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Abstract

The Tana River is Kenya’s major surface water resource, and siltation
of the river has been the subject of a number of studies. However,
there is still a large amount of work to be done if the factors
influencing erosion, sediment transport and deposition are to be fully
understood. One step towards reaching this understanding is achieved
by making an analysis of the sediment accretion rates for two of the
reservoirs which form part of the Seven Forks Project.

This report presents an analysis of data taken from aerial surveys
which were flown in 1965 for the design stages of Kindaruma and
Kamburu reservoirs. This data will form the base against which all
future reservoir surveys may be compared in order to obtain estimates
of accretion rates. Following each hydrographic survey, a report will
be published in the OD series giving details of the data collection
techniques and reservoir volume analysis.

A list of titles of other reports in the OD series is given at the end of
this report.
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Introduction

The Tana River is the largest river in Kenya and the country’s major
surface water resource (Figure 1), The catchment area is 94,700 km? —
representing about 16% of the land area of Kenya and containing
some 20% of the national population. Including the headwaters of the
Sagana, the river is 1012 km long and flows from Mount Kenya and
Aberdare Ranges to the Indian Ocean. The potential for the
development of the river for hydropower and irrigation is high and
several schemes are already in existence (Figure 2} or planned for the
near future. However, although attention has been given to the study
of siltation in the Tana River, there is still a large amount of work
required if an understanding of erosion, sediment transport and
deposition is to be obtained. The Overseas Development Unit (ODU)
of the Hydraulics Research Station Ltd. is undertaking an
investigation in collaboration with the Tana and Athi Rivers
Development Authority (TARDA), the Ministry of Water
Development (MOWD) and the East Africa Power and Lighting Co.
Ltd. (EAPL) to investigate these phenomena. Proposals for this
investigation on the upper Tana River were submitted as the result of a
visit to Kenya by a member of the ODU staff. Agreement on the
project between ODU and the above Kenyan institutions was reached
in July 1980.

The project may conveniently be split into three distinct, but inter-
related parts, Firstly, there is a programme to monifor the sediment
load carried by the major rivers in the upper Tana River basin. This
involves the establishment of sampling methods, installation and
calibration of field equipment (by staff of MOWD using finance made
available by TARDA) and data analysis. The second, but equally
important part, is a study of accretion (and possibly erosion) rates of
Kindaruma and Kamburu reservoirs derived from reservoir surveys
carried out by ODU staff with a field team of staff from MOWD,
TARDA and EAPL. The project is expected to last three years after
which time progress will be reviewed.

This report deals solely with the first step towards evaluating the
changes in reservoir volume — namely, the production of a set of pre-
impoundment base data with which all future hydrographic surveys
will be compared.

It is proposed that a separate report will be written to describe the
results obtained from each survey. The first of these — OD 46
describing the reservoir surveys carried out in June/July 1981 — is
currently in production (Reference 2).

Brief history

This section is based largely on a series of articles in an edition of a
Nairobi daily newspaper (Reference 1) published at the time of the
official opening of Masinga dam on 21 December 1981, and on leaflets
supplied by TARDA,

The potential for hydro-electric power generation and the regulation
of water for irrigation in the Seven Forks area had been realised during
the mid-1950’s. In 1959 it was recommended that the area should be
developed in stages to meet the gradual increase in electrical energy
demand. Six years later a decision was taken to implement the first
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General description 3.1
3.1.1

stage of the Kindaruma project (Figure 2) and in the same year, the
Tana River Development Company (TRDC) was formed solely to
investigate and develop the Seven Forks energy potential.

Construction of the Kindaruma dam was begun in March 1965 and it
was completed during April 1968. Kindaruma dam is 550m long with a
maximum height of 25m. It is a standard compacted rockfill structure
with an asphaltic concrete face on the upstream (reservoir) side. The
impounded lake is about 5 km long and has a total design volume of
16.2 x 106 m3 of which 7.5 x 106 m3 constitute the usable storage.
Kindaruma power station houses two hydraulic turbines coupled to
generators which produce 22MW each.

Work on the Kamburu project was started in 1971 and it lasted about
four years. The construction of the main dam followed the established
design of compacted rockfill with asphaltic concrete on the upstream
face. The dam reaches a height of 56m and is 900m long. The total
design volume of the reservoir, which is sited at the confluence of the
Tana and Thiba rivers (see Figure 2), is 150 x 106 m3 and it is supplied
by a catchment area of 9520 km2. The power station is housed some
54m underground and contains three turbines, each of which drives a
31MW generator.

The third phase of development was the Gitaru dam and power station
which was started in 1974 and finished in 1978. The dam, which is
similar in design to the other two sites, has a maximum height of 30m
and is 670m long. The power station at Gitaru is located 130m
underground and houses two vertical turbines each driving a 72MW
generator.

