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provided with infiltra+tion galleries.
Farmland needs Protection against over 1and
floods.

8: SALEMAN GELLEH.

Structure: Inland well constructed 1983, right on
river-bank, 55 m, I2 m deep, 94 m wataer
depth, gneiss in bottom.

Ferformance! Pumped dry in 1-2 h., recovers within 49 h,
pumped two times per day.

Conductivity 810 microsiemens/cm.

Pump : Yanmar TS 70

Major problem: Some aquifer caving.

Recommendationt Presently there 1s no need to invest in

rehabilitation of well as the axisting uwell
performs quite well and is fairly stabla.
When later thisz well detoriates, a neu
RC-ring well in river-bed may be required to
superseede existing well.

10: MUSA Al ALTI HASSAN.

Structure: Temporary river-bed well, presently
destroyed. Only 2 m depth to gnaiss
(bedrock)

Performance! OQuner not present, no informations obtained.

Conductivity

Pump *

Major problem:

Recommendation: New RC-ring well in river-bed, probably

provided with infiltration galleries.
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INTRODUCTION and SUMMARY.

The Morth kirst Agricultural Development Project (NWADP)Y is
the major agricultural project in Northarn Somalia. It is
operating in the Morth lWe:zt Resion and the Awdal Region, and
has headquarters in Hargeisa. Tha firzt phase of the project
concentrated mainly on rainfed agriculture, but a start was
made on irrigated horticultura. During the second phase, both
rainfed agriculture and irrigated horticulture hasz been
continued, the first sector financed by IDASIFAD and the
latter financed by EDF.

Initialy o¢ne of the major Phase-2 targets for the horti-
cultural section was to astablish S50 new irrigated 1-ha
farms, but garly 1987 this figure was increased to comprise
150 farms, of which 735 were intanded to be new farms and the
remaining 75 uwere existing farms to be rehabilitated. To
achieve this increased target, a short term mission by a
hydrogeologist was called for to indicate suitable areas ftor
location of wells for new farms and to select existing uells
cuitable for rehabilitation,

In the course of the mission, a minor extension to TOR uwas
given concerning the poszibilities of improving the yield of
Borehole ! at the planned 20 ha. research farm in Kalqoray.

The TOR for the mission is given in Appendix A,

Comment=s to Terms of Reference.

In the Terms of Reference 3 distinction uas made betwueen 'new
farms' and ‘'wells to be rehabilitated'. The term 'neuw tarm’'
has in this context primarily been interpreted with
consideration to the prezent land usz2, thus indicating arable
but presantlr not cultivated.-irrigated land. The mission has
identified more than 100 hectars of such suitable wirgin
land, theoretically sufficient to allow for establishment o#f
100 neuw nne-has irrigated farms.

It should be noted that this miszion haz been dealing with
farm=-identification mainly from a hydrogeological point of

Wiew. Other =zubjects such as zoil =uitability, topograrhy atc
remainz to ba svaluatad.

A total of 183 existing farms have been visited and dascribed
uith respect to existing water abstraction facilitias. Some
172 of these uwells have been deemed zuitahle for pozzible
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1.4 Work Performed.

Before the departure for Somalia, the following eqipment was
purchased for use during the mission and afterwards:

Conductivity meter incl temperature probe and
cal ibration standards.

Ph-meter incl. temperature probe and calibration
standards.

Chloride determination kit
Sulphate determination kit

10 meter hand-auger set with soil sampler., spiral auger
and transport box.

This equipment was carried to Somalia by the hydrogeologist
as luggage except for the Sulphate kit which was brought in
by visitors to the project at a late stage of the
hydrogeoclogist's stay.

Initially, existing reports and aerial photos were intended
to be studied at the head office in Denmark before the
hydrogelogist's departure for Somalia. Due to the rapid
mobilization, thiz activity was transferred to Somalia and
toock place during the first days of the mission and on days
where field operations were not possible due to logistical
constraints such as lack of vehicle, fuel shortage, travel
restrictions etc.

The hydrogeologist arrived in Hargeisa on May 8th 1887 and
staved until June (2th 1987, during which time he visited a
large number of farms and areas, ranging in status from
virtually virgin land without any irrigational or other
agricultiural infrastructure, to existing farms having no or
only minor problems related to water supply for irrigation.
The selection of areas and farms to be visited was per+ormed
in close cooperation with and with the kind and willing
assistance of the project staff in Hargeisa.

The mainpart of the workload consisted of field trips to
visit the specific areas and farms thus selected for
investigations., Due to a fairly high density of wells in most
of the areas, it proved possible and advantageous to
concentrate the efforts on an inventory of existing wells and
extrapclate informations from these to cover neighbouraing
lscations. The results of the inventory is presented in
firpendix E of this report, and a summary is given belou
inclusive of a classification with respect to the ease of
rehabilitation work. ’
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inclusion to the project under the ‘rehabilitation' term and
recommendations on work to be performed have been given on
each individuadl uell.

The requirements of the Terms of Reference has thus on the
average for the tuwo groups been fullfilled by more than 150
percent.

It could be noted that the permanent project staff in general
interpretes the term 'new farm' in a wider sence than the gne
given above, allowing to this category alsoc existing farms,
which require major rehabilitation of infrastructure
including irrigation structures., extension, farm management
etc. This interpretation allous for for a wider 3ecgraphical
distribution of 'new farms' than the interpretation given
above, and represents thus no decreased fullfillment of the
requirements of the Terms of Reference,.

1.3 Previous Studies.

A

A number of hydrogeological studies has previously been
carried out in the involved areas, and the repgrts from these
were made available to the mission. A list of/the report
titles are given in Appendix B. oo

A major contribution has been given by Sogreah, who performad
a feasibility study in the early 1S80'es, but it must be
concluded that th#t knowledge of the .hydrogeoclogical
conditions is still limited, especially concerning water
balanctes and the magnitude of available ground water
resources.

The Scgreah report and the Tams report estimates/reestimates
available ground water resources for a number of river
valleys. These estimates are mainly based on passive, storage
within the river-bed aquifers only. These estimates must be
considered very conservative, not taking into accdunt any
bank storage, which latter 15 1ikely to be at least of the
same order of magnitude asz the storage in the river-bed
aquifer itself.

It is outzide the scope and the possibilitiaes of this
consultancy mission to producz neuw estimates on available
rescaurces , but it can safely be assumed that the' available
resources in general are much larser than previousgly
estimated. To arrive at a new and better estimate .requires
monitoring of ground uwater levels etc. over lenghtly periods
of time, observations zimilar to those presentiy being
rerformed in Jallslc wvalley by the project team.
Recaommendations on zuch monitoring programms are given in
Chapter 4.
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Qor-Gaab
Amud
Ruqi-Baki
Qabashaarey:
Dafarorta :

B1JI CATCHMENT AREA.

Gebeley
Elginis
Hulluq
Arabsivo
Agamso
Annayo
Malugta
Gerdebere
Agabar
Kalqoray
Horohhaddle

WAHEEN CATCHMENT AREA.
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Humba Weine
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The categories A to D/NC refars to the sase of rehabilitation

and

A detailed work program i3 given

is described in Chapter 3.

Summary ,

Tha

developed,
presantly

study has identified a total of
suitable virgin land where irrigated gardens can be

inclusive of shallow uwells.
uncultivated land.
developed on the wirgin tand
existing, but not clearly visible cwership boundaries.
suitability of the
climate atc haz not besn systematicaly
remains to be verified,

52r ious problems.

tand with

but this

some

This land
The number of farms which may be
is strongly dependant on

in appendix C.

rezpect to soil,

100 hectars

slope,
investigated and
is not bel ieved to popse any

is new,

shelter,



F INAL

REPORT on HYDROGEOLOGY and 'JELLS 7

Further, zome 1383 exizting farms have been visited. The
present status of these farms are highly variable, rangins
from farms needing only minor assistance for example on farm
management to farms needing major assistance in all respects.
Tha water abstraction structures have been described and
recommendations have been given on rehabilitation work to be
performed on each individual farm.

The major constraints towards irrigation cbserved during the
ztudy have been:

The phreatic aquifers of some river sections are of
1imited thickness with the consequence that the
saturated aquifer thickness touwards the end of the dry
seazon is very small for exploitation of sufficient
water for irrigation.

In a feu areas the total salinity of the ground uwater
NNl .

is fairly high;whicihr may lead to misgrouth of 5

especially citrus, and which on long term may j

detoriorate the so0il structure.

The problems are by far not universal., and may in many
instances be solved by carefull selection of uwell sites and
well design as described in Chapter 3.

Generaly it has been found that a great potential axists +or
E-lr\clv..v:.mn of existing farms and neu areas to the
hortxcultural program, regarding both available water

reg

grces, suitable land, and human rescurces. The farmers

appnar to be very eager to join the project to recieve
techq}cal ass;stance and are willing to invest both capital
and‘%**ort.q

With répect ‘to Borehole 1 at the planned research farm at
Kalqoray it has been concluded that theoretically the ground
uater,resouqces ars presently available, but the practical
Probabilityuﬁor sufficient improvement of the yield must be
asseéssed to S ts 10 percent.
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FIELD INVESTIGATIONS.

The rezultz of the inventory are presented in Appendix E.
arranged area by area. A szhort description of the gerneral
conditionz and obszerved consztraintz in each area are given
where aperopriate. Thiz iz followed by a short desription of
each existing well or other intake ztructure on the farms
visited, and givins recommendations on actions to be taken on
sarh individual farm to improve the water supply from uells
or 4rom other intzkz :ztructures.

