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1. INTRODUCTION 

A possible cooperatfon agreement between Department of Water 

Affairs (DWA) in Lesotho and the Norwegian Water Resources and 

Energy Administration (NVE) within the sector of hydrology was dis­

cussed in 1988. In this connection, a representative from NVE 

visited Lesotho on a short-term mission 18.-22. April 1988, result­

ing in a mission report, "Establishment of hydrometric stations 

within Quthing river basin, Lesotho", report no. 2-88 published by 

NVE, [ 1 ]. 

A cooperation agreement was sanctioned by DWA and NVE in early 

1989. See Appendix 1. The contribution from NVE will so far be an 

advisory role concerning hydrological investigations for a future 

water power plant in the Quthing river basin in the south-eastern 

part of Lesotho, and supply of some hydrometric equipment needed. 

In July 1989 two representatives from NVE visited Lesotho on a two­

week mission to assist DWA with the establishment of hydrometric 

stations. See Terms of Reference in Appendix 2. 

This progress report summarises the work done so far and provides 

recommendations on future work on this project. 

r-lep-DWA 
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2. SUMMARY AND RECOMMENDATIONS 

The existing network of hydrometric stations in south-eastern 

Lesotho is not sufficient as a basis for an estimation of the 

hydropower potential in the area. It is proposed to establish a 

number of hydrometric stations within the Quthing river basin. 

The stream-gauging station SG 52 Hoko, in the lower part of Quthing 

river, was proposed to be rebuilt as a recording station. This 

construction work was carried out during the dry season 1989 and 

the station has been in operation since 27. september 1989. A site 

for a cableway should be picked out at high flow, while the 

construction work has to be done during low flow. Aminor cableway 

for this purpose should be made available by NVE/NORAD. 

A strem-gauging station should be established in the Letsie Dam. A 

rehabilitation of the dam is needed and will be rather expensive, 

depending on the order of the work. Additional funds are needed for 

the rehabilitation work. The station should be equipped with a 

Stevens recorder. 

Three fully-equipped climatological stations should be 

established within the Quthing river basin or close to its water­

divide. One of the stations could be a precipitation station only. 

The equipment for these stations could be part of the NVE 

contribution to the project. 

3 

A survey of the Letsie reservoir should be carried out as soon as 

possible to get a depth map of the lake. From another survey and 

mapping of the lake in a couple of years, the life time of the lake, 

due to sediment transport could be estimated. 

As a part of the NVE assistance to the project, a new Ott current 

meter is bought to the DWA office in Quthing. The equipment was 

received by DWA in november 1989. 

r-lep-DWA 



3. EXISTING HYDROMETRIC STATIONS 

The Quthing river is a tributary to the Orange river (Senqu) in 

south-eastern Lesotho. See map in Figure 1. The upper part of 

Quthing river has been considered for hydropower development [ 2 J, 
[ 3 J. Since the hydrology in the area is poorly known, any study 

of the hydropower potential in the area suffers from this lack of 

data. A short summary of the existing hydrometric stations in 

south-eastern Lesotho follows below. See also map in Figure 2. 

SG 3 Seaka bridge: 

The station gauges the Orange river close to the border where the 

river leaves Lesotho. The catchment area is 19.875 km2 • 

Data are available since 1972. 

SG 4 Whitehill: 

The station gauges the Orange river and is situated to the north of 

Quthing river. The catchment area is 10.750 km2 • Data are available 

since 1965. The station SG 2 Rapose was situated very close to SG 4 
with almost the same catchment and have observations in the period 

1956-1967. 

SG 7 Tsoelike bridge: 

The station gauges Tsoelike river, a tributary to the Orange river 

about 80 km to the north-east of Quthing river. The catchment area 

is 797 km2 • Data are available since 1964. 

SG 18 Semonkong: 

4 

The station gauges Maletsunyane river, a tributary to the Orange 

river about 50 km to the north of Quthing river. The catchment area 

is 219 km2 • Data are available since 1965. 

r-lep-DWA 
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SG 40 Quthing: 

The station, situated in the little town Quthing, gauges Qomoqomong 

river, a tributary to the Orange river about 30 km to the south­

west of Quthing river. The catchment area is 208 km2 • 

Data are available since 1972. 

