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ABSTRACT

The studied area, Holeta River Catchment, lies in the central part of the
country, 28 km west of Addis Ababa in Oromia Regional National State.
The area is bounded between Latitude 8°53°23” to 9°13’28” North and
Longitude 38°20°45” to 38°36’48”East. It is a sub-catchment of upper
Awash drainage basin with a total surface area of 508 km? and perimeter

125.54km.It has an elevation range of less than 2060 t0 3380m.a.s.l.

The basaltic lava flows (Alaji and Tarmaber-Megezez formation), Trachytic
and Rhyolitic Volcanic rocks, pyroclastic deposits and quaternary

Alluvial sediments are major geologic units in the area.

On annual basis, the area has 1094.5mm, 981.3mm, 595.8mm, and
304.2mm of mean total rainfall, Potential Evapotranspiration (PET),
Actual Evapotranspiration (AET), and groundwater recharge respectively.

The mean annual temperature of the area is 16.2eC.

Population density of Holeta River catchment varies from 15.83 persons
per hectare to 0.52 persons per hectare. The existing land use/land cover
patterns in the area are broadly divided into six groups as:
Agriculture/grass land area (63.95%), forest land (6.46%), bare rock
(1.09%), urban area (0.69%), bushes/shrubs (26.13%), and wetland
cover (1.69%) of the total land use cover. The dominant soil types in
study area are; cambisols (67%), vertisols (0.78%), and Alluvilal soil
(0.78%) of the total soil cover. The soil thickness varies from less than
2.1m to greater than 9.1m and the major soil texture classified as; silty

clay, clay, and sandy loam respectively.

Studies shows that, the major aquifer type of the area are: Alluvial

deposits, buried valley deposits, and weathered and fractured basalts.

Assaminew Gebeyehu, 2007 |
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The major possible pollutant sources of groundwater are; Agricultural
activities (both point and non-point sources), municipal/domestic waste
disposal, sewage and also health centers, cemeteries, quarry mining, and
market places. The groundwater in the area is characterized by mainly
Ca-Mg-HCO3, Ca-Na-HCOsz, and Ca-HCOgs. In analyzed samples the
dominant cation is Calcium ion and bicarbonate is the dominant anion.
TDS, EC, and pH values range S0mg/1-648mg/1, 84ps/cm-607.8us/cm, 6-
7.99 respectively.

The general objective of the study is to identify and map the groundwater
vulnerability to pollution in Holeta River Catchment by using a DRASTIC
model with the assistance of GIS (Arc-map) software. In general, in
intrinsic DRASTIC map, the vulnerability of groundwater increases from
north to south of the catchment. This map reveled that major part
(northern) of the catchment lies on medium risk area while the southern
tip and central parts of the area are highly/extremely vulnerable to
pollution due to high recharge rate, alluvial and highly fractured aquifer
media, and gentle slope. Low/very low vulnerable area is quite small in

western and eastern parts.

From the specific vulnerability impact map due to population density of
the catchment, it is possible to conclude that the both the urban sites
(Holeta and Adis Alem) show high vulnerability index to groundwater due
to their population size. Where as, major parts of the study area are very

low vulnerable to pollution with respect to population density.

Finally, as this work is conducted under serious constraints of resources,
I recommend further detail research work to fill the knowledge gap and

provide detailed data for future researchers.

Assaminew Gebeyehu, 2007 1]
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CHAPTER ONE
INTRODUCTION

1.1. Background

Water quality degradation is one of the major environmental problems of these
days. The physical, chemical and biological quality degradation can limit the
intended use of water. The fast population growth, uncontrolled urbanization
and industrialization, poor sanitation situation, etc cause serious quality
degradation of surface and groundwater in particular. So, the quality of
groundwater is receiving wide spread attention all over the world; and
hydrogeological information is essential to the effective protection and

management of groundwater quality.

The quality of groundwater can affect not only our health, but also society and
the economy. Groundwater contamination can adversely affect property values,
the image of a community, economic development, and overall quality of life we
all share. Once groundwater has been contaminated, it is usually very difficult
and costly to clean. For many years, it was thought that groundwater was
protected from contamination by the layers of rock and soil that act as filters,
but contaminants do make their way into the groundwater and affect its

quality.

To be more specific, Groundwater is an important resource in much of the
Holeta River catchment. It supplies drinking water and other domestic and
agricultural use for both rural and urban dwellers in the study area. Protection
of the groundwater in the country has become a significant concern. One of the
major potential sources of groundwater contamination in the study area is
agricultural activity. However, the vulnerability of groundwater in this area to
agricultural both non-point and point source pollution as well as other

contaminant sources is not well understood.
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Even if the impacts of flower farm activities is not well detected in the
groundwater yet since it is being practiced recently in the study area, but it is a
threat to the groundwater due to uncontrolled discharge of the chemical

effluents.

Therefore, it is crystal clear that there should be a protection of the
groundwater resource from any pollution threat. To supplement the policy
makers on groundwater resources management in this catchment, there must
be map-based information that indicates spatial distribution of relatively areas.
Hence, this study is initiated to make available this information for the
decision/policy makers and professionals who are interested to work on related

issues.

The concept of groundwater vulnerability is based on the assumption that the
physical environment may provide some degree of protection to groundwater
against the natural and human impacts, especially with regard to

contaminants entering the subsurface environment.

1.2. Statement of the problem
With increasing demand and reliance on groundwater from a growing
population and agricultural activity comes the need to increase efforts to

protect and manage the resources.

The impact of human on surface and groundwater is increasing with the
development of agricultural activity and population size in the Holeta River
catchment. The currently identified problem, which is going to be applied in the
indicated geological set-up and hydrogeological settings, is believed to meet the

objectives mentioned.
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There is a need to compile the groundwater data into information to enable
more effective management decision-making regarding the resource. As well, a
method of identifying and prioritizing aquifers for different types of
management attention is becoming essential in an era of limiting budget

resources.

This work is, therefore, planned to address and cater groundwater degradation
by anthropogenic sources of pollutants which is critical problem to the society’s
resources and which is consistently facing development planners with regard to
groundwater management. Furthermore, in order to conduct development in
harmony with groundwater regime in particular, and the environment in
general, the concerned development needs to have such comprehensive

groundwater vulnerability map, which is used easily by other professionals.