Most of the information were obtained from interviews wWwith
the individual farmers./farm managars and./or a contact farmer
for the area. The dephtz noted are those given by the farmer
in a multitude of different measures ransgsing from the metric
svatem over imperial =vstam to 'man-heightsz’'. The meazzures
are pnot very precize, and in most cazes it was not possible
toc check them.

It is the impression that the in+ormation given sometimes
uetre biased by the farmer's wish to receiva assisztance, &3 by
omitting or streszing information which the farmer misht
conzider to weaken or strenghthan his possibilities to join
the projact.

Although great care waz taken to cbtain sufficient and
correct information, some details may possibly be
malrecorded. Before actual implementation appropriate action
thus has to be taken to avoid mistakeszs to be carriad an.

Areas for nsw farms.

Virgin areas for develovement of reu farms are *a some
variable extent avzilable ower *ha ragion, but generaly the
most suitable xreaz are already cuitivated and irragated to
zome extent. The aoniv regicn uhere largas virgin areas are
rrezently availa ic in the Baki-Rugi region. mainir along
the Qibra Weine

In +his ragion zcme 70 hectarsz of maore or lezszs wirsin land

haz baen wizited ann %he poszszibilities and me = ¥or

sztablisment of :rr:saTion wellsz haue besen estimatad. In
4+

hat tn2 pozz:hrlifties +

seneral 1t iz bells &, or wilvhdrawal
of ground uwuater ar-= 1= she lzcation of the well
within the farm iz o4 ranor impor tance in this rezpact. Thae
wells zhould whersz :c-ezrbtla bz zuimerged river bed welis.,
Alternatively the uyeilz zhould be tocated osn the dounzicpe
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side of the farm area to reduce the syction.lift of the pump,
3z this..is..likely to be the most critical parameter. Az only
minor experience on uwell digging presently exists in this
ares it is recommerded teo procaad in a stepuize manner, sgo
that the project and tha farmer: may gain a maximum of

exper iance aon the conditions in the area.

Tuc completed borekclez, reportadly resaching the limestone
aquifer has recantly bean drillad in this area. It waz not
poszible during the field missian to gain sufficient
information on thea quantity and quality of the ground water
found in theze boresholez, but i* might te possible to use the
boirehole nesr the big river junction for irrisation of
several farms, which may be develeped in this arsa. The well
zshould in case be =guipped with an electric submersible pump.
alternatively a dizzel driven shaftt pump. The required
information on water quality and quantity must be azsured and
the local authoriti=ss muzt be zansulted in this respect
before proczeding.

List and clazsification o€ 2xizting farms visited,

The general format aof information i=z:

NO. NAME OF FARMER

Structure: Shor+t dezcription ot well, dimensicn,
type, dry zeason watar depht etc.
Performance: Pump ing.“Recovery timea with actual

pump . when not otherwise =tated, dry
seascn data are given.

Conductivity: N MmizZrosimans pear om.

Pump ¢ Nameplate of prime mover.pump.

M3ajnr Problam:t Mature and extent of major problems.

Recommendaticn: blorkz t5 ba performed to improve the
walllss,

and s3ize ot exizting pump, the performance of the wel! as
described by the farmar, and in most cases the conductiviity
cf the uater was measzured. As for the lattar the following
criteria concerning the zuitatil ity of the water <or
irrigation has bean uszed:

Tha inventory comprizaed tyre and zize of zxisting wells, type

up *to 1007 microsiamen:./cm : low zalinity - excellent
far dirrigation. normally no problams to be expectad.

12C0-2000 microsziemenz.-cm ! medium salinity - the
sditabiiit: 1z depenaen~ on compozition of zalts, moni-
toring of sconduct ivity recommended.

ateocwe 2CCO0 micros ismsnzsem @ high zalinity - water may

however be :zuitable for irrigation 1if & major sart of
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| +the salinity is due teo bicartonate, close examination
and monotoring recommended.

Following areaz and farms uere visited during the study. The
category indicated refers to easa of rehabilitation cr
construction of wellz!?

Cat A: Minor or no rehabilitation work required.

Cat B: Some rehabilitation or a nau shallow open surface
well required.

Cat C* Major rehabilitation or new deep open surtace
well required.

Cat DO: lel! rehabilitation/construction cannct be
Justified.

NC: Not concluded.

DUR-OUR CATCHMENT AREA.

- o o e o P = s oy o o e o Py S o o o e = = e R e eh 4= M me m am e v e e . e = e —

1. YUSUF HABAMNE GAHAYR. BC
2. ABDI QALINLEH SHIRWAC. B
3. H. MUUR ABODI KAMIC. B
4. DAHIR MUMIN WABERI. B8
5. MOHAMED RABILEH GOGD. B

e wm e e e e e e o o e e e En e e v v et W e e M e e e - v e - - . e

Subtotal Qor -Gaab u] S u] 0 (w}
AMUO. near Boroma. A B c D NC
1. HUSSEIN NUUR RIALE. C
2. ABOI AHMED FAHIVYEH. c
3. ABRAHAMAMN HUSSEIM ARRIH. B
4. BARKHAD OMER H. KHARYRE. [

5. OMER OSMAN TABEH. B
6. EGEH HABAME RAGE. . B
7. BARKHAD ADAM. B
8. FARAH WABERI HUFANE. B
9. HUSSEIN DRHIR MOHAMED B
10. OMAR EGEH EGAL. B

Subtotai Amud
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RUGI-BAK I AREA.

SH. IBRAHIM BAKAL.
AHMED ABDILAHI OBSIYE.
HAGL MOHAMED SULDAN.

Al SULEIMAN RAGE EGEH.
SH ABDULAHI HADI TAMNY.
AHMED DUALEH OBSIYE.
HASSAMN ABDULAMI MOHAMED
nNSHAN IBRAHIM BAHAR.
HASSAN DHIMBIL.

BRARRE JAMA YOUSUF.
IBRAHIM FARAH JAMA.

Subtotal Rugqi-Baki

futher

come 100 hectars inclusiva of

were visited.

QABASHARREY .

- e - " = = = — - = = v = e = = = tm - e e G G O = e =

QAWRAH MUSA ELMI.
ABD1 RABEH WARSAME.
HADI RABEH WARSANME.
JAMA ABDI KI1IRASH.
AlALE ABDULAHI URSAD.

“Subtotal Gabashaarey:

DAFARORTA .

"HUSSEIN ELMI SULDAN.
‘MUSA ELMI SuLDAN

ALI HADDI RABEH

HASSAN AKWALE FARAH

ELMI AYEH DHIDAR

Al IBRAHIM ABDIN KIIRASH
0SHMAN YUSUF CRYEH

ARAB ABRDULAHI AMUD

ADEN SHIRDON BADEED
Further dounsztream:
ABOILLAHI GEELE BAEAB

e e 0 e - - - - — -
R e - . = m o ————

12
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BIJI CATCHMENT AREA.

E=ooTo========

Subtotal Gebeley

ELGINIS,

2.
3.

Further some (0 farms furthesr

IERAHIM Al ALT ELMI.
ABDI RAGE WAIS.
MOHAMED HUDUM ¥ AHIMN.

dounstream.

Subtotal Elginis

HULLUQ.

AHMED DAHIR OMAR.
HASSAN YUSUF AL1.

AW MOHAMED WRARSAME GEELEH.
NUUH BATUN GEELEH.
asSMAN ASHUR HASSAN.
ABDULAHT ALIN GULLED.
MUSA AL IN GULEED.
MUSA KINAR SUGAL.

AL T DAHLEH XERGEEYEH.
AW YUSUF ALI HAREED.
YUSUF ADAM HUSSE IM.

O

T T e, e R e, - —— e -~ - - - — =

Subtotal Hullugq

ARABS1IYO.

_._--—-——-—_—____—_—_____.._-______-..____—__._.__._..-_..___-_-.—

ADEN MOHAMED OLOCW.
MOHAMED SH. ABDULAHI.
HUSSEIN GELEE ALI.
ABRDI AW FARAH.

Subtotal Arabsivo

13
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AGAMSO .

@ = o . . - - = e . 4 = = - - - - ———— —— = = = - — = . —

MOWL ID ABDULAHIE.
Al MUSA YUSUF BILE.
MRHD I JAMA SHIREH.
MOHAMED OMAR BILE.

Jama dUISA DUARLEH.
AHMED HUSSEIN EGAL.
IERAHIM ABDULAHI ADAN.
MOHAMED ELMI AL IN.
MAHAMOUD ELMI AL IM.
MAHAMUD ABBULAHKI ADAN.
MOHAMED OSMAN ADAN.

MOHAMED ABDULAHI AHMED.

ELMI HANDULE JAMAK.
SULE IMAN ADAN NOOR.
ALT ABDULAHI NARLAYEH.

Subtotal Annayo

MALUGTA.

1. MARHAMOWD IBRAHMIM ARMED.
2. HASSAMN IBPRAHIM FARAH.
3. ABDI EGEH ALI.

4. MOHAMMED HIRSI WARIS.

5. JIBRIL ALI FARAH.

8. gesMAarN MOHAMMED KARIYE.
7. HAYBE MOHAMED SHIRWAC.
8. DAMSITE

9. ALT WARSAME QADUN.
10. ARDULAHI FARAH JIREH.
11. HASSAM SAMATAR JAMA.
12. TERAHIM OLHAYEH DIRIXIH.
13. HASSAN ESSAR YASSIN.

14, HUSSEIN NOOR QADUN.
15. DAHIR HUSSEIM MOHAMED
18. ALI MOHAMED BAHAMNAN.
17. MOHAMED ABCI GELEH.

