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FOREWORD

This report is prepared for The Norwegian Agency for International
Development (NORAD), and is based on visits to Lesotho in 1985 and
86 and information kindly given by Ministry of Water, Energy and

Mining (WEMMIN) which is charged with the responsibility for plan-

ning and implementation of water resources projects in Lesotho.

It gives a short description of hydrology, dams, waterways, mecha-
nical equipment etc. on planned schemes which might be useful for

those who want to learn about hydro power options in Lesotho.
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HYDROELECTRIC POWER IN LESOTHO

1. GENERAL

1.1 The Resource

The Kingdom of Lesotho is endowed with an abundant supply of water,
particularly in the Highlands which receives an annual rainfall of
1000 mm.

The water, or "White Gold" of Lesotho drains away to the Republic
of South-Africa (RSA) before discharging into the Atlantic Ocean.

So far there are few or none investments in irrigation, hydro
power, water supply and other water resources projects. The basic
challenge, therefore, remains how to utilize such a natural
resource, and convent it to a source of income for the Kingdom of
Lesotho.

1.2 Large Hydro Options

Lesothos technically exploitable hydroelectricity potential is
estimated at about 2000 GWh (450 MW). However, the cost of harnes—
sing this potential is high because of the lack of natural heads
and erratic seasonal flow patterns. The potential will take many
years to develop and will depend on assurance from The Republic of
South Africa (RSA) to buy energy from these projects.

Today there are plans for several large hydro power schemes which
can utilize approximately 35% of the estimated potential.

1.3 Mini Hydro Options

The Government recognizes the potential role of mini/micro hydro—
power plants in reducing the dependence on diesel generators in
areas remote from the transmission/distribution network of Lesotho
Electricity Corporation (LEC). Mini/micro hydro schemes are usually
of the run-of-the-river design.

Mini~hydro projects in the Highlands and the Lowlands have been
studied by several companies and some 20-30 different sites have
been investigated. The investmentcost of the schemes varies from
NOK 5-20 kr/kWh.

1.4 Hydro Power Schemes mentioned in the report

Today there is not a single hydro power plant in operation in
Lesotho. Two small hydro power plants are under construction and
will be commisoned in 1987, and the construction of two other small
plants will start early in 1987. Several pre-feasibility and feasi-—
bility studies on small and large hydro power schemes have been
carried out the last years by different consultants.

This report gives information on the schemes under construction and
9 other small schemes. Information is also given on large schemes
of which Lesotho Highland Water Projects are the most important.



2. LARGE HYDRO

2.1 Lesotho Highlands Water Projects (LHWP)

LHWP has been planned from the early 1950's and includes export of
large amounts of water to the RSA. Implementation of the LHWP would
give a hydro powerstation with a total output of approximately 275
MW, and mean annual energy production ca 870 GWh. In addition there
will be pumping stations with installed capacity 55-60 MW and mean
annual energy consumption approx. 150 GWh. Over the years the plans
have changed and today they include Malibamatso, Segu and Sengun—
vane rivers. (Sengunyane had earlier been included in a multipupose
scheme called The Jordane scheme diverting water from Sengunyane to
the western lowlands. 150 GWh/40 MW/NOK 1 200 x 105 1984).

The LHWP consist of three phases. Phase I is planned in two steps.
Step IA includes the implementation of Katse reservoir, a transfer
tunnel to Sentelina pond, the Sentelina pond which is headwater for
Thlaka hydro power station with planned output 74 MW, Tlaka pond
(tailwater for the power station) and a transfer tunnel to Ask
river in the RSA.

Step IB includes the construction of Mohale reservoir in Senguniane
river, a transfer tunnel from Mohale to the Katse reservoir and a
third turbine of max output 37 MW in the Tlaka hydro power station
(appendix 1).

Phase II is the implementation of Mashai reservoir, a pumping
station and transfer tunnel between Mashai and the Katse reservoir
and the possibility for implementation of Matsohu reservoir and a
transfer tunnel between Matsohu and the Katse reservoir.

Phase III includes the implementation of Tsoelike reservoir, a
pumping station and transfer tunnel between the Tsoelike and Mashai
Reservoirs.

The map in appendix 1 gives an overall view of the total project.

Appendix 2 gives basic data for each phase including cost and time
schedule.

2.2 Oxbow Project

Oxbow hydropower project diverts the water in Tsehlanyane river to
the planned Tlhaka pond in phase 1A in the LHWP. Tsehlanyane flows
naturally into the Katze pond which will be built in phase 1A in
the LHWP. Hence phase 1A in the LHWP will utilize the water in
Tsehlanyane in the Tlhaka Hydropower station before it flows into
the Tlhaka pond. From Tlhaka pond the water will be diverted to Ask
river in the RSA.

The development of the LHWP phase 1A will utilize the water in
Tsehlanyane in the Tlhaka powerstation with head approx. 200 m. If
the Oxbow hydropower scheme is to be implemented, it should not be
calculated with head more than 500 m (the total head is 700 m).
This will reduce the output by 28%. This shows that the implementa-—
tion of the Oxbow project depends on the implementation of the LHWP
and the economical calculation have to take into consideration the
plans for the LHWP,




A dam in the Tsehlanyane river will raise the water level to 2480
thus creating a reservoir of approx. 100 x 106 m3 which is the
same as the mean annual discharge in the catchment area. The water
will be led to the powerstation at Tlhaka by a headrace tunnel and
a penstock. The dam is very expensive and should be further opti-
mized.