1.3. Location, Aerial Extent, and Accessibility

Holeta River catchment is located in the central part of Ethiopia, 28 km west of
Addis Ababa in Oromia Regional National State, West Shewa Administrative
Region. The area is bounded between Latitude 8°53°23” to 9°13’28” North and
Longitude 38°20’45” to 38°36’48”East.

It is delineated based on surface water divide located in upper Awash basin. It
comprises parts of the two administrative woredas; Welmera and Ejere with a
total surface area of 508 km? and perimeter 125.54km. It is accessible from
Addis Ababa by main asphalt road stretching to Welega. Many other secondary

roads are available for inter-site movements/traverses (Figurel.1l).
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LOCATION MAP OF HOLETA RIVER CATCHMENT
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Figurel.l. Location map of Holeta River Catchment.
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1.4. Objectives

1.4.1General Objective
To identify and produce a map groundwater vulnerability to pollution in the
Holeta River catchment and to assess the risk for groundwater pollution
through adopting the DRASTIC model with Geographic Information
System(GIS) mapping of water supply aquifers.

1.4.2. Specific objectives
» To identify areas which are more likely to be susceptible to groundwater
contamination relative to one another.
» Identifying the possible sources of pollutant in the study area.
» Evaluating and mapping the seven parameters in the DRASTIC model,
named:
D=Depth to water table,
R=Net Recharge,
A=Aquifer media,
S=So0il media,
T= Topography/Slope,
I= Impact of Vadose Zone media, and
C= Hydraulic Conductivity of the aquifer.
» Characterizing the aquifers in the catchment.
» To study the hydrogeology, hydrochemistry, and groundwater flow
direction within the catchment.

» To produce the Intrinsic and specific vulnerability map.

1.5. Methodology
To meet the above specified objectives of the research project, the empirical

model known as the DRASTIC model developed by the National Water Well
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Association under a cooperative agreement with the United states
Environmental protection Agency( Aller et.al,1987; Evans and Meyers,1990) to
assess relative groundwater pollution susceptibility using hydrogeologic factors
with GIS was adopted. The below mentioned related approaches have been

used to assess the groundwater vulnerability.

¢ Characterization of the chemistry of water samples collected from
different sources within and adjacent to the catchment.

¢ Characterization of the meteorological elements and hydrological
conditions of the catchment and its surroundings.

+ Plotting all developed water schemes on 1:50,000 topographic
maps.

% Measurement of EC, Ph, TDS, and Temperature of water samples.

+ Interpretation of Landsat satellite images in regional scale.

+ Characterization of various contaminants with in the catchment.

+ Understanding of the geologic and hydrogeologic set-ups the

catchment and adjacent catchments through observation of

borehole logs from well completion reports, water well sitting

reports, pumping test reports, irrigation scheme study reports,

and water scheme inventory reports.

1.5.1. Data integration
The following figure 1.2. Shows data flow and procedures followed to prepare

the seven DRASTIC base maps for the final aquifer vulnerability analysis.
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Static water level » Depth to water
Elevation Data Aquifer Media
Base (DB)
Geological DB » Vadose Zone Media
Hydraulic _
Well log DB Conductivity General

DRASTIC

Pesticide
DRASTIC

HydrometeorlogicDB [— =& > Net Recharge

Land use/Land cover DB

Soil DB > Soil Media

Topographic DB — P Topographic Slope

Figure 1.2. Data integration and Procedures Followed For groundwater vulnerability mapping

In this thesis GIS (Arc GIS 9.1) is used as a tool for aquifer vulnerability
mapping. Groundwater vulnerability is determined by assigning a weight based
on rating for different ranges of the values. The typical ratings range from 1to

10 and the weights from 1to5.
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1.5.2. Procedure to Evaluate Groundwater Vulnerability
First of all the seven thematic maps are produced for each hydrogeological
settings which make up the acronym DRASTIC, and each DRASTIC factor is
assigned a relative value of Ratings shown in Table 8.1 (page 117-118).The
value obtained is multiplied by its respective weight, and the seven layers or
products are summed to obtain the DRASTIC index (Di)(equationl.l). That
means the additive-overlay processes in the corresponding data layer
values(ratings) for a particular cell are multiplied by an important coefficient
(weight) to produce a composite score called vulnerability index (Dereje
Nigussa,2003). The equation for determining the DRASTIC index is:
D1= D:Dy+RiRw+AAw+S:Sw+ T TwtIIw+C:Cw -------------- - (1.1)

Where, D, R, S, T, I, and C are the seven parameters stated before, and

r=rating value= weight.

The following schematic diagram (fig.1.3) shows how the DRASTIC index is

computed for a single pixel.

5 RATING WEIGHT

5 3
R

3 4
A 7 5
S

10 1
.

6 2
' 4 5
c 1 3

[ Vulnerability Index=5*3+3*4+7*5+10*1+6*2+4*5+1*3=107 ]

Figure 1.3. Additive Overlay procedure to compute DRASTIC index.
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Once a DRASTIC index has been computed, it is possible to identify areas
which are more likely to be susceptible to groundwater contamination relative
to one another. The higher the DRASTIC Index, the greater the groundwater
pollution potential. The DRASTIC Index provides only a relative evaluation tool
and is not designed to provide absolute answers. Therefore, the numbers
generated in the DRASTIC index and in the pesticide DRASTIC cannot be
equated (Aller et.al., 1987).

1.6. Application of Results

» Vulnerability maps can help planners and regulators make informed,
environmentally sound decisions regarding land use and groundwater
protection.

» Vulnerability maps are a good tool to make local assessment of
groundwater vulnerability potential, to identify areas susceptible to
contamination, to design monitoring networks, and evaluate
groundwater contamination, particularly non-point contamination.

» They are also helpful for educating and informing planners, managers,
and decision- and policy-makers about groundwater protection, risk of
contamination, and contamination prevention.

» The results can also be used to educate the public in the study area
about groundwater being part of a large, interconnected ecological
system.

» It also helps for similar studies in the adjacent areas and region which
possess similar geological, hydrogeological and climatic conditions.

» The result will also be used as a data source for the feature researchers.
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1.7. Previous Works

Unlike other parts of the country such as the Rift zones, high land plateau
areas in general and Holeta area in particular is less investigated both from
geological and hydrogeological point of view. The investigation carried out so far
in the area are either to general (on a regional scale ) or hydrogeological and
geophysical investigations for specific institutions, organizations, private
limited companies and town water supply for locating borehole sites with out

considering all the catchment areas.