The most recent project to be completed on the Upper Tana River is
the Masinga dam and power house. Work on this, the largest dam and
reservoir on the Tana River so far, was started in 1978 and the
reservoir was first impounded to its top level in May 1981. The scheme
consists of a zoned earthfill dam with a maximum height of 53 m and a
total crest length of 2200m. The reservoir, which has a maximum
surface area of some 120 km?2 and extends about 45 km upstream of
the dam, includes the confluence of the Sagana (Tana) and Thika
rivers. The storage capacity of the reservoir is 1560 x 106 m3 and the
power output at full load is a total of 40MW from two generators
drive by Kaplan turbines.

Base data

In Feburary 1965, one month before the start of the Kindaruma
project, TRDC commissioned Hunting Surveys Ltd. to fly an aerial
survey covering all of the Seven Forks Project area which included the
sites of the four dams now constructed. The result was a series of maps
at a scale of 1:12 500 showing ground levels as contours drawn at 10ft
(3.05 m) intervals. These maps were used by Engineering and Power
Development Consultants Ltd (EPDC) — EAPL’s consultants for
these projects — to produce the design volumes and stage/capacity
curves for all four reservoirs.

For the current study it was necessary to re-work the volumes as the
summation of a series of segments, each one chosen to be
approximately 500m long. These segments were defined in width by
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Location of
survey range
lines 3.2

3.2.1

3.2.2
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Cross-sections 3.3
3.3.1

3.3.2

the plan position of the contour corresponding to the water surface
level. Segment lengths were dictated by the location of range lines
chosen for hydrographic surveys of the reservoirs to be carried out as
part of the investigation (see paragraph 1.2).

During a visit to Nairobi by ODU staff in March 1981, a drawing of
Kamburu Reservoir (Figure 15) showing 29 range lines requiring 53
survey beacons (end-of-section markers) was handed to EAPL who
had agreed to be responsible for their construction. Soon after this, a
second drawing showing 13 range lines and 25 survey beacons on
Kindaruma Reservoir (Figure 3) was also passed to EAPL. All the
beacons were built by EPDC who completed the work by mid-July
1981.

After construction, the precise locations of the beacons were surveyed
for EAPL by Griffiths Engineering and Hydrographic Surveys of
Nairobi, and the co-ordinates and levels were sent to ODU in
November 1981. The recorded co-ordinates for the beacons are given
for each section in Tables 1 and 3. It must be noted that the co-
ordinates are related to a plane local engineering grid used during the
dam construction, which is specific to each project site (i.e. the
engineering grid at Kindaruma is not directly related to the engineering
grid at Kamburu). EPDC found that it was not possible to tie the local
engineering grids into the Kenya Survey Grid and so each beacon
position was plotted relative to the local engineering grid, using the
same scale as the reservoir drawings. This plot was then superimposed
on the reservoir drawings and the position adjusted until ail the
beacons were above the maximum reservoir water level. The Kenya
Survey Grid and the assumed plane local engineering grid are shown
on Figures 3 and 15 for Kindaruma and Kamburu reservoirs
respectively.

For each range line, the line length has been calculated using the grid
co-ordinates as given and checked by measuring the plotted positions.

The survey beacon positions as defined above were transferred to the
contour maps supplied by Hunting Surveys Ltd. FEach line was then
traversed from the left-hand beacon (looking downstream) and the
distance from the beacon to where the line cut each contour was
noted. These distances and levels are listed in Tables 1 and 3 for
Kindaruma and Kamburu reservoirs respectively. To ensure that the
cross-sections are defined accurately at the beacons, the next contours
to the left of the left-hand beacon (shown in the tables as a negative
distance) and beyond the right-hand beacon are also included.

The cross-section data are shown graphically in figures 4 to 13
(Kindaruma reservoir) and 16 to 44 (Kamburu reservoir). It is not
possible to interpolate ground levels below water using an aerial
survey. In Figures 4 to 13, and 16 to 44, the bed levels have been shown
as smooth transitions between the two known bank slopes. Since this
constitutes only a small part of each section, any discrepancies in the
total reservoir volumes will be negligible.
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Method of
calculation 4.1

4.1.1

4.1.2

4.1.3

Data analysis

During the feasibility or design stage of a reservoir project, it is con-
sidered to be good engineering practice to obtain a detailed contour
map of the site, either by topographical surveying or {more common-
ly) aerial photography. However, because of the cost of mounting a
large scale hydrographic survey to obtain directly comparable data
after the reservoir has been impounded, it is usual to call for bed levels
at discrete points, either on a fixed grid or along defined lines. Under
normal field conditions, it is more straight-forward to locate the posi-
tion of a boat moving along a line between two fixed beacons (Range
Line) than it is to site a boat at fixed grid points. The Range Line
technique is therefore the method recommended by ODU.