In addition to these stations, there was for a period a station in 

Quthing river called SG 52 Hoko. This station, established in 1979, 

was gauging the whole Quthing river with a catchment area of 614 

km2 • The station consisted of a staff gauge and was closed in 1986 

when the re was no observer available any longer. The data from the 

observation period has to be checked for their quality. 

Besides the stream-gauging stations, severaI precipitation stations 

exist in the area, and a couple of climatological stations, which 

are all listed in table 1, with positions given by the map in 

Figure 2. 

Station no. Station name Station type Altitude Length of 

m.a.s. record 

years 

204/819 Mohales Hoek Climatological 1620 94 

205/142 Seaka Precipitation 1440 11 

205/385 Quthing Climatological 1620 84 

205/440 Fort Hartley Precipitation 1480 26 

205/696 Mount Moorosi Precipitation '" 1650 9 

206/107 Makoae Precipitation 1667 12 

206/632 White HilÆ Precipitation '" 1700 52 

207/063 Rapase Precipitation 1630 49 

207/337 Qachas Nek Climatological 1970 94 

207/391 Tsoelike Precipitation 1940 52 

235/080 Semonkong Precipitation 2160 18 

Table 1. Meteorological stations in south-eastern Lesotho. 

r-lep-DWA 
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4. PROPOSED HYDROMETRIC STATIONS 

Considering the large variations in runoff pattern in south-eastern 

Lesotho, the existing network of hydrometric stations is not suf­

ficient as a basis for an estimation of the hydropower potential in 

the area. Stream-gauging stations far away will not gi ve a suffici­

ent picture of the runoff conditions in upper Quthing river, where 

the projected hydropower plant will be located. Furthermore, the 

existing stations have much bigger catchments than the proposed 

hydro-power project area, and e.g. extreme runoff conditions -im­

portant as a basis for estimation of design floods -can not be 

transposed from the existing stations to small catchments in upper 

Quthing river. 

To obtain representative hydrometric data, it is proposed to esta­

blish two automatic gauging stations in the Quthing river. One of 

them should be at almost the same site as the old staff gauge SG 52 

at Hoko. This seems to be the best site to gauge the whole Quthing 

river catchment, even if the re may be shifting conditions at the 

control at low flows. This site is easy to reach in rainy weather, 

while the access to other parts of the river may be difficult. 

After a visit to Quthing river, NVE prepared a description of the 

proposed gauging station at Hoko, with detailed drawings. See App­

endix 3. This description would serve as a support to the DWA team, 

when constructing the station during the dry season 1989. 

8 

The other gauging station is proposed to be established in the 

Letsie Dam. See map in Figure 3. This is the intake reservoir for 

the proposed hydropower station and therefore the most important 

site for a stream gauging station in Quthing river. It will be easy 

to establish a station in the reservoir, since a stilling pipe can 

be mounted to the dam construction. The station should be equipped 

with a Stevens recorder. 

r-lep-DWA 
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Fig. 3. Letsie Dam Basin 
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The problem of this site is the dam construction itself, since 

the re are considerable leakages. Furthermore aremote station like 

this will be difficult to visit most of the rainy season, and there 

will probably be some problems to get discharge measurements at 

high flow. The dam construction should therefore have such a shape 

that the discharge can be calculated theoretically from the water 

stage. The dam has to be repaired and adjusted to make it suitable 

as a control for gauging. The contractor NOREMCO have prepared a 

cost estimate for the rehabilitation of the dam, see Appendix 4. 

An alternative to rehabilitate the dam is to use the existing dam 

as a control as it is, or perhaps just carry out aminor rehabili­

tation. The control is perhaps more stable than at many other 

stations due to the dam construction. But there is a risk that the 

control can be changing, and the leakages may increase. With the 

existing dam, including some leakage and a dam crest not perfectly 

levelled, a theoretical calculation of the stage-discharge 

relationship will be of a poor quality. 