The Oxbow hydropower project will have an output of approx. 55 MW
and an energy production of 160-180 GWh depending on the reservoir
level in Tsehlanyane valley. The costestimate is approximately
1,000,000,000,—- NOK (1986), (333,000,000 M).

More data for the project is found in appendix 3 and 4.

2.3 Quthing project

The project is not in conflict with the LHWP. The scheme includes
diverson tunnels in the Quthing catchment area to lake lLetseng—
La—-Letsie which will be the reservoir. The hydropowerstation uti-—
lize the water from the reservoir at level 2400 to Quthing river at
Ha Lethena, level approx. 1880. The waterway will consist of a pen—
stock, a tunnel or a combination. The installed capacity should be
discussed with LEC to get an optimum solution of the development of
the energy resources in Quthing and the necessary construction of
transmission lines between Quthing and Maseru.

A study carried out by Water Resources Management and Hydro Engi-
neering Department in Austria included the rivers Quanalu, Liphophi
and Folestri and a reservoir at Letseng-La-Letsie.

In 1984 the study concluded that the scheme could give a mean
annual energy production of 35 GWh with output 15 MW to a costprice
of approx. 190 mill NOK. The waterway from Letseng-La-Letsie to the
power station was planned to be a penstock.

In this book the Quthing scheme is presented with Likhaelbaneng
river in addition to the rivers mentioned in the Austrian scheme.
The dam at Letseng—La—Letsie is calculated as a rockfill dam with
bitumen core and the headrace is a tunnel and shaft leading the
water to an underground power station. The solution depends on the
rock. If it is basalt it should be posible. The new calculation is
rough and only ment as a pre-feasibility study. NB! The costesti—
mate only covers the construction of the scheme and necessary
access roads. The necessary implementation of transmission lines to
Maseru is not included.

Regarding hydrologi the report from 1984 gives a mean flow at Let-
seng-La-Letsie of 0,5 m3/s which means specific runoff of 11,6
1/s/km2. This is almost equal to the specific runoff in the
catchment area of the Oxbow scheme. Since the Austrian report
states that there are uncertainties to the hydrological calcula—
tions and the difference in mean annual rainfall between Oxbow and
Quthing catchments areas is approx. 30%. It is assumed a specific
runoff of 8,5 1/s/km? in this report.



New studies should concentrate on hydrology and economical evalua-
tion on max output. If an underground scheme is possible, then
additional cost for raising the output from 15-25 MW is low.
Implementation of this project will give a large hydro power sta—
tion in the south of Lesotho and would be a security to Maseru com-
pared to the Oxbow power station and the power station in the LHWP
which are located in the north of Lesotho.

More data in appendix 5 and 6

3. SMALL HYDRO
3.1 General

A French consulting firm (SOGRFAH) and a Norwegian consulting firm
(NORPLAN) has carried out feasibility studies for several small
hydro power plants in Lesotho. The results of these studies are
presented with help from WEMMIN.

The report probably does not include data from all pre—feasibi-
lity studies of small hydro power plants that has been carried out
in Lesotho, and there are still sites to be investigated. So fare
sites for small hydro power plants are located near villages where
there is an excisting energy demand (Semonkong) or where there is
an existing transmission line which makes it cheap to transport the
energy to areas where it can be utilized (Mantsonyane). Most small
rivers and some large rivers in Lesotho have no gauging station in
operation, hence hydrological data is not always available. This
lack of data is a disadvantage for studies of small run of the
river plants. However, hydrological works carried out for the LWHP
and the Oxbow scheme can in some extend be transformed to nearby
small rivers. But there is still need for hydrological work in
Lesotho.

Small run of the river plants will have to depend entirely on the
flow in the river. A fig. giving the yearly average discharge based
on monthly mean flow in Maletsunyane river shows that the output
from a small scheme will vary a lot throughout the year depending
on the max flow through the turbine. Normally there are no uniform
consumption of el-energy in rural areas, the load factor is nor-
mally between 0,3-0,5, and one will often find that the peak load
exceed the possible hydro power output especially during winter-
time. A combination with a diesel generator is the most common sol-
ution if there are no sites for reservoirs. Reservoirs in Lesotho
turns to be expensive and is most likely to be constructed as part
of a large hydro power scheme.
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Data from Semonkong gauging station 1971-1983

Information from NORPLAN. Drawing T. Jensen

3.2 Sehonghong, Sehlabatebe, Lesobeng

The feasibility studies for this schemes have been carried out by
the SOGRFAH Company .

Sehonghong 70 KW, 0.3 GWh/yr, investmentcost NOK 11 x 106
Sehlabathebe 100 KW, 0.5 GWh/yr, investmentcost NOK 11 x 106
Lesobeng 110 KW, 0.6 GWh/yr, investmentcost NOK 8,2 x 106

Because of the variation of energy demand throughout a year, a
month ore a day only a small part of the annual production can be
used. These small plants are much more expensive than other schemes
mentioned in the report and further data is therefore not given in
appendix.

3.3 Mokhotlong Hydro Power Scheme

Appendix 7 and 8 give the main data. The Mokhotlong will give an
output of 1.5 MW and 7 GWh mean annual production. Investmentcost
NOK 32 x 106 1984, Data from NORPLAN A/S.



3.4 Motete and Tlokoeng Mini Hydro Power Projects

Appendix 9 to 12 give the main data. Motete can be in conflict with
the LWHP. Data from SOGRFAH (France). The construction on Tlokoeng

will probably start in 1987, if the financial proposal from France

is approved by Lesotho.

3.5 Qacha's Nek Mini Hydro Power Project

Appendix 13 and 14 give the main data.