128. MOHAMED HUSSE IM.

18, SOULEIMAMN ADAM.
20 HAJI SOLEIMaM noAaM.
21 HAJI IBFRAHIM HUSSE IN FARRH.
2. MOHAMED OMARR HASHI.
23. 8H. MUSA GALELTI.
24,

MUSA HAJI GAasSAAx.

mowWwMEOD
(]

Moo oDnmoOwODooDo

Subtotal Malugta

19
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GERDEBERE .

WELLS3 1

o

e o e 8 = e A e = en e e e e ek e = R WP e WD En TR Tt e A% N AR WP A B T e =

1. AHMED YUSUF BAH.

2. MOHAMED YUSUF BUH.

3. ABDI HIRSI.

4. FARAH HIRS! WABARI.

5. MOHAMED WARSAME.

6. MOHAMED YUSUF ABOULAHI.
7. BAYARKO COOPERATIVE.

8. ABDI HASSAMN ASABLE

9. SALEMAN GELLEH.
10. MUSA ald ALI HASSAN.

A-0
B

A-0
B
B
B
B
B

- - . A " = . e = = A =t e - = . e W Em e = e e M A YR S Mmoo e e e e e e e =

Subtotal Gerdebere

AGABAR.

____-—-_____-_u--_—.-_—-_--_.._.._.._—_.._._._.__-.__--__--__.___

1. AHMED.YUSUF DIRDIR.

E.LHYDIU SDULAHI SAMATAR .

3. ABDTSELMI KIBBAR.

4}thUHLﬁﬁER HAMDULEH, ¢Dur-Dur).
o auﬁuc OSMAN SULTAN.C- - )

NIURIGHAMED 1BRAHIM.

.t.:kc*‘
FOSMAN ABLT KAHIN.

B

B

8

B
NC
NC

.._-——-—.._-—_______.—.—_._—___..-........--—..-—__________...__———_--

. OSMAM ASKARI.
agfaﬂMﬁR EGAL NOOR.
3 “LAYLA ABOKGR.
. "MICHER KAADI.
5.'IDR!B EGAL NUUX.
S. ADAN JAMA ODALIA .
7. IBRAHIM HEEF.
8. MAMMUD ABDULAHI.
9. MOHAMED HASSARM MOHAMED,
10. AHMED ABDI RACGE.

Subtotal Kalgoray

i
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HOROHHADOLE . A B € D N
1. MOHAMED MAHAMOUD YOUSUF. B
2. AHMED ADEN AHMED. B
3. HASSAM QALIE ISMAIL B
4. H. HUSSEIN HASSAN. B
5. ABDULAHI MUSA DUALEH. B
5. MAHAMAD HAJT ISMAIL &
7. SALAD ALT IBRAHIM, B
8. MAHAMOUD AW FARAH. B
3. AHMED ADAN. B
10. AHMED DSMAM ALI. B
11. ISMAIL Al YUSUF. B

12 ASHA ABODULAH1 UDUGLEH. i8]

Subtotal Heorohhaddle @] 11 1 s} 8]

WAHEEN CATCHMENT AREA.

SR E=ESSSSSaSSSSa=so===x=

HALAYA. A B [ ja] NC

1. AHMED Al HASSAN AWALEH B

2. EBLRH RRGE JAMA, B

3. AHMED H. HASSAN. A

4. AL 1 MOHAMED ROBLEH NC

5. MOHAMED JAabdA ., MNC

8. MOHAMED JAMA OSMAN. NT

7. ABDI osrAaN ALIL. ]

8. MOHAMOUD JaMA. C

8. HASSAN ALI KAHIN. B

10. IBRAHIM H. MUSA. 8

1f. 4. MOHAMED SH. OMER CD
Subtotal Halava 1 4 2 1 3
Akl BARKHADOLE. A B cC Inj NC

1. KAAHA MUSSA GEEDI. 8C

2. ASHA JAMA FARAH. B

3. HASSAN NOOR HUSSEIM B

4. AHMED DERIA ALl =]

3. SAFIA ALI HASSAN. 3

€. AHMED HASSAMN FAYAH. =

7. HASSAN FARAH JAMA. BC

2. MOHAMED ADEN HAKIA. BC

8. MOHAMOUD EGAL AWED. ec

Subtotal Aw Barkhaddle: [s)



= IMAL ‘ REPGRT on HYDROGEOLOGY and WELLS

DARA WE IME A B c 0 NC
1. AIDEED IBRAHIM MOHAMED B
2. MUSA FARAM MIREH. NC
3. MOHAMED AW JAMAH L IBAM B
4. MOHMAMOUD GEELEH. B
S. MOHAMED ABDULAMI ANBUL. B
6. ABD1 YUSUF SUGULEH. B
7. ABDULAHI GULEID OMER. B
8. HASSAN OMER CDOWA. =
9. AIDEED QUASALIB ALI. B
10. ALT H. HASSAMN MAGAN. NC
11. H. ABD! NCOR EGAL. B
12. NOOR JAMAR ADEM. A
13. H. MUISE ABD! ROBLEH. B
14, MUSA SOLEIMAN DAHIER. AR
Subtotal Dara Weine 2 i0 o C 2
XUMBA WE INE. A B C [n] NC
1. CSMAN JAMA HIRSI. C
2. ALl Al ADAN OMAR B8
3. ABODULAHI ISMAIL JAMA. B
Subtotal Xumba Weine s} 2 1 o n}

Grand total 183 8 133 a1 1 10
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Chapter 3 : Construction and
Rehabilitation of Welis
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CONMSTRUCTIOMN and REZABILITATION of WELLSE .,

o

The nainpart of the =2xisting wells In <-=2
‘yaterhgles ', often having wery large &::i1m . A large part
of +the wells are unlined structures, uh st of the

e

w

reda are zimple
+ter

w
hs

Q

2 G

o

remaining weilsz ara linad with undrass er , both of
which designs hawve saricus drawbacks wi=~- rezpect to

stability and durability.

4]

TLTh

Unlined wellszs are euer when dug in fair:. z+able formations
likely to suffer from zurface caving arz,or 2a’uifer caving
and should not be expected tc have a mainianance free
lifetime of more than 2 t¢ 3 yearz. Woccdti iningd hava a lite
expectancy of some 2 to 4 vears, after wh:ch time the timber
is likely tn collapse. with subsequent expenzive and time
consuming repair works.

In many areas the farmers presently have 2 wells: one
river-bed uell used during the dry seascr, and one in-land
well used during the rainy season. The +farmer 1is normally
destroyed during the first flood of the w=ar , whareas the
latter often is dry during tha last part o the dry saason.
Fur+ther, in some areas, the inland wells szuffers from hish.
salinity of the grounduwater.

A seriousz need thuz exists for neuw Procedures and designs for
both Conztruction cf new wells and for rahabilitation of
axisting wells to in::_r-eas“e life expectancy, and to reduce
maintenance costs. o -

The large number of wellz t9 be inztalied.rehabilitated in a
short perind of time with the aszistance of a small staf+#
callz for a design based on simpl2, prefaprisated elements,
easy to transpor* ta *he wel! szite and =zimple to insztall.

E:idently the amount of uater that within a 3iven time can be
pumped from 2 large diameter wall, is the aritmetric sum of
the_amount of uwater antering the well from the aquifer during
the periocd of pumping ¢ influx volume), znd the amount of
water initiall: stocred within the well (s+torage wvolume)d,

To te acceptable, the well design must pro. ide for _a

reasonable storage volume, 20 25 X of the daily comsumption.
. . T T .

™his can be achiewed by consitruction of wells having iarge
diameter andﬁ.’qujv 1__arge__d.epht. A doubling g+ *he diameter

- —
r—
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provides for a fourfold increase of storage volume, but the
construction cost iz likely to increase by more than that, as
s conziderable yvolume of ‘non-productive’ gverburden zslso has
+o be escavated and tha banks have to be stabilized.
Deepening of the well iz - where practicable - a more cost
affecient way to increase the storage volume, as no extra
sverburden has to be escavated.

The well design must allow for a Ffras influx with a minimum
of head loszzes. Under the hydraulic conditions met in the
project area, a droubling of well radius will increaze the
yield bv zome 325 percent only. Provided that the well has not
already r=zached the bottom of the aquifaer, an increase of the
vield can thus best b= achiewved by increasing the depht,
allouwing for incresssed drawdoun. Furthermore deep uwells are
less sensitive to descending static uater level during the
dry season.

Further , the uwall design must provide for a reazonable
maintenance free lifetime a2z oprosed to existing wells, which
require frequent maintenace /reconstruction. The total
production cost must correspond to expected increase of farm
production, so that the farmers will be able to finance %he
well construction. The design must allow for ease of
transportation of prefabricated elements to the well site by
lorry or tractor. The uwells must be simple to install by the
farmers themselves with a minimum of assistance from the
project staftf.

Proposed Design.

The proposed designs for construction and rehabilitation of
existing uwells are presented in figs 2.1 to 2.3 behind. The
des igns are to a large degree equivalent, using the same
design elements.

One of the basic design elerments (RC-rings) has been adopted
from UNMICEF, which agency has used it successfully fer rural
water supply purponszes in this and other areas. The design
has been furthar developed during this mission with the aim
to reduce construction/transportation cost and to improve
vield. The design comprises following elements:?