Discharge measurements can be carried out in the river downstream 

the dam either by dilution methods or by cableway. 

Any rehabilitation work on the dam will need a permission from con­

cerned government authorities. Besides changing the dam constructi­

on itself a rehabilitation work will involve emptying the lake 

during the working period and perhaps a constant change of fu ture 

water level. 

It seems to be impossible to establish any stream-gauging station 

in the remote areas where the projected transfer of water will take 

place, since the operation of such astation will suffer from diff­

icult accessibility. The best way to get an idea of the contributi­

on of water from this area will be to measure the rainfall distri­

bution throughout the Quthing river basin. A couple of villages in 

the area should be picked out as sites for climatological stations. 

r-lep-DWA 



A precipitation station already exists in the Quthing river basin, 

Makoae. This station should be modernized and equipped as a com­

plete climatological station. 

11 

Right outside the eastern part of the Letsie Dam catchment there is 

a border control post, Ongeluks Nek. This would be a good site for 

another climatological station, probably most representative for 

the whole Letsie Dam basin. 

To get a good picture of the east-west gradient in climate, a third 

climatological station, or at least a precipitation station, should 

be established in the western part of the Letsie Dam catchment, 

where there is a village. 

Sediment transport is heavy in rivers in Lesotho. Since the Letsie 

reservoir probably is a rather shallow lake, the re would be of int­

erest for a water power project involving the lake as a reservoir, 

to measure the sediment yield to the lake. Out of such measurements 

it would be possible to estimate the lifetime of the lake as a res­

ervoir be fore it is filled up with sediments. A simple way of meas­

uring this sediment yield is to survey the lake by sounding from 

boat completed bylandsurveying the shores. This work should be 

done as soon as possible and a second time in about four or five 

years. 

A complete investigation of the sediment transport and its in fluen­

ce on the hydropower project involves, besides estimation of life­

time of the reservoir, also measurements of total yield and analys­

ies of types of suspended material that will toil the turbines, and 

measurements of bedload that can fill up transfer tunnels. 

r-lep-DWA 
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5. THE FUTURE DWAjNVE COOPERATION 

In general terms, the future cooperation between DWA and NVE will 

follow the agreement referred to in chapter 1. However, there was a 

need to define a more detailed work program including a time sched­

ule for 1989 and 1990. Such a program, which also settles down the 

responsibilities of the DWA and NVE, was mutually agreed upon in a 

meeting in Maseru, Lesotho, 17. July 1989, with the following 

participants: 

Mr. Makhoalibe, Director, DWA, Lesotho 

Mr. Tau, Head of Hydrology Section, DWA, Lesotho 

Mr. Pettersson, Senior Hydrologist, NVE, Norway 

Mr. Repp, Senior Hydrologist, NVE, Norway 

The workprogram and time schedule is shown in Appendix 5. 

It should be noted that parts of the work program and time schedule 

will depend on additional funds from NORAD, since a rehabilition of 

the Letsie Dam will be rather expensive. 

In addition there is a need for hydrological and meteorological 

equipment, like a portable cableway and 2 or 3 fully equipped 

climatological stations, to an amount of approximately 100 000 NOK. 

r-lep-DWA 
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6. STATUS DES. 1989. 

The construction work of the first automatic stream-gauging station 

in Quthing river, SG 52 could not be started while the represent­

atives from NVE were in Lesotho in July 1989. But later on 

during the dry season, materials and equipment were brought to 

the Quthing river and the construction work was carried out. The 

automatic recorder was operative 27. September. See Appendix 6 for 

report from the construction work. 

A cableway for discharge measurements at SG 52 has not yet been 

installed. The best site for a cableway should be picked out at 

high flow, but the construction has to been done during low flow. 

The future work at the Letsie Dam depends on the way of 

construction that will be preferred. 

As a part of the NVE assistance to the project, see Terms of 

Reference, a new Ott current meter was ordered to the DWA office 

in Quthing town. In November the equipment was received in 

Lesotho. See Appendix 7. 

r-lep-DWA 
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Fig. 4. The stream-gauging station SG 52, September 1989 

Fig. 5. The dam construetion at the Letsie reservoir, July 1989. 



