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1. INTRODUCTIQN

A reconnaissance soils survey of the Northern Rangelands Project area was
carried out in June and July 1979 by A. R. Griffin and the results of this
survey are presented in his report "A praisal of Geology and Soils in
Project Area'". Agronomic aspects of ~he Project were covered in a report
npgronomic Factors Relevant to Fodder Production Units" by A. D. McKay,
following his visit to the area in October to December 1980. This report
covers aspects of soil relevant to the agronomy of the Project Area.

More detailed studies were undertaken between September 1980 and June 1981.
These studies included auger and trial pit investigation in the field.
Laboratory work was undertzken in the National Range Agency offices in
Burao on samples of soil obtained from the various sites of the Project.
Laboratory equipment was available to perform Atterberg Limit, moisture
content, soil compaction, particle size distribution and in-situ density
tests.

The major rock types of the area are limestone and anhydrite. The limestones
typically form mountainous and hilly areas and the anhydrites typically
produce flat plains topography. Where the two rock types are interbedded
cone shaped hills, mesas and buttes are commonly found. A greater variety
of rock types occur llong the northern edge of the project area lin the
coastal range including sandstones, gr%nitesoand gneisses. In :ke Project
Area the general dip of the rocks is 3 to 4 in a southerly direction
thous— small local variations do occur. Faults dissect the area with a
gene: :. east west or| east-south-east west-nortn-west trend produEing
persistent scarp fea%ures on the landscape. The geomorphology of the
area is that of 'a typical semi-arid region having rocky hills dissected
by steep sided.valleys with alluvial fans where the water flow reaches
flatter ground.

! i
There are two main types of soil in the area. Pale coloured gypsic silts or
silty clays are derived from underlying anhydrite deposits. Light red loam
calcareous  sandy silts or silty sands are derived from limestone deposits
and.may overlie the limestone rocks of origin or may overlie anhydrite and
limestone rocks as transported alluvial material. Gypsic material is much
less often found to have been transported any significant distance by
water. .

A third type of soil is found in the Bokh Haud part of the Project Area where
dark red sands, silts and clays with calcareous gravel are found in a broad
valley which has been the scene of large scale deposition of material possibly
from sandstone and limestone hills to the north-east of Hargeisa.

The gypsic soils are often thin and cemented, the calcareous soils are
generally deeper. The Bokh Haud soils are ia excess of 4m deep in the areas
investigated but may be interrupted by calcrete or gravel layers.
Limestone derived soils have various advantages over gypsic soils for the
purposes of fodder production. Taese include greater depth, more suitabple
texture, better drainage and the avoidance of accumulation of salts in the
upper layers. A gypsum content of more than 50% in the soils is likely
to have a deleterious effect on crop yield. It is also considered that
limestone derived soil provides a better material for the construction

of bunds and other earthworks,rnaving greater cohesion and resistance to
erosion and soclution than gypsic material. In some areas alluvial mixing

ofwgalcareo:s and gypsic material has occured to produce soils with inter-
mediate characteristics.



2. ORGANISATION OF SOILS INVESTIGATION

The investigation of the soils of the Proje:t Area was performed from

a base at the N.R.A. offices in Burao. At these offices there was a one
room soils laboratory with equipment which enabled certain basic soils
tests to be carried out.

Tests undertaken in the laboratory were:

i) Moisture content

ii) Atterberg Limits

iii) Particle size distribution (wet and dry sieve and hydrometer sedimentation).
iv) 2.5 kg rammer compaction test.

Tests undertaken in the field were:

i) in-situ densities by %and replacement

ii) water quality tests (pH, conductivity,hardness, alkallnltj, chlorlde,
sulphate, nitrate, ammonia and phosphorous).Some cf these were done in
the laboratory, others ir the field.

For the purposes of field reconnaissance a hand auger was used to obtain

samples of soil and to estimate the depth of soil available for plant

growth or for excavation. A back-hoe excavator was available to use at

one site only, Qaalin Dheere, for the excavation of trial pits. Small

trial pits were dug with hand tools at various sites.

Work was in various ways limited by the non-availability of trial pit
.excavating plant for.most of the project period. The handauger proved fto
be a useful tool but was not able to penetrate gravelly soil or well
cemented soil.

In the laboratory the equipment was adequate for the number of tests that
were carried out. The main limiting factor on the volume of laboratory
work performed was the lack of suitable local assistance. No counterpart
was provided though a few individuals showed some interest in the workings
of the laboratory. None of the laboratory testing work load was taken by
any local employee. The quantities of standard vessels and containers in
the laboratory proved in general to be adequate but in a few cases limited
the number of tests that could be performed at any one time.

4 Landrover was available for soils fieldwork, petrol supplies permitiing.



3.

FIELD AND LABORATORY INVESTIGATIONS

General
The fcllowing sites were visited by the so‘ls engineer,
R.C. ILuck between September 1980 and June 1981:-

1. Figishinni

2. Qaalindheere

3. Gal Shiikh

4. Gambara

5. Yufleh

6. Gaba Gabo

7. Odweina

8. Goita

9. Hadaftimo and Tug Dhurcood
lo. Dur Cad |
11. Cabdi Dheere

12 Mirac Kudle E
13. Gorayacod and Ceek Bal?ah
14. Warta Faarax Geedi
15. Xambaree

16. Rimaaleyse

17. Geel Wanaaje

Records of auger holes and trial pits from these sites
are .included in Appendix 'A'. Only the more important
auger holes are noted in this report as many more were

drilled principally in order to establish site boundaries.

Records abstracted from the earlier report by A.R. Griffin
are at Appendix C.

Soil samples were taken from Goita, Qaalindheere, Gal
Shiikh, Hadaftimo, Figishinni, Gambara, Dur Cad and
Warta Faarax Geedi for the purposes of laboratory
testing. All the test results, both from field and
laboratory, are presented in Appendix 'B'.



Field “nvestigations

Hand auger holes were drilled at all sites to
ascertain soil depth and nature. The obsefvations
made contributed to the overall assessment of the
individt al sites outlined in the site descrirtions
in Chaptar 5.

Trial pits were excavated at two sites. At Goita
two pits were excavated by hand to augment hand
augeriinformation. At Qaalindheere fifteen trial
pits were excavated by machine along the line of
the proposed irrigation canals.

A series of in-situ dry density measurements were made

at Goita site. The method used was the Sand Replacement
Methpd (B.S. 1377 1975). Densities of natural ground,
ﬁncomﬁécted bund and compacted‘bund were measured
auring'fhe dry season, and aga%n, after the rainy

season, on the uncompacted bunq material. Compaction was
carried out by a Fiat 8B Dozer making many passes over
layers of soil some 200 to 300mm in thickness. The

table below shows the results.

Average wét Average Average ¢
Date Material| soil density moisture density
3 content 3
Mg/m % Mg/m
21/2/81 Natural
Ground 1.56 2.2 1.53
21/2/81 | Uncompacte#
Bund 1.46 2.6 1.42
21/2/81 Compacted
Bund 1.46 2.8 .42
25/5/81 Uncompacted
Bund 1.23 5.4 1.17

Table 3.1 In Situ Density at Goita



Two tests were performed at Goita to investigate the
behaviour of Qater applied to the soil. On 2nd
December 1980 water was applied to a depth of 200mm

in a small basii! approximately four square metres in
area. Auger holes were then drilled in the basin at
intervals for a period of two months. The decrease

in water content with time is shown in Fig. 1 as a
series of profiles of water content against depth.

The ground surface of the test basin was not vegetated.
On 21st February 1981 a basin approximately 3.7m2 was'
filled to a depth of 180mm in 20 minutes. The rate of
infiltration from the end of filling for 30 minutes
was 128mm/hr and then 86mm/hr for the next hour

(Ref. Fig. 2).

1
\

In addition to these tests some observations were made
a# Goita of the moisture content at th% end of the

rainy season. An auger hole was drilled on 25th May

1981 in a basin behind a bund on line 37 which was
approximéﬁely halfway down the bunded area. The
moisture content was 15% throughout the profile to a
depth of 2M. On 26th May 1981 two auggr holes were
drilled at bund line 12 which is near tLe major source
of water for the site in the north»of the area. One
auger hole drilled inside a bund basin showed a moisture
content between 20% and 25% to a depth of 2m. The

other hole was drilled outside a bund basin and showed a
moisture content of about 10% to a depth of O.5m

The ground was too dry and hard to auger to greater
depth. The date of the most recent rains before the
auger holes were excavated was 9th May, except for a
light shower on the 17th. :
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Laboratory Tests

Both wet and dry sieve methods were used tc¢ obtain
particle size distribution of soil samples from six
of the :ites. Sedimentation methods were us:d to
ascertain the proportions of silt and clay i: the
samples. The tests were performed in accordance
with BS 1377 1975 Tests 7(A), (B) and (D). The

grading curves are given in Appendix B.

Atterberg Limit Tests were performed on samples from
seven. sites in accordance with BS 1377 1975 Tests

2(A) and 3 using the cone nenetrométer method

for liquid limit determination. 2.5Kg Rammer
compaction tests were performed on samples from three
sites BS 1377 1975 Test 1l2. A large number of moisture
.content tests were .also perfoﬁmed (ref. Section 3.2)

in accordance with BS 1377 1915 Test 1(A). The results

-0of all these tests are given in Appendix B.
|



CONCLUSIONS AND RECOMMENDATIONS

Hydrology - Infiltration and Runoff

Section 3.3 Jf the Hydrology Report gives details of
Infiltratiorn Tests and a Runoff Study upon which

the design of the various sites of the Project have
been based. As a result of the spray and ring
infiltrometer tests an infiltration rate for

stored surface water of 100mm/hr was inferred.

The assumption was supported by the data from the
basin infiltration test (Ref. Section 3.2 of this
report) carried out at Goita where an initial rate of
128mm/hr was. measured falling to 86mm/hr after about
30 minutes. (Fig. 2, page 7).

Noﬁcénclusions can be added to thoke in the.Hydrology
Report concerning runoff except thgt wide variations
can exist within individual catchments as well as
between catchment areas. Descriptions of catchment

areas are included in Chapter 5 of this report.



10
Agronomy

The Report on Agronbmic Factors Relevant to Fodder
Production Units by A.D. McKay presents conclusions
on aspects of soils affecting agronomy. In particular
such factors as soil :rosion, runoff, crop requirements

and depth of storage are dealt with.

With regard to depth of storage, McKay states that

for a design maximum retention level of 200mm of water
behind bunds such a quantity can be absorbed in a soil
depth of approximately 1 metre and represents a
month's requirement for maximum growth. The basin
infiltration test (Ref. Fig. .1 and Section 3.2) at
Goita supports the view that a single application of
200mm of water will raise the moisture content of about
Im of \soil to a valﬁe around 20%. This value is
thOugAt to be near the Field Capacity of the Goita

soil.; It was shown by the auger holes drilled at

Goita pfter the rainy season (also Ref. Section 3.2) that
’ 1

repeated applications of water were able to increase
the moisture content of the soil to'in excess of 2m

depth.

McKay also presents the agronomic arguments against
forming level basins behind bunds. The contrarv view,
which -has been adonted by the consultant, is set out in

their Final Revort, section 9.7.
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11.

T'Engineering and Engineering Materials

The Construction Manual sets out the general guidelines
for bund construction, excavation for channels and
ponds, embankment compaction, quarry’'ng, production of
graded stone, design of filter mater:al and aggregates
for concrete production.

It is not considered practical to compact bunds and this
will mean that initially they will be vulnerable to
erosion and animal damage. Grassing and stabilisation

should occur over a period of time.

Where excavations for channels or stockwater ponds are
necessary it is anticipated that at many sites cemented

sub-so0ils may require loosening by ripping as seoil

cemen£ation to varying\degrees occurs widely throughout

the region.