Among the important geological and hydrogeological investigations within the
catchment and its environs are: unpublished thesis on water resources
potential evaluation of the Holeta River catchment by Ketema Wogari (2006).
And also, unpublished thesis on GIS-based Groundwater vulnerability
assessment in Akaki River Catchment, Addis Ababa by Dereje Nigussa (2003).
UNEP/ UNESCO Report on Hydrogeology, water quality and the degree of
groundwater vulnerability to pollution in Addis Ababa by Tamiru Alemayehu, et
al.,(2005).The feasibility study of surface and groundwater for the water supply
of Holeta Genet by Norconsult (Norconsult, 1999). Groundwater investigation
at south of Holeta town, Ethio AGRI-CEFT pvt. Ltd. co., by water well drilling
enterprise consultancy division (WWDE, 2003).Hydrogeological Report of Holeta
area for the purpose of locating borehole site for Holeta Mulugeta Buli Military
Training camp, Ministry of Defense by Water Works Design and Supervision
Enterprise (WWDSE, 2004). Construction Rock materials assessment project in
areas around Finfinne, Adama and Ambo (Draft report on Geology and
construction material potential of area around Finfinne that includes Holeta

area (Gelana Gadissa et al; 2003).
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CHAPTER TWO
GENERAL OVERVIEW OF THE STUDY AREA

2.1. Climate

Climatic elements such as precipitation, temperature, humidity, sunshine, and
wind are affected by geographic location and altitude. Seasonal classification
over the study area is thus mainly based on the average rainfall distribution
pattern over the year, and the seasonal distribution of rainfall over the area is

governed by the position of the Inter-Tropical Convergence Zone (ITCZ).

According to this, the study areas is characterized by three distinct seasons
and are locally known as “Bega” (October-danuary), “Belg” (February-May), and
“Kiremt” (June-September).Therefore, the rainfall pattern in the area has two
distinct peaks during a year that is a short rainy seasons in months of
February / March-May and long Rainy Seasons in moths of June/ July-
September (fig. 2.1 ) (Daniel Gemechu, 1977) and has the mean annual rainfall

of 1094 .5mm.

Mean monthly rainfall of Holeta River Catchment

[

300

250 A M

200 A

w0 = Mean Monthly

Rainfall

100 4
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Mean monthly Rainfall (mm)

‘I]‘n.‘n.

et o o gl

Months

Figure 2.1 Rainfall Pattern over the Study area.
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The fact that altitude in the catchment ranges between below 2060m to
3380m, it is possible to observe that the study area lies in Temperate (Woina
Dega) of 54% and cool temperate (Dega) of 46% climatic zones. Hence therefore,

the mean annual temperature of the area is16.2°C.

2.2. Demography

Understanding of the human population dynamics is extremely important
when considering the impact of various human activities upon the various
water supply sources. Holeta River catchment had a population of 72231 in
1999 (CSA, 1999), which grew to 1103797 by 2007 according to Wored’s
agricultural and Health Center offices. Moreover, the population size indicated
65.4% increases from that of 1999. The average population density of Holeta
River Catchment is 2.7 persons per hectare and that of urban and rural parts
of the study area arel3.2 and 1.99 per ha, respectively. The highest and the
lowest population density of the catchment are 15.83 per hectare in Addis Alem
and 0.52 persons per hectare in Wetabecha minjaro. Total population size of
the study area is given in Table2.1 and Figure 2.2 and the current population

density with respect to their kebels and towns are given in figures2.3 and2.4

Kebele/Town Population
Ula Foyeta 3554
Teleho 3911
Dufa 214
Burkusami Rob

Gebeya 3777
Nano Genet 5558
Holeta Genet 17289
Ula Silasse 1751
Haro Boki 5166
Ade Simbirti Kotu 1345
Ilala Gojo 7521
Wajitu Harbu 2194
Dawaf lafto 2202
Tulu wato Dalecha 1492
Nano Suba 2371
Geresu Sida 2862
Wechecha 1874
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Berfeta 1st 3423
Berfeta 2nd 7808
Menagesha Kolobo 3172
Wetabecha minjaro 421
Addis Alem 11540
Chiri 3781
Bolongo 1924
Telbo 2726
Tulu Korma 667
Amaro 4762
Hora 2294
Kusaye 2016
Indode 2764
Total 1103797

Table 2.1 Population distribution within the study area.
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Figure 2.2 Map of the study area (source: School Map and Primary Planning
Project, SMAPP project, 2007).
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Figure2.3 Population density map (1Dot=200 people)
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Population density of Heleta River catchment
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Figure 2.4 Population density of the study area (Pop/ha).
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2.3. Physiography, Drainage, and Land use/land cover

2.3.1 Physiography
Holeta River catchment is located partly in the western Ethiopia rift
escarpment and partly in the western Ethiopia highland plateau. The present
physiographic setting of the catchment is the result of volcano-tectonic activity
that forms the plateau and the rift. Later erosion and river dissection has
contributed to the existing rugged landform. Two major types of land forms
generally characterize the study area: volcanic ridges and hills surrounding the
catchment at its northern and eastern, with flat land forms in central, western,
and southern part. The general slope of these central and western plain is
toward the south. Holeta river catchment has an elevation range of less than
2060m.a.s.l. to 3380m.a.s.l. (topographic map of scale 1:50, 000, EMA, 1973-
1986) at Wechecha and Fo-ota mountain ranges, and the confluence of Holeta

and Awash River respectively (Figure2.5).

The northern part of the area is formed by an east- west oriented elevated land
that is considered to be fault escarpment, and form which a number of streams
emerge. Similarly, the eastern part of the study area is also a mountainous
land comprised by high lands of Menagesha-Wechecha ridges made up of silicic

rocks (Ketema Wogari, 2006)
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Figure2.5 Drainage and Topographic (in m.a.s.]l) map of Holeta River

Catchment
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2.3.2. Drainage
One major river form Holeta River catchment that is Holeta River and its
tributaries. This river is one of the tributaries of Awash River. Fo-ota and
Wechecha mountain Ranges form the surface water divide between northern
and eastern parts of the study area. The other volcanic centers forms the
surface water divide between the study area and other adjoining hydrographic

basins in the upper Awash River basin.

Various factors affect the pattern and density of drainage in the study area.
Among these are: rainfall, slope, vegetation, rock type and tectonics are
important ones. Accordingly, in the central and western parts of the catchment
where rainfall is high, vegetation is dense, and topographic elevation is high;
drainage forms steep narrow gorges. In addition to these, tectonized basaltic
and rhyolitic rocks produced parallel and/or dendritic drainage patterns.
Therefore, the catchment is characterized by both dendritic and parallel

drainage pattern (Figure2.5).