APPENDIX 1 

COOPERATION AGREEMENT BETWEEN THE DEPARTMENT OF WATER AFFAIRS 
(DWA) , LESOTHO, AND THE NORWEGIAN WATER RESOURCES AND ENERGY 
ADMINISTRATION (NVE), NORWAY 

General 

NVE accepts to act as an advisory body to DWA on matters within 
the sector of hydrology and water resources. NVE shall only act 
on written or telex request from Water Affairs and the scope of 
NVE's tasks shall be mutually agreed upon in each case. 

The agreement shall be valid for the 3 years 1988, 1989 and 1990. 
Further extension has to be agreed upon by both parties. 

Salary expenses for NVE-personnel working on projects under this 
agreement will not be part of any project budget but will be 
covered through the general agreement between NVE and NORAD. 
Expenses connected to traveiling and purehase of equipment, shall 
be included in the project budget. 

This agreement shall be considered a part of the ongoing agree­
ment between NORAD and Lesotho for Semonkong and Mantsonyane 
small hydropower projects. projects will be defined under the 
Agreementi the first being described below. 

**** 

1. Project title: Establishment of Hydrometric S~ations within 
Quthing River Basin. 

2. primary function: Establishment of hydrometric stations 
within Quthing River Basin for the assessment and 
development of hydropower and water resources potential 
of the catchment area. 

3. Implementing Agency: Hydrology Division/Department of Water 
Affairs. Ministry of Water, Energy and Mining. 

4. Project Start: April 1988. 

5. Project Background 

An initial feasibility study on the Hydropower potential of 
the Quthing River Basin which was undertaken by the Insti­
tute of Water' Management (Austria) has indicated that 
Quthing River has a high potential of hydropower production. 
But the hydrology of the catchment, which forms basic and 



valuable information for the development and production of 
hydropower, is not well defined. 

2 

It is important that information on strearnflow, water level, 
sediment transport and rainfall be collected and analyzed 
for reliability and accuracy in order to come up with a well 
planned hydropower plant for Quthing and surrounding areas 
like Mphaki; Qhoali etc. 

6. Objective: 

To define the hydrology of the catchrnent in order to obtain 
at least 5 year of basic data for the study area by: 

a) Reassessing the hydrological study done by the Insti­
tute of Water management 

b) Establishing hydrometric stations within Quthing 
catchment. 

C) Assessing the quality of the rainfall stations. 

d) Assessing the possibilities of measuring the sediment 
transport. 

7. Present Stage: 

There exists a feasibility study report done by the 
Institute of Water Management (Austria) 

THe Hydrology Division of Water Affairs Department of 
WEMMIN has established a non-recording station (staff 
gauge) on Quthing river. There are approximately 5 
years of records (water leveljstrearnflow). Due to the 
change of the accessibility of the road system in 
Quthing area, the station was closed and has been re­
located but it is still to be reestablished. 

8. NVE assistance: 

The NVE assistance to this project in 1988 will be to offer 
advise on the planning of the project and to supply some 
hydrometric equipment needed. The assistance in 1988 will 
be limited to a total of NOK 100 000.-. 

The assistance in 1989 will be decided on at ~ later date. 

014J 2.A~ 1717" 
NORQ(/s 
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APPENDIX 2 

ESTABLISHMENT OF HYDROMETRIC STATIONS WITHIN QUTHING RIVER BASIN, LESOTHO 
TERMS OF REFERENCE 

BACKGROUND 
In April 1988 a representative from Norwegian Water Resources and Energy 
Administration, NVE, visited the Quthing area in Lesotho on a short-term 
mission. The visit resulted in a report that gives recommendations on 
hydrometric investigations in the Quthing river basin and on possible 
fu ture cooperation between The Department of Water Affairs, DWA, and NVE. 
Later on a cooperation agreement of April 1989 between DWA and NVE was 
accepted, involving a project description for the establishment of 
hydrometric stations within Quthing river basin. 