Embankments that are idtended to retain water for a
period of time or likeﬂy to be subject to erosion should
be constructed with compacted soil. From the number
of laboratory compaction tests performed it appears
that a moisture contentiof ébout 18 to 20% is required
to achieve the maximum 8ry density of typical soils of
the area. For the greater part of the year most soils
in the area have natural moisture contents of less than
10%. As demonstrated at Goita (Ref. Section 3.2) it

is unlikely that such dry soils will respond to
compactive effort in their natural moisture state.

The recommended method of compaction is given in the
Construction Manual.

The method of production of graded stone for use as

fine and coarse aggregate for concrete, granular

. backfill, filter material and gabion stone is outlined

in the Construction Manual. It is considered that
tug beds will form an important source of material
together, with stony ridges and borrow pits in alluvial



12.

fans or other natrual accumulations of coarse material.
Material should in general only be considered if it is
of limestone origin, both for quarrying and collection

of na:ural accumulations.

The Construction Manual also sets out the method of
design of filter material for use at water retaining
structures. Grading curves for the soils occurring
at the relevant sites such as those included in
Appendix B can be used in conjunction with the method
set out to specify the type of filter required for a

particular location.

Limestone. hills should provide the main source of all
materials for use in constryction work at the
recommended sites. In all Aases some limestone material

is within fairly easy reach i of the sites.

l
|

Section 3.4 of Appraisal of beology and Soils in
Prpject Area by A.R. Griffin presents observations

apd conclusions on the soil properties of the two
major types of soil found in;the area, limestone
derived and anhydrite deriveé {gypsic).

Subsequent observations have in general supported
these initial conclusions. In general the gypsic
soils are fine grained, have low plasticities and

lack true cchesion. While very soft and weak when

wet they beccme brittle and crumbly when dry.

Gypsic soils will be susceptible to scour, erosion and
solution, will have negligible shrinking and swelling
properties, low shear strengths and low compacted
maximum densities. Limestone derived soil shows gréater
cohesion and resistance to erosion and solution than
gypsic material.



13.

These differences are illustrated by the results
of some laboratory tests on samples of soil from three
sites, Gal Shiikh, Hadaftimo and Fiqgishinni. These
samples rerresented limestone derived, anhydritr derived
and mixed c(rigin soils respectively. Samples f1om
Gal Shiikh were shown by Atterberg Limit Tests to fall
inte the range of clays of medium plasticity and a
particle size analysis showed the material to be a sandy
silt with a little clay (the relative proportions being
40%. 45% and 15% respectively). A sample from
Figishinni had a much lower plasticity though still
falling in the same classification as the Gal Shiikh
samples. In contrast the gypsic soil samples from
Hadaftimo proved to be non-plastic but a particle
size analysis showed the material to be 20% clay,

55% silt and 25% sand.
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5. SITE DESCRIPTIONS

FIQISHINNI

Chis site lies about 15 km east of Xuiun and is centred
on map reference 8788E 1006N on sheet NC-38-108.

The site is bounded by limestone hills to the north and
south but in the catchment area to the east there are
areas of anhydrite bedrock. These anhydrite beds occur
in the northern part of the catchment and form the low
hills which ring the northern upper catchment. The hills
which form the southern boundary to the catchment area
are mainly limestone.

The catchment of Tug Baadho iyo Kayaxa and its tributary
tugs occupies an area of approximately 90 km2. The
limestone  hills and slopes on the southern side and the
anhydrite hills and slopes on the northern side surround
a central area which was formerly an area of deposition
of alluvial material but is now being dissected and

. eroded by numerous gul%ies several metres deep. These

gullies: join the main
the site. =

ug before reaching the area of

The tug flows out ontolthe site area and has deposited
its material over a wide plain, the flow of water is
presently concentrated ' in two rill flow areas running
parallel to the northern and southern boundary hills.

As a result of the mixture of alluvial material from
anhydrite and limestone rocks the soils of the site

ared. are, in general, pale coloured silts with little
cohesion. 'The gravel content of the soils is generally
low. and the soils of suitable depth for fodder production
except in limited areas (Ref. 3.5.3 of A D McKay's Report
"Agronomic Factors relevant to Fodder Production Units").

QAALIN DHEERE

This site lies about 12 km north of Ainabo. Proposed
diversion- structures at the site lie at map reference
8659E 1000N on sheet NC-38-105.

The site isssituated near the point where water from

the limestone Buur Dhaab hills to the north-west
reaches flatter anhydrite plains to the south-east.

The soils of the site are formed from alluvial deposits
from a rocky limestone catchment area of 118 km2. The
Qaalin Dheere tug forms the south western boundary of the
site area and in places the banks of the tug show up to
4m of the alluvial deposits. Some gravel beds can be
expected in. the alluvial deposits in this area as it is
very likely that tugs emerging from the hills have

changed-course during the time the deposits have been
laid down.,

The proximity of the site to low limestone hills to the
north has meant that there is some gravel derived from

14,



- 3.

- 8786E 0952N on sheet NC=-38-132. Two tugs flow into the

these hills in the soil. Anger holes drilled at the

site often encountered gravel and were prevented from
penetrating further. A series of fifteen trial pits
showed that although gravel does occur and cementation

of the soil increases with depth, there is in ex:ess of

2m of a pre<ominantly silt and sand soil over the majority
of the site.

GAL SHIIKH

‘This site lies some 4 km north-west of Gal Shiikh village

which is about 18 km north of Ceel Afweyn on sheet
NC-38-71. Water is to be diverted from tug Gurya San
at map reference 8739E, 11l15N.

The two main tugs which flow into the site area are Tug
Dhaax with a catchment area of 44 km? and Tug Gurya San
with a catchment area of 16 km?. Both catchments are
characterised by an upper reach of gently sloping sparsely.
vegetated land leading to steep bare rock slopes, which
feed run-off into a network of channels deeply incised
into the soils of the connecting valleys. Waters from
Tug Gurya' San have caused extensive gullying to the north’
west of the site and have formed deeply incised channel
cutting through the plain to run out in the east through

a wooded area. l

The hills which bound the north-edst side of the site are
limestone and those to the south-éast, south-west and . '

north-west are anhydrite. The limestone scarp which

bounds the north-east side is gulded by a fault and it
is likely that anhydrites underlay the alluvium of the
site and are a continuation of the rocks of the gently
sloping anhydrite hills to the south west of the site

area.

The tugs flowing into the site area have deposited lime-
stone alluvial material to depths in excess of 5m.

There is a wery marked change in soil type at the south-
western edge of the site, where the alluvial limestone
soil meets- the shallow gypsum soils of the anhydrite
slopes. The soils of the site area are mostly gravel
free calcareous sandy silts with a little clay. A very
few gravel beds can be seen in the incised tug banks

but these should prove to be no obstruction to. construc-
tion or rooting.

GAMBARA

This area is about 25 km north-east of Las Anod along
the Chinese Road. The site is centred on map reference
2

area, Goblay and Doryare, and have catchments of 300 km
and 150 km2 respectively.

The rock's of the catchment areas are flat 1nterbedded
anhydrites and limestones, the anhydrite being the
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dominant rock type. The catchments consist of a series of
broad, fairly flat basins with surrounding steep sided
hills. The steep hill sides are poorly vegetated rock

and scree slopes where' s the broad basins are more
vegetated with gullies and channels incised into the
alluvial deposits.

The soils of the site area are underlain by anhydrite
rocks and are themselves formed of a mixture of anhy-
drite and limestone derived material.  The soils are
generally silts and sands with some clay and gravel in
some areas. Established grass areas can cause an increase
in clay content of the soil by slowing water flow and
causing deposition of fines in the grass area and this
appears to have happened in the well grassed areas of
this site.” Gravel and gypsic cementation of the soil
may restrict the growta of vegetation in parts of the site outside
the well grassed areas.

YUFLEH

which is)about 30 km south-west of Erigaro. he site is

This sitj lies about 6 km south-east of Yuflel village,
centred ¢n"map reference 8746E 1146N on sheet NC-38-59.

The hilld surrounding the site are both of limestone and

'anhyarlté The upper catchment is an area of ;sparsely

vegetated'gyp51c soils on gentle slopes. Nearer the site
the limestone slopes are steeper and more rocky.

The site can be divided into two areas. The lower

ared lies|below the outflow of the main tug, Thg Hareer ,
and is a iarge ‘plain of deposition. The upper; area of
the site 1s fed by material from the adjacent hills,
which are mostly limestone but contain .some anhydrites.

The soils of the site are mainly calcareous in character

but contain some limited areas of gypsic soils, particularly
in the upper area of the site. In general, except for

areas adjacent to hillslopes, the soils are of good

depth with low gravel contents.

GABA GABO

This site stretches from 4 to 12 km scuth of Gaba Gabo
village (8598E 1084N) on sheet NC-38-80.

This site occupies a strip of land to the east of a

range of limestone hills. There are no major watercourses
entering the area but a series of minor flows from the
hillside which bring limestone material into the site
area. Adjacent to the steep rocky hillsides gravel and
cobbles are predominant in the soil, further away from
the hlllSldeS, in general, the soil grain size is reduced.
The rocky hill slopes and adjacent gravel slopes are
sparsely vegetated with an increase in shrubs, trees and
grass, only occuring on the firmer soils of the site area.
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This s0il is a calcareous silt and sand. There are
areas of gravel away from the hillside, as at the north
end of the site. The site boundaries avoid the more
gravelly areas.

ODWEINA, DOBO WEYNE

These sites lie about 2 km north-west and 24km west-south-west
of Odweina (Oodweyne). They have similar soils.

The alluvial deposits in a wide area around Odweina have
their origins in the limestone hills to the north in

the region of Go'o. These alluvial deposits have been
transported a relatively large distance and are in
consequence fine soils, being mainly silt. They are
likely to be deep as the area has been one of significant
deposition. -

GOYTA

This site lies about 25 km north-west of Burao. The site
is centred on map re&erence 8544E 1074 E on sheet NC-38-79.

The site occupies a position on the south-western side

of a range of low limestone hills and the new Berbera -
Burao road. A The limestone hills have bare rocky surfaces’
with a thin covering of cobbles and gravel. Between the
hillsides and the new road gravel and cobbles form the-
surface material,but there is a rapid change around the
position of the new road and the soils of the site become
deep gravel free calcareous silts and sands with some
clay. Over the site area the soils remain uniform except
for a slight increase in the cementation of the soil

with increasing distance from the limestone hillsides.
This cementation is not well developed and therefore

not likely to cause any obstruction to rooting or
construction.

BANAANKA BALWEYNE AND TUG DHURCOOD

These sites are located 6 km south-east and 17 km east-
north-east of Hadaftimo respectively at map references
9186E 1188N and 9200E 1194N on sheet NC-39-39.

These areas are of similar nature being bounded on one
side by anhydrite hills and on the other by a deeply
incised tug. The anhydrite hills are steep with a rocky
surface. From the foot of the hills there is a gently
sloping plain, with thin gypsum soil derived from the
anhydrite rocks. This so0oil has a 'plated' cemented
surface and a relatively good cover of grass for the type
of soil. Nearer the tugs the soil type changes to
become deeper, less cemented and more calcareous. The

areas near the tugs have material derived from limestone
rocks which outcrop in the catchment of the tugs, as well as from

anhydrite rocks. The dividing line between the two soil areas is,
at neither site, well defined.



At Banaanka Balweyne a strip of land some 250m in width
next to Tug Gebi has soil considered to be suitable for
trial development as a water harvesting site. The soil
is, in this zone,a pale coloured sandy silt of consider-
able depth as showr. by the deeply incised Tug Gebi.

Similarly, at Tug Dhurcood, a 250m strip of land adjacent
to the tug has been selected for development. The soil
here is of similar nature as at Banaanka Balweyne but
there are some areas of gravelly soil to the east of

the area which may prevent development in that direction.



5,10 HAUD AREA SOUTH OF ODWEYNE

5.1

‘tends, to,become grea
~soil also becomes more cemented at depths greater than

Five sites have been considered in this area for develop-
ment of Stock Water Ponds. The sites are Duur Cad,

Cabdi Dheere, Qurac Kudle, Gorayaool and Ceek Ballah.

