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EXECUTIVE SUMMARY

This report summarizes the result of the Hydrogeological and Geophysical survey carried
out by SHAAC Consulting Company to assess the groundwater potential of Goraya Cawl
and Amoud Sites that to be drilled for three borehole for SHABA, Boorama District of
Awdal Region of Somaliland. Detailed Geological, Hydrogeological and Geophysical
survey were carried in Goraya-Cawl and Amoud sites and every effort was made to identify
the best suitable sites to be drilled in both sites in order to be incorporated the water supply
sources for Boorama town.

Most of the boreholes which supply water to Boorama town were drilled in Amoud area and
based on the previous water investigation and consequent borehole drilling in Amoud area
have clearly shown the presence of tectonically preserved full graben at the center of Amoud
area. Based on aquifer modeling as well as geological cross sections, at the central part of
Amoud area, the basement rocks could be reached below 230 to 250 m depth, while close to
the fault delimited areas, the depth of the basement rocks were found to be shallow. For the
current investigated points, were selected were the basement rocks are expected to be deep
below 160 m depth.

For Goraya-Cawl area, the area, were found to outcrop Adigrat sandstone formation,
however, the expected aquifer extension were found to be small, because the sandstone
outcrops were found to be surrounded by the basement rocks. However, within the Adigrat
sandstone outcrop area, the basement rocks were determined to be slightly shallow to deep
with an average depth of 140 t0 180 m depth.

In Boorama area, especially in Amoud, Afraaga, Saw and Goraya-Cawl areas, due to
tectonic activities that caused of faulting and the formation of Grabens, The Jurassic
sediments as well as the underlying Adigrat sandstone were preserved from the erosion.
The Jurassic limestone and the Adigrat sandstone formations are preserved in down-
faulted blocks delimited by the basement, thus forming relatively good aquifers. It seems
the Jurassic limestone and the underlying sandstone is preserved in Amoud area, hence,
one of the thickest water bearing unit in Amoud area could found at the center of the area,
therefore, any borehole drilled in Amoud area shall be drilled within the center in order to
get deep borehole depth below 180 m depth.

Based on the findings of the investigation, deep borehole drillings were recommended in
both area and below table is reported the details of the recommended sites:

Table 1. Recommended Drilling Sites

Site UTM- Recommend Recommended

Longitude | Latitude | UTM-X | UTM-Y Zone ed VES depth (m)

Goraya-Cawl | 43.22556° | 9.87120° | 305423 | 1091688 | 38P VES-5 160-180 m

Amoud 1% 43.22597° | 9.94964° Site-1

Priority 1100364 | 1100364 | 38 P >200 m

Amoud 2™ 4323114° | 9.94481° Site-2

Priority 306079 | 1099828 | 38 P >200 m

Replacement

for BH4 4321973° | 9.94686° | 304829 | 1100061 | 38P | VES-1 BH4 220-230 m
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1. Based on drilling history in Boorama area, technical drilling difficulties such as
caving and circulation losses are expected; hence drilling could only proceed by
installing surface casing.

2. This type of drilling can be done only by using a Rig equipped with MUD
ROTARY DRILLING SYSTEM capable of reaching the recommended depth.
Therefore, the drilling should be awarded only those drilling rigs with Mud
Drilling System capable of using large diameter drilling pits.

3. Due to above mention technical drilling difficulties, competent Hydrogeologist has
to supervise the drilling activities in order to have a successful borehole drilling.

e After installation of minimum 13 inch steel casing for the upper unconsolidated
sediments, the remaining part the minimum open hole diameter shall be not less
than 12 %4 in diameter

e Casing and screen materials shall be Steel Casing and screens or uPVC casings
and screens.

e Screen slots shall be determined by the material but as a recommendation 3 mm
may be used.

e Gravel Pack should be at least 95% silicic (quartz gravel) well rounded.

e Observation pipe shall be installed between the casing and the wall for monitoring

purpose.

This report will present the findings and the recommendations made as result of this
hydrogeological and geophysical investigation.
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1. Introduction
1.1. Background

In October, 2020, SHAAC Consulting Company PLC. was commissioned by the
representatives of SHABA, to undertake detailed hydrogeological, geological and
geophysical site investigations in Amoud area. The investigated sites are Amoud area
situated at about 5 east of Boorama town while Goraya-Cawl village is situated 11 km
southeast of Boorama town on along the road to Hargeisa.

The purpose of the study was to identify suitable locations for successful borehole drilling
within the Goraya-Cawl village in order to identify good borehole drilling sites that to be
used as new water supply sources for Boorama town.