SCOPE OF WORK 
NVE's contribution to the cooperation will in 1989 include a twa weeks 
visit to Lesotho by the twa hydrologists, Mr. Kjell Repp and Mr. Lars­
Evan Pettersson,to offer assistance connected with the hydrological 
investigations in Quthing river basin. Furthermore, NVE will make 
available for the DWA-office in Quthing a new Ott current meter and a 
Stevens recorder for the use at a hydrometric station in Quthing river. 

In the context of the recommendations of the report on the 1988-mission 
the hydrologists shall, in agreement with the DWA-office, carry out the 
work described below: 

- Give detailed recommendations for the rehabilitation and assist in the 
construction of the hydrometric station SG 52. 
Give detailed recommendations for the establishment of a gauging 
station in Letseng-la-Letsie. This involves investigations of the 
existing dam and of the need to change the spillway in to a better 
control. 

- Investigate sites for possible gauging stations elsewhere in the 
Quthing river basin. 

- Visit gauging stations in near-by rivers. 
- Visit meteorological stations in the area to check their quality. 
- Investigate the need and possibilities to measure sediment 

transport. 
- Check all accesible meteorological and hydrological data from the 

Quthing area. Part of this work can be carried out after the visit 
to Lesotho is finished. 

- Make an detailed agreement on the future DWA!NVE cooperation, 
including a proposed time-schedule. 

REPORTING 
A report in English shall be prepared befare the 1. of November. 

29. June 1989 

Egil Skofteland 
Norwegian Water Resources 
and Energy Administration 



APPENDIX 3 

RECORDING STATION . AT SG 52 HOKO, QUTHING RIVER 

The station consists of a stilling pipe embedded in a concrete column, 

situated 10-15 m downstream the old staff gauge. The stilling pipe, a 6 

m long steel pipe with a conical end section, is mounted approximately 

0.6 m above the deepest part of the river bottom and where the rock is 

almost vertical for over 1 m. Two pairs of bolts, drilled into the rock, 

and flat iron clamps hold the lower part of the steel pipe, while clamps 

for appr. each meter hold the upper part of the pipe to the concrete 

column. The concrete column is 4-5 m high and reinforced with 6 iron, ø 
32 mm, to the top. The water enters the pipe through a bottom hole in 

the conical end-section and through 4-5 mm - hoIes that are situated 

each 25 centimeter at a vertical line and at an angle of 40 o against 

the main flow. 

On top of the stilling pipe the re is a casing for the Stevens recorder. 

The staff gauges are mounted to the concrete column so that they are 

easily read at any water staget 

The new staff gauge must be levelIed towards the existing B.M, in order 

to establish the relationship between the old and the new staff gauge. 

r-lep-DWA 
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APPENDIX 4 

LETSlE DAM, QUTHING RIVER 

Possible rehabilitation of the dam. 

A temporaryeost estimate for the rehabilitation of the Letsie Dam was 

prepared by NOREMCO in september 1989. It was based on a visit to the 

dam in july 1989 and on some ideas of the fu ture spillway design, given 

by NVE. The eost estimate was given in norwegian and therefore it is 

summarized in english by NVE. 

Four alternatives of the spillway design are estimated. The length of 

the spillway is supposed to be intaet, while the height should be 

inereased to 0.5 m or 1.0 m. The existing height is approximately 0.2 

m. This might be obtained in two ways, either by raising the existing 

dam erest or by lowering the spillway. The eost differenees between the 

alternatives are estimated. Lowering the spillway to a height of 0.5 m, 

existing height is approximately 0.2 m, is eheapest. Lowering it to 1.0 

m will eost appr. 500 Maluti extra, while raising the erest to a height 

0.5 m or 1.0 m will eost appr. 4500 Maluti or appr. 20 000 Maluti extra 

eompared to the eheapest alternative. 

The reservoir has to be emptied during the rehabilitation work. That 

will take some time, but meanwhile the work on the erest and on the 

spillway can be earried out. When the water stage is low enough a diteh 

can be dug on the water-side of the dam. The leakages can be stopped 

either by filling up with mas ses and then compressing them or by use of 

concrete. 