For a definition of terms used in this section see paragraph 4.1.5.
Where only Range Line data are available, the volume contained bet-
ween adjacent lines may be calculated using one of two basic ap-
proaches;

i)  Depth/area method

The average depth of water between two Range Lines is evaluated, and
the result is multiplied by the segment surface area to determine the
segment volume,

ii) End area/length method

The average cross-sectional area below adjacent range lines is
measured. The segment volume is obtained as the product of the
average cross-sectional end area and a representative distance between
the range lines.

The first method is only suitable for sites such as canals and rivers
where the banks are nearly vertical and the water surface width does
not vary dramatically between Range Lines. The second method has
the advantage that it does not require any digital represeataiion of the
plan shape, but it does need an accurate assessment of a distance bet-
ween range lines. This can only be evaluated by subjective judgement
and becomes increasingly difficult as the reservoir shape becomes
more complex.

Where a pre-impoundment contour plan is available, it is possible to
refine the numerical techniques above without increasing the post-
impoundment survey requirements. This approach involves contour-
slicing to obtain the volume of each segment of a reservoir. Known as
the Constant Factor Method, it is described in detail in Reference 3. In
essence, the volume contained between successive contours is obtained
from the pre-impoundment survey; this is then converted into a so-
called ““Constant Factor’ by dividing the volume by the sum of the
end areas. Subsequent volumes are calculated as the product of the
“Constant Factor’ and the intra-contour cross-sectional areas
measured below the range lines. The principal advantages of this
method are:

a} there is no need for subjective judgement to obtain any of the
numerical input

b) by using contours to obtain the base data, the accuracy of the
calculated volumes is much greater than may be obtained by us-
ing Range Line data alone

¢) this method allows much greater flexibility in the laying out of
Range Lines with respect to reservoir shape and to each other —
it is even possible to vary the location of Range Lines with depth
if the situation justifies the extra site work involved.



4.1.4 This report covers the preparation and analysis of base data for
Kindaruma and Kamburu reservoirs, The resulis given in Tables 2 and
4 show the initial design volumes of the reservoirs and the ‘‘Constant
Factors™ which will be used in future reports to calculate sediment
volumes.

4,1.5 The terms used in this chapter are defined as follows: —

Range line — the line across which reservoir bed
levels are measured

Cross-section area — the area of a vertical plane below a
range line, bounded by a defined top
contour and the reservoir bed

Segment volume - the volume of part of a reservoir
contained between two given cross-
sections and below a defined contour

Sub-segment volume — the segment volume contained between
two defined contours (contour slice)

Sub-segiment end area — the cross-section area bounded between
two defined contours

Centour arca — the area of a plane surface contained
within a defined contour

Segment contour area — contour area contained within two
given range lines

Upsiream range line

Upper segmenl
contour area (Ay}

River flow
Lower segment
contour area{A)

Downstream
range line

... Reservoir
segment

Contour slicing technique — definition sketch

4,1.6 The initial storage volume of the reservoir is calculated using data
taken from contour maps. Considering a segment of a reservoir:

let: AU = upper segment contour area
A; = lower segment contour area
D = vertical increment between contours
V4s = initial sub-segment volume

then:

bs = Ay +A) X ¥ D

The initial segment volume (V) is then the summation of all the sub-
segment volumes bounded by the defined range lines:

5



4.1.7

4.1.8

Accuracy of
results 4.2

42,1

4.2.2

Kindaruma
Reservoir 4.3

4.3.1

4.3.2

43.3

Vos = 2ZVgg
and similarly, the total initial reservoir volume (V) is the summation
of all the segment volumes:

If, for each sub-segment, the volume (V) is divided by the sum of the
upstream and downstream sub-segment end areas (a; and aj) then the
resulting ratio (C) is known as the Constant Factor for the given sub-
segment and remains unchanged throughout the life of the reservoir.
C= Vo
@ + &g

Once this factor is determined for each sub-segment, it is only
necessary to multiply it by the sum of the corresponding sediment end
areas — obtained from subsequent reservoir surveys using the same
range lines — to determine the amount of sediment in the sub-
segment.

The Constant Factor method has been used for Kindaruma and
Kamburu reservoirs (using the Hunting’s data for 1965} and the results
are given in Tables 2 and 4 respectively. All the contour surface areas
and the sub-segment end areas were measured at HRS using a Perex
Digitising Table.