Map references are given for these sites in the Stockwater
Pond Report.

The sites lie in the valley of Togga Dulead/Bokh, which
runs south-east from Odweyne to the Ethopian border at

a very shallow gradient. The side slopes are very gentle
having falls of less than % into the main flow areas in
the valley bottom. There are very few defined or incised
channels. . Vegetation in the area is largely acacia bush
and trees with areas of more open grassland and mixed grass
and small shrubs

A.-deep red alluvium covers the area and is possibly
derived from sandstones and limestones east of Hargeisa

-The spils of the sites conform to a fairly regular pattern
and appear to be ess entially a red sand and silt with =

some clay and gravel of calcareous nodules. The gravel -
éer in quantity .with depth and the

one or two metres. In some areas there is a patchy
development of calcrete .in which the gravel becomes cemented
into 'a rock-like layer.,

Duur. Cad., Cabd1 Dheere and Qurac Kudle conform to the
pattern of 50115 outllned above and .should have sufficiernt
depth, of soil:for the: development of Stock Water Ponds.

At Gorayaood there is'a greater development of calcrete
'in, the ‘area. and this may limit the depth of soil which can

be excavated. 1At Ceek Ballah shallow sump excavations

. should not éncounter any obstruction in the soft sedi-

ments of this shallow depression.
SAWL HAUD AREA between ERIGAVO and GARDO

Two areas have been considered in this region for the
development of Stock Water Ponds. These areas are
Xambarre and Rimaaleyse.

The positions of these sites are illustrated on Map 3 of
the Stock Pond report and map references given.

The area is generally very flat with little relief
especially in anhydrite bedrock areas. The gypsum soil
of the anhydrlte supports open grassland with virtually
no bushes or: .trees except around sink holes. The lime-
stone soils more commonly develop vegetation ar:: con-
taining acacia trees and bushes and dense gdgrass.

The soils of ‘the region are generally derived from the

., underlying bedrock with some additional alluvial material
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as in the -Xambarre valley, for example, where limestone
alluvium has been brought into the area from the north.
This material forms cemented gravel ridges lying over
anhydrite bedrock.

Xambarre and Rimaaleyse are very similar in rature.

They lie in broad flat valleys, some 2 to 3 ka across,
which arc bounded by the cemented limestone gravel ridges.
The soil in the valley bottoms is a mixture of gypsic

and limestone silts, sands and clays. A tributary tug

to the main valley forms an alluvial fan of a mixture of
gyp51c soil and limestone alluvium in both valleys.
Outside the alluvial fans the gypsic silting soils are
well cemented at half a metre depth. The alluvial fans,
though coarser and containing gravel and cobbles, should

‘provide a greater depth of soil for excavation.

A limestone outcrop running east-west between Xingalool
and Ceelbuh forms low ridges of rock and gravel with
broad flat valleys with shallow soil, between one and
two metres depth.

GEEL WAN AAJE

\

This site lies at the foot of tbe west end of the Buur
Dhaab’ escarpment, to the south-west of Waridad.

The Buur Dhaab range of hills facing the Nugaal is a

:retreatlnq limestone escarpmentl The face of the range is

steep and deeply incised by a series of steep sided rocky
valleys.' "For a distance of between one and two kilometres
from the scarp face limestone bedrock is visible, over-

‘lain in places by cobbles and other alluvial debris. It

is assumed that this is the remnant of the base of the
11mestone left as the scarp face has been eroded. There
is a falrly well defined line between this area and the
much flatter alluvial area to the north formed by the
eroded limestone debris. It is in this alluvium that
the Stock Water Pond could be sited.

Near the dividing line the alluvium is fairly coarse
containing gravel and cobbles with the sand and silt of
the soil, but the material becomes finer in nature with
1ncrea51ng distance from the limestone scarp. Calcrete
layers can be’ seen at the surface of the alluvium in
some parts of the area and should be avoided when
excavating.

The two alternative sites at Reygat and Hidiido are very
much the same as Geel Wanaaje.

WARTA FAARAX GEEDI

This stockwater pond site lies north of Waridad, on the Banaanka
Higlo Xaraf plain.
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The arealis a zone of deposition for waters bringing
alluvium from the bare and rocky limestone and anhydrite
hills to the north and north-east out onto the plain.
The water flow from the hills has deposited a fairly
uniform sand with silt and a little clay to, apparently,
fairly large depths. No cementation of this soil is
apparent and the soil i gravel free.

5.14 XUDUN AREA (Xudun Nos. 1, 2, 3, 4, Bur Anod South and Kooratoonshe)

Soils for all these areas are essentially silts and are derived from
weathering of limestone from the Bur Anod ridge, mixed with anhydrite from
the Nougal valley. The percentage of limestone sands and gravel, and

the size of:gravel particles increases as the hills are approached whereas
the amount of anhydrite increases as they are left behind and the Nougal
valley approached. The best soils for both agricultural and engineering
purposes are’ to be found in an intermediate zone between these two cases.
There" is an abrupt change in vegetation type at the point at which anhydri-
becomes -dominant.

!
5.15 BUR[GALFAY, UURL . BUR MAMAC GABAAN, GARGARO —AQEEL DHEERE

The soils'of these areas are all the products of weatherlng of the local
limestone |hills which overlook the sites. Coarse materlal is found near
the hllls but - the arount of fine sand and silt lncreases, as does the
depth, as |soil moves into the flatter areas below the !pediments which are
suitable for fodder production units.

5.16 INAAFMADOW, UNUUNLEY

These sites lie astride the Chinese Road, 60 and 35 km from Burao. Soils
are llmestone derived from higher ground and ridges a few kilometres to
the South-eéast. At Inzafmadow there is a gravelly hard pan which, in
places, comes within 1 metre of the surface. At Unuunley soils are rather
coarser than at Inzafmadow, especially in the South-east where limestone
bedrock comes to the surface.
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COMMENTARY ON DESIGN ASSUMPTIONS

Early visits by the Geologist and Hydrologists resulted
in the publication of "Appraisal of Geolog - and Soils
in th¢ Project Area" and of the Hydrology :.eport, both
dated October 1980 but based upon visits between June
and September 1979. Certain design parameters were
needed early in the Consultancy and many of them were
either set out or implied in one or the other of these
two publications. The time has now come to review
these.

Infiltration of ponded water

Experiments at Gaba Gabo, described in Section 3.3.1 and

. Appendix D of the Hydrology Report, gave ring infiltro-

\

meter rates averaging 122mm Eer hour, with a standard

deviation of 59mm, from 16 samples (ignoring the two

extremes). The test at Goit% referred to at Section 3.2
and Figure 2 of this report %hows not dissimilar figures
of 128mm per hour for the first 30 minutes falling to
about 80mm per hour thereafter. Tests at Gaba Gabo
were carried out with IO and with 50rm at-%ater in
infiltrometer whereas Goita w%s a larger scale field
experiment with water depth skeadily falling from

180mm to zero. The effect of head does not seem

therefore, particularly significant.

While there was considerable variation in infiltration
rates from test to test the round figure first approxi-
mation of 100mm given in the hydrology report is as

near as one can hope to get for an overall figure. The
fear once expressed that the designed impoundmer.t of
200mm behind the bunds might do permanent damage to

the crop can be dismissed: even in the extreme case,
where an infiltration rate of 20mm per hour was recorded,
the bund would absorb the full charge in 10 hours.
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Infiltration of rainwater

No further rainf. 1l simulation was possible beyond th.t
carried out at Gaba Gabo where I8 spray infiltrometer
tests gave an average of 26mm mer hour with a standard
deviation of I5mm per hour. The difference between
these figures and those for ponded infiltraticn above
is of course due to the difference in contact times:

rainfall not immediately absorbed is assumed to run off.

From these observations a rainfall runoff relationship
was developed in the Hydrology report of:

Runoff (in mm) = 0.2II (Rainfall - S)I'243
wﬂere,rainfall, in millimetres, is thaﬁ for the

indivdual storm producing the runoff.
|

Unfortunately historic rainfall records are for daily -

or longer - periods with the exceptlon of a record

from Burao kept during the latter half of the Consultancy,
and some very'brief records elsewhere. New rainfall
bo?ks, to record individual storms have been preparad, wit
a column for runoff etc., but it will be several years

before the information in them will be sufficient to be

-a better guide to the rainfall runof £ relationship %than

the equation quoted.

Soil Moisture Capacity

An early assumption was that the soil moisture capacity
of soils to be expected at FPU sites would be between

I5 and 25% by volume and that the 2vailable water wouli
be about IO% by volume. As grass roots were expected to
penetrate to 2m a recharge (after initial filling) of
200mm of water would therefore be needed, and bunds were
designed on this basis.

In fact few roots were found to penetrate beyond I metre.
The Geclogy and Soil Report, Section 3.4.I refers to root

penetration to 70 cms and regards this as "fairly deep”



25
This judgement would be endorsed by the resident membérs
of the consultant's team who farély observed roots much
beyond 0.5 metres below the surface. The ground was
dense, dry and compacted at this depth and it may well
be that regular cultivation under irrigation would give

rise to a better structure and deeper roots.

Water penetration during the infiltrometer tests in

1979 was generally shallow, 50 to 400mm, but these were
all short duration tests of an hour or less. The test
at Goita illustrated at Figure 1 (page 6) shows a

fairly uniform moisture content between 0.2 and 0.6
metres depth, slowly decreasing with time over 3 months.
Below 0.6 metres the moisture content was falling rapidly
with depth. The most significant thing about Figure 1
is the ‘hiéher moisture content, 3 months after
filling the bund, in . samples taken from within the
bund (15.8% moiskure content at 0.45m) than in those ﬂrom
outside the Bunq (8.3%).

As recorded in Sgction 3.2 above moisture contents of
15 to 25% were found to a depth of 2 metres under bunds
at Goita at the end of the 1981 Gy rains. Outside the
bunds the moisture content was only 10% for O.5m.

While much more work needs to be done, and individual
sites may show considerable variation the assumptions
quoted at the head of this section were a good intelligent
guess based on the information available at the time they

were made.

It would now seem that 200mm of water will initially charge
about 1m of: soil to field capacity. Conversely grass
roots do not seem to penetrate below 1 metre under present
conditions. These two observations tend to cancel each
other out, but a case is beginning to appear for a rather

larger charge of water to be retained behind the bunds.



Raising the ponded depth slightly on existiné bunds is
no great problem and if selected bunds were raised to
impound 300mm to full supply level the resulting
comparison with adjacent bunds holding 200r n would be
instructive. It may well be that this has 1appened
inadvertently at some places due to setting out or
construction errors and, if so, the comparison could

be sought and made now, even on indigenous vegetation.

.4 Compaction and Consolidation

The original appraisal of the Northern Rangelands

Project laid down that bunds were not to be compacted.
This was because of the general shortage of water and

the practical impossibility without water of compacting the
high silt content soils exnected (and foend) at oracticall"
all F.P.U. sites. “

¥

The following of this crlterﬁon, albeit reluctantly,
.hes caused much concern to the Consulbants Bund size

has been increased over that- foreseen in the Appraisal
Report; to 0.9 to 1.2m high with 2:1 side slopes and

a 0.5m flat top (compared with 1.1m high, triépgular,

with 1:4:1 side slopes). At this increased efoss section
bunds were lost in the heavv I98I CU rains, although seversz
times overloaded well beyond design assumptione. Smaller

Nand, constructed bunds 0.6m high were however severely damaged.

It is clear from Table 3.1 (page 4) that attempts to
compact the dry material met with no success and that the
natural consolidation of typical bund material will be

a disappointingly slow process. From such experience

as may be drawn from one year's floods a seepage path

of the order of 1 in 9 during the design flood is
sufficient, as this flood usually passes in a matter of

2 hours or less. Temporary overload conditions gave rise
to seepage gradients at Goita theoretically unacceptable |,
but for short periods only. The:gradient at full supplv
for the standard cross section (0.9m high) is 18:1.
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Borrow areas for bunds

The pros and cons of obtaining fill material from uphill
or downhill are set out in Section 9.7 of the Final

Report.

