3|Shaft excavaticn m3
10,4}Rock bolts, 3 m dia 25 - nos Detaield cost esimate deleted. For ~Cost, Deta[eld cost
10,5|Rock bolts spilling, 6 m dia 25 nos esimate
- - refer to the Tunnel Report. For commnets on
10,8{Fiber Reinforced Shotcrete m3 this, refer to Section 7 of the Hydro Report deleted. For
10,7 |Formwork m2 ' Detaield cost esimate deleted, ~cost, refer to
10,8[Concrete 3 For ~cost, refer to the Tunnel the Tunnel
10,9{Reinforcement ton Report. For commnets on this, Report. For
10,10|Intake gates 2 refer to Section 7 of the Hydro | commnets on
i Report this, refer to
H Section 7 of
Lo e ‘Head ™ [~ the Hydro
10,11 |Maintenance, sliding gates 1500 2 Report
10,12{Trash racks m2 .
10,13|Miscellaneous ltems % 30%
Total Power Intake Mohale HB valve
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72 200,00 72 200,00 72 200,00 | Nothing more 38 570,00 { 16079,00
12{Surge shaft 187,5 185 185,0 185,0 185,0 789,0
20,43 20,43 20,43 15,90 11,53
Hydro cost 7703,9 4168,3 27721 2370,7 2370,7
s *10 A-shaft 118,46 140,65 153,67 945,98 0,25
D_shaft 12,28 13,38 13,99 34,71 0,57
water 6,00 6,00 6,00 6,00 11,00
L 1,35 1,80 2,12 2,12 0,38
Blue, water relared cost A-orifice 1,15 2,03 2,83 2,83 0,09
Red, hydro cost D-orifice 1,21 1,61 1,90 1,90 0,34
‘2.2 D_shait_2) 16,27 17,91 18,88 29,82 0,51
0,35 Upsurge 262,3 0,0 0,0 0,0 35,0
Top level 2318,3 2056,0 2056,0 2056,0 2091,0
12,1{Surface excavation loose rock m3 3 000 3000 3000 6 000 6 000
12,2|Galleries m3 10.800 10-800 10-800 65-000 8-000
12,3|Shaft excavation m3 22 217 26 020 28 429 175 007 199
12,4|Rock bolts, 2.4 m, dia 25 nos 6 392 5 605 5 605 5605 5710
12,5|Fiber Reinforced Shotcrete m 473 473 473 20 372 339
Concrete lining m3 4728 5 205 5486 10085 702
- Reinforcement tons 284 312 329 605 42
12,6|Miscellaneous ltems % 20% 20% 20% 20% 20%
Total Surge Shaft and galleries
L New Nothing at Muela [rom Katse to Muela called for
13|Pressure tunnel/penstock, civil and steel 42,4 2,50
Water related cost in blue L 360 150 150 L=>>> 150 150
Upper tunnel valve/gate chamber or vertical shaft t{rmm)-Pw 14,15 13,76 16,24 31,21 22,42
t{min) 11,5 11,39 12,09 12,09 8,62
) t(imm) 14,15 16,24 16,24 Des for final stage 31,21 22,42
Steel lined shaft and lower valve chamber Powerhouse in red In tunnel, rock half of load
13,2|Excavation, rock m3
13,3{Concrete embedment m3 942 942 942 787 262
13,4{Formwork m2 750 750
13,5|Reinforcement ton 47,2 15,7
13,6|Steel for penstock ton 402,0 448.9 529,8 1017.8 177,6
13,7|Miscellaneous ltems Yo 25% 25% 25% 25% 25%
Total, Steel liner, civil 3 new units installed, could be two
14|Powerhouse Aditional un 2 3 4 3-no new 3
14,1]Loose excavation, road and platiorm m2
14,2)Rock excavation, road and platform m3
14,3|Tailrace, loose excavation m3
14,4|Tailrace excavation m3 No additional access tunnel for Muela, howver appleis for Oxbow
14,5|Underground excavation, including access tunnel m3 10150 15225 20 300 15225 97 423
- 14,7|Rock-bolts,-3 m-dia 25 mm - - R ‘ea '20% T20% 20% 20% 20%