1. Reinforced rornus concrete rings (RC-ring=) to
functicn a3z intake and storage structura

2. Corrugated =te2l culiverts to Functinan 3z caving
protection.

3. Gravsl Pacy.

4. Grotextile 11ming.

9. Grasz protection.

8. PYC drainzcse pipese to imerove vield where required.
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Recently the horticultural zection has produced moulds fop
production of such concrete rings with,a diameter of
apPproximately 1.6 meter. The project commenced early 1887 the
construction of cne such well for irrigation purroses, but
the construction was interrupted by the first flood of 18987,

To determine the required average depht of =such
incstallations, the following consideraticns have been used:

1. Regquired amount of irrigation water is approximately
30 cum per day.

2. Pumping iz performed with a capacity of 8 l/zec for
some 30 minutesz . tuo time:z per day.

3. Transmiszzivity is 3.2 e-4 sgmssec.

4. Effective storage coe

oaetfecient of aquifer is 10
parcent,
5. The distribution betueen influx and storage wvolume is
50/50.

6. Effective porosity is 20 percent.

The storage volume of a 1.8 meter diameter well is 2.0 cum
per linear meter below static water level. 4 meters of depht
belouw water level thus provide for 8 cum storage. The
drawdoun under the given conditionz after 30 minutes iz 3.4
meters, leaving 0.6 meters for entrance head lossez and for
influx during last minutes of pumping. The influx particle
valocity will on the average amount to approximately 2
mm/sec ., indicating that headlosses are likaly to be less
than above 0.8 matars.,

If the vield of a well is insufficiznt and the well cannct be
further deepened., the influx to z well can most appropriately
be improwed by installing gallery pipes in the aquifer. To be
effective, the galleriss must be installed about tI meter
belouw lowest dry-season static water level, uhich means that
such galleries normally cannot be installed during *thea rainy
season, and that ground water lowering must take place during
the construction.

Proposed Procadures for Construction,

The porous reinforced ccnorete rings are prcduced at the
projec+ headquarter or other convinient location. After
curing ithsy are transported *+5 the construction site by lorry
or tractor and trailer togsther uwith cthar needed
cons*ruc*tion materials.
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Mew Wells:

Where possible, new wells should be constructed as submerged
river-bed welis, where required supplied with infiltra<~ion
galleries. This type of well has several advantages +t:=
river-bank uells:

1: Ouerburden thickness iz the least possible.

2: Aquifer is normaly present and have good yield
characteristics.

3 Water salinity is normally louw.

Some rivers ., hcuwever, have so violent floods that r:ver -bad
wells and their pump suction lines would be prone to
destruction by deep scouring. In such cases it 1s propcszed to
construct a well on the river-bank next to the river, and if
required supply this uwith gallery pipes deeply burried in the
river-bed.

Overburden may be escavated by buldozer or by labor force as
convinient in each case. The choice will depend on expected
*hicknesz of overburden, ground uwater level, and availability
and operational cost of bulldozer and labour force
respectively.

The bottom ring iz placed on the surface and a worker starts
digging out the soil within and below the ring by which
action the ring wWwill subside as the excavation goes on. Care
must be taken to assure that the rings subside vertically.
ihen the +first ring has subsided so tha upper edge is at
ground surface, a new rins is placed on its top and the
proces continues with excavation, neuw ring etc.

When the aquifer is met, water will enter the u=ll from belou
and throughk the walls of the uwell. It is very important for
the future performanca of the wel!l that excavation is
continued to sufficiant depht, ie some 4 t6 5 meters belouw
Iouest static water level during dry season or until
sufficient water continiously enters the well.

To be able to dig sufficiantly deep it will be required to

-use & pump to evacuate the uater that enters the well. For
-+

this purpose existing pumps may be used, but i* is uary much
preferable to utilice zpecial sump pumpz, dezigned for this
purposa, as other pumps are likely to have a wery short life
time when pumPing a mixture of sand and uwater.

é: }hﬁ rings subside fresl, when 4 to S rings has been :unk,
corrudated culver+ Pites may be put on top of the las*
concrete ring and Participate in *he further subsidence. 1%
must in seneral be recommended to usze casing at aii t:-e

R}

a significant rizsk of collzcze o
n3 the digging creu.

+
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Rehabilitation.

e o - n -

For existing uells to be rehabilitated., the procedure is more
or less equivalent to above, apart from the condition that
the aquifer has already been met and final depht is likely to
be more preciselr knoun before the construction.

The first ccncrete ring is placed in the bottom of the
existing well, which in the case aof very deep uells may cause
some practical problems. If the instaliation of concrete
rings iz not possible due to uwueight etc, corrugated culvert
pipes may be used instead. In this case the pipes must be
perforated and uhere possible wurapped with geotextile. The
axcavation/subsidence process 1is commenced <rom here and is
continued until sufficient water continiously enters the
well.

The scil outside the uell is then axcawvated to the extent
poss ible and a geotextile blanket is placed in the bottom and

om3§Qg_sides of the hole. Gravel pack consisting of 30 to 60

By

mm clean gravel is filled in, and its top is covered uwith

xg9ebtextile. The purpose of the geotextile is to avoid that

“fine sand enters the gravel pack and subsequently clogs the

interstices and hinders free passage of water, and reduction
of the storage capacity of the gravel pack.

If required a superstructure of culvert pipes is built on top
of'the concrete rings, the original hola is filled in, and
rgmaining slopes are stabilized with heavy 3rasses for
protection asainst surface erocszion and caving.
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RECOMMENDATIONS .

General recommendations on designz and procedures far
zonstruction and rehabilitation of uwells are given in Chapter
3., Specific recommendations on work to be performed on each
individual farm are given i1n Aprendix E.

it is recommended that the equipment for chemical water
analrses is supplementad with glasware and chemicals to
detarmine alkalinity . hardness and calcium. This will allow
for calculaticn of carbonatz (CO2--), hydroxide (QH-),
bicarbonate (HMCO3-), calcium (Ca++) and magnesium (Mg++J.
lith knowladse of theze parameters together with the already
prouwvided kits for cloride (Cl-) and sulphate (S04--> it will
be possible better to determina the risk connected tc using
water with elevated conductivitizs ., where this might be
unavoidable. The cost of the suggeszted kits i35 approximately
DKK 1500 exclusive of handl ing and transportation. DARUDEC
may arrange the purchaze and transportation.

A specific hydrnseolcgical.suater balances studyv of the
proi=act arsas cannot be justified at the prezent state. as
the costs thus concerned would be excessive as compared to
the likely benefits. Further. it iz implicitly estimated that
available ground uwater resources in general are more than
zufficient for the prezent and naar-future consumption. On
the o+her hand the project should collect and store every bit
of information on the hydrogeclogy of the area gained
directly or indirectlv in connection with its operations.

Specifically informations on rainfall, total ground uater
consumption, and water levael in wells should be collected and
filed for esach individual farming area., ag on a monthly
basis. With this material in hand it may after a few vears be
pazsible to give a batter estimate of available sround uwuater
resgurces .

It has in several! locations been observed, that ground water
level is high and fairly constant over the vear abowve natural
'subsurface dams' created bty ocutcropping bedrack in the
river-pads. This indicate:z that artificial subzurface dams
may be advantaseous creating increased infiltration and
storage of ground water. It is, houwever, scutside the scope
and the possibilities of +his =study 4c eualuate thiz iz anv
detail .

Several river csecticns suffer severely from bank srasion and
deep zcourinsg in the river bed. Rction must be *aken i
several areas to reduce thisz phencmena. which is threx aning
the whole axistence of several farmz. The project nNas bty nou
commenced emerzency operations in this respect in

n
+
T
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Horrohhaddle River.

It ie recommended to call for a zhort term missign py a
highly qualified hydrologist./river training specialist, tg
2stimate the costs and benefits of combined river fra%ning
and induced infiltration operations. and to §et WP guidel inas
for such operations. DARUDEC is able to provide such
assistance by a permanent ztaff member of the parent company.
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Terms of Reference:

In telex no 322,87 of 9-04-1987 terms of reference for this
misz ion was aiven as follous=:

qQuote

+ to review all *the hydrngeology data, directly linked with the
foreseen wells lccations,

* to dezign and advice on ztandard open zurface shallow uweli
construction, usina apercepriate techniques and materials,
suitable for rapid installation.

+ to carry ocut investigsation: in awdal and nw regions in order
to indicate sufficient and suitable new shallow wells
locations to allow the project to reach its targets (7?5 neu

one ha €arms),

+ to select 75 exizting one ha irrigated farms where shallowuw
wells could be rehabilitated or up-graded.

mission’'s duration eztimated to be 7 weekszs (4 weeks in somalia and
3 weeks in europal,

unquote
By telex nao 372.787 of 27./04,/1987:
quote

the duration of field mission has been extended %0 ur to six
weeks including tha s3tudy of exiszting documents in hargeiza

unquote

In letter from MJUADP re+ no NWADEP.”ADM./2/32S.”87 dated 2ist Maw
1987 DARUDEC was asked to:

auote

investigate the performance of the borehole drilled =zt
Kalaqoray by the later Development Agency, ¢WOA)D.

unquote
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and to give:
qQuote

2 second opinion on the potential performance of the well,
whether it will be possible to develop the well further and
if so0, how thiz can best be carried out,

unquote

This extencsion was 2cceptaed in letter from DARUDEC of 2nd June,
1987 provided an extension of home office time-consumption of 2 to
3 mandays. The result:z of the inveztisations are given in Appendix

0.
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Reports studied during Field Mizsion.
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1. Morth West Agricultural Development Project: Feasibility
Study and Technical Assistance, Technical Report No 18,
Hydrogeolegy (final Report)

Sogreah ., May 1983.

2. Pilot Watershed Management Ttor Soil Conservation and Small
Rarden Development, Final Report, ¥olume IV, Small Irrigated
Garden Dewvelopment,
TAMS , October 138S.