Some work has to be done with the road downstream the dam, if it shall 

survive extreme floods. 

A rough estimate ends in eosts for the work of NOK 500 000 - 800 000. 

The uneertainty depends to a great deal on the ground conditions below 

the dam. 

r-lep-DWA 
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1989 

WORK 7 8 9 10 

Quthing R. SG 52 
- Construetion work and necessary 

surveying for cableway. - f-

- Construetion of cableway. -
- Discharge measurements 

(esp. on high flow). 
- Establishment of rating 

curve and preliminary analyses. 
- Continuous station operation. 

Letseng La Letsie Dam. 
- Provision of necessary specific 

-ations for dam rehabilitation -
- Recommendations and economic 

proposal for dam rehabilitation -
- Provision of necessary permissi 

-ons for rehabilitation of dam 
- Contract negotiations and sign 

-ing of contract with NOREMCO 
- Rehabilitation of dam 
- Establishment of gauging 

station (automatic recorder) 
- Depth sounding of reservoir 
- Discharge measurements down-

stream of the dam. 
- Continuous station operation. 

ReEorting 
- Field report from construetion 

work at SG 52 f. 

- Progress report. 
- Progress report. 
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APPENDIX 6 

MINISTRY OF WATER, ENERGY AND MINING 

DEPARTMENT OF WATER AFFAIRS 

QUTHING RIVER NEAR MOUNT MOOROSI SG.52 

1. CONSTRUCTION: 

The construetion of the hydrometric station on the Quthing river near 
Mt. Moorosi went beyond the work schedule as programmed by the NVE 
hydrolngists. The construetion of the recorder house and the steel 
pipe st i lling well did not advance as quiclly as anticipated. These 
took 3 weel~ s te construet. 

The equipment, materials and camping equipment also had some delays 
of 2-3 weeks before transport was available to the site due to 
other projects undertaken by the Department utilising the only 
available truck in the department. 

The construetion team at site wes composed of one artisan, and seven 
labourers (two of which are regular DWA employees with years of 
experience in hydrometric stations ' construetion; while the rest 
were local casual labourers). Frequent visits were made by one 
or two more senior technical personnei from the Head office to 
supervise the works, while fortnightiy progress monitoring visits 
were made by the professional personnei of the DWA. 

The construetion design was maintained as far as possible to that 
prepared by the NVE personnei and agreed to by DWA authorities. 
The concrete column does not go 4-5 m high. Instead the recorder 
housing is reached by the walkway detached from the steel pipe 
tower, hence the walk way can be washed away leaving the tower 
behind during heavy floods. Secondl J ' , the river channel confi­
quration was disturbed to a minimum. 

One downstream side the steel pipe tower is anchor-supported with 
approximately 1.5-2.0 m iron be am welded onto the tower and 
embeddec into the rock some 2 m away. 
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Two staff gauges were installed upstream of the tower at positions 
where they are easily readat any water level; and hence the river 
rise can be read manually to a level of 3 m just about a metre or so 
before the road and the walkway are flooded. 

2. STATION DESCRIPTION 

2.1. Access: 

The station is easily accessible from the Mt. Moorosi-Mphaki tarmac 
road. Branch off about 1 km from Mt. Moorosi Village and take a 
dirt road to Letseng-La-Letsie through Ha Makoae until you reach 
the Quthing river, about 1 km upstream Mundia bridge on the main 
tarmac road. 

2.2. Location: 

Lat. 30° 14 1 Sand Long. 27° 52 1 E. The altitude is 1524 m.a.m.s.l. 

2.3. Characteristics: 

Area = 614 km2 ; Length of main channel = 45 km; Highest point within 

the basin = 2940 m.a.m.s.l.; and river channel slope = 3.1%. 

The river basin is composed of the basalt (headwaters) underlain 
by the sandstone at approximately 40% and 60% respectively in 
area. 