1.2. Objectives of the Study

Water supply situation in many parts of Somaliland are known to be exceptionally severe and
this is due to its very low effective annual rainfall. Hence, groundwater development may be
the main water supply source in the country as a whole. Several deep drilling projects were
undertaken in Somaliland, however, due to lack of prior hydrogeological knowledge, the
success rate of groundwater development or drilling of successful wells has been very low.
Similarly, the quality of groundwater was found to be saline especially areas covered by the
Taleex Gypsum Formation and other evaporate geological units.

The overall objective of the project is to improve the availability of water and sanitation in
Boorama town and to provide clean drinking water supply to the Boorama community. The
overall broader objectives of this detailed hydrogeological geophysical site investigation is to
select the appropriate water sources for Boorama area in both Goraya-Cawl and Amoud areas
and to submit detailed report outlining the best ways to develop the water source. In addition
of above stated objectives of the investigation, the precise aims are as follows: -

(a) To conduct a baseline survey with particular emphases on hydrogeological and
geophysical investigations.

(b) To select with high degree of accuracy, reliable and sustainable water source sites.

(c) As a result of this investigation, some type of water sources will be developed for the
community and as a result of this will improve the health of the community.

1.3.1. Existing Data and Materials Collected

Existing data and materials has been collected from different sources and used for the
surveying and analysis.

A) Digital Topographic and Geological Maps
e Digital Topographic maps covering the entire of Somaliland were collected

and analyzed and used to prepare the base-map of Boorama area including
Amoud and Goraya-Cawl areas. The TOPOMAPS are at 1:2500,000 scale
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e SPOT satellite image and, Landsat image covering large areas of Somaliland
including the investigated site were collected and analyzed.

e Digital Elevation Model (DEM) at 30 m resolution covering the entire
Somaliland were obtained and used to model the topography and local
physiographic and drainage systems of the interested area.

e Geological Map of Somaliland at digital format prepared by SWALIM
Somalia was re-digitized and prepared the modified geology of the
investigated site.

B) Reports and Maps Reviewed

e Weeraar Area Hydrogeological and Geophysical Investigation for Concern
Worldwide, August, 2017 by SHAAC Consulting Co.

e Habaas area hydrogeological survey for Islamic Relief by SHAAC
Consulting Company, January, 2017.

e Amoud and Degma-Laqas areas hydrogeological modeling for aquifer
delineation for Ministry of Water Resources, Somaliland, 2017.

e Qolojeed Area water investigation by SHAAC Consulting Company for
Private Farm owner, 2016.

e Geed Abeera Area Hydrogeological and Geophysical Investigation and
Socio-economic and EIA by SHAAC Consulting Company for Concern
Worldwide, 2015.

e 18 Sites hydrogeological, geophysical, socio-economic and EIA in
Somaliland for Islamic Relief Somalia, by SHAAC Consulting Company,
2015.

e Site Hydrogeological and geophysical investigation of Alleybadey town,
Somaliland, by SHAAC Consulting PLC. 2014.

e Hydrogeological and Geophysical Survey in Boorama District by SHAAC
Consulting PLC, 2013.

e Hydrogeological Survey and Assessment of Selected Areas in Somaliland
and Puntland, Somalia Water and Land Information Management (SWLIM),
December 2012.

e Water Sources Inventory for Northern Somalia, SWALIM, 2009.

e 13 Sites Hydrogeological site investigations in Somaliland by SHAAC
Consulting Company, 2006.

C. Borehole Logs

Available existing Water borehole logs were collected such as boreholes located in Geed
Balaadh, Arabsiyo, Alleybadey, Magalo’ad, Tog-Wachale and Amoud and Degma-Laqas
areas (Boorama area).

1.3.2. Field Data Collection

After, the reconnaissance deskwork, the fieldwork was arranged and the consultant
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mobilized the survey team to the site. During the field, the consultant has undertaken the
following activities:

e Traverses has been made in different direction of the study areas to identify
the rock types, strategic set up and geological structures in order to identify
the possible aquifer system and estimate their aquifer parameter which are the
key issues of defining the occurrence & movement of ground water.

e Hydrological and water supply information of Amoud area and other sites
close by were gathered in the field. The geology, geomorphology,
topography and hydrology of the study area have been reasonably studied in
the field to understand the local and regional ground water occurrence.

e Furthermore, water sources namely existing boreholes available in the study
area were assessed and inventoried.

e Similarly, specific & general problems relating to existing water supply were
collected during the field.

e Five Vertical Electrical Soundings (VES) was undertaken in Goraya-Cawl
area, while two VES measurements were made in Amoud area.

e Topographic data and locations of suited localities, water points, geological
contacts and other relevant data were captured by using GPS.

