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Abstract

Choosing a suitable site for dam is a crucial phase in dam construction. A
successful outcome of this effort is initiated by taking into consideration
some watershed properties and characteristics. This study aimed to investi-
gate hydrological information for dam site selection by integrating GIS with
AHP Multi-Criteria Decision Analysis to establish hydrologic characteristics
of the region suitable for a dam construction. The method used was based on
consideration of seven criteria which included topographic factors (slope),
geological factors, soil type, catchment size, land cover, proximity to river and
proximity to roads. Data from ASTER GDEM was utilized for generating
various topographic parameters while Geological Maps from Kenya Depart-
ment of Mines were used for depicting rock formation/structure. Soil data
from ILRI was used to show the distribution of the various soil categories.
Land cover, roads and river centrelines were also used. This data was proc-
essed in ArcGIS to generate thematic layers of each criterion, on which
weight was assigned depending on the most important factor. Weighted
overlay analysis was applied to obtain layers showing suitable sites for dam
construction. A final suitability map was established showing four possible
sites of highly suitable areas for dam construction, with a capacity of 8.3 mil-
lion m® to North East, 14.9 million m® to West, 26.9 million m’ to North West
and 269.2 million m® to North East of the study area. The larger site was the
most recommended due to its narrow formation of contour troughs and
ridges allowing for various dam options.
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1. Introduction

Constructing a dam is an important solution to curbing water problem for both
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domestic and irrigation purposes, which mostly occurs due to poor rainfall and
prolonged dry seasons which lead to droughts. For this effort to be achieved
successfully, it should be primarily centered on finding a suitable site for the
dam. The main problem is to identify an effective, efficient and accurate method
for dam site selection that will provide accurate terrain investigation and ade-
quate information on the selected site for proper planning and design.

In this study, use of GIS and AHP Multi-Criteria Decision Analysis was pre-
ferred as a possible way of making optimal decisions in selecting a suitable site
for dam construction. Major considerations involved GIS capabilities to acquire,
store, retrieve, manipulate and analyze data while AHP Multi-Criteria Decision
Analysis capabilities combined the geographic data with decision maker’s pref-
erences into alternative judgments [1].

Selecting a suitable site for an earth dam requires thorough consideration of
several factors which include the watershed properties, such as slope, soil, geol-
ogy, land cover and catchment, as well as social-economic factors, such as prox-
imity to road and proximity to river among others [2]. Slope and the physical
characteristics of the area are the most influential factors as they determine the
inundation behaviour of the area under consideration [3]. Slope constitutes a
major controlling factor on whether dam construction is essential to creating an
appropriate habitat and at the same time, it dictates the river energy and veloc-
ity, hence closely connected with flood plain extent and river bank materials [4].

Remote sensing and GIS techniques application in hydrology are the utmost
effective methodologies [5], which provides valuable datasets for examining hy-
drological variables and morphological changes for small, medium and large re-
gions at different scales both spatial and temporal [3]. GIS significantly enhances
the value of spatial analysis in land use administration as well as automatic de-
lineation of drainage systems and fundamental catchments [6].

While GIS will provide layers dedicated for each factor in which weighting is
done in AHP Multi-Criteria Decision Analysis, determination of suitable sites

for dam construction is done using a weighted overlay process.

2. Factors for Suitable Dam Site Location

Different factors and corresponding criterion that were considered in the selec-
tion of a suitable site for dam construction are presented in Table 1. Each of the
factors is described afterwards.

Topography is one of the major factors considered in the construction of
earth dams with an appropriate reservoir [2]. Topography exerts a dominant
control on flow routing through upstream catchment [7]. DTM, which provides
a bare land representation of terrain or surface Topography [8], is very crucial
for topographic characterization as it represents the ground surface, hydrological
boundaries and terrain attributes which includes slope and aspect [9]. A
well-drained, gently sloping site is preferable as it minimizes construction costs.

Slope also influences the safety of dams since large degrees of slope has a higher
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Table 1. Selected criteria.