The contour maps were produced by Hunting Surveys Ltd. to a stated
accuracy in levels of + ¥4 (contour interval) which, in this instance, is
+ 1.524 m. At first glance, this would seem to cast considerable doubt
on the validity of any volumes or areas which are calculated from the
plotted contours. However, the technique of contour slicing, by using
each contour as the bottom of one slice and the top of the slice below,
cancels out the errors for all but the top slice where the surface contour
is used only once.

No information is available on the accuracy with which an experienced
operator using the Perex Digitising Table is able to measure areas, but
trials with measuring a known area have shown that consecutive
measurements consistently give values to within + 1% of the mean.

The maximum top water level was assumed to be +2563ft Kenya
Datum (+781.20 m KD) and the location of this contour was drawn
on the Hunting’s maps by interpolation between the +2560ft and
+2570ft contours. Data along each range line were collected as
described in section 3.3 of this report, and the results are listed in
Table 1 and plotted in Figures 4 to 13,

Table 2 lists all the areas taken from the contour map and the plotted
cross-sections, together with the calculated sub-segment volumes and
Constant Factors.

The total reservoir volume, obtained from a summation of the
individual segment volumes measured on Hunting’s contour maps, is
seen to be 18.3 x 106 m3 which compares favourably with the stated
capacity of 16.2 x 106 m3 (see paragraph 2.3). With a maximum water
surface area of 2.5 x 106 m2, this difference in volume represents a
change in water level of 0.8 m. The average ground slope at top water
level is about 7% and so a change in level of 0.8 m may be achieved by

6



4.3.4

Kamburu Reservoir 4.4
4.4.1

4.4.2

6.2

6.3

6.4

6.5

moving the water line approximately 5.7m horizontally. On the
Hunting’s maps, this would be equivalent to a distance of just over 0.4
mm and is well within the accuracy with which a line may be followed
on the digitising table.

A stage/capacity curve has aiso been produced using the data given in
Table 2, and it is included in this report as Figure 14,

A similar desk exercise was carried out for Kamburu reservoir and the
data are listed in Tables 3 and 4 from which it will be seen that the total
capacity was calculated to be 133.2 x 106 m3. The reservoir capacity
quoted during the design phase was 150 x 105 m3 (see paragraph 2.4);
this shows the measured volume to be approximately 11% down on
the given figure. A similar argument to that followed in paragraph
4.3.3 also applies in this case and so the data are considered to be
within an acceptable tolerance.

A stage/capacity curve using data taken from Table 4 is given as
Figure 45,

Conclusions

This report has given details of methods used in the production of base
data taken from an aerial survey flown in 1965, The contour slicing
technique described in Section 4 has produced reservoir data which
compare favourably with those quoted during the design phases of
Kindaruma and Kamburu reservoirs. It is therefore concluded that the
“Constant Factors’ computed using data abstracted from the 1965
survey by Hunting Surveys Ltd. may be used as a base for the analysis
of reservoir sedimentation rates.
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TABLE 1 Kindaruma base data survey, February 1965

Notes:

1. Distances and levels taken from Hunting Surveys Ltd., Tana River
Survey, Sheet 10, February 1965.

2. Sections as defined for hydrographic surveys started June 1981,
(Ref 2)

3. Distances (mefres) measured from left-hand beacon looking
downstream.

4. Levels (metres) relative to Kenya Datum,
5. Co-ordinates apply to a Plane Local Engineering Grid.

Section K1

Length of section = 230.77m

Right-bank beacon co-ordinates = 4394.041, 5059.330
Left-bank beacon co-ordinates = 4288.175, 5261.382

Distance Level Distance Level Distance Level

-23 783.34 160 771.14 201 774.19
+13 780.29 106 river 214 771.24
48 777.24 151 225 780.29

74 774.19 175 771.14 238 783.34

Section K2

Length of section = 301.42m

Right-bank beacon co-ordinates = 4658.181, 5258.709
Left-bank beacon co-ordinates = 4781.678, 5533.670

Distance Level Distance Level Distance Level

— 9 783.34 32 fiver 162 771.14
+ 5 780.29 55 177 774.19
11 777.24 80 river 126 777.24
18 774,19 97 291 780.29
30 771.14 123 river 417 783.34
142
Section K3

Length of section = 386.87m

Right-bank beacon co-ordinates = 5372.964, 5394.913
Left-bank beacon co-ordinates = 5047.159, 5603.526

Distance Level Distance Level Distance Level

~16 783.34 143 771.14 305 774.19
+ 8 780,29 160 river 341 777.24
30 777.24 279 373 780.29
56 774.19 286 771.14 411 783.34



TABLE 1 {(cont’d)
Section K4

Length of section = 539.83m

Right-bank beacon co-ordinates = 5574.572, 5606.418
Left-bank beacon co-ordinates = 5540.887, 6145.196