1.4. Data Analysis and Reporting

Primary data collected from the field and secondary data acquired from different sources
were integrated. All information on geological, hydrological and geophysical inventory
gathered in the fields as well as from different sources has been used to produce
preliminary hydrological map of the study area. The most important outcome as a result
of this hydrogeological study is to locate and select the appropriate type of water sources
for Goraya-Cawl and Amoud areas. Other major outcomes of this water investigation are
to gather information regarding on the sub-surface geology of the study areas.

All information regarding on geological, hydrological, geophysical gathered in the field
as well as from different sources have been used to produce this report.
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2. General Background

2.1. Location and Accessibility

Two sites were investigated namely Amoud area situated at about 5 km east of Boorama
town and Goraya-Cawl village situated at about 11 km south of Boorama town along the

road to Hargeisa town.

Figure 1. Location Map of Investigated Sites
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Figure 2. Detailed Location Map of Investigated Sites
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2.2. Climate and Seasons

In general the climate of Somaliland can be classified as arid and Semi-arid type climate,
with an average annual rainfall ranging from 500 — 600 mm/year in mountain regions
near Boorama, Hargeysa, Sheekh and Erigavo and it decreases as far inland in the flatter
area of Sool Region and in the coastal areas parallel to the Gulf of Aden and the amount
decreases to less than 100 mm/year.

The rainfall distribution is bi-modal type pattern and the rain tends to fall in isolated
storms. The climate of Somaliland is determined by the occurrence of the seasonal
monsoon systems and change of the monsoon winds is responsible change of seasons.
The directions of the winds are controlled by sequential movement of inter-tropical
convergence Zone (Faillace & Faillace 1986).

During wet seasons, humid maritime air is swept inland by westward winds, while during
dry seasons; dry northeast and southeast monsoons are swept into Somaliland which
delivers dry continental air masses. There are two rainy seasons, locally known as the
Gu’ (April to June) and the Deyr (October to November). The rainy seasons are
alternated by two dry seasons locally known as Jilaal (December to March) and Haggaa
(from July to September). In the study site, receives an average annual rainfall of 400 to
300 mm/year

Figure 2. Annual Rainfall Map of Somaliland
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Somaliland has been recorded as one of the most drought prone regions in the Horn of
Africa. Rain falls torrentially and for short duration. The low rainfall regions in the area
have a higher intensity of rainfall than those areas which have relatively higher amount of
mean annual rainfall. ~ As it can be seen on the above depicted rainfall map of
Somaliland, Boorama area receives the highest annual rainfall of about 500 to 600
mm/year.
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The region is characterized by strong wind circulation, which causes moisture loss in both
plants and soils. The mean annual speed of the wind 1s 2.9 km/sec in relatively high
altitude areas, whereas in the low altitude areas attain 5.8 km/sec. Mean monthly
temperature ranges from 15 — 25 °C in the mountain regions to 25 — 35 °C in inland areas.

Figure 3. Temperature distribution map in Degree Celsius (March)
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2.4. Physiographic and Vegetation Cover
2.4.1. General Physiographic of Somaliland

Northern Somalia of Somaliland can be subdivided into three major physiographic
provinces and these are as follows:-

a) The coastal belt and slopping plain.
b) The Plateaux and valleys

¢) The mountain Zone.

The Coastal Belt and Slopping Plain

The coastal Belt is a narrow strip which stretches along the Gulf of Aden, north of the
mountain range and it comprises the flat coastal belt and inland rising plain. The coastal
belt is a flat narrow strip ranging in width from few hundred meters to about 10
kilometers. The coastal belts under lies by Recent beach sand, coral reef deposits and
marine terraces. Small sand dunes of 10 to 12 meter high are common in this Coastal
Belt.
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The sloping plain which is located between the coastal plain and mountain areas and it
has triangular shape and could reach more than 90 kilometers in width. The predominant
lithology of the sloping plain is alluvial deposits consisting of clay, sand and gravel.