Factor Explanation based on experts opinion

Slope (Topography) The gentle the slope the better

Geology Stronger foundations are preferred for dam construction

Soil type The lower the soil infiltration rate , the better

Land Cover Land cover prone to soil erosion .are less conducive for dam
construction

Proximity to Rivers The nearer the dam to the river ie. <1000 m, the better
Proximity to roads The nearer the dam to the major roads buffer ze. <1000 m, the better

The bigger the catchment size , the more water it can provide for the

Catchment size
dam

risk of landslide and gives more pressure on foundations [10].

Geological foundation within a dam site often influences the type of dam
suitable for that particular site [11]. Geological conditions not only regulate the
character of formations, but also direct the available materials for dam construc-
tion [12]. Competent rock foundations have relatively high resistance to erosion,
filtration and pressure, which includes igneous rocks such as granite among
others [10]. One of the most important factors is a site with impermeable geo-
logical/dam foundation and without leakage, while it provides ease of construc-
tion as well as a guaranteed firm structure [13].

Soil type affects the volume of water that can infiltrate. Foundations of
fine-grained soils which are water-resistant enough are recommended for a dam
construction [11], which includes clay soils and their combinations [14].

The land cover of an area reflects the current use of the land and pattern as
well as the importance of its use in relation to the population and its connection
with the prevailing development [15]. Changes in land use and vegetation usu-
ally affect the water cycle and its influence is a function of the density of plant
cover and morphology of plant species [16].

A suitable dam site should have a catchment area that is not so small such that
the water is not sufficient enough to fill the dam, neither should it be so big such
that it may require an expensive spillway [14]. This is guided by the catchment
areas or the size of the drainage basin within the area.

The dam site should be easily accessible, so that it can be economically con-

nected to the required population [17].

2.1. Hydrological Modelling for Dam Site Selection

GIS technology plays a useful role in all dimensions of drainage basin manage-
ment, ranging from evaluating drainage basin characteristics all the way to mod-
elling of human activities impacts [18]. Initial steps for hydrologic modelling in
performing dam site selection comprises of delineation of streams and drainage

basins, followed by determination of crucial watershed properties which includes
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slope, length of flow, density of stream network among others.

Assessing and managing water resources for dam site selection are essentially
geographical activities which require handling of spatial data of different for-
mats. Integration of various GIS and simulation models is essential to improve
knowledge in water resource management for dams.

DEM has been commonly used for extraction of drainage patterns and other
properties of a drainage basin required for hydrological modelling for dam se-
lection. As described by [19], drainage network extraction and watershed de-
lineation are algorithms which are developed from a DEM to derive basic to-
pographic characteristics.

For dam site selection several Hydrological models are derived that collec-
tively describes a catchment’s drainage patterns. These include flow direction,
flow accumulation, watersheds and stream networks among others. These func-
tionalities forms the primary layers which are then integrated with other con-

tributing factors in a GIS environment to derive suitable dam sites.

2.2. Integration of GIS and AHP

GIS alone doesn’t have capabilities to include all decision elements related to
land suitability assessment, even though it has power in spatial analysis. Instead
it should be integrated with additional evaluation and assessment tools, like
AHP Multi-Criteria Decision Analysis methods.

AHP Multi-Criteria Decision Analysis has functionalities and characteristics
which makes it a suitable approach, as described by [20], and these characteris-
tics includes the capability to tackle decision which involves subjective judg-
ments, several decision makers and most importantly, the capability to offer
consistency measures of preference. AHP Multi-Criteria Decision Analysis is
described as a technique which is based on three principles of analysis: binary
comparison; summarizing; prioritizing and selection [2]. Within GIS, it is ap-
plied to define the weights for the selected criteria, and has the ability to deal
with inconsistent judgements.

The method is centred on the construction of a sequence of Pair-wise Com-
parison Matrices (PCMs), which all the criteria are compared to one another.
For PCM elements, [21] suggested a scale of numbers 1 to 9. These numbers In-
dicates the number of times more or less important an element is over the other.