2.4. Equipment: 

(a) Recorder: Leupold & Stevens type A.35 and spring driven, model 
71 and serial no.105384-82 

2.5. Control: 

A fairly stable natural contra l of rock bou~ders about 20-30 m 
downstream. For high flows the channel itself acts as control 

2.6. River reach: 

The station has a fairly straight approach channel reach for a 
distan~~ of some 200 m with a bed material composition of mainly 
sand - gravel grain size. For the reach downstream see 2.5 above. 
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The right bank is rather heavily vegetated with mainly big trees 

and banks are not very steep. The left bank is less vegetated while 

it is well defined with h~ight of about 2 m before reaching the small 
floodpain on which the road runs. There are several gauging stations 

available for wading, but not so succesful with high flow measuring. 
The road prohibits cableways installations within the river reach 

referred to above. However, possible sites above Mundia bridge 

exist although suseeptible to backwater and flooding by the Senqu 

(Orange) river. 

,/­
~·~.cG-~~ 
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WEM/WA/A/l 

Water Res. and Energy Adminstr 
Boks 5091 Majorstua 
N-0301 OSLO 3/Norwegen 

APPENDIX 7 

Department of Water Affairs 
p .0. Sox 772 

MASERU 100 

LES O T H O 
14/11/1989. 
TELEX: 4431 or 4253 

Re: CURRENT METER 

We have received the C31 universal current meter except 20 mm dia . w~ding 
rods only. 

We are highly appreciating your co-operation and assistance for develo­
ping the Hydrometric netwsrK in Lesotho. 

I have enclosed a copy showing the eQuipment you sent. 

Yours Faithfully 

~«~ 
AZAEL M. MOKEMANE 
Senior Technician. 



MESSTECHNIK 

Heel GmbH & Co. Mel3technik KG, Postfach 1745,0-8960 Kempten 

.. 

B,st~dskontoret,Norweg,an 

Water Res. and Energy Adminstr 
Boks 5091 Majorstua 

N-0301 Oslo3/NORWEGEN 

------------------------------------------------------------------------------------------------------- ---_._---
L ; e f e r sch e ; n Nr.: 89100042 

Order No. 2383 VHO 89 LEF:MlO 
Wlr 11efern auf oer BaS1S unserer ~erKaufs una Lleferbedlngungen 

We send tooay. by alrfrelgnt, CiF Maseru,Lesotho, through aur agent 
to: Mlnlstry of Water. Energy & Mlnlng 

cio MordplaniNoremco 
P,O.Box 7583 
Maseru 100, Lesotho 

, Carton:' aTT 89060302 

Identl Bezelchnung Bestel1t Ruckstand 
Sttick StUck 

60 053 Grundgeråt Unlversalflugel C31 
10,001,001.3.6 Unmrsal current 

meter C31 
Instr .Nr. 104818 ~ 

21 235 F1Ugelschaufel Ms NO.1-10S064 
10.001.027.4.2 Meta i procei ier No. 

125 mm dla f-,------

21 409 Rlchtzelger f. F1Uge:stange 20x2 

2~ 138 

60 0G6 

16.000.025.4.2 Dlrectlon pOlnter far 
the rod ~ 

~aDel-DO y.Z~hlgeråt z.Cll 4m lang 
!7.150.035.4.~ Cable 111 '110 4m ;on9 

Zåhlgeråt Z3C, 

l. 00 

1. 00 

1. 00 

UO 

V 
~ ,00 

.? 01~ O~, ; G C"unT.' S"T 7"j~ w," j~l"; 1,./, \oil ..... \.! >ol I ...... , ~ ........ n .... I.L.-----

52 20T ~19nanzeiie 1.51 4.:0 
a5 Jrjr flU",,;; Bao ~~i'l" ' ~' .. • vl..l.i ... "+........ v ... ,;;. >ol ... , I 