Distance Level Distance Level Distance Level

- 33 783.34 299 768.10 455 - 774.19
+ 11 780.29 313 river 475 777.24
48 777.24 400 523 780.29
75 774.19 404 768.10 578 783.34

288 771.14 443 771.14

Section K5

Length of section = 551.36m

Right-bank beacon co-ordinates = 6131,429, 5825,573
Left-bank beacon co-ordinates = 5672.262, 6130.800

Distance Level Distance Level Distance Level

- 29 783.34 350 river 571 777.24
+ 11 780.29 454 535 780.29
74 777.24 478 774.19 574 783.34

200 774.19

Section K6

Length of section = 425.89m

Right-bank beacon co-ordinates == 6481.521, 6426.064
Left-bank beacon co-ordinates = 6154.345, 6698.721

Distance Level Distance Level Distance Level

-17 783.30 144 771.14 349 774.19
+16 780.29 146 river 383 777.24
59 777.24 232 416 780.29

98 774.19 311 771.14 456 783.34

Section K7

Length of section = 458,25m

Right-hand beacon co-ordinates = 7000.000, 7000.000
Left-hand beacon co-ordinates = 6725.594, 7367.006

Distance  Level Distance Level Distance Level

—24 783.34 128 771.14 248 771.14
+ 10 780.29 138,  768.10 316 774.19
43 777.24 139 river 376 777.24
89 774.19 230 430 780.29

238 768.10 500 780.29



TABLE 1 (cont’d)
Section K8

Length of section = 997.52m

Right-bank beacon co-ordinates = 7000,000, 7000.000
Left-bank beacon co-ordinates = 7341.173, 7937.364

Distance Level Distance Level Distance

— 34 783.34 326 river 660
+ 27 780,29 517 668
57 777.24 580 river 672

121 774.19 592 687
293 771.14 610 river 755
315 768.10 641 932
980

1180

Section K9

Length of section = 593.28m

Right-bank beacon co-ordinates = 7000.000, 7000.000
Left-bank beacon co-ordinates = 7593.186, 7010.760

Distance Level Distance Level Distance

— 14 783.34 203 768.10 403
+ 16 780.29 226 768.10 465

58 777.24 239 river 488
90 774.19 278 490
139 771.14 290 river 503
178 768.10 303 539
190 river 318 768.10 574
191 350 768.10 639

Section K10

Length of section = 525.05m

Right-bank beacon co-ordinates = 5372.964, 5394.913
Left-bank beacon co-ordinates = 4952.171, 5080.888

Distance Level Distance Level Distance

- 19 783.34 212 771.14 317
+ 10 780.29 213 river 428
42 777.24 223 504
112 774,19 224 771.14 579

Level

river

768.10
771,14
774.19
777.24
780.29
783.34

Level

river

768.10
771.14
774.19
771.24
780.29
780.29

Level

774.19
777.24
780.29
783.34
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TABLE 3 Kamburu base data survey, February 1965

Notes:

1. Distances and levels taken from Hunting Surveys Ltd., Tana River

Survey, Sheets 7 & 8, February 1965,

2. Sections as defined for hydrographic surveys starting June 1981.

(Ret 2)

3. Distances (metres) measured from left-hand beacon looking

downstream.
4. Levels (metres) relative to Kenya Datum.
5. Co-ordinates apply to a Plane Local Engineering Grid.

Section TN3

Length of section = 430.13m

Right-bank beacon co-ordinates = 46066.858, 55813.814
Left-bank beacon co-ordinates = 46434.584, 56036.950

Distance Level Distance Level Distance Level

-9 1008.89 3 river 279 1002.79

+ 7 1005.84 128 367 1005.84
22 1002.79 129 999.74 445 1008.89
30 999.74

Section TN4

Length of section = 415.16m

Right-bank beacon co-ordinates = 46131.990, 55580.348
Left-bank beacon co-ordinates = 46546,838, 55596.497

Distance Level Distance Level Distance Level

- 19 1008.89 136 river 343 1005.84

+ 36  1005.84 200 395 1008.89
113 1002.79 211 999,74 455 1011.94
126 999.74 216 1002,79

Section TN5

Length of section = 190.15m

Right-bank beacon co-ordinates = 458981043, 55100.831
Left-bank beacon co-ordinates = 46005.212, 54943.757

Distance Level Distance Level Distance Level

—11 1008.89 93 999,74 186 river
+13 1005.84 118 996.70 189 1005.84
40 1002.79 126 river 203 1008.89



TABLE 3 (cont’d)
Section TN6

Length of section = 229.02m

Right-bank beacon co-ordinates = 45792,910, 54408.552
Left-bank beacon co-ordinates = 45984,136, 54534.572