It is commonly known that the higher the permeability the lower the drainage
density, and higher the drainage density higher the surface runoff. The

drainage density of the Holeta River catchment is given by:

Dg= Pc/Ac
D4 = 125.54Km/508Km?2 = 0.25km /km?

Where, Dq is Drainage density of the catchment, P. and A: are perimeter and

Area of the catchment respectively.

2.3.3. Land use/Land cover
Land can be put to different uses based on the suitability of its different
physical land resources, demand, climate, location, etc. the existing land use
patterns in the catchment were broadly divided in to six groups:

agricultural/grass land, forest, urban area and its associated different
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uses,bushes/shurubs,bare rock and water bodies by Gelana Gadissa (2005)

(Figure2.6).

The agricultural/grass land cover a large part of the area that is in central,
northern, western, and southern parts. The eastern part of the study area that
is Wechecha mountain range is almost covered by forests. Most eastern parts

of the study area are also covered by bushes/shrubs. Accordingly, the areal

extent and proportions of each land/land cover is given in table2.2.

Table 2.2 Land use/Land cover of Holeta River Catchment.

No. Land use/Land cover Area(km?2) | Area (%)
1 Agriculture/ grass land 325.96 63.95
2 Forest 32.9 6.46
3 Bare Rock 5.55 1.09
4 Town 3.50 0.69
S Bushes/Shrubs 133.20 26.13
6 Wetland 8.57 1.68

Total 509.68 100
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LAND USE/LAND COVER MAP OF HOLETA RIVER CATCHMENT

T
125000

LEGEND
AN Asphattroads () Towns B rores @ Bushesishrubs
/" secondary roads D Boundary of the study area - Bare Rock SwarmpsiSetland

/™ Holeta River Agriculture /grass land [:] Towh

Figure2.6 Land use/Land cover Map (modified after Gelana Gadissa, 2005)
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2.3.4. Soil
The variation in the characteristics of soils resulted in variations and water
holding capacity. Climate, topography, parent material, maturity and biological
activities are the major controlling factors that control soil formations. The
resulting porosity and permeability of soil, on the other hand, control the
vertical as well as horizontal movements of contaminants by surface- and sub-

surface waters (Tamiru Alemayehu et al., 2005).

The soil development in the study area is mostly due to the physical
disintegration and chemical decomposition of volcanic rocks. The weathering
products either remain in places and form residual soils or are transported and
deposited to form alluvial deposits in low-lying areas. Meanwhile, the difference
observed in the type and development of soils in the catchment is mostly

depends on the topography, parent materials and the degree of weathering.

Although there is significant difference in the degree of weathering on the
slopes, mostly the soils are highly eroded and result in thin soil cover along
most parts of the divide lines of the catchment. In the localities where the
topography is plain to gently sloping (central and southern parts) the area is

covered by relatively thick soils (Figure2.7).
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Figure 2.7 Soil thickness map of Holeta River Catchment
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According to Holeta Agricultural Research Institute, the grain size distribution
in the area shows that the residual soil in the central part of the catchment,
has 7.5% clay, 51.25 Silt %, and 41.25 % sand which is categorized as silty
loam. In eastern and southern tip of the catchment have 4.5% clay, 51.25% silt
and 41.25% sand and 17.5%clay, 14.5%silt and 68% sand and classified as
silty clay and sandy loam (Soil textural classification chart, 1951), respectively

(Figure2.8).

In general, two types of soils dominate the study area, cambisols (Red clay
Soil), in the northern, eastern, western, and central parts and vertisols (black
cotton soil), in the central and southern parts of the catchment (Figure2.9).
Accordingly, the proportions of each soil type are as follows: vertisols(16.9%),

Cambisols (67.4%), and alluvial Soil (0.78%).0of the total area.
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- Thin/ absent - Silty Clay

Figure 2.8 Soil Texture map
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SOIL MAP OF HOLETA RIVER CATCHMENT
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Figure2.9 Soil Type Map
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CHAPTER THREE
GEOLOGICAL SETTINGS

3.1. Regional Geology

The study area is situated in the central part of Oromia, West Shewa
Administrative Region, welmera and Ejere Districts. Regional geological setting
of this area consists of two major rock groups, namely pre-Rift volcanic
succession, and Rift/ Post Rift volcanic products and sediments. The pre-Rift
Groups are parts of the thick volcanic succession, mainly basalt, in the Trap-
series volcanism of Tertiary period, with Fissural and / or central modes of
eruptions. They include Ashangi Formation (pia), Aiba Formation (P2a), Alaji
Fomation (PNa.), and Tarmaber-Magazaz formation (Ntb) (Ketema Wogari,
2000).

The post rift volcanic and sediments include Adama group, Afar group Wonji

group, Quaternary plateau basalts (Qb) and Alluvial and Lacustrine Deposits.

Details of the regional geology as extracted from previous workers’ reports
(mainly from a compilation work of GEODEV-AFREDS PLC. Consortium (1999),
Geology and Mineral Resource Section), are provided in the following

subsections.

3.1.1 Ashangi Formation (p:a)
According to Ketema Wogari, an extensive development of fissural and central
type eruptions in pre-Tertiary Period produced a thick succession of the Trap-
Series Basalts that formed the northwestern and southeastern Ethiopia
plateau. Blanford (1869) assigned the name Ashangi Group that he considered
to have formed during Mesozoic, the oldest basalts of the Ethiopia plateau.
Currently the term “Ashangi Basalts” has been used to describe several

hundreds of meters thick highly weathered basalts of the Ethiopia plateau
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(Zanettin, 1993). It is now generally accepted that in the Ethiopia Plateau, the
Trap Series was formed in the course of two clearly separate cycles of
eruptions, namely the Ashangi Cycle (50-35 MY), the older part, and the
younger post Ashangi Cycle (32-15MY) (Zanettin, 1993).

The Ashangi Formation occurs in an old northwesterly trending rift system now
buried under young volcanic and partially eroded away (Zanettin et al., 1978;

Zanettin 1993). It is made of transitional basalts with tholeitic affinity.