. -----
Heel GmbH & Co. Mefltechnik KG 
J3]erstrilfle " - 12.0-8960 Kempten 

Geschaftsfuhrer: 
Helmut Heel - - . ..., --, ',-

1. 00 

1.00 

1. 00 

1.00 

~ • G Cl 

uc 

Ge 11 efert 
iHeutel 

0.00 

0.00 

0.00 

0.00 

UD 

:.co 

Bayer. Vereinsbank Kempten 7368836 BLZ 73320073 
Oeutsche Bank. Kempten 1080001 BLZ 73370008 
L. ~,~h..,,..t L"'C'n",""'''.,.- C:::~(\('')~7('1~ ~ p' 7 -'l')'"),,: 1-; 



MESSTECHNIK 

Heel GmbH & Co. MeBtechnik KG. Postfach 1745. 0-8960 Kempten 

Kunae: 81standskontoret,Norweglan .~uftragsnr.: 89060302 SEm 

Artlkel# BeZelcnnung Bestelj~ RUcKstand 
StUc~ ·Stucr. 

21 361 

168 

Geråtekasten f. Stangenflugel 
17 .E01.001.2.2 Instrument case 

PrUfung Bargo 
ar, Stange 20 mm 
Cal1bratlon BARGC ~ 

21 m Stange 3tel11g. ø 20mm, 3m 
~ 16.000.128.9. i 

., "\lt:\.t"'1(~Ltt. Rod 20 mm dla. 3 m )ong, 3 sectlons 

80 486 Bedlenungsanleltung C3! 
10.001.001B.E. I--

Payment, olease, iet us have lmmeo1atela 
after recelct of lnVOlce 
net cash, 

Wlr bedanken uns fUr Ihren Auftrag. 

1 . C'O 

•. 00 

1 ,00 

1. OG 

Hee' GmbH & Co MeBtechnrk KG 
Jagerstr2Be -\ - 12 0-8960 Kempte r 

Geschattsfu~rer' 
Helmut Heel 

------------

1.DO 

1.00 

1.00 

GeIlefert 
! Heute I 

0.00 

0,00 

0.00 

}.OD 

Bayer. Vereinsbank Kempten 
Oeutsche Bank. Kempten 

7368836 BlZ 73320073 
1080001 BlZ 73370008 



:.~ t ~_._.-: ~" .... ~., - .,., ...... . ' •• "o. ~ -,~:."~,~~-:~ ~ ",,. 1 
< 
c· 

MESSTECHNIK·HEEL l 
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HYDRAULlCLABORATORY ". " 

Certificate of Calibration 
for OTT Current Meter No._..10481.8.._. type .. __ C3~(L.Q01._" _. ____ _ 

Method of calibration:_BARGO _______ _ 

Type of support: .. 2.Q._.mm._d..i..g...!_~QJ;L . 

... _-_._---_ .. _-_ .. _----

If n denotes the number of revolutions of the propeller per second and v the water 
velocity in metres per second, we have 

Propeller diameter __ 125 .. ____ .. mm, pitch ... _._Q.~ .. 25_Q ....... _._ m, No. _1=1.0.5.0.64._ 

if n < _.-9. ... ~ . .?.t. ___ ._ v = .. __ Q~ .. ?9..~.~._rJ_ . .:t_.Q .. ~ .. QJJ ____ , _____ _ 
if n> < 

v = . ______ . ___ ... , __ , 

if n> ._.Q .• J..1 ...... ___ v = ._ .. 0._2572 .. _n_+ __ 0."'OO5_. 

Propeller diameter .. ___ ...... _ ... _____ . mm, pitch . __ m,No. __ _ 

if n < _______ . v = ._. ___ ., ______ _ 

I·fn> < v= __ . 

if n> _. ____ v = ._. .. ____ , 

Propeller diameter .... _. ____ . ___ . mm, pitch _ ... _ .. _ .. _ ... __ m, No. ____ _ 

if n < ____ . ____ ._ v = . 

ifn~ v= _ ...,--------_._._--'-- ---'-
if n> ____ . ___ ._. v = ________ ._ 

Kempten, 0 .6.10. 1989 1 

Heel GmbH & Co. Me6technik KG 
JågerstraBe 4 - 12, D-8960 Kempten 

tlbdr2?ctø 
SIgnature 

p.1. O. 