Calculation of weight estimate is then done, which is used for derivation of a
consistency ratio (CR) of the pair-wise comparisons. As described by [22], PCM
comprises of a consistency check in which judgment errors are identified and a
consistency ratio is calculated. If CR is greater than 0.10, then some pair-wise
values requires some review and the procedure is repeated until the preferred
value of CR of less than 0.10 is obtained.

Overlay analysis is then done in order to get the overall summation of the
weight of each contributing factor. The overlay inputs includes all the contrib-

uting factor layers standardized to a common scale in a GIS environment. Each
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input raster is multiplied by the specified weight. It then adds all input rasters
together to obtain the final suitability map.

3. Materials and Methods
3.1. Study Area

The study area is located in Mbeere North Sub-County and lies approximately
between latitudes 0°25" and 0°35'S and Longitudes 37°32' and 37°50'E (see Fig-
ure 1). It covers approximately 514 km’ stretch along Ena River which intersects
major segments of three Wards in Mbeere North Sub-County: Evurore, Nthawa
and Muminji.

Mbeere North is mostly characterized by hot and dry semi-arid zones due to
low annual rainfall of less than 600 mm. Water shortage in the region has been a
constraining factor limiting both crop production and livestock rearing hence
leading to food insecurity.

According to [23], only 5% of Embu County is under irrigation and there is

great potential to expand irrigated area through water harvesting and storage in
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Figure 1. Study area.
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ponds pans and dams. The success of this effort is guided by finding a suitable

site for the dam construction.

3.2. Methodology

The study used AHP Multi-Criteria Decision Analysis integrated in a GIS envi-
ronment to determine suitable sites for an earth dam. The methodology was im-
plemented in 4 phases. Phase one involved planning and other necessary logis-
tics prior to project implementation. In phase two all necessary data was col-
lected based on the number of criteria determined. Appropriate attributes for
each criterion were established in phase three, and influence of each criterion
was also determined using AHP Multi-Criteria Decision Analysis. In the final
phase, the criteria organised as layers were combined by performing a weighted

overlay analysis to produce a suitability map.

3.3. Data Collection and Preparation

This study involved use of various datasets. The data required was governed by a
number of criteria that affect dam site selection which included Slope (Topog-
raphy), Geology, Soil type, Catchment size, Land Cover, Proximity to River
Centrelines and Proximity to roads.

The DEM data was obtained from the Advanced Space-borne Thermal Emis-
sion and Reflection Radiometer (ASTER) GDEM, with pixel size of 1 arc-second
(approximately 30 m). It was processed and used to generate elevation (DTM)
and slope as indicated in Figure 2.

The processed DTM was used for delineation of watershed and generation of
stream network according to the process flow in Figure 3.

The geology of the study area was obtained from Kenya Department of Mines
and is dominated by granitoid gneisses, undifferentiated predominantly irregu-
larly banded magmatic gneisses, kenyte lava, agglomerate and tuff rocks [24].
The permeability of gneisses and granite is originally very low but
orogeny-related deep-seated fracture or shear zone in these rocks serves as good
pass way or reservoir of ground water, therefore making the geology of the area
suitable for dam construction [25] (see Figure 4).

The soil in the study area was obtained from ILRI GIS services website [26],
consisting of four different classes ie. Clayey, loamy, sandy and very clayey as
illustrated in Figure 5.

The land cover data was sourced from Regional Centre for Mapping of Re-
sources for Development (RCMRD). This data was already classified into six
different types of land cover ie. Dense Forest, Wooded Grassland, Open Grass-
land, Open Water, Perennial Cropland and Annual Cropland as illustrated in
Figure 6.

The data for river and road centrelines is as shown in Figure 7. The dominant
river across Embu County, Ena River was derived from the DTM while the road

network was obtained from the topographical maps.
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Figure 2. Slope and elevation (DTM).