From the engineering soils pcint of view the stability
of the bund is improved by pushing the £ill from uphill
down, as the seepage path is better than in the
alternative with its excavation against the downstream
toe. The additional and more uniform water storage

in the scil is an advantage. On the other hand the
loss, or disturbance, of the better topsocil is an

adverse aspect as viewed by the agriculturalists.



APPENDIX 'A?'

AUGER HOLE AND TRTAL PIT RECORDS

(R.C. Luck September 1980 - June 1981)

PAGE
Qaalin Dheere 25 to 44
Goita 45 to 48
Gal Shiikh 49 to 5I

Storkwater Pond 52 to
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SOMALIA AUGER HOLE OR

NORTHERN RANGELAND. DEVELOPMENT | TRIAL PIT N © oot
PROJECT -
SITE ORALIN DHEERE
DATE EXCAVATED 25/2/81 GROUND LEVEL
EXCAVATION METHOD MACHINE LOCATION
LOGGED BY R.L.
DEI:TH SAMPLE LEGEND DESCRIPTION
0-30 : : 1'3',: .00 - 0.30m Light brown loose to medium dense

sandy silt. Some roots.

0.30 - 1.50m Light brown, dense, slightly

. T cemented sandy silt.
1-50 ) - ) 1.50 - 2.85m Light brown, cemented, silt and
R . sand with a very little fine gravel.
| ’ e
. - o
Sao
I .
o '.

2-85 !

TRIAL PIT COMPLETED AT 2.85m.

|

REMARKS

SHEET 1 CF 1

Sir Willicm Hclcrow & Partrers

©)



'APPENDIX A

) SOMALIA AUGER HOLE OR
NORTHERN RANGELANDS DEVELOPMENT TRIAL PIT N° reop2
PROJECT
SITE QRAI “N DHEERE
DATE EXCAVATED 2/3/81 GROUND LEVEL
EXCAVATION METHQOD MACHINE LOCATION
LOGGED BY R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
0-00 o 0.00 - 0.35m Light brown, loose to medium dense
0-35 sandy silt. Some roots.
0.35 - 1.50m Light brown medium dense sandy silt.
150 1.50 n 2.05m Light brown cemented silt and sand;‘.
2.05 -1 2.35m Light brown, well cemented silt wit':h
’ sand and fine gravel.
208
235 <. &%
TRIAL PIT COMPLETED AT 2.35m.
~EMARKS

SHEET 1 CF 1

Sir William Hclcrow & Partners

4]
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APPENDIX 4

SCMALIA AUGER HOLE OR
NORTHERN RANGELANDS DEVELOPMENT TRIAL PIT N° Tpgp3
PROJECT :
SITE QAALIN DHEERE
DATE EXCAVATED s/3/81 QROUND LEVEL -
EXCAVATION METHOD macuInE LOCATION
LOGGED BY R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
0-00 Tre 8. @y .
0-35 . VI e[ 0.00 - 0.35m Light brown loose silty sand with
B . . fine gravel.
":g . -. _' 0.35 - 2.25m Light brown cemented silty sand with
o a little fine gravel.
2:25 N . |
| TRIAL PFT COMPLETED AT 2.25m.
REMARKS

SHEET 1 CF 1

Sir William Hclcrow & Partners

©
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' SOMALIA

—

AUGER HOLE OR

NORTHERN RANGELANDS DEVELOPMENT {TRIAL PIT N° popg
PROJECT
SITE QAALIN DHEERE
DATE EXCAVATED  s/3/81 GROUND LEVEL )
EXCAVATION METHQD MACHINE LOCATION
LOGGED BY R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
0-00 ' " lo0.00 - 0.50m Light red brown sandy silt with
0'56 .0.30_0‘1’@ some roots. Blocky structure.
o +{0.50 - 1.20m Light red brown slightly cemented
‘teo - ' silty sand with a little fing gravel.
1-20 " - ]1.20 - 1.40m Light red brown, dense, cemented
1-40 '_1.':20'1"19 S 5’9'-9~ O] . silty sand with some gravel and
' . . small cobbles.
o°o=.' 1.40 2.50m Light red brown sli‘ghtly cemented
N silty sand with a llj.ttle fine gravel.
S
2-50 I
‘ TRIAL PIT COMPLETED AT 2.50m.
REMARKS

SHEET 1 CF 1

Sir William Hdlcrow & Parfrers

©®©



T SOMALIA ~ [AUGER HOLE OR
NOk HERN RANGELANDS DBEVELOPMENT . | TRIAL PIT N° rpgps
S PROJECT -
SITE  ~QAALIN DHEERE
OATE EXCAVATED  s/3/81 GROUND LEVEL —
EXCAVATIOH METHOD MACHINE LOCATION
LOGGED BY R.L.
DE[;TH SAMPLE LEGEND DESCRIPTION
ggg ; T 0.00 - 0.30m  Light red brown loose to medium dense
. sandy silt.
0-80 . ' ° ,8..' 0.30 - 0.80m Light red brown dense, cemented,
- - silty sand with a little gravel.
..o T XS .. 0.80 - 1.95m Light red brown, well cemented, silt:
. oo, sand with a little gravel, a few
. Ot a cobbles and some calcareous nodules.
R .
1-95 . N .
| TRIAL PIT COMPLETED AT l._95m. !

REMARKS

SHEET 1 CF 1

Sir Williem Hclecrow & Fartrers

@




SHEET 1 CF 1

APPENLIX A 35
- SOMALIA o AUGER HOLE OR i
NORTHERN RANGELANDS DEVELOPMENT TRIAL PIT N° Teopé
PROJECT
SITE QAALIN DHEERE
CATE EYCAVATED  5/3/81 GROUND LEVEL —
EXCAVATION METHOD MACHINE LOCATION
LOGGED BY R.L.
DE"I‘:’TH SAMPLE LEGEND DESCRIPTION
000 [ . . o 0.00 ~ 0.50m Light brown medium dense sand and
0:50 RIS silt with a little fine gravel.
0-80 oo-' '?ob 0.50 -~ 0.80m Rounded cobbles and gravel with sand.
N el : 0.80 - 1.95m Light brown cemented silty sand with
- - " fine gravel.
C . 009
1:95 <
Il TRIAL PIT COMPLETEEIJ AT 1.95m.
i !
REMARKS

Sir William FHclcrow & Partrers




APPENDIX A

_ 'SOMALIA . | AUGER HOLE OR
- NORTHERN RANGELANOS DEVELOPMENT TRIAL PIT N© pgp7
PROJECT
SITE QAALIN DHEERE
DATE ECAVATED s/3/81 GROUNM LEVEL -
EXCAVATION METHOD macuine LOCATION
LOGGED 8Y R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
0:00 .

0.00 - 0.90m Light red brown slightly cemented
sandy silt. Roots and blocky
structure to 0.50m.

0-90 _10.90 - 2.00m Light red brown well cemented
sandy silt.
2:-00
TRIAL PIT COMPLETED AT 2.00m.,
REMARKS

SHEET 1 CF 1

Sir William Hclerew & Partrers

(€)
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- SOMALIA . ! AUGER HOLE OR i
NORTHERN RANGELANDS DEVELOPMENT TRIAL PIT N© Teoos
~ PROUECT ) |
SITE OAALIN DHEERE
DATE EXCAVATED  s/3/81 GROUND LEVEL -
EXCAVATION METHOD MACHINE LOCATION
LOGGED B8Y R.L.
OEPTH | .SAMPLE LEGEND DESCRIPTION
m
000 | SRS
0-35 : e . . °_ | 0.00 - 0.35m Light brown, loose, coarse sand and
. - fine gravel with a little silt.
: . 0.35 - 1.95m Light brown, cemented sand and silt
oo with a few calcareous mdules.’
145 B {
TRIAL PIT COMPLETED AT 1.95m. -
REMARKS

SHEET 1 CF 1

Sir William Hdcrow 2 FPartrers

)
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i SOMALIA AUGER HOLE O .
NORTHERN RANGELANUS OEVELOPMENT TRIAL PIT No  egos
PROJECT
SITE  QAALIN DHEERE
DATE EXCAVATED 5/3/81 GROUND LEVEL -
EXCAVATION METHOD  MACHINE LOCATION
LOGGED 8Y R.L.
DE"I?TH SAMPLE LEGEND DESCRIPTION
000 2 ‘. . 0.00 - 0.60m Light brown dense slightly cemented
AR S C silty sand with a little fine gravel.
0-60 TR Roots abundant to O.5m.
.‘b T .Y ] 0.60 - 2.00m Light brown dense well cemented silty
co ’ . sand with a little fine gravel.
- : ]
- &
2:00 J’ M 4[
|
TRIAL PIT FOMPLETED AT 2.00m.
REMARKS

SHEET 1 CF 1

Sir William Fcicrow & Partrers

)
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ppPENDIX A
~ SOMALIA . | ALSER HOLE OR
NORTHERN RANGELANDS DEVELOPMENT | TRIAL PIT N° Trop1o
PROJECT
SITE OBALIN DHEERE
DATE EXCAVAT.:D 5/3/81 GROUND LEVEI -
EXCAVATION METHOD  MACHINE LOCATION
LOGGED BY R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
'000‘20 ° . -°_ ° 0.00 - 0.20 Loose fine gravel and sand with a
o little silt.
°.° . 0.20 - 1.30 Light brown well cemented silt and
* g sand with some gravel.
130 )
TRIAL PIT COMPLETED AT 1.30m.
REMARKS

SHEET 1 CF 1

Sir Willam Hclcrow & Partrers

@)



APPENDIX A

, ) 4¢
| SMALA "~ [AUGER HOLE GR
NORTHERN RANGELANDS DEVELOPMENT TRIAL PIT N° teop11
PROJECT .
SITE QAALIN DHEERE
DATE EXCAVATED 5/3/81 GRPOUND LEVEL -
EXCAVATION METHOD MACHINE LOCATION
LOGGED BY R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
000 _c-: e +°'| 5.00 - 0.60m Angular limestone gravel with silty
2o . sand.
0-60 S - a.-.
TRIAL PIT COMPLETED AT 0.60m.
REMARKS Limestone encountered at O.60m.
SHEET 1 CF 1

Sir Williem Eclcrow & Partners

®



APPENDIX 4

' : SOMALIA AUGER HOLE OR
NORTHERN RANGELANDS. DEVELOPMENT TRIAL PIT N° rpgp12-
PRQJECT
SITE QAALIN DHEERE |
DATE EXCAVATED 5/3/81 GROUND LEVEL =
EXCAVATION METHOD  MACHINE LOCATION
LOGGED BY R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
0-00 ':.3;-?‘§:. 0.00 - 0.60m Light brown silty sand with fine grave
0:60 .; .?? S 0.60 —‘l.GOm Light brown slightly cemented silty
< sand with fine gravel.
1-60 - -
\ TRIAL PIT COMPL%TED AT 1.60m.
|
REMARKS

Limestone encountered at 1.60m.