14,8|Rock bolts spiling, 6 m, dia 35 mm ea 5% 5% 5% 5% 5%
14,9{Fiber Reinforced Shotcrete m3 669 1004 1338 1004 756
14,10} Substructure Concrete m3 4 461 6 692 8 923 6 692 5040
14,11|Structural concrete m3 1562 2 342 3123 2342 1205
14,12|Formwork m2 celiD1186 11377 17 065 22754 17 065 12 852
14,13, Reinforcement ton 332 499 665 499 336
14,14 Miscellaneous ltems, sup ic % 25% 25% 25% 25% 25%
Total, Powerhouse
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15!Switchyard - civil
15,1 Refer to detailed eslimates in the infrastructure section
15,2|Concrete structure
15,3 Formwork
15,41Reinforcement
15,5|Miscellaneous ltems
Total Switchyard 229142 293 858 358 574 293 858 335998 319 529
16| Tailrace tunnel outlet works L 1480 1480 1480 1480 1480
D(tunnel) 4.1 4,10 4,10 3,70 3,70
Outlet sizing w 4,1 4,10 4,10 3,70 3,70
H 4,1 4,10 4,10 4,10 4,10
Vmax(m/s) 0.8 0,83 0,83 1,74 0,10
16,1|Portal rock excavation m3
16,2{Rock support %
16,4{Concrete m3
16,5 |Formwork m2
16,6|Draft tube gale pcs 314 768 314 768 314 768 - 272 631 272634
16,77Crane pcs 112500 11250C 112 500 112 500 112 500
16,8[Miscellaneous iterrs % 20,00% 20,00% 20,00% 20,00% 20,00%
Total, Tailrace tunnels (2) and oullet works
17|Mechanical equipment and turbines Done
17,1|Turbine with governors 5,97 7,85 10,20 9,07 5,21
17,2{Valves 2,64 347 4,51 4,01 2,31
17,3|EOT cranes 0,86 1,13 1,47 1,30 0,75
17.,4|Cooling system 0,24 0,31 0,41 0,36 0,21
17,5|Compressed air system 0,21 0,28 0,36 0,32 0,18
17,6{0il treatment and transfer syslem 0,17 0,23 0,29 0,26 0,15
17,7|Heat, vent, A/C 0,66 0,87 1,13 1,00 0,58
17,8|Fire protection 0,21 0,28 0,36 0,32 0,18
17,9|Domestic water and sewage 0,12 0,16 0,20 0,18 0,10
17,10]Cooling system 0,46 0,61 0,79 0,70 0,40
17,11|Bewatering and drainage system 0,26 0,35 0,45 0,40 0,23
17,12|Workshop equipment 0,18 0,24 0,32 0,28 0,16
17,13 Tailrace gate and related equipment 1,22 1,60 2,08 1,85 1,06
17,18
Total mechanical equipment and turbines 13,21 17,36 22,57 44,95 20,07 11,54
Spherical valves 2,76 4,14 5,51 5,03 4,73
18|Electrical Equipment Done
Generator and exitation 12,50 15,78 18,61 17,66 16,95
Generator terminal equipment 1,67 2,10 2,48 2,36 2,26
High voltage power cables 0,17 0.21 0,25 0,24 0,23
400 V MDC 0,73 0,92 1,09 1,03 0,99
110 V DC system 0,33 0.42 0,50 0,47 0,45
Diesel generator 0,15 0,18 0,22 0,21 0,20
Control and protection system. -1,88 2,37 2,79 - 2,65 2,54
Power transformers 2,29 2,89 3,41 3,24 3,11
Switchgear 0,33 042 0,50 0,47 0,45
Cabiling and general work 0,79 1,00 1,18 1,12 1,07
Miscellaneous switchyard and other cost A
Total Electrical system 20,84 26,30 31,02 29,44 28,25
Check, el mech 20,19 25,40 30,60 28,44 27,32
Additional Substation cost, el mech Y 1173782 1541 279 1.908 776 1541279 1 780574 667057
19|Transmission lines
19,1]275 kV double circuit transmission > 200 MW 0 0 0 Q 0 0
19,2|132 kV single circuit to terminal, < 100 MW 0 0 0 0 0 8
Total transmission lines
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ANNEX COST A2: SUMMARY SHEET OF COST