Distance Level Distance Level Distance Level

~29 1008.89 63 996.70 180 999.74
+9 1005.84 70 river 186 1002.79
25 1002,79 125 208 1005.84

50 999.74 143 996.70 237 1008.89

Section TN7

Length of section = 320.06m

Right-bank beacon co-ordinates = 45733.272, 53914.675
Left-bank beacon co-ordinates = 46048.696, 53860.411

Distance Level Distance Level Distance Level

—28 1011.94 85 993.65 228 999.74

+13 1008.89 90 river 268 1002.79
25 1005.84 175 306 1005.84
49 1002.79 193 993.65 313 1008.89
70 999,74 200 996.70 365 1011.94
76 996.70

Section TNS

Length of section = 387.75m

Right-bank beacon co-ordinates = 45619.031, 53173.360
Left-bank beacon co-ordinates = 45992.969, 53070.774

Distance Level Distance Level Distance Level

- 11 1008.89 203 993.65 336 999,74
+ 15 1005.84 214 river 350 1002,79
44 1002.79 R) B 364 1005.84

88 999,74 34 993.65 376 1008.8%
150 996.70 325 996.70 413 1011.94

Section TN9

Length of section = 304.61m

Right-bank beacon co-ordinates = 45333.109, 52784.194
Left-bank beacon co-ordinates = 45309.501, 52480.496

Distance Level Distance Level Distance Level

- 9 1008.89 183 993.65 239 999.74
+ 8 1005.84 188 river 258 1002.79
30 1002.79 209 288 1005.84
50 999.74 214 993.65 300 1008.89
136 996.70 224 996.70 319 1011.94



TABLE 3 (cont’d)
Section TN10L

Length of section = 288.86m

Right-bank beacon co-ordinates = 46110.462, 52292,549
Left-bank beacon co-ordinates = 46345.034, 52461.159

Distance Level Distance Level Distance Level

—15 1011.94 63 993.65 188 993,65
+35 1008.89 74 990.60 211 996.70
14 1005.84 75 river 220 999,74
36 1002,79 101 250 1002.79

50 999.74 163 990.60 286 1005.84
51 996.70

Section TN10R

Length of section = 387.99m

Right-bank beacon co-ordinates = 45656.068, 52365.467
Left-bank beacon co-ordinates = 46043.449, 52343,933

Distance Level Distance Level Distance Level

- 3 1008.89 125 river 313 996.70
+ 13 1005.84 145 325 999.74
34 1002.79 153 river 338 1002.79
49 999.74 288 358 1005.84

65 996.70 294 990.60 367 1008.94
86 993.65 300 993.65 399 1011.94
111 990.60

Section TN11

Length of section = 701.11m

Right-bank beacon co-ordinates = 46318.403, 51521.417
Left-bank beacon co-ordinates = 46872.444, 51951.055

Distance Level Distance Level Distance Level

- 36 1011.94 261 987.55 508 993.65
+ 13 1008.89 265 984.50 538 996.70
30 1005.84 283 river 570 999.74
75 1002.79 363 595 1002.79

113 999.74 368 984.50 644 1005.84
136 996.70 369 987.55 700 1008.89
150 993.65 449 990.60 748 1011.94
213 990.60



TABLE 3 (cont’d)
Section TN12

Length of section = 645.25m

Right-bank beacon co-ordinates = 46951.680, 51104.348
Left-bank beacon co-ordinates = 47176.811, 51709.042

Distance Level Distance Level Distance Level

- 3 1008.89 164 984.50 381 9%0.60
+ 20 1005.84 175 081.46 436 993.65
30 1002,79 200 river 475 996.70
60 999,74 270 526 999.74

88 996.70 283 981.46 575 1002.79
106 993.65 306 984.50 624 1005.84
125 990.60 326 987.55 700 1008.89
153 987.55

Section TN13

Length of section = 1006.65m

Right-bank beacon co-ordinates = 47495.262, 50819.044
Left-bank beacon co-ordinates = 47712.954, 51801.874

Distance  Level Distance  Level  Distance  Level
— 60 1005.84 255 984.50 623 999.74
+ 30 1008.89 274 981.46 654 1002,79

67 1008.89 289 river 749 1002.79
107 1005.84 349 787 999.74
134 1002.79 374 981.46 814 996.70
154 999.74 400 984.50 862 996.70
174 996.70 424 987.55 924 999.74
200 593.65 482 990.60 960 1002.79
213 §90.60 537 993.65 1004 1005.84

239 987.55 574 996.70 1039 1008.89

Section TN14

Length of section = 1438.84

Right-bank beacon co-ordinates = 47495.262, 50819.044
Left-bank beacon co-ordinates = 48922.414, 51002.099