Value

Y -High:1792

- Low:623

Drainage Line
Processing

|| Drainage Point

Processing

DEM Fill Sink Flow Direction Flow
Reconditioning Accumulation

Catchment Catchment Grid Stream Stream
Polygon Processing Delineation Segmentation Definition

Figure 3. Terrain processing flow chart.

Name |Explanation

tvk Kenyte lava,aggromerate & tuff

XN Granitoid gneisses

xd Meta-dolerites

Xga Undifferenciated, predominantly irregularly banded gneisses
XC Meta-calcareous granulites

xh Hornblend biotite gneiss

Xsm Muscovite paragneisses & schists

tvk Kenyte lava,aggromerate & tuff

G1 Granitoid para-and ortho gneisses

Figure 4. Geology map.
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Figure 6. Land cover map.
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Figure 7. Road and river centreline.

3.4. Weighting of Factors Using AHP Multi-Criteria Decision
Analysis

Each factor was assigned a weight which indicated their significance. In this
study AHP pair-wise comparison method was used.

Several online programs are available for calculating AHP priority weights
which includes Microsoft Excel, BPMSG AHP Online System [27] among others.
The program used for this study was Microsoft Excel as described by [28].

The analysis utilizes seven different map layers as inputs in the suitability;
Slope, Geology, Soil type, Catchment size, Land Cover, Proximity to river and
roads. Each of these was converted into raster format.

The problem was decomposed into a level of hierarchy consisting crucial ele-
ments of the decision problem. The first layer indicates the goal of decisions
making, the second layer containing the criterion to be used and the third level
showing the decisions making attributes as shown in Figure 8.
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Figure 8. Three stage MCDA (goal, criteria and attributes).

An assessment of the relative importance of each criterion with one another
within a scale of 1 to 9 was used. This allows for the equitable comparison of in-
tensities of suitability, with 1 being factors of equal preference and 9 being the
factors with extreme preference over the other as shown in Table 2. In this
process, the main assumption is that if first factor has one of the above non-zero
numbers assigned to it when compared with the second factor, then the second
factor is assigned the reciprocal of the first e.g. if slope compared to land cover
has a factor of 9, then the land cover will have a factor of 1/9.

From previous studies on dam site selection, incorporated with the experts’
opinion on factors affecting dam site selection, the order of importance of each
criterion is as indicated in Table 3.

To determine the weight of each factor, Pair-wise Comparison was used as il-
lustrated in Table 4. A matrix was constructed in which relative to its impor-
tance, a criterion was compared with the other on a scale of 1 to 9.

The total was the summation of each column:

Slope = 1+%+%+l+l+l=22

3 7 9 5
Geology = 2+1+l+l+l+l:4
2 7 9 9
Soil type = 5+2+1+l+l+l+l:91
2 3 7 5 6

Catchment Size = 3+7+2+1+l+%+l:133

4
1 1
Land Cover = 7+7+3+3+1+5+E:22

Proximity toRiver=9+9+5+5+2+ 1+ %:31%

Proximity to Roads=9+9+7+5+2+2+1=35
while the intensity of importance is allocated to criterion / when compared to
criterion j the reciprocal value is assigned to criterion j as intensity of impor-
tance. For example, from the above matrix, 7/ (slope) = 9 while j (Proximity to

Road) = 1/9. After comparison between all possible criteria pairs is complete, the
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Weight (W) of criteria 7 is calculated using Equation (1). See Table 5 for the
calculated weight ().
S [ £ 0
Jj=1 i=1 j=1

Equation (1): Calculation of weight (source (Dai, 2016))
where:

Pij = Relative importance in pair-wise comparison of criterion 7 compared to
criterion 7

n = Number of factors

1 & j= Criterion

W = Priority Weight

The values used for pair-wise comparison usually rely on subjective judge-
ment which could lead to arbitrary results with bias. To evaluate the consistency
of pair-wise comparison matrix, a numerical index called Consistent Ratio (CR)
is used as indicated in Equation (2) below. CR shows the ratio of the Consistency
Index (CI) to the average consistency index, known as Radom Index (R/) as

shown in equation 3.