If connection to the main grid is possible, the scheme can utilize
the flow in the river so that the mean annual production rises to
approx. 6 GWh. The scheme has been calculated with an output of 500
kW and mean annual production 2.7 GWh. Investmentcost is approx.
NOK 19 x 106 1984. The calculation is carried out by SOGRFAH. The
construction work will probabely start in 1987, if the financial
proposal from France is approved by Lesotho.

3.6 Projects in Maletsonyane river

3.6.1 Semonkong

The scheme is under construction and is planned to be commissioned
in Dec. 1987. It is situated in Maletsunyane River at Semonkong
Falls near the village of Semonkong, which has been designated for
development as a rural district centre. It comprises a 1 1/2 m high
concrete overflow weir, some 400 m of glassfibre penstock leading
to a powerstation in the open equipped with a 180 kW Francis-tur-
bine and a 120 kW diesel generating unit. The station is planned
with facilities for the later installation of a second 180 kW tur-
bine operating on 19 m gross head.

The purpose of the project is to provide Semonkong with an electri-
city supply to replace several separate diesel-powered units which
are now privately run, and to provide a community electricity
supply at a price level sufficient to stimulate growth of small
crafts and community services. Later plans from West-German aid
have shown that a woolscouring mill can be built near the power-
station. The energy demand is 100-150 kW and this means that the
second 180 kW turbine should be included in the project from the
beginning. It also means that there is a need for reservoirs to
avoid too much use of diesel generating units during dry—-flow
periods.

More data in appendix 15 and 18.

3.6.2 Mokhoalapana

This hydro power scheme is totally dependend on a reservoir in the
Mokhoalapana river planned to raise the energy production in Semon-
kong hydro power plant. The necessary investment for the reservoir
is very high and it will probably not be implemented unless multi
purpuse aspects are taken into consideration.

Data for the hydro power scheme, appendix 16 and 18.



3.6.3 Maletsonyane

This hydro power scheme is dependend on a reservoir in Maletsonyane
river planned to raise the energy production in Semonkong hydro
power plant. Studies has shown that implementation of a reservoir
of 8-10 mill m3 will raise the firm energy prodution in Semonkong
by 0.65 GWh and that the investmentcost might be low enough to make
the scheme economically feasible.

Data for the hydro power scheme, appendix 17 and 18.

3.7 Projects in Mantsonyane River

3.7.1 Mantsonyane I Hydro Power Plant

The scheme is under construction and is planned to be commisioned
in Dec. 1987. It is located near the village of Mantsonyane in the
central highlands of Lesotho (appendix 1) and comprises a rockfill
dam with asphaltic core membrane, an unlined tunnel of minimum
crossection (ca 9 m?2) with a total length of 655 m and a power
station equipped with two Francis—turbines of 1.5 MW and 0.5 MW
output respectively. Appendix 19 gives the main data. A map of the
project area is found in appendix 24,

The power project is intended to feed the existing 33 kV-line from
Maseru to Thaba Teseka which passes through Mantsonyane. The demand
for energy and peak power is high compared to the possible produc—
tion at Mantsonyane. The choice of installed capacity is therefore
entirely dependent on the hydrology of the river.

A small reservoir of about 0.6 mill m3 will allow a 4 days conti-
nous supply from the small turbine, which means that short term
failure of the Maseru grid can be suitably covered. The large tur—
bine is a peaking unit, running on an average 4-8 hrs per day
during weekdays.

3.7.2 Mantsonyane II Hydro Power Project

Implementation of Mantsonyane no II could if the construction
starts at the time when Mantsonyane no I is commisioned use the
workers, construction camp and equipment from the first project.

The intake for M II is in Mantsonyane river at the confluence of
Mantsonyane and Tenane rivers. There are different alternatives for
utilizing the rapids between this intake and the headwater for M I.
The best solution seems to be to construct a dam at the intake site
big enough to enable the construction of a spillway on a saddle
separate from the dam (Appendix 21), and to build the power station
approx. 5.5 km downstreams in the river. This solution gives a
headrace-tunnel of 2.800 m. Access to the power station will cross
the Mantsonyane I dam, hence the operation of the two power sta-
tions could easily be combined. A feasibility study is carried out
by NORPLAN where experience from the construction of M I where
used. More data in appendix 20, 21 and 24.
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3.7.3 Mantsonyane Power Stations no. III and IV — Reservoirs

The area around the confluence of Mantsonyane and Likomiking rivers
are looked upon in order to find more sites for power stations and
reservoirs. Appendix 22 and 23 gives an example where the Ha Letuka
area in Likomiking river has reservoir possibilities. However, the
given example shows that reservoirs in the river are expensive. If
a powerstation nr III was built (Likomiking power station - see
appendix 22), the implementation of the reservoir would increase
the power production in Mantsonyane I, II and Likomiking by approx.
2.5 GWh/year. The cost price is approx. NOK 25 x 10%. The con-
struction of the reservoirs should be combined with the construc-
tion of a powerstation no IV, Appendix 23.

This should be further investigated, but only after the implementa-
tion of Mantsonyane II. Then there will probabely be some years
measurements from the new gauging station in Mantsonyane, and this
will give opportunity for a better calculation of reservoirs and
new hydro power stations. The reservoir higher up in the catchment
area (shown in map appendix 24) is too expensive due to the requi-
red length and height of the dam and access costs.