Distance  Level  Distance  Level Distance  Level
— 11 1008.89 501 978.41 821 981.46
+ 40 1005.84 532 g river 990 081.46

88 1002.79 591 1097 984.50
146 999.74 602 978.41 1140 987.55
190 996.70 615 981.46 1190 990.60
215 993.65 717 981.46 1235 993.65

236 990.60 728 978.41 1308 996.70

283 990.60 740 £ ver 1339 999,74
365 990.60 763 1372 1002.79
415 987.55 767 978.41 1438 1005.84
452 984.50 775 981.46 1472 1008.89

480 981.46



TABLE 3 (cont’d)
Section TNISL

Length of section = 602.53m

Right-bank beacon co-ordinates = 48440.060, 50641.568
Left-bank beacon co-ordinates = 48922.414, 51002.099

Distance Level Distance Level Distance Level

— 16 1008.89 375 984.50  rises at a flat
+ 11 1005.84 423 081.46  slope up to
48 1602.79 431 978.41

78 999.74 438 river 587 1005.84
113 996,70 450
144 993.65 469 river and beyond

213 990.60 513
356 987.55

Section TN15R

Length of section = 388.04m

Right-bank beacon co-ordinates = 48133.317, 50301.086
Left-bank beacon co-ordinates = 48376.850, 50603.185

Distance Level Distance Level Distance 7 Level
+ 12 1005.84 260 003,65 362 1005.84
62 084,50 262 996,70 392 1008.89
187 987.55 303 999,74 437 1011.94

220 990,60 338 1002.79

Section TN16

Length of section = 861.74m

Right-bank beacon co-ordinates = 49352.499, 50299.133
Left-bank beacon co-ordinates = 49430.834, 51157.308

Distance Level Distance Level Distance Level

- 3 1008.89 365 978.41 566 984.50
+ 29 1005.84 379 975.36 610 987.55
33 1002.79 386 river 652 990.60
129 999.74 404 704 993.65
181 996.70 452 river 781 996.70
224 993.65 506 809 999.74
270 990.60 516 975.36 834 1002.79
305 987.55 524 978.41 854 1005.84

319 984.50 529 981.46 883 1008.89
347 981.46



TABLE 3 (cont’d)
Section TN17

Length of section = 1035.14m

Right-bank beacon co-ordinates = 50000.000, 50000.000
Left-bank beacon co-ordinates = 50000.000, 51035.139

Distance Level Distance Level Distance Level

- 1 1008.89 360 972.31 711 978.41
+ 50 1005.84 426 river 715 981.46
106 1602.79 450 750 984.50
157 999.74 510 972.31 786 987.55
193 996.70 514 975.36 813 990.60
228 993.65 538 978.41 847 993.65
253 990.60 564 981.46 388 996.70
283 987.55 616 981.46 920 599,74
294 984.50 636 978.41 963 1002.79

320 981.46 663 975.36 1025 1005.84
334 978.41 675 972.31 1110 1008.89
350 975.36 686 975.36



TABLE 3 (cont’d)
Section TB1

Length of section = 288.99m

Right-bank beacon co-ordinates = 50896.304, 56346.697
Left-bank beacon co-ordinates = 50930.219, 56059.701

Distance Level Distance Level Distance Level

- 3 1014.98 114 river 193 1002.79

+ 36 1008.89 154 278 1008.89

83 1002.79 155 996.70 400 1014.98
113 996.70

Section TB2

Length of section = 330.13m

Right-bank beacon co-ordinates = 50262.878, 56190.396
Left-bank beacon co-ordinates = 50349.472, 55871.823

Distance Level Distance Level Distance Level
—14 1014.98 113 996.70 153 996,70
+ 25 1008.89 114 233 i002.79

74 1002.79 152 rver 349 1008.89

Section TB3

Length of section = 521.11m

Right-bank beacon co-ordinates = 49344,238, 55635.286
Left-bank beacon co-ordinates = 49831.657, 55450.965

Distance Level Distance Level Distance Level
— 94 1014.98 338 966.70 418 996.70
+ 15 1008.89 339 river 421 1002.79

234 1002.79 417 528 1008.39

Section TB4

Length of section = 377.0lm

Right-bank beacon co-ordinates = 49126.349, 55173.032
Left-bank beacon co-ordinates = 49476.381, 55032.986

Distance Level Distance Level Distance Level

- 30 1008.89 274 993.65 331 996.70
+ 24 1005.84 286 river 338 999.74
78 1002.79 3i4 358 1002.79

149 999.74 325 993.65 413 1008.89
256 996.70



TABLE 3 (cont’d)
Section TB5

Length of section = 472.17m -

Right-bank beacon co-ordinates = 48946,234, 54858.508
Left-bank beacon co-ordinates = 49231,345, 54842.131