CR = % )
Equation (2): Calculation of Consistency Ratio
The calculation of CIis given as:
CI = (A —1)[n—1 (3)

Equation (3): Calculation of Consistency Index
where:

nis the number of factors = 7

Apax 18 the Principal Eigen Value

Amax = 2 of the products between each element of the priority vector and col-
umn totals

Apax = (2 2/5 % 0.3629) + (4 x 0.2924) + (9 1/6 x 0.1368) + (13 3/4 x 0.1057) +
(22 x 0.0460) + (31 1/2 x 0.0308) + (35 x 0.0254) = 7.6201

Cl=(7.6201-7)/7-1

=0.6201/6

=0.1033

The RI used depends on the number of criteria. This study has seven criteria
hence the RI used was 1.32 as indicated in Table 6.

CR= CI/RI
CR=0.1033/1.32
=0.07

According to [31], the value of CR is compared to 0.1 which is the maximum
CR value for an acceptable pair-wise comparison. The resulting CR for this
analysis is 0.07 which is less than the acceptable maximum CR value recom-

mended in AHP and therefore this consistency is acceptable.
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Table 2. Intensity of importance.

Intensity of
Importance

Equal Importance

Definition

Explanation

Two activities contribute equally to the

objective
Weak or slight
The judgment slightly
Moderate importance favour one activity over
another
Moderate plus
The judgment strongly
Strong importance favour one activity over
another
Strong plus
An activity is f: d t \
Very strong n activity is favoured very strongly over

another

Very, very strong

Extreme importance

The evidence favouring one activity over
another is of the highest possible order of
weight

Table 3. Order of importance.

Order of
Factor Argument
Importance
Slope influences dam safety since higher slopes have more risks of
Slope 1 landslides and usually give pressure to the foundation of the dam
(10]
The rock type within a certain region influences permeability of
Geology 2 the dam [25] which includes the capability of holding water for
the dam
Soil type 3 Different soil types have different infiltration rate which usually
P influence the runoff flowing to the dam [29]

Catchment Size 4 A Large catchment will provide sufficient water for the dam [30]
This is useful for examination of land that have different
economical cost depending on the land cover type and at the

Land Cover 5 . . . . .
same time land cover influences soil erosion which usually
creates a weak foundation for constructing a dam [10]

Proximit A suitable dam site should be within a buffer of one kilometre
rox1@1 ¥ 6 from the river. This was considered an economically sustainable
to River R . .

distance from the river (Experts opinion)

Proximity ; The dam site should be easily accessible, so that it can be
to Roads economically connected to the required population [17]
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Table 4. Pair-wise comparison.

Catchment Land  Proximity Proximity

Factors Slope  Geology  Soil type Size Cover  to Rivers to Roads
Slope 1 2 5 3 7 9 9
Geology 1/2 1 2 7 7 9 9
Soil type 1/5 172 1 2 3 5 7
Catchment Size 1/3 1/7 1/2 1 3 5 5
Land Cover 1/7 1/7 1/3 1/3 1 2 2
Proximity to River 1/9 1/9 1/7 1/5 1/2 1 2
Proximity to Roads 1/9 1/9 1/5 1/5 1/2 172 1
Total 22/5 4 91/6 13 3/4 22 311/2 35

Table 5. Weight determination.

i L .. Priority
Soil  Catchment Land ProximityProximity .
Factors Slope  Geology K . Weight
type Size Cover to River to Road
(W)
Slope 0.42 0.49 0.55 0.22 0.32 0.29 0.26 0.37
Geology 0.21 0.25 0.29 0.51 0.32 0.29 0.26 0.29
Soil type 0.08 0.12 0.11 0.15 0.14 0.16 0.20 0.17
Catchment Size  0.14 0.04 0.05 0.07 0.14 0.16 0.14 0.11
Land Cover 0.06 0.04 0.04 0.02 0.05 0.06 0.06 0.05
Proximity to River 0.05 0.03 0.02 0.01 0.02 0.03 0.06 0.03
Proximity to
0.05 0.03 0.02 0.02 0.02 0.02 0.03 0.03
Roads
Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Table 6. Random index values.
n 1 2 3 4 5 6 7 8 9 10

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

Source: [31].