The Ashangi Basalts are exposed in North Shawa and Jimma Zones (Merla et
al., 1973; Seifemichael Berhe et al., 1987). It consists mainly of several
hundreds of meters to a kilometer thick of strongly weathered, tilted basalts
with rare trachyte, rhyolited and pyroclastic intercalations. It is commonly
intruded by dolerite sills and dykes. Its upper part contains lacustrine deposits

containing lignite seams.

3.1.2. Aiba Formation
Aiba Basalts represent part of the second major cycle of fissural basalt
volcanism on the northwestern plateau after the Ashangi Formation (Zanettin
and Justin-Visentin, 1973). This new cycle began with the emission of huge
volumes of lava, flooding the pen plain surface of the Ashangi Basalts. The Aiba
Basalts whose age is 36-25 MY old are typical transitional basalts, very
homogenous in composition. They are generally followed by the Alaji Volcanics,
represented by interlay red silica rocks and transitional basalts, but sometimes

only by silicic rocks, mostly slightly per alkaline rhyolites.

They range in thickness from 200 to 600 meters. They are generally aphyric
and compact in places showing clear stratification and contain rare basic tuffs
(Kazmin, 1979; Kazmin et al., 1980). The Aiba Basalts occur in north Shawa of
northwest Oromia (Mengesha Teferra et al., 1996). Here it overlies the

Ambaradam Formation. Analogous to the Aiba Basalts occur in the southwest
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of Oromia and adjoining areas, where similar K-Ar age to Aiba Basalts of 34-30
M.Y. have been reported (Davidson and Rex, 1980). They are mapped together
with the Alaji Formation (PNa). The Aiba Basalt flow, however, are missing in

the southeastern plateau.

The Aiba Basalts are commonly jointed, aphyric or porphyritic with plagioclase

and olivine phenocrysts.

3.1.3 Alaji Formation
The Alaji Formation was first identified by Zanettin and Justin-Visentin, 1973
on the central Oromia Plateau. Later, Zanettin et al., 1978 and Kazmin et al.
(1980, 1981) recognized analogous unit on the southeastern plateau and in the
southern segment of the Rift section of Oromiya. The Alaji Formation occurs in
both the northwestern and southeastern parts of escarpment of the Rift
system. In central part of the Rift the Alaji Basalts are covered by thick
accumulations of younger silicic volcanic rocks and may possibly are missing
in some segments of the Rift (Kazmin et al 1981). This has been proved near
Kalla village north of Buttajira town. The actual extent of the area, where the

pre-Rift succession is missing is not known yet (Kazmin, 1981).

The Alaji Formation is overlain by Taramber- Magazaz Formation (Ntb), and is
overlapped by younger volcanic units, where Tarmaber Formation is missing.
Absolute age determinations place the Alaji Formation between 30-13 MY
(Jones and Rex, 1974; Kuntz et al., 1975; Morbidelli et al., 1975; Zanettin et
al., 1978; Morton et al., 1979; Kazmin et al., 1980). In southeastern plateau
and northern Oromia a succession of up to 800 meters thick Alaji Basalts,
dominantly aphyric flood basalts, lies unconformably on the eroded surfaces of
the Mesozoic sedimentary succession (Kazmin et al.,, 1978, 1981). It rests
mostly on the Cretaceous Sandstone of Ambaradom Formation, where it is
missing it overlies the Urandab Formation or as direct fault contact with the

Hamanlei Formation. In Northwestern Plateau of Northwestern Oromia, North
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Shawa Zone, it lies either on the Aiba or Ashangi Formations. In southwest
Oromia, Jimma Zone, a thick succession of sialic volcanic flows, pyroclastic
and subordinate intercalated basalt flows dominate the upper part of the pre-
Rift volcanic succession (Omo-Gibe Project, 1996; Mengesha Teffera et al.,

1996).

3.1.4. Tarmaber-Magazaz Formation
The fissural Alaji volcanism was followed by central volcanism, which formed
large volcanoes decreasing in age from north to south (Zanettin, et al., 1967;
Zanettin, 1993). This change in volcanic regime in space and time is matched
by change in lava composition, from transitional basalts to alkali basalts and
basanites (Zannettin, 1993). On the north western and southeastern Oromia
plateaus, the fissural eruptions of the Ashangi, Aiba and Alaji Formations were
followed by the central type volcanism which built up the large shield
volcanoes of the Mt Ras Dashen, Abuna Josef, Guna Choke, Guasssa, Bashillo,
Salale, Tarmaber, Magazaz, Mengistu, Arba Guggu and others (Zanettin et. al.,

1974)

In the northwestern part of the Oromia plateau the shield volcanoes become
progressively younger from north to south (Zanettin et al., 1976b; Zanettin,
1993) and the central type volcanism took place between 26 and 16 MY ago.
The age of the shield volcanoes of the southern part of the Oromia, plateau

ranges from 16 to 13 MY.

These two shield volcanoes having an age of (26-16MY) and (16-13MY) are
named Tarmaber- Guassa Formation and Tarmaber- Magazaz Formation (Ntb)
respectively. They are named after volcanisms that formed the Tarmaber,
Guassa and Magazaz Mountains northeast of Finfinne. Basalts from Tarmaber
Mountain are dated 13 MY old (Kazmin, 1979). Mohr (1967) established a lower
Miocene age of (24.3. MY) For the Ras Dashen mountain basalts, and for the

Dasse-Bati area central volcanoes 28 to 24 MY age.
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There fore, the classification Tarmaber Guassa Formation for the shield
volcanoes of the name Tarmaber-Magazaa Formation for the younger shield
volcanoes with an absolute age range of 16 to 13 My in southern part of the
northwestern plateau and the southeastern part of the Oromia plateau became

essential (Kazmin, 1979; Zanettin et al., 1967; Menagesha Teffera et al., 1996).

In contrast to the tholeiitic and mildly alkaline nature of the underlying fissural
basalts, the Tarmaber Basalts are typically alkaline in nature (Kazmin, 1981).
Usually individual flows are easily recognizable particularly in areas where
plaeosols and scoraceous horizons developed in many places between flows
(Kazmin, 1979). In general, the Tarmaber Basalts and their equivalents have
much fresher appearance than the underlying stratoid basalts of Alaji

Formation (PN,) (Figure3.1).