SHEET 1 CF 1

Sir William Hclcrow & Partrers

W



APPENDLX A

-7 SOMALIA. AUGER HOLE OR T
~ NORTHERN RANGELANDS DEVELOPMENT - TRIAL PIT N¢ TPQD13 \
- PRQUECT |
i
SITE QARLIN DHEERE
DATE IXCAVATED 5/3/31 GROUND LEVEL -
EXCAVATION METHQD MACETNTL LOCAT.ON
LOGGED 8Y r.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
0-00 l Y. " 10.00 - 0.70m Light brown silty sand with a little
T :L: : fine gravel.
0:70 N 0.70 - 1.30m Light red brown cemented silty sand
Lo with fine gravel. Harxrd at base.
130 ‘.'e
TRIAL PIT:COMPLETED AT 1.30m.
REMARKS

SHEET 1 CF 1

1 Sir William Hcicrow & Partrers
1




APPENDIX A

_ : R 5
' SOMALIA . " JAUGER HOLE O
NORTHERN RANGELANDS DEVELOPMENT TRIAL PIT N° tpopi4
PROJECT
SITE QAALIN DHEERE
DATE EXCAVATED 5/3/81 GROUND LEVEL -
EXCAVATION METHOD  MACHINE LOCATION
LOGGED B8Y R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
000 . - _. : . |o.co - 0.80m Light brown dense silty sand with a
& ’ little fine gravel.
0-80 D KR A 0.80 - 1.60m Light brown dense cemented silty sand
: with a little gravel and small '
I cobbles near base. -
; o o?c Well cemented at base. i
1:60 | - |
E . TRIAL PIF COMPLETED AT 1.60m.
| REMARKS

SHEET 1 CF 1

| Sir Williem Fclcrow & Partrers
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S APPENDIX A
SOMALIA - AUGER HOLE OR -
NORTHERN RANGELANDS OEVELOPMENT TRIAL PIT Ne TegD15
PRQJECT - :
SITE QAALIN DHEERE
DATE EXCAVATED 5/3/81 GROUND LEVEL -
EXCAVATION METHOD  macHInE LOCATION
LOGGED BY R.L.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
0-00 o .
' 0.00 - 0.80m Light brown dense silty sand with a
‘JZ little fine gravel.
0-80 0.80 - 1.35m Light brown dense cemented silty sand
. with a little gravel and small cobbles
%4 near base.
1-35 Well cemented at base.
) TRIAL PIT COMPLETFD AT 1.35m. ’
| REMARKS

SHEET 1 CF 1

Sir William Hclcrow & Fartrers

a7)
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e LG IR [ B

UDISSNY WOJj UMD
000 QS -1 - @Ipas
NV1d HIL3INAS
nd4 viioo

L 152} UOUDIIINUL jO B35 | ®
109d1 ¥td 1oHL— O
L0OHY 3104 43bny - ®

POOJ YfIdys — oDINg pig ——

mouun} Aipunoq ayg ———

A3

oD
Mw e ﬁ va w/: ..h N W_ %
~ / D, o~ ) N o w
le s} Qo
RL01]
g% \
AN
>
N N
~N
AN
N
N
nd4d ~ \
D}10 N
/\ Siht
® 7
7/
/ £11® u® s
/
NFG\
/ »
YRS gzzi 1
\\.)/// — N\ nx




AHGO1

0.00 - 0.Z0m

0.50 --0.80m

AHGO2

0.00-0 ,60m

AHGO3

0.00-0.90n N

AHGO4

0.00-0.80m

AHGOS

0.00-0. 46m

AHGO6

0.00-0.60m

APPENDIX 4
AUGER HOLES AT GOITA (6/10/80 & 7/10/80)

AHGO1 to .. AHGO I2

Brown firm sandy silt with a few calcareous nodules
Weak crumb structure 10YR 5/6

Brown very dense calcareous sand and silt with a few
calcareous nodules.

Auger stopped at 0-80m by hard soil, not gravel.
Samples - 0.4 to 0.5m and 0.7 to 0.8m.

Slightly damp, yellow brown silt and sand becoming hard
at 0.60m 7.5 YR 6/6

Auger stopped at 0.60m by hard soil, not gravel
Samples - 0.00-01m, 0.1 - 0.2, 0.4 - 0.5.
}

|

Dry, calcareous slightly cemented sand witﬁ,some silt.

7.5YR 5/6 :

Auger stopped at 0.90m by hard soil, not gravel

‘Sample - 0.8 - 0.9m.

'
]

Slightly moist, calcarec’ms dense, slightly cemented sand

with some silt. 7.5YR 5/8.

Weak crumb-structure near surface.
Auger failed to recover at 0O.80m.
Sample - 0.7 to O.8m.

Calcareous sand and fine and medium sub-rounded gravel
of limestone. 7.S5YR 6/6

Auger stopped by gravel

Sample 0.3 to O.4m.

Hard calcareous sandy silt with a very little fine
gravel. SYR 5/6

Auger stopped at 0.60m by hard soil.

Sample - 0.5 to 0.6 m.

* Note: colours from Munsell Soil Colour Charts

46



AHGOT

0.00 - 0.60m

Sample
AHGO8

0.00 - 0.83%m

Sample -
AHGO9

0.00 - 0.58m

Sémple
AHGO10

0.0 - 0.65m

Samples -
AHGO11

0.0 - 1.00m
Samples -

AHGO12
0.0 - 1.00m

Sample -

APPENDIX A

Calcareous dense silty sand becoming slightly cemented
with depth. 7.5 YR 5/6.
Auger stopped at 0.60m by hard soil

0.5 to O.6m.

Slightly cemented firm calcareous sandy silt.
7.5 YR 5/8

Auger stopped at 0.83m by hard soil.

0.7 to 0.80m.

Hard cemented, lightly calcareous sandy silt.
7.6 YR 5/8

Auger stopped at 0.58m by hard soil.

0.5 to 0.58m.

. ﬁ01st, calcareous sandy silt becoming hard and cemented

with depth. 7.5 YR 5/8
Auger stopped at 0.65m by hard soil.
Q.0 - 0.1m, 0.1 - 0.2,. 0.3 - O.4m, 0.5 = o.ém.

Demp, firm to hard sandy silt 10YR 4/6
0.2 - 0.%m, 0.6 = 0.7m.

Moist calcareocus firm silt and sand
7.5 YR 5/6
0.9 - 1.0m.

17



TPGO1
Depth 1.50m (TP

0.00 - 0.60m

0.60 - 1.50m
Samples -

TPGO2

Depth 1.15, (TP
0.00 - 0.40m
0.40 - 1.15m

Samples -

APPENDIX A

' (rrial Pits 15/10/80)

to 0.9m, AH to 1.5m)

Sand and silt with a little fine gravel
Weak crumb structure, slightly cemented below 0. 30m.
7.5 YR 5/6

Well cemented sand and silt with a little fine gravel

and soft white calcareous nodules. 7.5 YR 5/6
0.2 - 0.3m, 0.5 - 0.6m, 0.8 - 0.9m.

to 0.65m, AH to 1.15m)
Dense sand and silt 5 YR 5/6
Dense well cemented sand and silt with calcareous nodules

5 YR 5/6 .
0.2 - 0.%m, 0.6 - 0.7m, 1.10 - 1.15m.
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APFBNULK A
GAL SHIIKH

The site at Gal Shilkh was visited on three occasions for the purposes
of soils investigations. On 13/11/80 auger holes AHGSA1, A2, B1, B2
and C1 were excavated. On 9/2/81 two auger holes, AHGS1 and’ AHGS2
were excavated and on 16/3/81 and 17/3/81 auger holes AHGS3 to AHGSS
were excavated.

In addition to auger holes, observations were made of tug banks an . the
numerous animal burrows around the site.

2.

Auger holes AHGSA1, A2, B1 and B2 and C1 were all drilled to approximately
one metre depth and proved no obstruction. The material was generally a
uniform light brown firm/dense calcareous sandy silt.

Auger holes AHGS1 and AHGS2 were drilled principally to obtain samples
for testing.

AHGS1 0.0 - 0.7m - light brown sandy silt with a very little fine gravel

Samples ag 0.1 to 0.2m
b 0.35 to 0.5m
c) 0.65 to 0.7m

AHGS2 0.0 - 0.9m - light brown silt with some sand
|
amples (a) 0.1 to 0.2%5m

b) 0.4 to 0.55m

¢) 0.7 to 0.9m

|

Auger holes AHGS3 to AHGE” were drilled to iﬂvestigate the north-eastern
area of the site where the proximity of steep slopes was thought to have
a possible effect on the nature of the soil.

AHGS3 was drilled on survey.line D (see sketch plan attached) approximately

-'half way between the tug znd the hillside, at]the end of a ridge of

surface gravel.. The auger hole proved 0.4m of sand and fine gravel
w1th a trace of silt, the auger was unable to' recover further material.
Observations in the vicinity of the auger hole suggest that this
narrow zone, 50m here, of fine gravel and sand i§ no more than about
1m deep .and grades quick: into the more usual sandy silt.

AHGS4 'was drilled on line D some 20m from the edge of the rocky hillside.
To a-depth of 0.65m the rzterial was a2 silt with some fine sand, a
little medium and coarse sand and a little fine gravel. At 0.65m

gravel was encountered.

Between AHGS3 and AHGS4 taere is a large pig burrow in excess of 1m
in depth showing a gravel free soil.

AHGSS was sited 100m frox the stoney slope on line E. There was no
obstruction to 2m in silt and sand with a little fine gravel. On survey
lines E and P there are rzny old pig burrows. One recent burrow, about

half way between the tug znd the hillside showed 1.5m of the usual
silty soil.

T



10.

1.

12.

13.

14.

15.

16.

17.

- AHGS6 was sited 40m from the rocky hillside at the end of line F and
showed 1.2m of silt with sand and a little fine gravel overlying
gravel at 1.2m.

AHGST7 was drilled 30m from the hillside between lines G and H.
No obstruction was encountered to 2.00m in silt and sand with a
little fine gravel.

AAGS8 was drilled to 2m to check for obstructions in the central
section of the site. This auger hole, together with numerous deep
pig burrows suggest no obstruction in this area.

Auger holes AHGS4 to AHGST were drilled in low areas between the
alluvial fans formed by watercourses emerging from the steep hillside.
The fans rise some: 3 or 4m above the level at which the auger holes
were drilled. The influence of the fans in terms of geomorphology
extends most of the way to the tug but the limit of the fans, for

our purposes, can be taken at a change in slope which often coincides
with the edge of the surface gravel area associated with the fan.

The sketch plan shows the extent of the alluvial fans.

The tug banks between survey station 'D' and the hillside below '4!
were investigated to give an indication of the numbers of gravel
beds and lenses occurrirg in the soil in this part of the site.

At station 'D' two metr%s of soil are exposed showing silt and
sand with traces of finé gravel. At distances of 150m and 400m
upstiream there are gravél lenses up to 0.2m thick and not more i

.than 10m long .as exposed in the bank. At station 'C' the tug sides

have incréased to 4m-in'height with no gravel present. Fifty metres
upstream of !'C' a gravel lens 20m long and 0.5m thick at a depth of
3m can be seen.

At various points small lenses can be seen between station 'C' and
the confluence of Tug Gurya San and the minor tug from the north.
None of these are within 2m of the ground surface. About 100m from
the confluence an old stream channel can be seen in the bank of the
present tug. The top level of the gravel of the old stream channel
is 2.75 below the present level of the surrounding land. The gravel
bed is nearly 2m in depth and ?m wide at its base becoming wider at
the top.

The tug bank material in the minor tug as it flows from the hillside
near 'd4!' is still principally silt and sand to over 2m depth although
there is a surface covering of gravel. There are a few gravel lenses
near the hillside exposed in the banks but the soil is generally still
remarkably gravel free.

At position ta' on the sketch plan the gullies show 5m of virtually
gravel free silt and sand. At 'b' gullies show 5m of silt and sand
with a little gravel occurring in thin (0.1m) lenses. At 'C! there
are only small accounts of gravel in soils over 5m deep.

About 4km to the south east of the site the Gal Shiikh Tug can be

seen cutting into material at the foot of hills which are a continuation
of the range bounding the site. Here it can be seen that the bedrock

. and scree material ‘associated with the hillside tontinues to dip under

the soils of “the surrounding plain at much the same angle as the rock
slopes above. It can be seen that the soil has reached a depth of

7 or 8m within 50m of the rocky hillside. It is considered that this
situation occurs in much the same way in the site area.