Unit rate

H_B1: Polihali,
Muela-1st stage

1I-B2: Tsoelike-
Polihali to Muela,

1I-B3: Malatsi-Polihali
{o Muela

II-A-1: Polihali
alone to Katse, no
add cost at Muela

1I-A-3: Poli>Katse &
Malatsi-Taung>Katse;
all to Muela

Oxbow to Muela
Peak plant

No. |DESCRIPTION

DAMS

1|Polihali dam and appurtenan: works
2 0
3 0 For dam cost, see
4 0 For dam cost, see Dam report For dam cost, see Dam report D :
5 0 am report
B61Qxhow dam
7|Lebelo
TUNNELS
9{Headrace and Tailrace Tunnel - - - - - -
10|Intake at dam - - - -
12|Surge shatft 12 631 448 13 606 906 14 568 370 - 77 202 187 1869 882
13|Pressure tunnel/penstock, civil and steel 2598 193 2852 988 3293 300 - 6042714 1191 309
14|Powerhouse 4714 407 7071610 9428814 - 7071610 15 839 044
15{Swilchyard - civil 229 142 293 858 358 574 293 858 335 998 319 529
16| Tailrace tunnel outlet works 512 722 512722 512722 - 462 158 462 158
17|Total mechanical equipment and turbines 15971 437 21500120 28 089 187 2 500 000 20 066 534 11 536 480
18|Total Electrical system 21681 140 26 302 135 31024 575 2 500 000 29 441 368 28 245 453
19| Total transmission lines - - - - - 920 000
Total 58338 489 72 140 339 87 275 542 5 293 858 140 622 569

Cost of tunnels, pumping stations, cap

Taung dam and pumping plant b

v

Taung (to Polihali)

Taung tunnel

Tsoelike to Taung tunnel

Ntoahae lo Tsoelike tunnel

Malatsi tunnel

Taung to Muela, gravity

Polihali to Katse tunnel

For cost, see pumping plant report

For cost, see pumping plant report

For cost, see
pumping plant report

Katse to Muela, second tunnel

TOTAL TENDER COST 58:338 489 72 140 339 87 275 542 5000 000 140 622 569 60 383 855
Oxbow

GE, ENGINEERING ETC :
75%| Preliminary and general 43:753 867 54 105 254 65 456 656 3 750 000 105 466 927 45 287 891
18%|Contingencies 10500 928 12 985 261 15709 598 900 000 25 312 062 10 868 094
-15% Planning, design, supervision and EIA 8750773 10821051 13091 331 750 000 21 093 385 9057578
1%|Health and safety 583 385 721 403 872755 50 000 1406 226 603 839
10%|Cost relocations 5 833 849 7214034 8 727 554 500 000 14 062 257 6 038 386
5%|Clients administration 2916 924 3607017 4363 777 250 000 7031 128 3019 193

124% |Total multiplier

TOTAL DEVELOPMENT COST 130 678 215 161 594 359 195 497 214 11 200 000 314 994 554 135 259 835
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ANNEX A1: GEOMETRICAL DEFINIT|

Alternatives >>

A: Geometrial definition

65

2,2

DelH=

Turbine and waterway data

Number of turbines

MW installed

H-B1: Polihali to Mueia

li-A1: Polihali to K

Oxbow, Colenco

MW-Yield

Hours of operation

310

89 184 645

Length of waterway

Head loss, m, for 25 years Ka of 1 mm

52,07764707

Net Head

Tunnel flow

Yield, m3/s (2.13 m3/s in Kalse)