B
LEGEHD

-

L. 1| Rockunis

! & Alloviom
(|| Mt Bssatic sndtrachtic lavafiows
PHa Trareiti oral and Sub-alkaline basatts

Hb Trareitiond and Al kaline basdt
Me Childotrachytes and trachisbazal s
kb Bl bzlire and Per-alkaline pyroclasics, occasiond laustnne beds
[y Lacustrire Sedirnent
[ - PZa Aoodbasalts withfine bazaltic tufs
51 | [ |H1a Mildy alkaline basalt
el M2 ite dornes and flows
wtp Fliestocens sub recert basafts

Other features
- Wajior Rivers
1 Arfinre

Rirport
—RE“".'.'E‘_I,I'
= Sacondany Aoad
= Tral

Figure3.1 Regional Geology map (Source: Gelana Gadissa, 2005)
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3.2 Geological setting of the study area

According to Ketema Wogari (2006), the geological setting of the study area
consists of two major rock groups, classified in this study based up on their
special distribution and mode of formation. They are Plateau Basalts, and Rift
Volcanic and Sediments (Figure 3.1). Wider scope of the geology in most of the
cases is as provided in the Regional Setting described earlier. Detail things of
the map units and corresponding rock associations, emphasizing ideas and
observation absent or less satisfactory in the Regional Geology Part, is given in
this section of the report. Stratigraphic nomenclatures of some of the map
units in this work area adopted from reports of earlier workers, in order to
enhance clarity and reduce possible confusion in this report. The map units
are presented in a decreasing order of eruption and/ or deposition age, as
judged from field observation supported by the already constructed

stratigraphy by previous workers

3.2.1 Plateau Basalts

3.2.1.1 Alaji Basalt
All the central and western parts of the study area underlain by this basalt
unit of pre-rift succession known in this study as Alaji Basalt (P1a), name of the

map unit being adopted from previous works in the regional geology.

This unit forms gently undulating landforms, usually covered by relatively
thick soil in plain areas. Weathered material of the unit virtually looks like
volcanic ash of light gray to white and fine-grained silly-clay soft matrix with
surrounded weathering remnant boulders of the basalt; the basalt has a white
weathering. This is typically noted in between Menagesha and Holeta (Figure
3.2).
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Figure 3.2:-Wetherd part of Alaji basalt south west of Menagesha (source:
Ketema Wogari, 2006)

Alaji Basalt directly overlies the Aiba Basalt which in turn is overlain by
Tarmaber-megezez formation of younger volcanism. Contacts of the units are
usually marked by a horizon up to a meter thick reddish brown palaeosol

material.

Alaji Basalt of the map area consists of massive and more of aphanitic thick
basalt layer at its lower part, and commonly sub rounded boulders of
porphyritic (olivine and plagioclase phenocrysted variety at top. Good exposure

of this rock unit is seen around stream beds and banks.

Alaji basalt of the study area is porophyritic and mostly aphanatic. It is highly

fractured, columnar jointed and weathered. Weathering and fracturing is
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prominent in all the area. Basaltic boulder formed by exfoliation is found in
situ in some places (Figure 3.3). As observed during fieldwork, the top part of
the basalt is vesicular, where the underlying basalt is aphanites or porphyritic
indicating the escape of gas from the surface during cooling process. Apart
from high textural variation, different flows are also observed at a quarry near
Kurkufa hill, about 12 km north of the Holota town. More than two basaltic
flows can be recognized at this place separated by reddish clay pale soil of

about 0.5-Im thickness.

Figure 3.3 Spheroidal Weathering of Alaji basalt (adopted from Ketema
Wogari, 2006)

3.2.1.2 Tarmaber -Megezez Formation
Another map unit known in this study as Tarmaber megezez formation is found

overlaying the Alaji basalt and exposure is well identified in the northern part
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of the study area forming highly rugged and outstanding topography. Fo’ata
mountain range on the northern part is typically formed of this basalt, which
has vast extension towards west through Inchini area in Ada’a Barga and Meta
Robi areas out of the study boundary. Contacts of the units are marked by the
presence of up to 1m thick reddish brown paleosol horizons that have

discontinuous nature of occurrence.

The basalt has greenish brown to greenish dark color in fresh, where as dirty-

looking dark pale brown in weathered surfaces.

The rock wunit is found covering all the northern recharge area of the
catchment. This Fo’ata mountain range formed of Tarmaber-Megezez basalt is

the source of most head stream waters of the catchment in general and Holeta

River in particular. This basalt covers 15 % of the total area of the catchment.

W W

Figure 3.4 Fo’ata mountain range covered by Tarmaber magezez basalt

(Adopted from Ketema Wogari, 2006)

Assaminew Gebeyehu, 2007 34



GIS-Based Groundwater Vulnerability Mapping of Holeta River Catchment

3.2.2 RIFT/ Post-Rift Volcanics and sediments.

3.2.2.1 Trachytic and Rhyolitic Rocks
A number of large central (shield) volcanoes of mostly trachytic formation occur
along the eastern part of the study area. These include Wachacha, Menagesha
and Wato Dalecha. They generally form mountain ranges and domes /plugs,
with highly rugged surfaces characterizing the larger volcanoes of Wachacha
Menagesha, and Wato Dalecha. As noted in the trachyte formation of
Wachacha, the component rock grade from more trachytic to rhyolites, as one
goes from base of the mountain to its top, where a number of volcanic necks

and plugs occur at its vent.

The rock generally is porphyritic with large euhedral phenocrysts of feldspar.
Jointing due to cooling of the magma, and complex flow fold structure

commonly occur in the rock.

Trachytic rock of this work was mapped as part of chilallo Formation (NC) in
previous works of regional studies. Age of eruption ranges from 4.5-3.0 my

according to reports of the earlier works indicated in the Regional Geology part.

3.2.2.2 Pyroclastic deposits
Though they are not mapable unevenly distributed (erratic) patches of
ignimbrite sheets having less than 10m thickness and usually of smaller aerial
extent are observed deposited on top of plateau basalt (Alaji basalt) of the study
area. These rocks are considered to be erosion remnant and /or independently
deposited parts of the tufts of Nazeret Group. There fore they are not
considered for further discussion as they are not important from hydro
geological point of view for this particular catchment, because of the mentioned
reason (not extensive) and observed as patches of out crops in several places of
the catchment. Even if it is not extensive the rock forms typical columnar joint

structure of mostly vertical and some times sub horizontal orientation.
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However the ignimbrite of the study area is used as small quarry for dimension
stone (masonry). Here, the rock is simply extracted using hand equipment such

as hammer and crowbars (Figure3.5).