5I



ArroanuLan

i SOMALIA : ' *JGER HOLE OR
. o
NORTHERN RANGELANDS DEVELOPMENT ~ | TRIAL PIT N° asocs
PROJECT
SITE DUUR CAD S.W.P.
DATE EXCAVZ (ED 19/4/81 GROUND LEV'L
EXCAVATION METHOD AUGER LOCATION reside present stock water pond.;
LOGGED BY R.L.
OEPTH| SAMPLE | LEGEND DESCRIPTION
m
0-00 . . 0.00 - 1.30m Red (2.5 YR 4/8) medium dense sand
2 and silt with a little clay and a
E . few soft white calcareous nodules.
. o
1:00 ) e
r_1_111731:113‘@:7 o °
1-30 e 1 1.30 - 3.05m Red (2.5 YR 4/8) medium dense sang
4]1—1@1 2, -0, and silt with some clay and a little
‘ . fine to medium gravel sized weak
200 . 3' 1 calcareous ncdules. ;
Twerme] 2. i '
=. ° i
. Qa ’ '
265 | ,
TS B 3.05 - . 60m Red (2.5 YR 5/8) medium dense sand
z0 b ! and silt with some clay, slightly
305 : ! . cemented. Some fine to medium gravel
*305-325® o o : of calcareous nodules, nodules and
—1 a a0 cement incredsing with depth.

3:60 350380 1 ¢ " e . .

AUGER HOLE COMPLETED AT 3.60m.

'REPUMQKS Auger hole was started approximately 1lm below surrounding natural ground

‘level. The hole was sited beside an existing stock water pond and was
damp throughout its depth.

SHEET 1 CF 1

| Sir William Hdcrow & Partrers
' @)




APPENDIX & 53

~ SOMALIA ' AUGSR HOLE OR
NORTHERN RANGELANDS OEVELOPMENT TRIAL PIT N° angkr
: PROJECT :
SITE QURAL KUDLE S.W.P.
DATE EXCAVATED 21/5/81 GROUND LEVEL
D(CAVAT'ON METHOD AUGER LOCAT'ON Approx. 6.5 km SW of Qurac Kudle
LOGGED BY JDF/RL approx. 500m from AHQKZ.
DEPTH| SAMPLE LEGEND DESCRIPTION
m
= .,
. ° ° 0.90 - 1.10m Red (2.5 YR 4/8) medium dense sand ./
110 | «09-11 @ . and silt with a little clay and a few

soft white calcareous nodules.

we
»

-~ © |
140 s . Le ‘.

2'%0 .019-210 . 1.90 ~ 2.10m Red (2.5 YR 4/8) dense cemented sand

ni

v . e and silt with a little clay and gravel
\ EXI . 'pf calcareous n:odules.
‘e !
2_96 1 : R ¢ * 12.90 - 3.10m Red (2.5 YR 5/8) dense cemented sand
. s e ., : and silt with gravel of calcareous
3 19 029310 = s 0.0 nodules and a little clay.

32 L
35{ ¢ 326-3-51@ ¢ 00 ¢ 3.26 - 3.51lm l'?ed (2.5 YR 5/8) very dense, well
o8 Bl ; " cemented sand and silt and gravel

of calcareous nodules with a little
clay: Very hard.

AUGER HOLE COMPLETED AT 3.5lm.

REMARKS Auger stopped by hard ground.

SHEET 1 CF 1

Sir William HFclcrew & Partrers
®




APPENDIX A

SOALIA AUGER HOLE OR o
NORTHERN RANGELANDS DEVELOPMENT TRIAL PIT N° angk2
: PRQJECT :
SITE  oQurac KUDLE S.W.P.
DATE EXCAVATED 27/5.81 GROUND LEVEL
EXCAVATION METHQD AUGER LOCATIONApprox. 6.5 km SW of Qurac Kudle
LOGGED BY R.L. approx. 500m from AHOQKI.
DERTH SAMPLE LEGEND DESCRIPTION
0.00 - 1.50m Red (2.5 YR 4/8) medium dense sand
= and silt with a little clay and a
o few soft white calcareous rodules.
+09-T00 @ _° )
1-50 - ° 1.50 - 4.00m Red (2.5 YR 5/8) dense cemented sand
and silt with gravel of calcareous
e ,° nodulqs and a little clay.
'3‘00"1'00@ , o =
b 00 ° 7z
AUGER HOLE COMPLETED AT 4.00m.
REMARKS

SHEET 1 CF 1

Sir William Hclcrow & Pcrfners




APPENDIX A

EXCAVATION METHOD AUGER

SOMALIA 7 [AUGER HOLE OR
NORTHERN RANGELANDS ODEVELOPMENT TRIAL PIT N° anapr
PROJECT .
SITE  caBpI DHEERE S.W.P.
DATL EXCAVATED 20/5/81 GROUND LEVEL

LOCATION on old track approx. 9 km south
of Cabdi Dheere.

LOGGED BY JDF/RL
OEPTH| SAMPLE LEGEND DESCRIPTION
m
o
¢ =
o
o °
= o
0-90 : ° 0.90 - 1.10m Red (2.5 YR 4/8) medium dense sand
1-10 *09-110 o and silt with a little clayv and a
. o few soft white calcareous nodules.
[ . l
o
e = 4 ‘. |
190 g = ] 1.90 - 2.10m Red (2.5 YR 4/8) dense sahd and silt
2:10 . 1'9'2'1@ . with gravel of calcareous: modules
: : o ° and a little clay. |
O" ° — '
290 . o ~1 2.90 - 3.10m Red (2.5 YR 5/8) dense cemented sand
L]
P . a. L, and silt with gravel of calcareous
310 | +29-310@ . ° modules and a little clay.
2. 3.88 - 4.08m Red (2.5 YR 5/8) dense, wéll cemented
=, o sand and silt and gravel Jf calcareou
3-88 ° = nodules and a little clay.
408 | 388-4-08(d) °
AUGER HOLE COMPLETED AT 4.08m.
1e
REMARKS Auger hole commenced approx. lm below surrounding zrcund level.

SHEET 1 CF 1

Sir William Rdlcrow & Partrers

@



-

NORTHERN - RANGELANDS OEVELOPMENT

SOMALIA

PROJECT

AUGFR HOLE OR
TRIAL IT N® amao2

|

SITE CABDI DHEERE S.W.P.
" DATE EXCAVATED  10/6/81 GROUND LEVEL
EXCAVATION METHOD AUGER LOCATKON Approx. 1) km south-east of
Cabdi Dheere and 9 km south-west of Qolgol
RL g
. LOGGED BY Ka Madoobe
DEPTH| SAMPLE LEGEND DESCRIPTION
-~ m
0-00 N 0.00 -~ 1.30m Light red brown silt and sand with a
- % little clay and a very few calcareou
mdules. :
-
o
° =
130 ) ..‘ 1.30 - 2.30m Red brown cemented silt and sand with
o ° calcareous modules and a little clay.
. © o
‘ =- 0
[ -« 0 = 1
2:30 s © 2.30m | Bit obstruction - possibly calcrete
] : ;
i AUGER HOLE COMPLETED AT 2.30m.
|
REMARKS Auger hit obstruction - possibly calcrete.

Sir Williom Fclcrow & Peortrers




APPENDIX 4

i SOMALIZ. |  JAUGER HOLE of
NORTHERN RANGELANDS DEVELOPMENT TRIAL PIT N2 amwpz
PROJECT
SITE near WARTA FAARAX GEEDI
DATE EXCAVATED 17/6/81 GROUND LEVEL
EXCAVATION METHQOD AUGER LOCATION approx. 1 km south-:ust of
LOGGED BY R.L. present stock pond at Warta Faarax Geedi.

DEHF?TH SAMPLE LEGEND

DESCRIPTION

000 0.00 - 1.50m
o 0-6-0-85;3
>
1:50 . ' 1.50 - 3.00m
* 2:00-2-20(b) =

Mo

300 * 2:80-3000©

Light red brown loose to medium dense
calcareous sand with silt and a
little clay.

Light red brown medium dense
calcareous sand with silt and a
little ‘clay and a few calcareous
nodulesi.

)

AUGER HOLE COMPLETED AT 3.00m.

REMARKS

-

SHEET 1 CF 1

Sir William Hclcrow & Partrers
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APPEND1X A

- SOMALIA AUGER HOLE OR
NORTHERN RANGELANDS OEVELOPMENT TRIAL PIT N° gpr
PROJECT

SITE BUUR DHAAB

DATE EXCAVATED
EXCAVATION METHQD By hand for water

storage.

LOGGED BY R.L.

GROUND LEVEL

LOCATION Approx. 2 km north of Buur Dhaak
hills at Mapret.

DErI:TH SAMPLE LEGEND

DESCRIPTION

0-00 <, 0.00
0-70 c : 0.70
0-%0 ; - | 0.9
Q. © °
» . * (=]
e i ee 1.60
-]
.
. NV

- 0. 70m  Light brown cemented silt and sand

with a little rounded gravel and some
calcareous modules. .
0.90 Lens of very hard calcrete - 2m long.
1.60m Light brown cemented silt »n” sand
with gravel of calcareous nodules.
1.80m Lens of rounded cobbles and gravel with
sand and silt matrix.

2.50m Light brown cemented silt and sand
with gravel of calkareous nodules.

|

PIT DEPTH MAXIMUM OF 2.50m.

REMARKS This pit had been excavated by hand by locals presumably for water storage.
Dimensions 4m x 5m x 2.2 to 2.5m.

SHEET 1 CF 1

Sir William Hclerew & Partrers

®
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LABORATORY AND TEST RESULTS

(R. C. Luck September 1980 to June 1981)
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APPENDIX R
GOITA

Atterberg Limit Tests were performed on samples from three augér
holes AGHOT11, AHGO3 and AHGO8 (depths O.1m, 0.8m.and O.7m respectively).

puger hole  Depth LL PL P1
AHGOT 11 0.1 33 19 14
AHGO3 0.8 30 20 10
AHGOS 0.7 35 16 19

All these samples fall into the CL classification (inorganic clayey
silts).

In-Situ Dry Density (Sand Replacement Method)

A series of dry density measurements were made on site. Densities
of natural ground, uncompacted bund and compacted bund, during the
dry season, and then constructed uncompacted bund after the rainy
season.

On 21st February 1981 in-situ density tests were performed near the
p%sition of AHGO6. !
|
(1) Natural ground (depth from 5Omm)
Density of wet soil 1.56 Mg/imB
Moisture content 2.2%

Dry density 1.53 Mg/m3
(ii) Uncompacted bund.

Density of wet soil 1.46 Mg/m3
Moisture content 2.6%
Iy density 1.42 Mg/m3

(iii) Compacted bund (Compaction by Fiat 8B Dozer)

Density of wet soil 1.46 Mg/m3
Moisture content 2.8%

Dry density 1.42 Mg/m3

On 25th May 1981 a series of tests were performed on bund material
from a bund near AHGO6. This date was after the rainy season.

The average wet soil density was 1.23 Mg/m3
The average moisture content was 5.4%
The average dry density was 1.17 Mg/m3

There was no significant difference between values at varying depths within
the bund. The only change evident as a result of the rain was the formation
of a crust of harder soil about 100 to 150mm thick on the surface of the bund.
This appears to be the result of recementation of the soil not compaction.
The central core of the bund remained loose and uncohesive

60
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A samplelfrom AHGOT11, dJepth from 0.1 to 0.5m, was tested for compaction
in a 2.5 Kg Rammer test.  The maximum dry density was 1.74 Mg/m3 at :
an optium moisture contert of 20%.

Infiltration Testing

Twa tests were performed rt Goita to investigate the behaviour of
water applied to the soil. In addition observations of moisture
content of the soil were aade at the end of the rainy season.

Test 1 (see Fig. A1)

On 2nd December 1980 water was applied to a depth of 200mm in a
small basin approximately four square metres in area. Auger holes
were then drilled in the basin at intervals for a period of two
months. The decrease in water cantent with time is shown in Fig. A1
as a series of profiles of water content against depth. The ground
surface of the test basin was not vegetated.

Test 2 (see Fig. A2)

On 21st February 1981 a basin approximately B,Tmzwas filled to a
depth of 180mm in 20 minutes. The rate of infiltration from the
end of filling for 30 minutes was 128 mm/hr and then 86 mm/hr for
the nexﬁ hour.