5174p/HH
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PHASE NAME HEIGHT VOLUME HRWL LRWL LENGTH DIAM. DISCH. NAME OUTPUT ENERGY
m 106m3 m m km m m3/s MW GWh
IA Katse 155 1245 2045 1980 48 .3 4,05 28 Tlhaka I 73.4 240
Sentelina 62 3.9 1960 1934 34.3 4,03 28
Tlhaka 70 3.9 1773 1768
IB Mohale 153 1010 2083 2011 31.5 3.4 9.8 Tlhaka I 36.7 118
II Mashai 182 4370 1911 1835 105.1 5.0 42 Tlhaka II 166 513
Mashai-Katse P 70
Matsuko 25 - 2063 2059 6.4 3.8 1.6
III Tsoelike 155 1100 1754 1725 Tsoelike-Mashai P 12

Tlhaka III ?

summary cost million Maluti (Norwegian NOK, February 1986):

Phase I
Phase I
Phase II
Phase II
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Cost

A 1414.4 (4950 NOK)
B 446.2 (1560 NOK)

1802.6 (6310 NOK)
I 398.2 (1394 NOK)

Construction
Starts Completed
1988 1997 (Detailed study will start in 1987)
1992 2004
1995 2012
2005 2019
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14 APPENDIX 3

Project name : OX BO W River : Malibamatro
Mppnr. 2828 D( rehblanyane

Data from WEMMIN 7/holahadrc
Catchment area / discharge km2 m3/s 106 m3/ year
/sehlanyane 277 33 /04

Reservoir (damhight) area kan® HRWL (m) LRWL (m) 10°

Tre b /a nyanre 000»') 23573 24&0 /00

Waterway : Tunnel L = /V. Z00 12 Zanne/ édl‘l'hj, O/L'ﬂmellé"‘ Jrh

Penstock L =2. Z00 m om /700

Head gross head net head e : kWwh / m3

#/8 /4 #*3

Output / Energy :

g max. m3/s r.p.m. E max. MW Runoff GwWwh mean annual production GiWh

2x 498 6Eoo S¥ 780 /62, %

2;3/{017 durbires

Costestimate : / 98 5'

Reservoir--------------- NOK JS03 10%r-.
/.5' "

Intake (gate, trashrack etc)

Tunnel / penstock (incl. civil works)-ff‘;'ﬁe Zand /Y ”

Powerstation ( building ) 20 “”
Mechanical / Electrical equipment 63 s
Access roads ( transport costs etc. ) /3 "
Transmission line (incl. civil works) 690 “
Engineering / Administration /jz ::
Contigendes ~~~~~°TT7°7

Total cost NOK 8 44 106kr.

cost / kw : NOK /Y. 800 kr/kw

cost / kwh :NoK 3, C kr/kWh (('hV(fZ‘m(hZ/)

Comments :
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APPENDIX 5

Project name : QU TH/NG River : QU7 H/NVE
Map nr. 3028 AC, AD
C . 2 3 6 3

atchment area / discharge km m’ /s 107" m”~/ year
Le fse/_;y- fa-Lels e 42,4 0,36 /7,3
Lephophe 7,8 0.0% 4%
Quanatu 33,5 0,496 14,5
Likhae baneng 743 0.35 /", 7
Reservoir (damhight) area km® HRWL (m) LRWL (m) 10° m3
4 ells‘en_q-/a-[efsie 0.5+ 6,0 2%2@ 2793 87

Waterway : Tunnel L = G5+ 5)‘4’” deversion, 3k Headrec ‘cross section : mem,

Penstock L = ~ A5%m  om //o0 , 2.2
S/)afz{ Lz~ IO m (,—‘i./f ,/'(CZ‘JA «A.M
72(’,”9/ [=~300m TQA/M(e N crosS rel o4
Head gross head net head e : khh /m
et s 525 577 /.250
Output / Energy :

q max. m3/s r.p.m. E max. MW Runoff GwWwh mean _annual production Gwh
7) 7 3,0 /13,6 48 46
Z 65 250 48 %6

Costestimate : £/ 36 ) /
Reservoir-t(PToke_in Lifbacbayeny Ganatt, Lpbophl 53 6

Intake (gate, trashrack etc) 2
Tunnel / penstock (incl. civil works) a /750 «
v -~ . ~ &
Powerstation ( building ) UM‘/ua/L/:,/g_ acces Geqne/ /0
Mechanical / Electrical equipment 33 ¢
Access roads ( transport costs etc. ) 73 v
s . . . ([ocq/)(d&:/r/) 4 ¥
Transmission line (incl. civil works) 4
Engineering / Administration /5 “
Contingencies /5
Total cost NOK 2958 106kr.

cost / kw : NOK 2/ 850 kr/kW (/ﬂﬁ,f,l/f/ﬂf /0285)
C/USE ~ ZENOA ~..- )
cost / kwh :Nok 6.%9  kr/kwh 40 year/7%+M+0 :NOK 0,55 kr/kwh

7/ Comments : Zapp¥a Ved Ca/oaa'\z(j LPhould be Choren cn c/ore
eration with LEC. /33 (Fetbon ﬁtré"ne) ured

7[0" econ omcal Ca /tu—/a 14.0'7' .Pé’ “up llbah,;‘rm(l» KAV IA
oZ ('/)C/"—O/ef-(-

é 25'./054/0/?,

Cao/o

here

33KV Zpanrmisron lone Lo Mokafet Hoek »

//8-, Add tional cor? 7@# SN a,o'arpn'ma'l(
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Project name : MOKOT L ON G
Map nr.
Data from NORPLAN