Distance Level Distance Level Distance Level

- 25 1011.94 155 996.70 288 996.70

+ 5 1008.89 193 993.65 438 996.70
28 1005.84 200 river 456 996.70
68 1002.79 229 498 999.74
108 999.74 238 993.65

Section TB6

Length of section = 411.73m

Right-bank beacon co-ordinates = 48597.509, 54559.585
Left-bank beacon co-ordinates = 48843.696, 54229.567

Distance Level Distance Level Distance Level

— 29 1008.89 282 993.65 378 999.74
+ 14 1005.84 297 river 404 1002.79
50 1002.79 332 413 1005.84

98 999.74 342 993.65 438 1008.89
150 996.70 354 996.70

Section TB7

Length of section = 473.72m

Right-bank beacon co-ordinates = 48240.387, 53960,459
Left-bank beacon co-ordinates = 48600.814, 53653.054

Distance Level Distance Level Distance Level

— 15 1608.89 185 990.60 358 996.70
+ 15 1005.84 200 river 386 999.74
50 1002.79 238 423 1002.79

89 999.74 263 990.60 458" 1005.84
130 996.70 293 993.65 493 1008.89
163 093.65

Section TB8

Length of section = 475.00m

Right-bank beacon co-ordinates = 48011.752, 53322.934
Left-bank beacon co-ordinates = 48472.142, 53207.688

Distance Level Distance Level Distance Level

+ 6 1005.84 255 987.55 392 996.70
30 1002.79 272 river 408 999.74
63 999.74 297 437 1002.79

131 996.70 301 987.55 463 1005.84
212 993.65 312 990.60 496 1008.89
236 990.60 380 993.65



TABLE 3 (cont’d)
Section TB9Y

Length of section = 1252.90m

Right-bank beacon co-ordinates = 47741.689, 52616.207
Left-bank beacon co-ordinates = 48991.000, 52521.430

Distance Level Distance Level Distance Level

0 1005.84 392 990.60 954 999.74

+ 48 1002.79 516 990.60 979 996.70
104 999.74 539 987.55 1011 993.65
134 996.70 569 987.55 1103 993.65
163 993.65 603 990.60 1121 996.70
183 990.60 629 993.65 1146 999.74
194 987.55 687 996.70 1191 1002.79
216 river 728 699.74 1238 1005.84
229 809 1602.79 1278 1008.89

256 987.55 928 1602.79 1334 1011.94

Section TB10

Length of section = 731.87m

Right-bank beacon co-ordinates = 47723.109, 52313.361
Left-bank beacon co-ordinates = 48433.034, 52135.834

Distance Level Distance Level Distance Level

—~ 13 1008.89 338 984.50 514 990.60
+ 22 1005.84 363 981.46 542 993.65
76 1002.79 381 civer 586 996.70
114 999.74 426 623 999.74
163 996.70 428 981.46 674 1002.79
204 993.65 463 981.46 710 1005.84
233 990.60 476 984.50 737 1008.89
262 987.55 488 987.55 779 1011.94

Section TB11

Length of section = 1092.07m

Right-bank beacon co-ordinates = 47712.954, 51801.874
Left-bank beacon co-ordinates = 48796.645, 51666.830

Distance Level Distance Level Distance Level

- 99 1008.89 530 981.46 804 990.60
+ 25 1005.84 550 978.41 838 993.65
88 1002.79 567 river 918 996.70
139 999.74 599 950 999,74

175 996.70 609 978.41 1000 1602.79
204 993.65 678 981.46 1060 1005.84
250 990.60 714 984.50 1090 1008.89
295 987.55 765 987.55 1148 1011.94
367 984.50



TABLE 3 (cont’d)
Section TB12

Length of section = 1449,95m

Right-bank beacon co-ordinates = 47712.976, 51801.861
Left-bank beacon co-ordinates = 48922.414, 51002.099

Distance Level Distance Level Distance Level

- 49 1005.84 549 984.50 1064
+ 100 1005.84 577 981.46 1112
139 1002.79 583 978.41 1133 978.41
164 999.74 589 river 1152 981.46
182 996.70 652 1194 984.50
204 996.70 664 978.41 1229 987.55
239 999.74 706 981.46 1259 990.60
381 999.74 722 984.50 1288 993.65
415 996.70 737 987.55 1307 996.70
450 993.65 979 987.55 1342 999,74
489 990.60 1014 984,50 1370 1002.79
535 087.55 1030 981.46 1414 1005.84
1052 978.41 1468 1008.89

river
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Kamburu Reservoir section TB1
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Kamburu Reservoir section TB6
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