2. Report on Geoexploration in the N Region of Somali
Democratic Republic.
Chinese Well Drilling Team ({Hargeisa) April 1883,

4. Water Supply for the Refugese Camp Dams/Hargeisa. Technical
Report.
Water Development Agency, December 1980.

S. Survey Repori on the Possibility of the Second lWater
Source of Hargeisa City o0f the Somali Democratic Republic.
The water SUprly Survey Team of the Peoples Republic of
China, 1983.
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Program during Fisld KMission.
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Ma
May
May

Mayw

May
May
May
May
May
May
May
May
May
May
May

May
May

May

May

Mawv

May
June
June
June
Tune
June
June
June
June
June
June
Jun=
June
June
June
June

7th
2th

Sth

t0th

11th
12th
13th

t4th

15th
16th
17th
18th
19th
20th
21ist
22th
2Z2th
24th
25th

26th
27th

28th
23th
30tk
3tst
ist
2nd
3rd
4rd
Sth
Sth
7th
3th
g+ h
10th
ltth
12th
12th
149th
15th

Departure Copanhagen

Arrival Hargeiza, Brieting with Kevin
Sutton,

Meeting Ag. General Manager, searching
evipment at the airport, introductory visit
tc Aw Barkhaddle and Jalello.

Picking eauipment up in in airport. Reports
studies Hargeisa. Viszit at Kalqoray Research
Farm.

Repaortz ztudies Hargeisa.

Reportz =ztudies Hargeisa.

Mo wehicle available. Repotrts ztudizs
Hargeisa.

Discussions with M~ Malik, No vehicle
available, Preparations for trip to Ruqi
Baki.

No $uel available. Reports studies Harseisa.
Departure for Ruqi Baki,

Ruqi Baki

Ruqi Baki

Ruqi Baki

Ruqi Baki, gravity schemes on lower Dur-Dur.
Ruqi Baki. departure for Hargeisa

Reportz ztudiez Hargeisa.

Repor+s studies Hargeiza.

Oberhaddley

Travel restrictions. Reports studies
Hargeisa.

Halaya and Dara Weine.

Travel restrictions. Reports studies
Hargeisa.

Public Holyday. Reports studies Hargeisa.
Public Holyday. Reports ztudies Hargeisa.
Aw Barkhzaddla.,

Malugta.

algoray and Malugta.
Reports.

Hullugq. Arabsivec, Agamso.
ANN Ay o.

Hzxllayao,

Gebeiew, Elginiz . Baki.

Caki, &Amud.

Aamud . Tor Taab.

Czra lJaina.

Harge iz .

Soabar - Sardeber =,

Marge iz:z .

Harge iz s,

Carparture M
=

il SNEKE |
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Appendix D: Kalqoray Ressarch Farm.
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s a2lqnray Researan Farm, Performance of Borehole 1.

r+ 0% the Fhase 2 program for the horticultural zection,
ha irrizatzd rezearch farm is planned toc be implemented
.n an area near Kalqoray River..

purpnz2 a2t irrigtgation tuo boreholes uere driiled
2ge - rarl» 1387, but unfortunately none of these

25 has yi=21ded sufficient water for irrigaticn
25 .The resured yiald i3 rno lezs than B liters par

@ =xt2nsion of TOR +or the hydrogelngy miszion ha:z been made
clude inuvestigations and recommendations on th2 possible
;elopment of Borehole 1.

Ava ilable informations, Borehols 1.

The area was wizited on May 10th. Mo zamples wer=s present at
+h =]

2 zite, but Mr., Sutton had kept samples of the granitic
subztratum, which appears to be fairly fractured and
wexthzred, and *hus a poszible aquifer to supplement the

zandy ztrata reportedly zcreened.

The documentation of the borehole consizts of a drillers jog,
2 teztpumpings . and a work procgram.

The drillerz 153 indicatez that an aquifter of 'claysy sand'
follcued by 'very fine to fine sand with gravel
intzrcallationz’ and 'medium to coarse sand'. The combined
thicknass of this szandy aquifer 15 46 meters, and coresponds
accordins to representatives of Hargeiza lWater Supply to cone
of tha upper aziiifers sxploited by the wzater supply wells in
+he area. Well rnc 1 it screened with 8 inch PYC screens +rom
7€-10E m belcu =zurface.

The 1239 24 Borzhol
prezenting layers

e 1 omplately dif+ferent from this.

ot basalt:z and red clays.

Az irdicated above, the aquifer met iz wery zimilar to one of
the zauifers euxricited b Hargeisza llater Supply nearby. It
hzz tea2n reporizd ora! commun:cation:, that the static uwater
leve. fcr *he lLorsholes ¢4 *the Harseisas idater Surrly 153
prezently descerding ar amat:caly, repor=edly dus to
overpume ing 2f the aaquifer zyztem. It is thuz probable that
the =ztatic water levsi f3r Borehcle 1§ mlso will drop over the
ccming »ears. tharseby reducing *he rate of Pos3ibla
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withdrawal. The reduction cannot be assessed on the basis of
available data. The possibility axists that regulations on
ground water exploitation may be snforced by the authorities
to protect this vital source of potable water for the supply
of Hargeisa. ’

The pumping tests performed, are very =zhort, 30 minutes and
130 minutes respectively, and noc racovery readings have bean
taken. During testpumping 1, a total of some 4300 liters have
been pumped., OFf this wolume approximately 1800 liters (42%)
originates from the =torage volume of the well itseif. During
the zecond taztpumping the total volume pumped is 18,000 1.,
af which 1950 1 ¢ 10¥) 1z storage volume. The transmissivities
calculated by WDBA, docez thuz not bear much relation to the
real transmiss:vity of the aquiter.

The transmissivity of the sandy aquifer can from the drillers
l1og be estimated to be no less than say 0.3 10(-3) sam/sec,
which at a uell effeciency of 100 parcent (no head losses)
indicates 2 poscsible specific yield of 0.32 liters par second
per meter draudowun. It must be stressed, that this 1is an
estimation, but a very conservative one.

Specific capacity of the well at 30 minutes of pumping can be
calculated as follows:

Testpump 1: 0.09 1l-sec/m
Testpump 2: Q.06 1/zec.”m
Az zumed : 0.32 1/sec.”m

There hacs been a significant increase inthe specific capacity
of the well from testpumping 1| to testpumping 2 (50J, and
there is & still larger gap £{5S00.) up to the assumed poszsible
optimal vield.

It can be aszumed that thic well haz a very low efteciency of
about 18 ¥ and that development thus theoretically is
possible.

One of the resszon: for tha low evfzciency is most likaly,
that development of the borehole did not commence until
nearly one month after drilling aperations. az 1t allocus the
mud cake %o harden and thus to oe very resiztive to
development. A%t the pezent moment .early July 18987 turther S
months has =2leapzed, wuhich causec further problem: with
respect to developrment. The probab:lity cf =zuccestul
development can be estimated az S -« 10 <, proviged highly
qual ified equirment and rarzonrei :+ mobil1szed.
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Procedures=.

First of all, the borehole shall be properly testpumped,
ubich most arpropriately can be rerformed by the Irrigation
erngineer, Mr K. Sutton. The pumping yield zhall be very
small, say approximately 0.5 1./s in order to get
interpretable resul*s before maximum drawdoun has been
rezched. Full recovary shall be recorded.

The rezults are zent to DARUDEC headoffice tor interpratation
to confirm above estimate of possible yield and final
determination of development procedures.

1€ development can be racommendsd on the basis of the
testpumping, DARUDEC will mobilise necessarry personnel and
equipment. Locally a diesel driven compressor with a minimum
pressure of 8 ato and fuel for thiz must be provided for a
pariod of approximately &2 month.

1. Estimated duration of specializts stay in Somalia:
2 man-months.
2. Estimated cost of chemicals for development:
$0,000 DOKK
3. Estimated cost of equipment for development:
50,000 DKK
4, Estimated transportation cost for chemicals and equipment
15.000 DKK

Conclusions.

The well has presently most likely a sufficient potential for
development, but the practical probability for sufficient
improvement is estimated as low as S te 10 percant.

Louwering of the static ground water level in the ares 15
indicating that the aqifer =ystem i1z already presently
over-exploited, which may later pose practical problems and
may legad to regulations on ground water withdrawai in the
area.
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General: Small river in upper reaches of the Dur-Dur
Catchment Area near Boroma. No major constraints observed.

1: YUSUF HABAMNE GAHAYR.

Structure: 4%4 m wood lined, 3 m deep well on small
downthruszsted area near the river.

Parformance: Pumped dry in 1 h, recovers within 5-8 h.
Pumped two times per day.

Pump : . Small Marlow petrol pump.

Major problem: Low yield/slou recovery.

Recommendation: Most effective solution is to dig new
RC-ring well in river-bed, if required
perovidad with infiltration galleries.
Alternatively =2xisting Well could be
rehabil itated by digging the well deeper
using RC-rings (gravel pack 7) and steel
lining.

2: ABD! GALIMLEH SHIRWAC.
Sthﬁcture= 4+ m diam unlined well dus in 1985. Depht 8

_ m:0-4 m: clay, 4-35 m gravel, S-8 m clay.
y Tt Water depth: 1 m.

Performance: Pumped dry in 20 mins, recovers ocver the
. night.

Pumg : Monda Petrsl 1100 i, min,28 m.

Major problem: Low vield/silow recovery.

Recommendation: llell should be deepened using RC-rings to

reach a second aquifer.

3: H. MJUUR ABD1 KaAMIC,

Structure 1: S m diam, circular uncased wall, 3 m deep.,
dus 1977. Watear depth 1 m.

Performance: Pumped dry in 1.5-2 h, recoversz witnin 4-5
h. Pumped +uwo times par day.