Velocity in waterway

Internal diameter, all lined

Lower pressure tunnel/ penstock diameter

GWh

Invert intake level at dam site

B: Cost data, including general, enging

GWh/a

Carbon credit

GWH/a check

Sales of electricity per year, mio US$

Hydro cost alone; including general, engineeriy

B/C hydro alone
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. 1I-A-1: Polihali 1I-A-3: PolisKatse &
li_B1: Polihali, 11-B2: Tsoelike- 1-B3: Malatsi-Polihali |alone to Katse, no [Malatsi-Taung>Katse; {Oxbow to Muela
DETAILED COST ESTIMATING Muela-1st stage Polihali to Muela, to Muela add cost at Muela jall to Muela Peak plant
Il-A-1: Polihali li-A-3: Poli>Katse &
li_B1: Polihali, 1I-B2: Tsoelike- 1I-B3: Malatsi-Polihali |alone to Katse, no Malatsi-Taung>Katse; | Oxbow 1o Muela
3|Dam and appurtenant works Rate Muela-1st stage Polihali to_Muela to_Muela add-cost-at-Muela—lall-to-Muela Peak-plant
1759,29 G J K | L N
9|Headrace and Tailrace Tunnel Now
9,1 Tunnel excavation 90 - - N N N
9,2|Rock bolts, 3 m, 25 mm, 2 per m 60 ' - - R _ N N
9.3|Rock bolts spilling, 6 m, dia 25 mm 120 - - - - -
9,4|Clearing tunnel walls and roof 1,6 - - - - N N
9,5|Clearing tunnel invert ] - - N N N -
9,6|Concrele lining, for Oxbow, 15% 320 - - - N B -
9,8/Reinforcement 1300,0 : - - B - - -
9.9{Fiber Reinforced Shotcrete 380 - - - - - N
9,10|Miscellaneous, including dewatering - - - N R N
Total Headrace Raised prices - - - - - -
10 | Intake at dam
10,1|Loose excavation, incl. for ramp 4
10.2{Rock excavation 12 - - N N K N
10,3[Shaft excavation 220 . - - - . R N
10,4|Rock bolts, 3 m dia 25 45 . - - - - _ N
10,5|Rock boits spilling, 6 m dia 25 120 - - - - N N
10,6|Fiber Reinforced Shotcrete 380 - - R N R N
10,7|Formwork 90 - B - - - B
10,8!Concrete 220 - R B N N -
10,8|Reinforcement 1300 - - N N N N
10,10{Intake gates - - B z
10,11|Maintenance, sliding gates - - - - - -
10,12 Trash racks - - . - N -
10,13[Miscellaneous {tems - - N
Total Power Intake ' B - - - N -
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12

Surge shatt

Hydro cost

waler /'

Jh

Blue, water relared cost

Red, hydro cost

12,1{Surface excavation loose rock 4 12000 12 000 12 000 24 000 24 000
12,Z{Galleries 100 1.080.000 1080000 1-080-000 6500-000 600-000
12,3|Shalt excavation 280 6220 678 7 285 475 7 960 091 49 001 920 55 735
12,4{Rock bolts, 2.4 m, dia 25 70 447 469 392 376 392 376 392 376 389728
12,&|Fiber Reinforced Shotcrete 480 226 959 226 959 226 959 9778 480 162 681
Concrete lining 450 2127 738 2342278 2 468 882 4 538 380 316 090
Reinforcement 1450 411 363
12,6{Miscelianeous items 2105 241 2267 818 2428 062 12 867 031 311 647
Total Surge Shaft and galleries 12 631 448 13 606 906 14 568 370 77 202 187 1869 882
13{Pressure tunnel/penstock, civil and steel
Water related cost in blue
Upper tunnel valve/gate chamber or vertical shaft
Steel lined shaft and lowar valvi chamber 4
13,2 |Excavation, rock 200 - - - - -
13,3|Concrete embedment 350 :329 867 329 867 329 867 275 356 91 839
13,4{Formwork 90 - - - 67 500 67 500
13,5{Reinforcement 1350 - - - 63 725 21 254
13,6{Steel for penstock 4350 1.748 687 1952 523 2304 773 4 427 590 772 454
13,7 Miscellaneous Items 519 639 570 598 658 660 1208 543 238 262
Total, Steel liner, civil 2598 193 2 852 988 3293 300 6042 714 1191 309
14|Powerhouse
14,1iLoose excavation, road and platform 4
14,2{Rock excavation, road and platiorm 7 - - - - -
14,3 Tailrace, loose excavation [¢] - - - - -
14,4|Tailrace excavation 8,4 ; - - - -
14.5|Underground excavation, including access tunnel 80 1812 000 1218 000 1624 000 1218 000 7793 840
14,7|Rock bolts, 3 m dia 25 mm S 60 162400 | 243600 324800 | 243600 1558768
14,8|Rock bolts spiling, 6 m, dia 35 mm 130 40 600 60 900 81200 60 900 389 692
14,9{Fiber Reinforced Shotcrete 380 254 304 381 457 508 609 381 457 287 280
14,10{Substructure Concrete 176 785 220 1177 831 1570 441 1177 831 887 040
14,11|Structural concrete 240 374764 562 146 749 529 562 146 289 200
14,12{Formwork 80 910 142 1365213 1820 284 1365213 1028 160
14,13Reinforcement 1300 432 094 648 142 864 189 648 142 437 255
14.14IMiscellaneou: ic 0,25 942 884 1-414-322 1885763 +414-322 3167808
Total, Powerhouse 4714 407 7071610 9428 814 7 071610 15 839 044
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15|Switchyard - civil