APPENDIX 7

River : Mokaf /o”j

6 3

Catchment area / discharge km2 m3/ S 10 m~/ year
Mo%az‘/anj 2070 87y 54 /73
Reservoir (damhight) area — HRWL (m) LRWL (m) 106 m3
Dam ( /8m) 2093 2088 4/
Waterway : Tunnel L = 200 m MMEH cross section 6\ ?ma )
Penstock L = 30 m omm /200
Head gross head net head e : kWwh / m3
2093-2038 54 59 o, /29
Output / Energy :
g max. m3/s r.p.m. E max. MW Runoff GwWh mean annual production Gwh
3,5 A5 22 2 £ O
Costestimate : /28 7
Reservoir------------- -—- NOK /40 10%c.
Intake (gate, trashrack etc) -——- } ¥
Tunnel / penstock (incl. civil works) ‘
Powerstation ( building ) o8
Mechanical / Electrical equipment 27
Access roads ( transport costs etc. ) 08
Transmission line (incl. civil works) a2
Engineering / Administration 77
Contigences ~~~"TTTTTTTTTTTTTToTOOS 2,
Total cost NOK 32 106kr.

cost / kw :NoK 2/ 300 xr/xw

cost / kwh :NOK ?6‘ kr/kWh

recia tfion Lime $0yrr and

f/}(’:’]ca.r{ ~ 443 /'. I

(De,o i
nwéernal rat o/»(,éua7 é
ttnd)?

Comments :
-£» erg9y

cor? & 5’3/4//1:// Cneluder ope
Corécy {'ayear, 10,,5« frue of the srcheme ¢

rabion and manterance
‘» conme cted (2 Y main grid,

- The Bl hals dam (Hish land ater ﬂ-(/er// (P kel
Zo Creale a rerervoir wup Ly elevation 2050. A/ /97‘711'!.1‘

a sol/u z(z'oh/- /m{/z‘é( energy

and 250/ the cort of AK 8.
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20 APPENDIX 9
Project name : M OTLTE River : AMofefe
Map nr.
Data from SOGRFAH
Catchment area / discharge km2 m3/ s 106 m3/ year
MoZete 26/ 27 83~
Reservoir (damhight) area km2 HRWL (m) LRWL (m) 106 m3

2080 207z Co0%
Waterway : Tumnel L = 40 m 7714 cross section
Penstock L = //5 m om 9200
Head gross head net head e : kwh / m3
2080-20%5 34 33 0079
Output / Energy :
q max. m>/s r.p.m. E max. MW Runoff Gwh mean annual production GWh
2,0 0,55 6 % 25
(7% 43) (0.2+0,3%)
Costestimate : /982
Reservoir -- NOK x 10%r.
Intake (gate, trashrack etc) %
Tunnel / penstock (incl. civil works) x
Powerstation ( building )- x
Mechanical / Electrical equipment S5 ”
Access roads ( transport costs etc. ) x
Transmission line (incl. civil works) 42 "
Engineering / Administration
Contigencl‘es ="
P S — 80 ”
Total cost NOK_ /%7 106kr.
~NNOK /8 0% 198%

cost / kw :NOK J2 Z00 kr/kw /98%

cost / kwh :NOK ?:2

Kke/kWh =# — [ Soyear, 2%« 0rM D 0 ?irﬂ'od]’

Comments :

ﬁ On ly Cruae cf the /oawer.r‘zlal(l'mv cr connected

fo LAt macn jm'o’
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22 APPENDIX 11
Project name : /L OKOLNG River : f(ube/“

Map nr.
Data from SOGRFAH

Catchment area / discharge km2 m3/ S 106 m3/ year
JTLOKOENG 852 50 /60
Reservoir (damhight) area k' HRWL (m) LRWL (m) 10° m3

Zntake, wecr 2025 2023 0,05

S

Waterway : Tunnel L = / 70 m Mm’h  cross section
Penstock L= 2%0m om 800 (cn f“””e/)ﬂ

Head gross head net head e : kwh / m3
49 475 0 /30
Output / Energy :
q max. m3/s r.p.m. E max. MW Runoff GwWwh mean annual production GWh
2L 7/0 /80 3,5

(0,6 + 4/5) C8/+658)

Costestimate : / 782

Reservoir------------- - - NOK 3 10 kr.

Intake (gate, trashrack etc) = o
Tunnel / penstock (incl. civil works) od
Powerstation ( building ) x

Mechanical / Electrical equipment 5 8 ”

Access roads ( transport costs etc. )-- x

Transmission line (incl. civil works)

Engineering / Administration L/ 4

Contigendes ~~~7TTTTTTTTTTTTTOS > 59 4

Total cost NOK / g3 x 106kr.
ok /Ex o 198y

cost / kw :NOK Z2.5700 xr/xw /8%

cost / kwh:Nok ¥ 6 kr/kWwh —%~ /2/47(42*, FU #Oe7D: Z?féﬁ//ﬁaz)

Comments :

4/,7 Allowsr a permanenrt pedertracn accesr Lo fhe

FPower r¥a teon ;/rpm Zhe é/ofz‘ﬁeam accerr pia ZAhe

z/am;e/ ch a ny rever /-//aoa/ condclioryr

2 Only frae cf Zhe seheme cr connected Eothe macn grid.
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24 APPENDIX 13

Project name : Qﬁ[/‘/A CS‘ NVEK River : 7}06 [cke
Map nr..*
Data from SOGRFAH

Catchment area / discharge km2 m3/ S 106 m3/ year
750 45 /72
. . 2 6 3
Reservoir (damhight) area km HRWL (m) LRWL (m) 10 m
0,006
Waterway : Tunnel L = 530 m M N cross section
Penstock L = 70m om 900
Head gross head net head e : kwh / m3
73 2079
Output / Energy :
g max. m3/s r.p.m. E max. MW Runoff GWh mean _annual production Gwh
/8 0,50 /12 2,7
Cl12+0.6) (ar/7+033)
Costestimate : /9282
Reservoir------------- NOK X 1O6kr .
Intake (gate, trashrack etc) = x
Tunnel / penstock (incl. civil works) x
Powerstation ( building )---- x
Mechanical / Electrical equipment ?, f’
Access roads ( transport costs etc. ) x
Transmission line (incl. civil works)
Engineering / Administration VA 5/
Contigenges =~ - -
A G— 66
Total cost NOK /57 % X 106kr.