3.5. Standardization

Values must be prioritized even within a single raster. This is because values in a
particular raster may be fit for your purpose while others may be undesirable
[32]. For example a slope of 0% - 9% is ideal for dam site selection. This was
done through a process of reclassification in ArcGIS.

To perform the reclassification, each raster dataset was reclassified into a
common scale of 1 to 5. With 5 being more favourable hence has the highest in-

fluence for dam site selection and 1 with the lowest influence.
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Classification of geological factors mainly depended on the permeability,
thickness and strength of rocks foundations at the area of interest [33]. Stronger
foundation was given the highest scale of 5 while weaker was given the lowest
scale of 1.

Dam site construction requires topography that is well-drained and gently
sloping. This is best as it minimizes construction costs as described by [34].
Gentle slope was given the highest scale of 5 steep slope was given the lowest
scale of 1.

The choice of the dam site should provide a large area for water storage and
this is determined by the size of the water catchment areas around the selected
area. Catchment size determines what water is available within a catchment [30].
A large catchment was given the highest scale of 5 while a small catchment was
given the lowest scale of 1.

According to [35], the land covered by plant biomass is more resistant to both
wind and water soil erosion and therefore usually experience moderately little
erosion. In this regard, Wooded Grassland was given a highest scale of 5.

The ranking of soil was done based on the soil infiltration rate. As described
by [29], the smaller the soil particles, the slower the water infiltration rate. To
ensure minimum loss of water through seepage soils must be impermeable, with
more than 20% clay [34]. Therefore clayey soil was given the highest scale of 5
and the sandy soil was given the lowest scale of 1.

The closer the dam to the river, the better for economical purposes. The clos-
est distance of 500 m buffer from the river centreline was given the highest scale
of 5 while distances beyond 3 kilometres were given a lower scale of 1.

The near the dam to transport networks, the better the accessibility [2].
Therefore short distances were given the highest scale of 5 and longer distances
were given the lowers scale of 1. Tables 7(a)-(g) show the corresponding stan-
dardized layers.

4. Results

The overlay inputs were all the layers standardized into a common scale of 1 to
5, with 5 being the most favourable as shown in Figure 9. By using the Weighted
Sum tool in ArcGIS, each input raster is multiplied by the specified weight. It
then overlays all input raster layers together to obtain the final suitability map
(Figure 10).

The map was reclassified into five suitability classes. A bar graph showing area
in kilometres and percentages for various suitability levels was also produced
(Figure 11).

As the map shows, the northern area towards Mt. Kenya highlands is showing
mixed levels of low suitability. This is probably because of changes in slope as
steep slopes are dominant as we approach Mt. Kenya. Suitability increases as we
move towards the interior of Mbeere North Sub-County. This is probably fa-

voured by flat slopes within the area.
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Table 7. (a) Summary of ranking for slope; (b) Summary of ranking for Geology; (c)
Summary of ranking for Soil; (d) Summary of ranking for Catchment; (¢) Summary of
ranking for Land cover; (f) Summary of ranking for Rivers; (g) Summary of ranking for
Roads.

(2)

Slope (%) Rank

0-9 5

9.1-16 4

16.1 -25 3

25.1-40 2

40.1-92 1

(b)

Geology (Rock type) Rank

irregularly banded migmatitic gneiss 5
Kenyte lava, aggiomerate and tuff 4

Granitoid gneiss 3

(c)

Soil type Rank

Very Clayey 5
Clayey 4
Loamy 3
Sandy 2

Very Sandy 1

(d)

Catchment Size (km sq.) Rank

1.87 -2.11 5

1.03 - 1.86 4

0.726 -1.02 3

0.451 - 0.725 2

0.02 - 0.45 1

(e)

Land Cover Rank

Wooded Grassland 5
Open Grassland 4
Annual Cropland 3
Perennial Cropland 2

Forested area 1
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®
Proximity to River (km) Rank
0-0.5 5
0.5-1.0 4
1.1-15 3
1.51-2.0 2
2.01 and above 1
(®
Proximity to Roads (km) Rank
0-1.0 5
1.1-2.0 4
2.1-3.0 3
3.1-4.0 2
4.1 and above 1

Landcover

Figure 9. Standardized layers.
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Figure 10. Suitability map.
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Figure 11. Summary of suitability.