Pumpe : Yanmar TS S50

Majer problem: Caving,

Recommendation: Instsl; RC-rirgs 1n bottom and po35ibly

steel liningsgraz:z: for caving perstaction.
Structure 2: 8 mdeep. 3 w diam circular uncased uell,
mainly in clay-soil. Aauifer sand/sravei.
Performance: Pumped dry in 2 h, recovers within 20 mins.
Fumped 2 tima: F2r dav.
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Pump :
Major problem:
Recommandation:

S HP Honda petrol pump.

Caving and petrol shortages.

Install RC-rings in bottom and possibly
steel lining.grass for caving perctection.
Meu diesel pump may be requirad to overcome
retrol shortages.

4: DAHIR MUMIN WABERI.

Structure:

Parformance:

Pump *
Major problem:
Recommendation:®

Mewly dug well on river-bank next to river.
2.9 m diam, 5.5 m deep. Water depth
presently 1.5 m

Pumped ocnce for 4 h wWwith only minor
drawdouwn .

SHP Honda (bortrowead?>.

To improve stability this well should be
perovided with RC-rings./gravel pack/steel
lining and if required Wwith intiltration
galleries. Farm should be considered a neu
farm, needing pump, Pipes, and general
technical assistance.

S5: MOMAMED RABILEH GOOD.

Structure 1:

Performance:

Major problem:

Structure 2:

Performance !

Conductivity
Pump :
Major problem:

Recommendaticon:

4 m deep., 4 m diam uncased uwell, 2 m water
depth. Dug 1879, and suffering from seavere
caving,

Pumped dry in 30 mins, recovers within & h.
Pumpad two times per day.

Very =zavere caving. Low yield/slow recovery

Submerged, wood lined well in river -bed
constructed in 1384. depth 494 m.

Fumped S (five) times per day. Each puneing
csequence lastz for 1.5 h tollouwed by a one
nour recovery pericd.

Same as structure |
Protectian of pump asgsainst floods.

Abtandon we!l no 1 and instali permanant
suction pirpe feor well no &, reaching safe
Ppump fpasziticn nland . In a few years the
wood linins of wel! no 2 153 1ikely to
coilapze due tr agins. Betore thisz actually
haprpens a4 neuw suomerged RC-ring well in the
river-ted zhould be constructed as to avoid
break in irri1gataion.

Q)
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1: HUSSEIM NUUR RIALE.

Structure: 8 m deep pilot well, | m dia in river
sediment and red clay at bottom level. lell
was kept dry by 4 men with buckets wuhile
digging, which is indicative of lou vield.

Performance: Never pumped.

Pump : None

Major problem: LLou yield during construction.
Recommendation: Testpump well aftter completetion to

determine potential yield of well, and
decide on this basis.

2: ABDI AHMED FAHIYEH.

Structuret - 6%4 m 20 m deep well, suffering +rom aquifer
i Zf caving (red clay !!>. Water depth 2 m. 1974,
FPerformance: Pumped dry in 20 mins, recovers within 8 h.
R Pumped 2 times per day
Pump 3 - 3.5 HP Honda petrol.
Major problem: Low yield, aquifer cawving.
Recommendation: The vield of the well should be improved by

deerpening of well before decission is taken
on improvement of wall stability.

3 ABRAHAMAN HUSSEIN ARRIH.

Struycture: 4 m dia well right on the riverbank. 7 m
deep, 2 m uwater depth.

Performance: Pumped dry in 20 mins, recovers ocver the
night

Pump @ Lombardini Diesei

Major problem: Low yield.

Recommendation: Installation of galiery 1n rivar-teg.

4: BARKHAD OMER H. KHAYRE.

Structure: S mdia unlined well dug :S81. Side- seem
fairly stable.

Performance! Pumped dry in 20 mins, recovers witin:an B8 h.
Pumpad 2 *imez par day.

Pump : 3.5 HP Honda.

Major problem: insufficient y:eid fcr extensionh

Recommendation: Ceepening to increaze both storage capacity

and intiltration capac.tv. Lf this 153 nov
sufficient it :: racommended to daig RC~-r ing
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5: OMER OSMAM

Structures:

Performance:
Conductivity
Pump *

Major praoblem:
Recommendation:

6: EGEH
Structure 1:
Performancsa:
Pump :

Major problem:
Recommendation:

Structure 2:
Recommendation:

well in river—-bed.

TAEBEH .

The
during dry season.
were nevear dry before
has excelent water both
quality all the year.
Pumped dry in 20 mins .,
mins .

300 microsiemens./cm.
Yanmar TS70

Some surface caving.
Abandon the 2 old wells and impProve the new
well by deepening- screening/gravel
pack/lining.

farm has 3 wellz of which 2 runs dry
Reportedly these uwells
1980. The third wkell
inh quantity and

recoveaers within 20

HABANE RAGE.

=

3 m diam inland well .,
water depth 2 m.
Pumped dry in | h, recovers within 1 h.
Pumped 4 times per day.

dug 19668, 7 m deep.,

Honda S5 HP, 1100 l,min, 28 m.
Aquifer caving.
Instal! RC-rings in bottom and deepen as

reaquirad to maintain or improve yield.

lJell under construction.

Continue construction and proceed according
to conditions met. It is likely that well
will need RC-rings in aquifer to obtain
sufficient stability.

7 BARKHALD MDO&EM,

Structure 1L:
Parformance:

Pump :
Major problerm:

tructure 2
Performance:
Pump :
Majer problem:

Recommendation:

4 m diam unlined weli

Fumped dry in 30 mins,
. Pumped 2 times rer
Tanmar TI7TU

Zaving and low yield.

8 m deep, dug in 139885.
recovers within S5-6
day

6-89 m diam well.

Fumred dry in 30 mins., recovers within 3 h.
KOBOTA DIESEL, 251 USGPM/98 t1.

Low »vieldrzlow recovery.

iMew RC-ring well in river-bed, if required
frowided with inf:ltration galleries.
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8: FARAH WRRERI HUFANE.

Structure 1t:

Performance:

Pump :
Major problem:

Structure 2:
Performance:
Pume :

Major problem:

Recommendation:

MaJor problem-

Structure 2:
SR T

Peffor m@h‘ce :

6 mdia well dug in 19852, 10 m deep, 1 m
water depth.

Pumped dry in 50 mins, recovers over the
night.

Yanmar TS70

4 m diam well, dug 1985. ¢ m deep, water
depth 1.5 m. A
Pumped dry in 1.5 h, racovers over the night

Well 2 can be deepened by means of RC-rings
to increase yield and storage capacity.

3%¥3 m wood lined well, 8 m deep, dug in
1883,

Pumped dry in 0.5 h, pumped 3 times per day.
Petter Diesel.

Surface-caving.

6 m deep, wood lined uwell. 3 m water depth
during rainy season.

Pumped dry in 3 h. recovers in 15 mins
during rainy season.

Yanmar TS60

8 m deep well dug 1883 in gravel on top,
thareafter mainly clay. Dry during dry
sdaidn.

i1 h, recovers within 4-5 h

nccdnd 1nstaif sallar;es toc improve
y:eld/reduca recovery time.
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10¢ OMAR EGEH
Structure:

Performance:
Pume :

Major problem:
Recommendation:

EGAL.

4 m deep, small diam well mainly in red

clay.

Exploited by hand, never pumped.

hone

Insufficient yield.: ) .
Mew RC-ring well in river-bed, if required

provided with

infiltration salleries.

=~



Road to Boroma

Road fo Rugt

LEGEND

L Hand Dug Well
x Borehole

North West Agricuiturai

r
i Development Project - Somalia

Hydrogericq Miss R
. ge Lq!cul ission 1450000
: Locatan of Wells ang Rorehoies prrr— -
i Area Amud May-June 198"

AT RN =T =T




FIMAL

REFORT on HYDRUWGEOLOGY and WELLS E.8

T e o e e e o e e o o e e - ——— - - = - - —— ———— - - -

Ruqi-Baki area is situated in a downthrusted area betueen
high mountain ranges. The deep substratum of this araa
consists of Jurasic Limestone, which at least in some areas
is likely to have been tectonically disturbed, presumably
giving rise to water bearing fracture-zones. The limastone
aquifer is likely to be recharged both locally through the
vounger sedimentary =equence on its top and maybe even more
impor+tant from the large mountanecus areas to the south.

Despite the fact that less than & m of this limesione uWere
penetrated by drilling during the former feasibility study,
it was then concluded that the 1imestone is not important as
an aquifer in the area. Recent drilling in the area has,
however , produced medium to high yielding well. The
hydro-chemical characteristics of thase wells are not knowun,
but from information given by non-technical authorities in
the area, it appears that a certain salinity of the ground
water might be expected. Houwever no pracise informaticn could
ba gained during the investigations.

Phreatic aquifers are fairly widespread in the area, and
consist of recent sandy/gravelly river sedimants, in general
with good vielding characteristics and no chemical
constraints uwere cbserved.

The major problems observed are related to caving problems,
both surface-caving and aquifer-caving, for both of which
remedies can be procured by the assistance of the project.

On the lower reaches of Dibra leine a considerable potential
exists for developement of new farms. These areas have been
given special signature on the accompanying map and covers an
area of approximatelv 100 ha.

Following specific wells/farms wers wisited during the field
trips:

1. SH. IBRAHIM EBAKAL.:

Structure: Unlined welisriver-intake, 1837.
Performance:
Pume @ Cld, make unknowun.

Major problem: liell and intake stronoly prone to destruction
from floods.

Recommendation: Yery expensive *o improve this structure,
there+sre :t should be considered to
construci well! adjacent to farm no 2.
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2. AHMED ABDILAHI OBSIYE:

Structure:
Performance:
Conductivity:
Pump :

Major problem:
Recommendation:

Unlined inland well dug 1888§.