Nok /9 x/o% 158y
cost / kw : NOK ng kr/kW

4
cost / whinok %03 kr/un [ 50year, 7% + 021 a,o’:é»//w/] 7

Comments :

7) 0'7{7 {rue ('/z'ée Peheme (P Conneerd % Z4e
ma/njm'd.
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APPENDIX 15

Project name : S[MOA/KO/I/G River : Md/@l‘f&(ﬂjaﬂe
Map nr. 2928 €C (Y

Data from NORPLAN

Catchment area / discharge km2 m3/s 106 m3/ year
Semon 401\7} 23/ 24 A5 6
Reservoir (damhight) area km? HRWL (m) LRWL (m) 10° m3
Zrnétate VA oL/ 0.2%
Waterway : Tunnel L = Ccross section

Penstock L = 4/2 om /Jovo -~ /200 G/a./’./‘;/z"/'e

Head gross head net head e : kwh / m3

Semonkong falls 19,5 ~ /8 0.0%3

Output / Energy :

g max. m>/s r.p.m. E max. MW Runoff Gwh mean annual production GWwh
72 Ao 0./8 3.2 0 95

Costestimate : 7783

Reservoir NOK 10%kr.
Intake (gate, trashrack etc) %0 -n =
Tunnel / penstock (incl. civil works) 43 =4
Powerstation ( building )--- oF ~n
Mechanical / Electrical equipment 33 —~—-
Access roads ( transport costs etc. )-- 05 ~u-
Transmission line (incl. civil works) 03 ==
Engineering / Administration //2 —ve=
Contingencies-——————cmeoeeeee 71 -
Total cost NOK 727 106kr.
cost / kw :NOK 0. §$55 kr/kw

cost / kwh :NOK 26 kr/kWh 40 year/7%+M+0 :NOK O, &Fkr/kWh

Comments :

Only 0,72 Glwh Jyr can be rold ($0yr/7% ~ 404 1165 b fobwA)

however z‘A(/?:?’(u‘ oL (‘om,oqn(,{ Yo fhe a/ternativ e 04 Lhe

Constraction of & 334V Eranrmysrsrcon /ine conn ecting Semonkony
to the Mareru 9rid.7ht chkernal ratc of rethrn cr HAoun o o

be 7% %,



&

APPENDIX 16

Project name : /70/(#019[/910/9/‘/'4 River : Mo/(o/;o/a.pQ’NL
Map nr. 2922 0D (53)
Data : T.Jensen
Catchment area / discharge km2 m3/ s 106 m3/ year
Mok hoalapanc 32 035 //
Reservoir (damhight) area k. HRWL (m) LRWL (m) 10° o
Mokhoa Ja pana o, &5 2%00 238/5 ~9
Waterway : Tunnel L = ?00 m m ¢y cross section
Penstock L = 24 m om /200
Pead gross head net head e : kWh / m>
%00 - 55 %9 0. /7R
2395
Output / Energy :
q max. m3/s r.p.m. E max. Mw Runoff Gwh mean annual production GWh
/.5 0.6 43 /3

Costestimate : / 993
Cnel. accery road

Reservoir-------=-=-——————---—-—-o NOK ~ 35 1o6kr,
Intake (gate, trashrack etc) - g9 —a=
Tunnel / penstock (incl. civil works) 3,0 -t=
Powerstation ( building ) -—— o8 -0-
Mechanical / Electrical equipment 3,0 ~t -
Access roads ( transport costs etc. ) /, 5 -
Transmission line (incl. civil works) o 7 Te=
Engineering / Administration 2, o ~t -
Contingencies————e—————- /2

-ty -

Total cost NOK /3. / 106kr.

cost / kw :NoK 2/ 830 xr/xw

cost / kwh :NOK /0 0 kr/kWh 40 year/7%+M+0 :NOK o9 kr/kWh

Comments :

Tm plementation of the reheme o only porrible

('/ Maééoa&pana perervoir (& constracfed L racre
Zhe en er9y p ro Owclon cn Sem 0»4077 éya""/wk/(* ) lan®.
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APPENDIX 17

Project name /‘7»4[:?73‘&(/1/}’/4/1/5 River : Ma/e fru »yane
Map nr. 292§ C4 (7‘/))2928 ¢C <54)

Data : T. Jaznsen

Catchment area / discharge km2 m3/ S 106 m3/ vear

”n/ez‘ra njah e /08 409 J4

Reservoir (damhight) area km® HRWL (m) LRWL (m) 10° m3

Ma/e(fahjal;e n 13 2265 2250 ~7AS

Waterway : Tunnel L = 600om M h  cross section
Penstock L = 28 m om ~ /200

He~d gross head net head e : kwh / m>

225 ~ct 2% 2% 0,057

2238

Output / Energy :

g max. m3/s r.p.m. E max. MW Runoff GWwh mean annual production GWh

128 c285 20 L6
Cmar. head 285m Co,32)

Costestimate : / 98 3
10 kr.