10% of the total study area showed that the area was highly suitable, 14% was
suitable, 45% was moderately suitable, 23% was low suitable while 8% was not
suitable for dam construction. The highly suitable classification had four possi-
ble sites with dam water capacity of 8.3 million m® to North East, 14.9 million m’
to West, 26.9 million m® to North West and 269.2 million m’ to North East of
the study area.

The larger water capacity site was the most recommended due to its narrow
formation of contour troughs and ridges allowing for various dam options. Wide
contours mostly lead to a very big dam which is not economical in most cases as
demonstrated in Figure 12.

The elevation within the study area ranges between 638 to 1798m above sea
level. After comparing the suitability map with the elevation map, the high suit-
ability areas lies within fairly flat elevation of between 850 to 950 m as well as

within areas of gentle slope of between 2% to 9%. The suitable areas also lies
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within the drainage basin meaning the dam will be able to get water from all
possible catchments within the available drainage basin. All unsuitable areas
were the areas around Kiang’ombe Hills, depicting steep slopes within the area
which are not suitable for dam construction.

Co-ordinates provided by Tana Water Services Board (TWSB) in their report
on the development of three dams in Embu County were added on the suitabil-
ity map. One of the three TWSB points fell on the suitable site of the study area
as illustrated in Figure 13. Further surface area and volume analysis was done
on two possible reservoirs from site A (Proposed Kamumu Dam) and Site B
(Highly Suitable area). Site A had less surface area and volume than site B (see
Figure 14). In reality, site B would provide more water for the residents than site
B, one of the reason in which site B would be preferred to site A.

On the other hand, site B is more preferred as the area is large enough such
that there is enough site for weir length adjustment in case of enlargement or
reduction of the reservoir size. This is not the case with the proposed site. Suit-
ability of the proposed site is within a small area and the surroundings are low
suitable areas and therefore cannot provide enough room for adjustments or al-
ternatives if need be.

From the available documents and research on the proposed Embu dams, it is
evident that GIS as well as AHP Multi-Criteria Decision Analysis was not ap-
plied during site selection. Even though the location was on a suitable site, GIS
analysis integrated with AHP Multi-Criteria Decision Analysis would have re-
sulted on a highly suitable location.

Reservoir A: Proposed Dam

Surface Area = 3,386,272.22 m sq.

Volume = 102,043,012.63 m cubed

Reservoir B: Highly Suitable Site

Surface Area = 9,168,965.44 m sq.

Volume = 269,240,464.04 m cubed

Figure 12. Contour troughs and ridges.
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Proposed Kamumu Dam Site

:"|._ . - ‘{I

Figure 14. Possible reservoirs.

5. Conclusions

From the results, it is evident that integrating GIS with AHP Multi-Criteria De-
cision Analysis has been successful in establishing hydrological information of
the region which has guided in arriving at suitable locations for dam site selec-
tion. Therefore, both are proficient and supportive decision-making tools.

The result indicates that integration of GIS with AHP Multi-Criteria Decision
Analysis for a dam site selection is feasible and effective. Powered by GIS ana-
lytical capabilities and Geospatial technologies, dam site selection and planning
can be done in a more effective and scientific way. This is contrary to manual
methods of dam site selection using topographic maps and contours, without

consideration of terrain properties which can only be discovered by GIS analysis.
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This study provides a reference for future GIS based dam site selection espe-

cially in areas where integration of GIS with Multi-Criteria Decision Analysis for

a dam site selection is yet to be implemented.
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