Figure 3.5 Columnary jointed Ignimbrite used for Dimension Stone

3.2.2.3 Quaternary (Alluvium) Deposit (Qa).
Quaternary sediments of fluvial origin are widely distributed all over the
southern portion of the study area, which is part of the Bacho plain and along
the streams and river valleys (Figure3.6). The alluvial deposits area mostly

recent and are deposited as a result of transport of sediments from down wash
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of sloppy area. The Alluvium Deposit (Qa) consists mainly of sand, silt and

clay.

Figure 3.6 Arrows indicating Southern portion of the study area covered by

Alluvium deposit (Adopted from Ketema Wogari, 2006) .

3.3 Geological Structures

In the study area the occurrences of faults, joints and other structures with in
the different volcanic rocks were reported by different professionals and
consultants carried out some studies for the purpose of productive well site
locations for different organizations institutions and flower farming PLCS such

as (Nor consult, 1999), (WWDSE, 2004) and (WWDE, 2004).
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The area is affected by tectonic events occurred in Ethiopia. Structural
movements related to the rift system are prominent and are considered
important during ground water investigations. NS, NE, EW and NW trending
fractures and faults are observed in the area. Some of these fractures and
faults are regional and clearly visible on remote sensing images and in the field

(Figure3.7).

The Holeta river valley is an example of valley formed along NS trending
fractures while its tributaries are formed mainly along NE and EW trending

fractures.

The alignment of Wechecha, Menagesha, and Wato Dalecha volcanic plugs and
/ or domes along NE-SW trend may also suggest their eruption along
structures related to the rift system. Certainly the violent but sluggish
extrusion of these viscous lavas to surface must have strained shattered and
fractured the country rocks i.e. mainly the Nazeret group ignimbrite and

basalts.

This has been confirmed from the well logs in the area particularly wells
around Menagesha which have high yield of groundwater potential, and
consequently classified as high permeability and productivity zone relative to

other parts of the catchment (Ketema Wogari, 2006).
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Figure3.7 Geological map of Holeta River catchment (Adopted from:
Ketema Wogari, 2006)
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CHAPTER FOUR
HYDROMETEOROLOGY

4.1. General

Hydrometeorology is a science which links hydrology and meteorology. It
studies the hydrological cycle which involve processes in the atmosphere and
at the earth’s surface (Shaw, 1985). Hydrometeorology data are required to
determine the water balance of a certain basin for developing and managing its
water resources. The most useful hydro meteorological elements are
precipitation, evapotranspiration, sunshine hours, air temperature, and

relative humidity, soil moisture and stream discharge (runoff), etc.

4.2. Meteorological parameters

There are nine meteorological stations within and around the study area. There
is only one station, located at Holeta Agricultural Research Institute. The other
adjacent stations; Addis Alem, Teji, Sebeta, Ensilale, Boneya,Enchiny,Kimoye,
and Addis Ababa Bole are selected from their geographical distribution point of
view (Figure 4.1). The overall meteorological parameters available in the study
area are; rainfall, temperature, relative humidity, wind speed, and sunshine
duration. Accordingly, average of the nine stations meteorological

(climatological) data has been used for the study area (Table 4.1).

The climatological data together with Holeta River, gagging near Holeta Genet
town are the basis to determine the water balance of the catchment. The
analysis results of the climatological data are presented in the following

sections.
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Figure 4.1. Location map of meteorological stations

Table 4.1 Meteorological Stations within and around Holeta River catchment

UTM (m)
No. Station Latitude Longitude Altitude(m.a.s.])
1 Holeta 443220 1002172 2000
2 Adis Alem 434058 1000343 2240
3 Sebeta 459690 987412 2240
4 Addis Ababa Bole 472523 998456 2324
5 Kimoye 428560 998510 2200
6 Teji 430440 972917 2110
7 Boneya 463554 987408 2310
8 Ensilale 435870 987443 2205
9 Enchiny 432800 1029750 2690
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4.2.1. Seasonality of Rainfall
The areal pattern of the seasonality of rainfall in the study area determined by

analyzing long term mean monthly rainfall data for nine stations in and around

the catchment.

Precipitation is the most commonly measured meteorological data. In this
study, from 1965 to 2005 monthly total rainfall records of nine stations are
used to analyze monthly mean rainfall, mean annual rainfall, rainfall
coefficient and areal depth of precipitation. The mean monthly and annual
mean rainfall as recorded by National Meteorological Services Agency (NMSA) at
the stations Holeta, Addis Alem, Teji, Kimoye, Addis Ababa Bole, Boneya,
Sebeta,Enchiny, and Ensilale are shown in Table4.2 and Figure4.2.

Table4.2 Mean Monthly Rainfall in Nine Stations and Holeta River Catchment (Pm) (mm)

Annual Mean
Station Jan Feb Mar Apr May June July Aug Sep Oct Nov | Dec Total monthly
Holeta 32.8 75.7 91.9 111.1 108.4 181.2 305.5 365.9 217.9 33.1 11.9 10.3 1545.6 128.8
Addis Alem 20.6 40.2 67.9 77.9 76.9 136.6 243.0 251.9 142.2 35.6 14.8 11.0 1118.7 93.2
Addis Ababa
Bole 13.7 36.4 62.5 90.8 73.4 116.1 230.6 236.8 132.5 32.1 5.7 5.1 1035.7 86.3
Enchiny 22.5 28.5 73.2 71.4 69.6 131.5 254.7 236.2 129.3 46.5 [ 20.1 11.9 1095.5 91.3
Kimoye 15.5 41.1 73.7 90.0 78.9 132.3 205.0 211.9 110.2 23.7 5.6 5.7 993.5 82.8
Sebeta 15.2 58.4 79.6 108.4 105.6 181.8 323.5 363.0 140.9 39.9 8.7 6.5 1431.4 119.3
Boneya 12.2 29.4 41.6 62.7 51.7 100.3 208.4 191.4 113.9 15.0 3.3 4.9 859.6 71.6
Ensilale 17.0 29.1 46.9 68.8 54.2 101.1 204.7 192.6 100.6 18.8 10.3 2.7 846.7 70.6
Teji 17.6 36.1 54.3 78.8 70.9 121.3 221.2 215.7 97.5 23.9 5.6 5.4 948.3 79.0
Holeta
catchment 18.6 | 41.7 65.7 84.4 76.6 | 133.6 | 244.1 | 251.7 | 131.7 29.8| 95| 7.1 1094.5 91.2
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Figure 4.2 Mean Monthly rainfall of the study area.