-yp-

Reservoir - - - - NOK

ofn
<™
[e)

Intake (gate, trashrack etc) -~
Tunnel / penstock (incl. civil works)--

-~

L3

SO %Y 4y

-y -

Powerstation ( building )
Mechanical / Electrical equipment
Access roads ( transport costs etc. )

~dy)

-lf-

~ly o

Transmission line (incl. civil works)

-~ly=-

Engineering / Administration
Contingerncies

-y -

Sl wan

X
NS
o

10 kr.

Total cost NOK.
cost / kw :NoK Y7 390 yr/xw

cost / kwh :NOK 7 & kr/kWh 40 year/7%+M+0 :NOK O, 7/ kr/kWh

Comments :

Implemen Zalion of €he rcheme oné porrible

if Ehe reservoir (1 constricted o raire dhe
eﬁel‘yypI“OC/“C ion ch femahép;:? éya/po/oo“/?,. Io/a/rz‘.
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APPENDIX 19

Project name : /‘7/9/1’75‘0/1/}/'9/’/[ River : /‘70 nZ"J"Oﬂjaﬂe

Map nr. 29284¢ (29, 2 928 A0 (35
2928ch C99)/2928 c8 (75‘) Data : NORPLAN

Catchment area / discharge km? m3/ s 10° m3/ year
Mantronyane S67 45 M2
Reservoir (damhight) area km? HRWL (m) LRWL (m) 106 m3
Rocktt! olam 9,3 2025 2000 06
Waterway : Tunnel L = 65 m M cross section (A. 9”'2)

Penstock L = 2 Om om /Yoo

~u- Qoo
Head gross head net head e : kiwh / m3
38,4 ~ I8 0.090

Output / Energy :
q max. m3/s r.p.m. E max. MW Runoff Gwh mean _annual production Gwh
/4 Soo /LS
2 /2.7 .7
2: LS Aso O

Costestimate : / 98 9

Reservoir - NOK 7 2 1O6kr.
Intake (gate, trashrack etc) 0, 7 ~t-
Tunnel / penstock (incl. civil works) 2, 8 -t-

- fg -

Powerstation ( building )
Mechanical / Electrical equipment
Access roads ( transport costs etc. )--

- dy-

-y~

0.9
7.7
3.0
/. 0 ~u-
2. ¢4
2.6

Transmission line (incl. civil works)

-~fy ~

Engineering / Administration
Contingencies

-~

NOK 29. ? 106kr.

Total cost

cost / kw :NoK /¥ /$£0 kr/kw

cost / kwh :NOK 93 kr/kWh 40 year/7%+M+0 :NOK &, % kr/kwh

Comments :
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APPENDIX 20
Project name : SIAN T SON Y ANE 4 River : %ﬂﬁ/fﬂﬂj ane
Map nr. 2928 4C (3%) 2928 AD(G5)
2908 CA(33),2928 CB (45)
. 2 3 6 3
Catchment area / discharge km m /s 10” m~/ year
/%Zﬂsza/zjaﬁe s0% 40 <
Z(/C /4 neng 53 g% /5
SISz v /7D
Reservoir (damhight) area an® HRWL (m) LRWL (m) 10° w3
Rochlit/ oam (3u) Llo0 2075 zZ0
(2-?”.00‘014?]
Waterway : Tunnel L = 28&& m mia cross section(m %f)
Penstock L = 30m o /Yoo
—tem Aoo
Head gross head net head e : kWwh / m3
20952025 meas: Z meas 69 4765
thac: 25 mac 24 O,/ %6
Output / Energy : !
q max. m3/s r.p.m. E max. MW Runoff GwWh mean _annual production GWh
/44 2,8 prean 22,9 /2S5
L ea
2048 0 95 o (295)
Swo Farbines head

Costestimate : A / &6
(&,’//M/ﬁz Sepanak , c‘nr/«'a/céj

Reservoir om0 NOK 39 ,0 106kr.
Intake (gate, trashrack etc) -“———---- {Joe/am”z’% 5,0 ’
Tunnel / penstock (incl. civil works) 76. 0 p
Powerstation ( building ) (penstock, aclrace) 5.0 “
Mechanical / Electrical equipment Y /3.0

;.C'/ f (4
Access roads ( transport costs etc. )75’ f e 7,0 7
Transmission line (incl. civil works) 2 2

”

Engineering / Administration &
Contingencies /55
Total cost Nk 225 10%r.
cost / kw :NOK /ZS50C  kr/kWw
cost / kwh :NOK 6,0 kr/kWh 40 year/7%+M+0 :NOK 59~ kr/kWh

Comments : Zm/o%’m(;; Eatson af/ﬁanzzfonjzw(_//j wil/ pro 4a /é rera/t iy

@ Orcarsion o, Ehe Zoanrmirrion fne feFaces Tha ba ~ rrefe 440’/?-”"4.//‘[{’/('/
% ”“C/Jé“ G Lecos o FIHL lhe s Ofej/ Ae L'M//(/nrué Keon o4 ML il inate

EKe Conplraction af a new livre more Cntrerting. 77’/54’4 [‘/"("é ”/M[M
DM Jm/o/cm/ﬂ Lataon pn /L wi'ld Coenedle 2%6/@4”/"’(’)’ C"‘/”éf"é 5\7 LG
To 54 Sfor ot planls.
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APPENDIX 22

Project name : L/k0/‘7//{//1/6 River : Z(‘Aom,'é“hj
Map nr. 2928 A0 f.?.fz 2928 C8 C 93

Data : T. Jensen

. 2 3 6 3

Catchment area / discharge km m /s 10" m”/ year

[ ,'Aom .'/{1';29 c?.2200 ~ /55 42 3.9

Reservoir (damhight) area ki HRWL (m) LRWL (m) 10° 3

Ha Lletuga 0,3 2260 2240 A~ S0
Waterway : Tunnel L = ;—f Om Mmh cross section Cr» 9»»2)