Auger hole AHGOT12 was drilled on 25th May 1981 in a basin behind
a bund oh line 37, approximately halfway down the present bunded
area. On 26th May 1981 auger holes AHGOT13 and AHGOT14 were
drilled at bund line 12 near the northend of the site. AHGOT13
was drilled inside a bund basin and AHGOT14 was drilled outside.’

Length Moisture Contents
AHGOT12 AHGOT13 AHGOT14

0.1 - 0.2m 15 25 T

6.4 - 0.5m 15 25 | 10

0.9 - 1.0m 15 25

1.4 - 1.5m 15 23

1.9 - 2.0n 16 20

The auger -holes were stopped because the ground became too hard to
auger. The rains of the season had penetrated to a depth in excess
of two metres. In comparison with the depths reached by the auger
in dry periods the moisture enables greater penetration indicating
that a continued presence of water breaks down the cementation of
the soil.

Particle Size Distributions

Two sieve analyses were performed in Burao on samples AHGO8 (0.7m to
0.8m) and AHGOT11 (0.1m to 0.25m). Two complete particle size
distribution analyses were performed by Soil Mechanics Litd in England
on two samples from AHGO7 (0.5m - O.6m). The results show sand to

be the principle component material with between 30% and 50% silt and
clay combined.
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APPENDIX B ¢

&) | somaLia COMPACTION TEST

FORM K17

Name . Q0ITA

........................................................................................................

LoC. NO. i remnemcaienencaseaneancens

sorenote No. .. AHGOT 11 Description LGNt red brown_calcereous shightly ..

sampleno. BAGS 1 & 2. . cemented sandy S o
178

176 _
174 ,’Ir\
172— . -

170 : I ]/
1,

&R
.
—

Dry Density Mg/m3
o
=
T
w}.\
/
1

- :
o .
[

s

Tl LT \
158 [ i

N

1

\r\\

154

- |

I

152 - g
150 ‘

0 2 & 6 8 10 12 wiwiSmeily 20 22 26 26 28 30 32

Type of compaction....2: 2. K Q. RBMM O e

No. of layers 3 No. ofblowsz7 Wt. of rammer....... 2 5 ......... Kg. Moukil"sol*g...

SOCIfiC Gravity...c.cuvvemiieeie et Material retained 0f ........covoeviemeueceencanans B.S. Sieve.....cccccounnnn...d %
maxiMum 0AY DENSITY. .. LT4 .. Mg/m3
OPTIMUM MOISTURE CONTENT........ZQ.............% dry weight

NOTES

1. Curves of saturation are shown only when the specific gravity of the soil particies have been measured.

2. Sample of soil ewen/air dried befare compaction.

3. Soil received wasistwabed/disturbed. Narural Moisture Content 37.0 %




1.

QAALINDHEERE
TRIAL PITS AND LABORATORY TESTING

4 series of trial pits (TPQD1 to TPQD12) were excavated by machine
between 25/2/81 and 5/3/81. The pits were - xcavated along the line

of the proposed irrigation canals to invest: gate the ground conditions.
The positions of the trial pits and their logs are includéd in Appendix A.

All trial pits reached the required depth except TPQD11 where lime-
Stone was encountered at 0.60m. Trial pits TPQD10, TPQD11 and
TPQD12 were excavated adjacent to a stony ridge associated with a
limestone outcrop. Trial pits TPQDIO and TPQD12 showed sufficient
depth of soil for the excavation of the canal. The line of the
canal in the region of TPQD11 only was therefore altered to a
position some 25m further away from the stony ridge.

The trial pits in general showed a light brown sandy silt with varying
degrees of cementation. In one pit (GPQD6) a layer of cobbles and
gravel was found where there was 0.3m of coarse material from a depth
of 0.5m. More of these minor channel deposits may be met during
excavation of the canals.

Atterberg Limit tests weré carried out on a sample of material
from an anthill (samples SSQDAA). The material when dry is hard
and very well cemented. When broken down and tested it had a liquid
limit of 40, a plastic limit of 16 and a plasticity index of 24.
These results would be typical of a medium plasticity clay.

|

Atterberg Limit tests were also performed on two samples from trial
pit TPQD4. Sample TPQD4a was from the more cemented layer

(1.2 to 1.4m) and TPQD4b was taken from the top half metre of the
soil. These tests were performed to indicate the differences in
behaviour between the non%cemented and the cemented layers after
breakdown of cementation.

TPQD4a TPQD4b
1L 31 33
PL 17 22
PI 14 11

These results suggest behaviour as a clayey silt. In the field the
grain size seems to be overestimated as a result of the cementation.

A total of four particle size distribution analyses were performed
on samples of tug bed material.
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GAL SHITKH

Atterberg Limit tests were performed on samples AHGS1b and AHGS2b.

Sample LL PL PI Class
AHGS1Db 43.2 23.5 19.7 CI
LHGS?2Db 41.2 23.6 17.6 CI

These samples would be classified as inorganic of clays of medium
plasticity.

A particle size analysis was performed on sample AHGS1b. This showed
the material to be a sandy silt with a little clay (the relative
proportions being approximately 40%, 45% and 15% respectively).
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APPENDIX B

HADAFTIMO AND FIQI SHINNL

TEST RESULTS

Samples were taken froa these sites as representative of the soil
which would be used to construct bunds at these sites.

~ . -

. I A
The soil froani;i Shinniis a ligh% yellow brown very slightly
cemented gypsic silt with a little clay and trace of fine sand.
This material is of mixed limestone and anhydrite origin. The
gsamples from Hadaftimo were solely of anhydrite origin and were
very pale brown gypsic sandy silts with a little fine gravel.
Limited tests were carried out on these soils to provide a
comparision with results from such limestone sites as Goita and
Gal 8-iikh.

Atterberg Limites tests were performed on one sample from

FlQl ‘Shinni. (SSFQ1) and attempted on two samples from Hadaftimo

(SSHAD and SSHAZ). A particle size distribution analysis was
carried out on sample SSHAZ.

| I
The sgﬂfles from Hadaftimo proved to be non—plastﬂc The
Figi Shinni soil had a liquid limit of 36 and a plastlclty
index of 12 which would classify the soil as a medlum plasticity
clay (bI) but bordering on clayey silt or silty sandy clay.

I

The partlcle size distribution analysis of the Hadaftimo sample
SSHAZ showed it to be 20% clay, 55% silt and 25% sand despite
the fact that this soil was non-plastic.

73
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GAMBARA

Bight Atterberg Limit tests were performed on samples from Gambara
in addition to ome 2.5 Kg Rammer compaction test. The results of
these tests are presented below.

The eight so:1 samples were taken from auger holes drill :d at the
time of the cite survey. The holes were drilled at surrey stations.
(Ref. plan ).

Auger hole Sample Plastic Limit Liquid Limit Plasticity
Depth Index
AH GAG 0.6m 20.7 32.3 11.6
AH GAM 1.0m 8.0 21.0 3
AH GATSE 1.0m 22.5 39.3 16.8
AH GAI1E 1.0m 16.0 33.5 17.5
AH GAK 1.2m 23.7 42.5 18.8
AHGADIW 1.0m - 22.2 33,7 11.5
AHGAD 0.8m 24.2 42.2 18.0
AHGANW 0.8m 24.2 | 43.0 18.8
TABLE 1 '

The samples fall into the C1 or CL cla%sifications (medium plasticity
clays or clayey silts).

The 2.5 Kg Bammer test gave a maximum dry density of 1.68 Mg/a’ and
an optimum moisture content of 20%.

The soil of the site is mainly a sandy silt which is cemen*~c by
gypsur to varying degrees. The soils are underlain by anhydrite
at depths in excess of 4m at the southern end of the site and less
than 1m at the northern end (around A HGAO). The area is a zone
of deposition for material from the catchment hills to the souta.
These hillsprovide a mixture of limestone and anhydrite derived
material. Over most of the site this material is of silt or sand
size but old and present water courses have deposited coarse
material .at various times in the past.



Dry Density Pd Mg/m3

APPENDIX" B

GAMBARA

AHGAM
2:5kg Rammer Test
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DOUR CAD

Two particle size distribution analyses were carried out on samples from
Duur Cad. A sample from 1m AHDC1a showed approximately 20% gravel, 20%
sand, 30% silt and 30% clay. A sample from 3.6m showed 30% gravel, 20%
sand, 30% silt and 20% clay.

Four Atterberg Limit tests vere carried out and all gave a high plastin_ty
index in the range 35 to 39 with liquid limits in the range 61 to 77.

Sample No. Liquid Limit Plastic Limit Plasticity Index Natural
Moisture
Content
AHDC1a 61 26 35 15
AHDC1Y 65 30 35 18
AHIC1c - - - 21
AHDC1d - - - 18
AHDC1e 75 37 38 16
AHDC1E ﬁ 7 38 59¥ 16

|

These Tesults are typical of high plasticity clays (CE)

|
A 2.5 kg RHammer Compaction test was performed on sampﬂes AHDC1c and AHDC1d
combined. ! Ag optimum moisture content of 20% and a maximum dry density
of 1.61 Mg/m” were obtained.
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APPENDIX B = 1719

@ EJ.OR&S%.A COMPACTION TEST

gorehote o, AH DC1 pescription R€d_sand_and_silt with clay and .
Sample No. AHDC1‘E'and‘d ' somegr‘avel

164
1,62

1.60 N
1.58 / \
1.56

o / \

—

v

N
’/

2150

/ |
2148 / " -
Ioﬁé | l \
| l
l
|

y Density Mg/m3

L4b4-

142

vl \
\ |

3 i ]
~“78 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 4

Moisture Content %

No, of layers ........ceccceceeeevnreeen. NO.OfbBlOwS oo, Wt of rammer............ceu Kg Mould.. e
Specific gravity. ........ooooeeiiieei et ceseee e, Material retained ON L, 8.S. Sieve
MAXIMUM DRY DENSITY..._,v........,...1..:.6.1.............‘....Mg/m3
OPTIMUM MOISTURE CONTENT 20 % dry. weight

NCTES
1. Curves of saturation are shown only when the specific gravity of the soil particies have been measured.
2. Sample of soil oven/air dried before compaction.

3. Soil received undisturbed/disturbed. Natural Moisture Content....-.....ocoovoveevesreennn.n %

LoC. ... 3.



APPENDIX B

m TIAVYD GNVYS LS
m §318809 7T Tammoy —,I.I:Ihﬂ_:.&—z o :_ aul 4 ase0) wmpay ﬁ . n:._.m 351800 \/_ Es:vu? uc.Ml,. AV O
o0z 09 0z 9 4 009 00z 09 oz T T T T
; _ / 0
i \ \\\\Ll\\\l\.
L 01
- / 1
s \\\n\j
, — 0z
/ .
-/ 1
<4 - ot
\vJ.\yv \
A /] : N
Y n/_w.~ \
S
N /
VAN AN 0%
- | ‘WX b 1
X
fllpx\‘wv a9
V4
K /
q\ 0/
/.
T 08
)4 / .
|
g \ . 06
/ g
- _.l\\\\.\
i l\\;f\l\
T L S NN l, 1 4 L] T 2 oot
i Lo g B E o8 g & 23 g 3 8 2 & 8 3
— S3Z15 IATIS GYVYUNVYLS HSILIHE 2
U ——— 1 SSOT i ooy e e e et e et e 0
X mawvosNossOl iy S 65 s M BUDS UMGIG pal D] oraosas (57§67 e
wA_vU..._QmO..—QU.—mE.Ume E:_UOW SHUVLICO INIWLIYIHLIHG ) LOMHY N3 _A_J_(m rDBI( N wmmm _ Qmmw x<~“_<<u_ <._.N—§ N NOI1VD01

v on wiog NOILNBIYLSIO 3ZIS ITILHVd m@w

ONISSY4 IDVINIDHId



81

APPENDIX B

PR ON wioyg

NOILNBIYLESI 3ZIS 31011Hvd

£ T13AVHD (NVS 171S
M 5318809 . - !mhlamw..: 1 .H_._.J:ﬁ_z T |l,|-m..._:_xuﬂ um_mmm. ) E:_aum‘ aury uﬂmﬂ,wl :.:_3»_.20. —\. AUty . A¥TO
wwgoz 09 0z 9 z 009 002 09 o T nowow
| /]
= A <1
oV ]
A —F
| o
skv. m-o \\T.\I‘
D rd
\W- e \\
ST NP 1 /
R
7|7
»
/.
1
/
Wi
4
/
- 4 \
\ .
. \\
1 4 | -
/ \\\\.\
T L S S A A A ] ] _
2% 98 8 = 3 5 uwmumwm B 5
$371S IAIIS QUVANYLS HSILIYB . ’
B G s INIWLYIY13I¥d NO SSO1 ....x@ﬁgu._._ﬁuwﬂ.:_w..,E_Eunnﬁww:}auﬁ_;ﬂuu;..—._.._@.Bzo_E_mu.mmo .................... —m\o\mw ...... 1$31 3031vQ
..................................... xuz:._j_‘ﬂuomml__(.—.wﬂ INIWLYIHLIUG @FQEI(OZ m._mpw,_(m FDZI FON WWJQOQ_M ~Dmmw xqmqqu_ <\—.m<332 NOIIYI0

m

0t

ne

or.