High proeduction

1035 yS/cm.

Honda GR140-Daishin SCR 80.

Aquifer caving and erosion of well sides.
Deepening/Screenins/Lining.

3. HAGI MOHAMED SULDAN:

Structure:

Parformance:
Pump:

Major problem:
Recommandation:

4. AW SULEIMAN
Structurér

Per formance
Pump's ™

Major problem:
Recommendation:

S. SH ABODULAHI
Structure:

Performance!
Pumg @

Major problem:
Recommendation:

Unlined well in river sediments, 6-8 m dia,
formerly 3 m deeper.

High production-/good quality.

Kubota Diesel ¢ HP/YKC 3D.

VYery severe adquiter cavinge.
DaepeningsScraening./Gravel Pack.”2(Lining).

RAGE EGEH:

Unlined piiot uell presently under
construction, app 1 m dia, 11715 m deep, the
louer 4-5 m cemented sand.

DOry.

None.

Dry.

Deepening to max 20 m. I+ still dry: dig
RC-well in rivar-bed according to general
instructions.

HADT TAMNNY .

20x3%2 m seepage basin in cemented sand near
river-bed, constructed 13882.

Pumped dry in 2.5 h, recovers within 249 h.
ROBIMN EY2Q SHP Fetrol /DAISHIN SCL SC.

fone

I+ {later) required to improve *the yield, the
structure could be anlarged, best by
deepening,

8. AHMED DUALEH QESIvYE.

Structure 1{:
Performanca:
fump 2

Major Problam:

Structure 2:

Inland cpen zurface well, 4 m d21a.
Pumped drv i, 3 h, recovers within 24 h.
“UBO TR

Surftace-aquifar caving.

Irregular uaterhcle %5 i right belowu
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river-bank.

Performance: Pumped dry in 5 h, recovers within 4 h,
Pumped twice per day.
Pump ! PETTER 4.5 BHF

Major problem: C:zving and fiooding risk,.

Recommendation: Deerpening.”Screening Gravel
Pack . Ballery Lining of structure no 2

7. HASSAMN ABDULAHI MOHAMED

Structure 1 River bed well &x128%x)1 m:

Performance: Purmped dry in 3 h, reccvers within 1 h.
Pump: YANM&R TS 70

Major problam: Ton disztant from garden

Structure 2: 2%2 m wood-1lined well, 18983
Performance: Pumped dry in 3 h, recovers Within 2 h.
Pump ¢ YAMNMAR TS SO

Major problem: llood 1ining have an expected litetime of some
3 vears.

Recommendation: Construction of neuw well nesar antrance of
farms to serve new garden area. Expected
depth €-8 m (max., 10 m) of which 3-4 m hava
allready been escavatzar by buldozer.

3. O0SMAN IBRAHIM BAHAR:

Structure 1: Un-1lined inland well! constructed 1985.

Performance? Can be pumped dry in 45 min., recovers within
30 min.

Pump * YAMNMAR T3 0.

Major problem: Some aquifer caving.

Recommendation: Deepening.-Screeninss/Gravel Pack.{(Lining).

Structure 2! Un-lined inland well constructed (3S8E6.

Perfnrmance: Can be purmped dry in 43 min., recovers
within 20 min.

Pump YAMMAR TS ©60.

Major problem: ESome agquifer cavings/Rain water erosicn.

Reccmmendation: Deepening./Screening,Gravel Pack./%bLining).
Surface ditches required at structure no 2.

9. HAS3AMN OHINBIL:

Structure: Un-lined wel! constructed right on-below
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river-bank, 5 m dia.

Performance: Can be punmped dry in 3 h, but recovers
within 2 h.

Pume : HONDA GX1IK/DAISHIN (520 lpm/32m> .

Major pProblem: 3Some aquifer caving / Surface erosion and

risk of destruction with river floods.
Recommendation: Deepening~Screening~/(Gallery) /Gravel
Pack/(Lining).

1C. BARRE JAMA YOUSUF:

Structure: Un-lined inland well constructed :884.

Parformance: Can be punmped dry in 3 h, but recovers
wirthin 2 h.

Conductivity: 1000 uS~ cm.

Pump HONDA GXiIK/DAISHIMN (S20 lpm/32m).

Major problem: Some aquifer caving / Surface erosion.

Recommendation: Deepening/Screening/Gravel Pack/(Lining).

11. IBRAHIM FARAH JAMA:

Structure: Woood-1ined inland well, outer dim 6&m * BSm,
lining 2.5 * 2.5 m. Dug 198S.

Performance: Can be pumped dry, but recovers within 1 h.

Pump 3 KUKJE KD8S 8.5 HP/PACK CHEEN 3.3 kid.

Major problem: Some aquifer caving / Surface ergsioh.

Recommendation: Deepening/Screening./Gravel
Pack/C(Lining)/Erosion protection.

Other exisiting wells visited during the field trip in the
area near Ruqi opposite side of Dibra Weine, includes tuwo
large diam uwells with a depth of nearly 20 m, which are said
toc be have been highly productive. These wells could be
improved with respect to stability by installation of
corrugated iron culvert pipes and filling the annulus with
30-60 mm gravel. To reduce the effect of reduced storage
capacity of such improved wells as compared to the existing
wells, the influx capacity should be improved by deepening
the wells with RC-rings installed below water level. The
improved wmells should be supplied with either electric driven
submersible sump pumps or diesel-driven shaft pumps.

Upstream of Ruqi, 3 uwells on the left-hand side of the river
(going downstream) were visited, all of which had problems
related to stability of well slegpesz. All 3 wells could be
improved both with respect to both yield ard stability by
deepening, screening, gravel pack and possibly lining of the
exsisting structures. The farms on the right-hand side ot the
river uwere prone to flooding,/river erosion, and are

considered in-ecochomical o Protect +or which reason no
further action was +aken.
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1. QAMRAH MUSA ELMI

2. ABDI RABEH WARSAME
3. HADI RABEH WARSANE
4. JAMA ABD1 KIIRASH

S. AWRLE ABODULAHI URSAD

The farms are irrigated +rom communal intake structure at
perennial river and have a commen main canal system, by which
the irrigation waters are dis*ributed. The intake structure,
houever, is very instable and is frequently destroyed during
floods. The subsequent repair is very time consuming and it
is considerad ineconomical to transform the exizting intake
structure to a permanent one.

As a communal distribution zystem 3alrzady exists it is
recommended that a new intake structure should be censtructed
near the uppermost farm in the area and the water distributed
from there. The intake structure should be constructed as a
RC-ring well placed shortly inland of the river. The intake
structure shall be supplied with one or two diesel pumps
delivering their output to the existing main chanal. To
Qﬁ?@fﬂ the required continous yield it ic mest ! ikeiy
equired to construct infil*raticn gallery/galleries in the
rdver-bed.

L

ﬂ;$§rnatiuely it iz most likely possible to construct
qﬁgﬁgvidual wells on each farm with a depth of some 6 meters
each.
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HUSSEIN ELMI SULDAN.
MUSA ELMI SuLDAN

ALI HADDI RABEH

HASSAN AWALE FARAH

ELMI AYEH DHIDAR

AW IBRAHIM ABOIMN KIIRASH
OsSMAN YUSUF CRYEH

ARAB ABDULAHI AMUD

ADEN SHIRDON BADEED

»

W ~NDAD WM -

The farms are (were)- xrrxgatad from communal intake structure
at perennia] river’ and have a common main canal sysztem, by
which th irrigatton uaters are distributed. The intake
structur ‘hgucver, is-very instable and is frequantly
rxng floods, and was in fact destroyed

. faw days before the field visit. 1t is
ig;economxcal to repair the previous intake

it is
,a,‘d%‘tha't a neuw 1ntake structure should ba constructed
P .'ﬁ\.q;ﬁupbermst farm in the area and the water distributed
?“hﬁs—‘*- 3 %The intake structure should be constructed as a

rins‘ uell ‘Placed shortly inland of the river. The intake

3 i it is most likely possible to construct
-‘ilﬁélls on each farm with a depth of some S-10
ac ;u,.'tha dep‘th-.l xkely to increase with increasing

P T

x-eisfabgl__qmm; na L_LﬁHI BEELE.BAAB) further douwnstream
F te d the'lr qﬁ#r:mnts f-or assistance uere




FINAL REPCRT on HYDROGEOLOGY and WELLS E.14

GEEELLE™Y visitad June Sth.

1: H. OMER MOHAMED GEEDI.

Structure: e vear old uell, praesantly under
reconstruction due to frequent collapsing.
14 m deep, 8 m diam, 4 m water level during
rainy sesason 1 m during dry season. Aquifer
is weathered granitic.-gneissic bedrock.
Extremely expenszive and impressive
structure.

Performance: Never pumped, but during construction 2 men
could haul the excezs water by hand.

Conductivity Reportedly =zuweet water.

Pump : None

Major problem: Lew yieid.

Recommendation: The only possible way of improvement is to

deepen the uell to increase both storage
capacity and infiltration capacity. Farmer
iz perepared to do soc. Farmer may naed other
tvpes o+ assistance, 2g pump, pPipes and
technical assistance.
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EL.GIMNIS visited June Sth.

1: IBRAHIM Al /LI ELMI.

Structure: 3*4 m, 8 m deep, of which 4 m are in
weathered.“fractured crystalline shist.
Performance:? Reportedly the farmer can pump 24 h per day.

fictually pumped 3 h./day, recovers within 2 h
diiring rainy seazon. Well is dry for 2
months per. year.,

Conductivity: Reportedly +the water iz suweet.
Pump ! Honda Petrosl, broken.
Major problem:! Ory durina dry season, over-land +loods

destroy o9ccasicnally tha well, lack of pump
and pipes.