The Plateaux and Valleys

The Plateaux and Valleys cover extensive area south of the mountain range. This
physiographic region can be sub-divided into three Plateaux and large structural
depressions which are as follows:

The Haud Plateau

The Taleex Plateau and Nugaal Valley
The Sool-Haud and Sool Plateaux

The Dharoor Valley

b NS

The Haud Plateau

The Haud Plateau is a large undulating plain covering the northwestern part south of the
mountain zone. The elevation rises from south to north from 900 m to 1300 m. The
mountain area is hilly and drained by several streams, whereas, the southern part is gently
flat. The Haud Plateau is covered by the Nubian Sandstone which overlies the Basement
Complex.

The Auradu limestone outcrops along the northern border from Hargeysa towards east
and southeast, forming a succession of gently elongated ridges with broad alluvial
valleys.

The Taleex Plateau and Nugaal Valley

The Taleex Plateau and Nugaal Valley is a large area in Central part of North Somalia
and covers parts of Sool, Sanaag and Nugaal regions. The Nugaal valley is large, flat
bottomed valley flanked by the Taleex, Sool Haud and Sool Plateau. Togga Nugaal
drains to Eyl and Indian Ocean. The Taleex Plateau rises gently towards the edge of the
escarpment which constitutes the uppermost part of the Togga (stream) Nugaal
catchment. Most of the area is covered by gypsum and gypseferous soil and to a lesser
extent, by limestone.

The areas covered by the gypsum are completely bare. Karstic depressions and sink-
holes are wide spread in this zone. Sink-holes in the area of Ceerigabo and Caynabo are
often indicated by the presence of a tree called locally Berda. Gypseferous alluvial soils
cover depressions and in areas with outcrops with Taleex evaporitic sequence, vegetation
is absent. Areas covered by thin red soil and underlain by Karkar Formation have
consistent vegetation. Vegetation therefore helps to trace the approximate boundary
between Taleex gypsum formation and Karkar limestone formation.
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Sool Haud and Sool Plateaux

The Sool Haud Plateau extends between Jidali and Hadaaftimo near the edge of Gulf of
Aden and extends as far as the northern part of Nugaal valley south of Xingalool village.

The Mountain Zone

The Mountain Zone is characterized by undulated plateau, with an elevation ranging
from 1400 to 1600 m, extends south of Hargeysa and is covered mainly by sedimentary
rocks. A lower plateau extending further north has an elevation between 1000 and 1400
m; it is crossed by numerous streams which have incised sedimentary and
metamorphic rocks. North of this plateau, a mountain range extends from Lafaruug to
Agabar and Boorama. The highest peaks are located in the western part of this range,
north of Boorama, with heights of 1300 to about 1800 m. This area is covered mainly by
crystalline basement rocks and by Jurassic Limestone and Mesozoic limestone where
streams have incised narrow valleys.

The northernmost part is constituted by the sloping plain and coastal strip, which extend
along a large belt ranging in elevation from 600 m to sea level. In Sanaag area there is
the high Golis mountain range running parallel to the shore of the Gulf of Aden. The
highest peak is Mt. Surud, with an elevation of 2408 m. The mountain range is mostly
constituted by crystalline rocks which are deeply incised by numerous streams. Amoud
and Goraya-Cawl area belong to this mountainous physiographic zone. The study area is
covered by Precambrian Basement rocks, Adigrat sandstone and Jurassic Limestone
formation.

Figure 5. Physiographic Region of Somaliland
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As it can be seen on the above illustrated physiographic Region of Somaliland, Amoud
and Goraya-Cawl areas are situated in the Mountainous Zone of Awdal region and their
drainage system is towards south-southwest towards Harawo stream and finally towards
Awash Basin.

2.4.2. Local Geomorphology

Geomorphologically Amoud and Goraya-Cawl are situated in Mountainous
Physiographic province of Somaliland. The area is found to be very rugged terrain with
numerous crystalline basement rocks hills in the north of the study area.

The Mountain Zone is characterized by undulated plateau, with an elevation ranging
from 1000 to 1450 m, and it is crossed by numerous streams which have incised
sedimentary and metamorphic rocks. The study area is covered by thick alluvial
sediments underlain by Jurassic Limestone formation, followed by Adigrat sandstone
formation and most likely is underlain by basement rocks.

Figure 6. Local drainage Basins
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As it can be seen on the above depicted local drainage basin map of the investigated sites,
Amoud areas belongs to coastal drainage basin, while Goraya-Cawl area belongs to
Harawo drainage basin and is very close to the surface water divide separating between
these drainage basins.

The coastal drainage basin its drainage direction is towards the Gulf of Aden, while
Harawo drainage basin belongs to Hawash drainage basin and its drainage direction is
towards Afar Regional State of Ethiopia and finally is towards the Red Sea.
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