=) 2 <
2 D =
ONISSYd 3DV INIDHIA

=]
<

08

06

001



APPENDIX C

OTHER SOIL ANALYSES AND TESTS

(selected from A. R. Griffin)

]

"Appraisal of Geology and Soils in the Project Area

October 1980

Table C.1. Anaylis of Soil Samples

Tabie C.2. Chemical Tests On Samples From Table 1

Table C.3. Analysis of Auger Hole Samples

Table C.4. ' Water Sample Analyeis

Fig. C.1. , Particle Sigze Distribution Burao

Fig. C.2. Particle Size Distribution Gaba Gabo
and Jaleedo

Fig. C.3. Particle Size Distribution Erigavo

Fig. C.4. Particle Size Distribution Ogaden

Fig. C.5. Particle Size Distribution Various Sites

Fig. C.6. Particle Size Distribution  Yufleh

and Ina Afmedowe

PAGE
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84
86

88

90

91
92
93
94
95



APPENDIX C

Sample Depth (m) LL PL PI
Infa Madow Station 'S! 0.2 37 | 20 17
Infa Madow Station 'A! 0.25 45 23 22
Yufleh Dark Tree (grass) 0.25 41 18 23
Yufleh Dark Tree (bare patch) 0. 40 17 23
Yufleh Line 0. 50 | 22 28
Kalshe'k 0.25 39 | 19 20
Yudum Area 1 Infiltration test site 3 0-0.25 45 | 20 25
Xudum Area 2 Infiltration test site 1 0-0.15 26 12 14
Xudum Area 3 Infiltration test site 6 0-0.3 36 | 17 19
Xudum Arvea 4 Infiltration test site 4 0-0.3 o5 | 14 | 11
Qualindheere Station EM'V' | 0.45 24 | 12 | 1@
Abaarcaanale 0.3 18 9 9
Gaba Gaba  Sample 1- 29 | 14 15
Burgal Fay Station A 0.2 1910 | 9 |
Ina;Afn_Jadowe by anthill O~,5 39 20 19.,

ANALYSES OI;?' SOIL SAMPLES ,.
Collected by A. R. Griffin
June - July 1980

(Analyses by Soil Mechanics Ltd.)

See figures C2, C.5 and C.6

for particle size distribution

TABLE C.1

8:



L0 ETEVE WOYA SHTIAWVS NO SISEL TVOIWEHD J0 SIINSTH * zq @IEVA

i

e e B N . [ A . S nt,vl pral i-».ﬁuv;.,.. l..ﬁ.# s
._

.,ao_; ¢zt | 691 N.S.,..wmww:.” 20’0 } 20 L*6L | ¢£°8 20 : .qnoﬂﬁm .h&?mﬁm

PRy

- ..151

i ] ' CR e

“pgeo | €Lt | 0°6L rwpwgwum$wmw 10°0: | tro-| ¥2e |.¢°9 L oﬂmadm ‘wqen BqED

!
» —— _ -vn

Q. |..916¢ | .¥°8 |SF°0 1A RE 833& onsﬁnﬂga

L6°0 o¢_.._.. o'gL | bole % ST [ Lo | ke | 6L | A oﬁaaam .oﬁmnammnwdp.ﬂq

S R R EE |

1Al Namrw 69l _wowar, 0519 | :£°8 | £°0-0] ¥ o375 388G, noﬂ¢wuvﬁumqﬁ ‘b aonq

- .:_m + ¥ o gl

jet6r |.6°8 |.£°0-0 9 ©3T5 389] nﬁﬁmﬂﬁg ‘¢ woxy

.
e

' ¥8°0 uoaww 6791 meipm,

vlo| ¢z | gGi e me }—Le5 28 {S170-0 L 379 3897, wﬁ.ﬁmﬂ..ﬂ& ‘2 cﬁﬁ.

.wwwm ¥L |62 0-0 ¢ 911g 989 uUOTBIFTTIU; ¢| ®OIY
mnpny

..w.: 8°0¢ GL°0] 26°0| SiL°i m..R; 0 _

t'c>| ¥'gt | oS50 2670 €972 | 022 | .0, £8-4-£'8 G270 NTeysi®y
L0 >| 0rzz | 60°0f oz'L| s¥cL | vt | 0 R T Aoy d:6094 ¢} ve | €0 | sut] ‘yoTJnx
i°0 > 9Lt ¢to| 690 18°1L | 0°¢e [0 IR A YA ¢ I wq . .‘-.s.R ‘m.‘m ._m.o, (uoyed exeq) sex] Nrel ‘USTINK
t'o>| o9t | voo| GLv| etz f o} 0t ] 2 |GE0 | 6°0 146 | 69 [G2*0 (ssead) eexy Nxeqr ‘UsTINg
+ 0-—-f 8°81 GL'o| G2°e¢} 62°¢ | Gz m.ww‘m.‘,mwh.Lu,m:lz;.vxa. —0*&t | 2°8 €0 ITTUauR Aq emopoWFy ®UJ
L1‘o>| ote Loto| L6°1 ﬂo.v. o6z | oo b € |-} Lo | 9*oz | ¥8 G20 1V UOTYE}g emopemyy BUI

1S UOTYBYS SMOpeUFY ®BUT

-—
D
—
U
@
@
o
.
fes 8
&
)
~
N
ool
o
o

L'o>| 9762 tzeo) ob L | 96°2z | 0°%¢

[t

1
N
g
o
g

T
4
7

o o . oydweg’

3
B

0°H D
B

!
BN
B)

;ﬁoe$§

IO uo%

—

.

i

g & 2T dues

~ Rdd -
d STARTIRAY-

mpamﬂm>ﬂﬁvwﬁaﬂ4a T suoT SFUBYOXY
\




r~ i Grade Degree of -
Sp cific In Situ Voids Remarks
Gravity Density E x . g Ratio  Porasity Solutinn
- Gravel Sani Silt Clay
.—-" )
2.65 2 45
2 38
3 45
10 47
1.46 . : 52 ' 0.8% 0.45 32
2 56
i 2 20
2.60 - ' 18 -
2 .
- R AU 50 | 0.87 | 0.46 21
2.64 _- 1.29*,~~ 3 37 1.06 | 051 | 19
“’- 68 9 42
!
|
77 2 63
51 1.68 11 0.58 0.36 72
: in Proj¢ct Aréa" A. R} Griffin. Octpber 19B0.

|3
L_._ected by A. R. Griffin. June - July 1979 Table C3




Mo '; l_urel At terl?erg
Sample Sample Description Figure [Contentf— .Uth : Soil
e o [ e | G
’ 7
S-B 16.4/0.7 ' SILTY FISE TO MEDIUM SAND c.1 7.2
I_s-B 32/0.15 .FINE SANDY SILT, TRACE OF CLAY C.1 8.8
| S-B 32/0.6 FIN'E SANDY SILT C.1 17.6
;) 36/{3-'6 | e S;ANDY SILT C.1 4.6
' S-B 27/@.2 iSILTY SAND C'_,1 9.8
" 5B 27/0.8 %S,AND—SZILT .1 5.2
_5-B 32/0.8 - CLAYEY: SANDY STLT .1 | 17.9
s-B 32/1.2 . SANDY |STLT | C. 1 8.9
JAL/DAM/Q.6 - %SILTY FINE SAND c.2 4.4
' JAL/SADDIE/0. 4 FINE s;mbr SZI’.ZLLT C.2 7.7
JAL/HILL 802/0.3 ! FINE smy STLT, TRACE OF CLAY c.2 %6.2
JAL/HILL 802/1.0 { SILTY SAND AND GRAVEL c.2 3.6
b ! " ;

LA/EXP/0. is ' SILTY FIN'E T6 MEDIUM SAND AND GRAVE,E’_,‘ 7.1
LA/EXR/0. 40 ' STLTY FINE TO MEDIUM SAND | 5.9
LA/EXP/0. 90 EMEDIUM TO COAﬁSE SAND c.3 10.2
LA/SITE 2/0-0.4 SANDY SILT - GYPSIFEROUS | 15.4
— AINABO/ 0.4 SILTY fCLAY - GYPSIFEROUS 24.3

YEROWAH/0. 2 SANDY SILTY CLAY c.3 15.6 51 29 | ME-CH

Note: for borehole log sheets refer fo "Appfaisal %f Geoligy and

SOMALIA | NORTHERN RANGELANDS PROJECT

Analyses of Auger Hole Samples




{ Moisture] Attért?erg _
S?\ln;?le Sample Description Figure Content T dLm;:ast.ic Gsr‘(’)'L'u
- l’n_:\lt L":/mt
0G/76/0.2 SILTY FINE TO MEDIUM SAND C.4 4.2
06/79/0.2 CLAYEY SILTY SAND C.4 6.1
126/154/0.3" SILTY MEDIUM TO COARSE SAND C.4 2.7
0G/221/0.3 CLAYEY é1~frzs:m:mvx TO COARSE SAND - 3.6
0G/248/0. 3 CLAYEY SANDY SILT c.4 | 7.7
10G/274/0.3 ,CLAYEY \SANDY SILT C.4 16.5
GEBA GEBO: ; |
17014/0.1 ,SANDY SILT WITH GRAVEL 1C.2
17014/0.2 'strry SAND ‘c.z
17021/0.3 'SILTY SAND, TRACE OF CLAY 10.2
. ‘ |
|
FRIGAVO: - : : .
17305/0.2 }SILT, GYPSIFEROUS c.3 12.4 32 20 CL
17411/0.2 'SILT, GYPSIFEROUS 6.5 6.8
_17469/0.10 .SILTY CLAY, GYPSIFEROUS c.3 15.4
17506/0.3 'SANDY SILT c.3 10.1
17570/0. 15 SILTY (,;LAY, GYPSIFEROUS C.3 22,3
17749/0.10 SANDY SILT c.3 4.8
17749/0.4 - SAND-SILT .3 4.2
17799/0. 3 SANDY SILT TRACE OF CLAY c.3 9.4
17874/0.1 SILTY CLAY, GYPSIFEROUS c.3 9.4
17874/0.4 SILTY CLAY, GYPSIFEROUS c.3 17.5

SOMALIA | NORTHERN RANGELANDS PROJECT




Grade Degree
» : Remark
el e e B D S
Gravel Sand Sift Clay Ratio Porarity Solution
-
2.67 73
F .
2.1 3 1.64 ‘ 7 0.62 0.38 26
2.5 79
2175 5 25
1:78 -3 | 33 0.5 |.0.35 | @88
8 69 - H 8.2 pH 8.2
o 169 P pH 8.0
11 54 pH 8.0 pH 8.8
} !
28 L7 53 pH 8.8
r
2.66 5 a8
2’._64 ! 2 23
2 59 4 47
255 3 27
i

Table C3 Continued

87
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