To compare the monthly distribution of rainfall at these stations, the method
employed here was adapted from a study of precipitation for the Awash River
basin (Daniel Gemechu, 1974). This involved the calculation of “Rainfall
Coefficient” for each month of the study area, the coefficient being the ratio
between the mean monthly rainfall and one-twelfth of the annual mean of the
total rainfalls.
RC= P/ (Pa/12)
Where, RC= Rainfall Coefficient
P.= Annual weighted rainfall of the area, which is 1349.07mm
Pm= Mean monthly weighted Rainfall (Obtained by Thiessen
Polygon method)

In this study, a month was distinguished “rainy” if the rainfall coefficient is 0.6
or over. The term “a small rain is employed to refer to those months with a

rainfall coefficient of 0.6 to 0.9; and the term “big” rainy months are further
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classified into three groups; those with “moderate concentration” of rainfall
(coefficient of 2.0-2.9); and those with “very high concentration” of rainfall
(coefficient of 3.0 and above). And if the rainfall coefficient is less than 0.6, the
months are classified as dry seasons. This scheme of classification is presented

in Table4.3.

Table 4.3 Rainfall Coefficient of Holeta river catchment.

Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov | Dec Total
* Pm(mm) 27.03 | 61.69 | 80.52 | 99.60 | 94.62 | 160.76 277.23 | 316.50 | 180.60 30.67 | 11.26 | 8.60 | 1349.07
RC 0.24 0.52 0.72 0.89 0.84 1.43 2.47 2.82 1.61 0.27 | 0.10 | 0.08
Season Dry Dry Rainy | Rainy | Rainy Rainy Rainy | Rainy Rainy Dry Dry Dry
Amount - - Small | Small | Small Big Big Big Big - - -
Concentration - - - - - Moderate High High | moderate - - -

*Pm= Monthly weighted rain fall calculated by Thiessen polygons method

On the basis of the above classification, as depicted in table 4.3, the catchment
is characterized by two rainy seasons and five dry months during the year. The
two rainy seasons in total have seven months; March, April, May, June, July,
August, and September. The first rainy season occurs during the months of
March, April, and May. The rains are small, and account for 20.7% of the
average annual rainfall of the catchment. The second big rainy season occurs
from June to September, and accounts for 69.5% of the average annual rainfall

of the area.

The big rainy seasons occur in June and September is moderate in

concentration, whereas, in July and August it occurs in high concentration.

The catchment is characterized by five dry seasons. They occur during the
months starts from October ends in February. The amount of rainfall that
occurs during these five months of dry seasons in total accounts for 9.75% of
the average annual rainfall of the catchment. The study area has not

experienced a very high concentration of rainfall.
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4.2.2. Determination of Areal Depth of Precipitation

In water budget studies, it is necessary to know the average depth of
precipitation over a study catchment. This may be determined for time periods
ranging from the duration of part of a single storm to a year. The data are
generally measurements of precipitation and/ or equivalent snow fall at a

number of points through out the catchment (Fetter, 1994).

Because of the non-uniform distribution of the precipitation gauges and
variation of topographic textures, the Thiessen polygon, Arithmetic mean and
Isohyetal methods are selected for quantifying reliable and representative

values of areal depth of precipitation.

4.2.2.1. Arithmetic mean method
Arithmetic mean method is the simplest one for evaluation of mean uniform
distribution of rainfall of a basin. It is the mean of all the rain gauges that are
located on relatively flat topography and closely and evenly spaced. Since only
two stations (Holeta and Addis Alem) are located very close to each other, the

estimated average uniform precipitation (Pa) is computed as follows:

PA=YPi/ n=1545.6+1118.7 = 1332.2mm
i=1 2

Where PA = average rain fall the total area
Pi = Measured precipitation at a given station and time
n = Number of rain gauges.
Therefore, an annual areal precipitation depth computed from Arithmetic

method is 1332mm.
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4.2.2.2. Isohyetal Method
Considering the non-uniformity of the land, variation of topographic of the area
(2060-3380 m.a.s.l), Isohyetal method is selected. This analyzed by
interpolating rainfall depth of equal value over the area interest (Figure4.3).
Accordingly, the annual precipitation in the catchment is equal to1227.94mm

(Table4.4).

Table 4.4 Isohyetal method of calculating the annual rainfall in Holeta Catchment

Weighted
Isohyet Estimated Net Area Percent of | Precipitation
(mm) EUD (km?2) Total area (mm)
(A) (B) (C) (D) ( B*D)
891-1000 945.5 40.7 8.01 75.7
1000-1109 1054.5 81.4 16.03 169.04
1109-1218 1163.5 75.4 14.80 172.2
1218-1327 1272.5 198.6 39.10 497.5
1327-1436 1381.5 73.9 14.60 201.7
1436-1545 1490.5 37.9 7.50 111.8
Total 507.9 100.00 1227.94

Where, EUD is Effective Uniform Depth of Precipitation
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Figure 4.3 Isohyetal Map of Holeta River Catchment
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4.2.2.3. Thiessen polygons
This method provides a good result for non-uniformly distributed rain gauges
over the area for both flat and hilly terrain by determining a weighted factor for
each gauge. Even though nine stations are considered to construct Thiessen
polygon, only five stations (Holeta, Addis Alem, Ensilale, Kimoye and Sebeta)

are used for computing weighted annual rainfall (Figure4.4).

The method is given by:
Pa= Y Pii1ai1,i/ At
Where, PA= the average depth of Precipitation
Pi.1,;= rainfall between isohyets i-1 and i

a i-1,;= area enclosed by successive isohyets of i-1,i

Using the method, the computed annual rainfall of Holeta River Catchment is
2010.6 mm (Table4.5).

Table 4.5 Theissen polygon method to calculate the annual rainfall of Holeta

River Catchment

Station Percent of Weighted
Precipitation | Net area | Total Area Precipitation

(mm) (Km?) (%) (mm)
Stations (A) (B) (C) (A*C)
Holeta 1545.6 320.0 63.0 973.7
Addis Alem 1118.7 40.6 8.0 89.5
Kimoye 993.5 37.8 7.4 73.5
Sebeta 1431.4 25.5 5.0 71.6
Ensilale 846.7 84.1 16.6 140.6

Total 508.0 100.0 1348.9
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Table 4.6 Monthly weighted rainfall amount by Thiessen polygon method

Net

area % of
Stations (Km?) Area Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Total Mean SD Min Max
Holeta 320 63.0 20.7 47.7 57.9 69.9 68.3 114.2 192.5 