Penstock L = & O Omm 800

Head gross head net head e : kwh / m3
Likomiking 22/0 44 Y5 0. /04

Mantsonyane 2/65°
Output / Energy :

g max. m3/s r.p.m. E max. MW Runoff Gwh mean annual production GWh

/6 o6 4./ 2.9 7
Costestimate : /98 ¥
Reservoir ta_Le z‘uvg_a. L. arz NOK 8 ' & x 106kr.
Intake (gate, trashrack etc) Cnel. dam /7 /-
Tunnel / penstock (incl. civil works) 30 -~
Powerstation ( building )-- 08 -n-
Mechanical / Electrical equipment 2.5 - -
Access roads ( transport costs etc. ) 0 8 --
Transmission line (incl. civil works) 0.2 T
Engineering / Administration 7.3 mhe=
Contingencies 7.2 -

Total cost

cost / kw :NoK 3 3. 300 xr/xw

cost / kwh :NOK 6.9 kr/kWh 40 year/7%+M+0 :NOK &,63 kr/kwh

Comments :

ﬂ[/yepjjpnoa’u('z‘/an ,,,,-ﬁoéz’ rerervoir Mo lefutka :
2/ Cleh. Total cort 1/ $xt6%, 6 900 hrlet, O.5 An /hnh
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Project name : //ﬂ'[érra 64 River : Z“Apm[é‘.y
Map nr. 2928 A0 (35),2928 C8 (%5)

Data : T. Jensen

Catchment area / discharge km2 m3/ S 106 m3/ year
Ha Letuga n 195 7% 35
Reservoir (damhight) area km® HRWL (m) LRWL (m) 106 m3
Ha Letuga 03 2260 2290 . 5.0
Waterway : Tunnel L = 73 Om MmN cross section
Penstock L = 20m om 800

Head gross head net head e : kWwh / m3

32 0. 076

Output / Energy :

g max. m3/s r.p.m. E max. MW Runoff Gwh mean _annual production Gwh

/6 Qs 2.7 2.0

Costestimate : / 98? / £ 1)
(73

Reservoir-- // a e ‘g s NOK 2 5 106kr,
Intake (gate, trashrack etc) == a,9 ==
Tunnel / penstock (incl. civil works) 2,0 -t
Powerstation ( building ) a7 i~
Mechanical / Electrical equipment 23 - -
Access roads ( transport costs etc. )-- 0.3 ~tra
Transmission line (incl. civil works) 0.0 ~-
Engineering / Administration /.7 -
Contingencies /0 -—t-
Total cost NOK 8.5 106kr. 2)
cost / kw :NOK /& 900 kr/kw
cost / kwh :NOK 4/3 kr/kWh 40 year/7%$+M+0 :NOK &, & kr/kWh

Comments :

1) (ncluder accersroads, energy conrumption, environmental
asrpects

2) The hodropowenr pcheme ir enfirely deperding on
Lhe cmplementatlaon o/ he dam.



Ul \S N AR \\ o ¥

%@§%§§¢?;J
/\ : l \(‘\( \,“il',

g N

~— N

(5 i&\:" ) AN i.’(‘)’ (

NDET AL TSN
Q @Q&}n/ g«ﬁwkw§f,/ |
S, i R

\)/‘ - t -

R EAIIINY
T / /ﬁ ,\ (( / / / 4'// . ///v ‘\

./ /), S ,
g - }B WEEDY
/ By »

) )

S el 0 ~

s \\Ti _

AN by (6 l/// x 7/— ),
e AV e
LA e

N s o Neres e

A

4

7Y

YW
SN AT
MEHE; ’{'3{7‘7};9\ ) :-“)'/7,.\3/ B

N .
/Q\:\\\\ ;

(N2 24\ = |\
“@wk R

Al
PN

1
7!

/i g ZOWNCE '1/ (
\‘*\\‘\\) - ) )? / /KK) ;1\\

W%

o
I

/;//\\\\.\ < \ /',L/ ), _»/—

~

2NNy
“_"Exp\_ensxv

N it

e Sl s
iy ,)»’H\n A N\ A L

i 7 { ‘;\\:\5 Fx, )IH! 4G a.'f\i\\}\ ( -,x')>\1_.2&;\\£;>\\> ? )_/' p %(\ G

AN\ SALETUE2 T I Lo

A ) vwifl//%‘): ‘:‘1\\?0%/\ .
NN ﬁi ’Z:,/\\[J ‘f;;—‘;:::\ =
S
N Y

7/

40T /_M g
SA \_<<<S\S§\
43\\ Wi

-’ vgs/\ 7 '\\/
2 /= \\m ( ‘Z?'.' |
[h ! m)));/

< | Y

ey, }P l?Bloubere'\)/ )

N Vel 2260-82%, 51
""\t‘i RPN

N el

V\ \ \ l‘ F,
SN TN
‘\U((P(?»Z )
W2/#5/ 35

T
Y e 72k
VUl LIROMIIING G \ig. S e VL S\ KV il NNt

SN
PERLLNNTNNS (4

DI

O e
-Rutsaa; }
SN\

i

W\ ‘{/// Vi i s
\WillRSY A2

) ’:'\f”a;;?_
NG
\&\( ;/{/( ;

LEGEND

¢ /- CATCHMENT AREA / ANNUAL DISCHARGE

] DAM
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Hydropower in LESOTHO

| Mantsonyane river Drawn B.N.
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