10 10

15,1 45
15,2{Concrele structure 180 - - _ C - N
15,3 Formwork 80 - Z N _ Z z
15,4 Reinforcement 1300 - - - N N N
15,5 Miscellaneous Items - - - _ N N
Total Switchyard 229 142 293858 358 574 293 858 335 998 319 529
16 Tailrace tunnel outlet works
Quitlet sizing
16,1}Portal rock excavation 7 - - - R -
16,2;Rock support 0,00% - - - - R
16.4[{Concrete 240 - - - . R R
16,5 |Formwork 80 - - - - N -
16,6Drall tube gate 1 314 768 314 768 314 768 - 272 631 272 631
16.71Crane 1 112 500 112 500 112 500 - 112 500 112 500
16.8|Miscellaneous Iltems 85 454 85 454 85 454 - 77 026 77 026
Total, Tailrace tunnels {2) and outiet works 512722 512722 512722 - 462 158 462 158
17!Mechanical equipment and turbines
17,1{Turbine with governors 5972765 7 848 567 10 203 663 - 9 070 073 5214 489
17,2{Valves 2642 816 3472817 4514895 - 4013 307 2 307 296
17,3|EQT cranes 858 915 1128 666 1467 341 - 1304 325 749 871
17,4|Cooling system 237 853 312 554 406 341 - 361 198 207 657
17.5|Compressed air System 211 425 277 825 361 192 - 321 065 184 584
17,6{0il trealment and transler system 171783 225733 293 468 - 260 865 148 974
17,7 Heat, vent, A/C 660 704 868 204 1128724 - 1003 327 576 824
17,81Fire protection 211425 277 825 361192 - 321 065 184 584
17,9 Domestic water and sewage 118 927 156 277 203 170 - 180 598 103 828
17,10[Cooling system 462 493 607 743 790 107 - 702 329 403 777
17,11|Dewatering and drainage system 264 282 347 282 451490 - 401 331 230 730
17,12|Workshop equipment 184 997 243 097 316 043 - 280 931 161 511
17,13|Tailrace gate and related equipment 1215695 1 597 496 2076 852 - 1846 121 1061 356
17,13 2757 358 4136 034 5514712
Total mechanical equipment and turbines 15971437 21 500 120 28 089 187 2500 000 20 066 534 11 536 480
Spherical vaives
18|Electrical Equipment 80%, use existing system
Generator and exitation 12 504 487 15781 281 18614 745 - 17 664 821 16 947 272
Generalor terminal equipment 1667 265 2104 171 2481 966 - 2 355 309 2259 636
High voltage power cables 166 726 210417 248 197 - 235 531 225964
400 V MDC 729 428 920 575 1085 860 - 1030 448 988 591
110 V DC system 333 453 420 834 496 393 - 471 062 451 927
Diesel generator 145 886 184 115 217 172 - 206 090 197 718
Control and protection system 1875673 2367.192 |. 2792212 - 2-649-723 2 542 091
_ |Power transformers 2292 489 2893235 3412703 - 3 238 551 3107 000
Swilchgear 333 453 420 834 496 393 - 471 062 451 927
Cabling and general work 791 951 999 481 1178 934 - 1118772 1073327
Miscellaneous switchyard and other cost 840 329 1120 445 1412 383 1541279 1309 513 1235129
Total Electrical system 21 681 140 26 302 135 31024 575 2500000 29 441 368 28 245 453
Check, el mech 31024 575
Additional Substation cost, el mech
18|Transmission lines
19,1275 kV double circuit transmission > 200 MW 171 875 - - - - - -
18,2132 kV single circuit 10 terminal, < 100 MW 115000 - - - - 920 000
Total transmission lines - - - - . 920 000
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