Recommendation: Well should be deepaned 2-3 m tc become
perennial and needs protection against
overland floods (e.g. bund./diversion
ditches ). Pump and pipes are needed, and
farmer needs general technical assistance.

2: ABOI RAGE WAIS.

Structure: 10 m deep, water depth 2 m. Bottom part of
well iz cut in crystalline shist.

Performsnce! Pumped dry in 7S min, recovers within 49 h.
Pumped & times per day.

Pump ¢ Old 1talian petrel pump, pPresentiy broken
doun.

Major problem: Pump .

Recommendation: Nau pump .

37 MOHAMED HUDUN KAHIM

Structure: Spring intake in rivar-bed, just belou
shallow falls.

Perfcrmance? Sufficient water.

Conductivity 760 micros:iemens.Tm.

Pump ! 01d Italian pume.

Major problem:

Recommendation: tiew RC-ring well in river-bed at location of

:pring. I+ r~eaquired it could be preocvided
with in-iltr-ation 3alleries. NeWw PUMP .

Some 10 farms furtner down:ztrzam of farm 3 couid be
rehabilitated by installaticn of RC-ring wells &t spring
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locations in river-bed.

The senz2ral problem in thiz area seems to be broken PUmMPSs ,
lack of pipes and geaneral technical assistance. Farmars seem
to be fairly ‘'aggressive’' and willing/wanting to 90 improve

the ir $arms and structures.
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1: AMMED DAHIR OMAR

Structure 1°

Performance:
Conductivity
Pump ¢

Majar problem:

Structure 2:
Performance:
Conductivity
Pump @

Major problem:

Recommendation:

2: HASSAN YUSUF

Structure:

Performance:
Condurctivity
Pump

Major problem:
Recommendation:

8" zteel-casaed borehele drilled 1984, Depht
t150 ft. The well has been pumping sand since
1335.
Reportedly sweeter than well 2.
Submers ible slectric, make unknocun.
The weil iz pumping sand since 1886,
(zlotted cazing? i3 probably corroded.
is stuck in the borehole.

screen
Pump

8" PYC-caszed borehole further
{50 ft.

Reportedly unlimited pumping is possible.
fictual pumping is B8 h per day.

{725 microziemens/cm.

Unknown zybmersible electric pump.
Salinity (toco> high

inland, Depht

Wiithdrau pump of well no 1. If possible
install new 5" PVYC screen in borehole (uwash
dowun screen). Closer check up on salinity of
well no 2 w:1th respect to composition of

salts.

AL .
12 m dia open., wcod lined well, 18 m de=p.
Louwer part in Malas (uwhite Clav). 285 m

inland. DOug 1888.
Pumped dry 1n 2 h,
Reportedly =zweet.
Bernhard Petroi
Insufficient vield.
It i3 ineconomical to imgprove the existing
well, li“etime 04 wood lining will be some 3
vears. Before the well collapses a new
RC-ring weil shovld be constructed in

river -bed to superssede the ex.zting uwall.

recovers within 6 h.

3: AW MOHAMED WARSAME GEELIM.

Structure:

Semicircular £ 3 d:a wood lined well, SC m
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Performance:

Conductivity
Pump :

Major problem:!
Recommendation:

£.18

inland. 20 m deep wWwith Malas from 3 m depht.
Pumped dry in 1 hour, recovers ovar the
night.

Reportedly sueet.

Bernhard Petrol

Insufficient yield.

Mew RC-ring uell in river-bed, if reauired
provided with infiltration galleries.

4: NUUH BATUM GEELEH.

Structure:

Performance:
Conductivity
Pump :

Major problem:
Recommendation:®

Concrete lined 18 m deep well, water level
1.5 m. right off the bank of the river.
Pumped dry» in 40 mins, recovers within & h.
Reportedly zuweet.

Yanmar TS70

Insufficient yield./Long recovery time.
Install gallery in river-bed.

S 0OSMAN ASHUR HASSAM

Structure:

Performance !

Conductivity
Pumep !

Major problem:
Recommendation:

4%4 m stone/cement lined, 15 years old uwell,
18 m deep of which lower 12 m are in white
clay, 2 m water depht.
Pumped tuice per day,
recovery within 68 h.
Reportedly zueet.
Yanmar TS60C
Insufficient yield.
New RC-ring well in river-bed, if required
provided with infiltration galleries,

each time 2 h,

§¢: ABDULAHI ALIN SULLED

Structure:
Performance !

Conductivity
Pump :

Major problem:!
Recommendation:

3x2 m wood lined well .,
Cuner not present,
available.

14 m deep.
30 ho informaticon

Yanmar TSSO

7 MJSA ALIM SULEED

Structure:

Perfcocrmance:
Pump :

Major problem:
Recommandation:

Bx6 m well, 10 m deep, dug 1986, ! m water
gepht .,

Fumfed drv in 20 mins, recovers within & h.
Smal! FORD zngine.

Insut+ficient vield.
Install 32ailery in river-bed.
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3: MUSA KINAR SUGAL

Structure: 5 m dia wood lined well, dug 1880, depht 10
m, 2 m water depht. White clay in bottom of
uell.

Performance: Pumped twice a day, each time 1 hour
duration. Full recovery after B h.

Pump : Yanmar TSB60

Major problem:
Recommendation: Gallery can be installed in river-bad to
improve yiald.

8: ALI DAYHLEH XERGEEYEH

Structure: Circular wood lined well, 15 years old. 18 m
depht, all in white clay. 1 m water depht.

Performance : Pumped dry in 30 mins, recovers over the
night.

Pump &

Major problem: The yield of the well is too smaill.

Recommendation: Install gallery in river-bed to improve
yield.

10: AW YUSUF ALI HAREED.

Structure: 55 m uell., 15 years old, 10 m depht.

Performance: Pumped a total of 2.5 h each day, recovers
over the night.

Pump ¢ KUKJE 83

Major problem: Mo problems related to water supply.

Recommendation: None

11: YUSUF ADAMN HUSSEIN.

Structure: Well ‘dug’' in metamorphic rock, 3 m de=sp.
Well is dry during dry season.

Performance: During rainy season pumped !.5 h per day.
recovers over the night.

Purnp ! HONDAR 1100 1/min, 23 m head.

Major problem: Mo uwater during dry season.

Recommendation: Deepening of well by means of explosives and

or labour-intensive methods. Louw dam
rcssible downsztream to increase dry season
storages/uwater level,.
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{+ ADEN MOHAMED OLOW

Structure:
Performancea:
Conductivity:

Pump @
Major problem:

Recommendation:

27 MIHAMED SH.

Structure:

Performance:

Conductivity
Pump :

Major problem:
Recommendation:®

Open uncased well right on river-bank, 3x%8
m, 8 m depht, water depht 4 m. BDug 1981.
Pumped twice per day for 3 h each time,
Recovery wmithin 4 h.
970 micros iemens.cm
Agad Bernhard with 2" del ivery pipes.
well capacity too small +for
expansion of farm.

to be installed 1o increase
capacity. Farmer might need more pouwerfull
pump and heuw larger pipes to reduce head
losses to be able to irrigate new, somewhat
remote area.

Some caving,
rplanned
Gallery

ABDULAHT .

8 mdia well near river-bed. S m depht,
water depht .5 m. First constructed 1883,
improved by installation of galleries 139835.
According to cuner the salleries wera not
installed in a correct manner.

Before gallery: 50 mins punmping followed by
2 day 's recovery. After gallery: 1 hour

pump ing follouwed by recovery over the night.
1019 microsiemens.’cm

Caving and slow recovery.
Caving protection on slopes by planting
3razz. Installation of new gsalleries.

3: HUSEEIM GELEE AL!.

Structuyre:
Performance:
Conductivity
Pump ¢

Majnr problem:
Recommenda+ ian:

Weil dug 1in wezathered bedrock, | m deep.

The prasent structure 1s of wvery limited
ralue. ¥ a real need exist., the
nosz:b:lities for well digging should be

tarefulis; :nvestigated, as bedrock outcrops
are abundant. Exizting well may be deepened
Or more conwinient location in river-bed may
be chosen.
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4: PBDI AW FARAH

Structure: Temporary river-bed well.

Performancsa* Sufficient water.

Conductivity

Pume :

Major problem:

Recommendation’ Mew RC-ring uwel! 1in river-bed. if required

provided with infiltration galleries.
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General: Water quality seems to vary very strongly and random

over the area.

This aspect needs better coverage than could

be provided during mission before major extension of
irrigation schemes.

12 MOWLID ABBULAHI

Structure:

Performance:

Conductivity

Pump ¢
Major problem:

Recommendation:

kell on island in river. Wood lined 4 m dia,
10 m deep, 4 m water depht.

Accordins to owner sufficient water of good
quality can be withdrawn from well.

1600 microsiemens./cm ( 18€7~-06-03);

2250 microsiemens/cm ¢ 1387-06-08)>

Swati Enterprise Shp

The uwell suffers from severe caving and the
island on whizh the well is situated is
prone to river arosion. Furthermore the
ouner seems 1o overexploit the well by
selling large quantities for drinking uwater.
Caving protection by installation of
RC-rings in bottom and grass cn the slopes.
Gabioh protection of upztream end of island.
Quner should b= encourased/enftorced not to
cuverexploit the well.

2: Al MJsa YUSUF BILE.

Structure:

Performance!

Conductiwit:
Pump
Major problem:

Recommendation:

3: MAHDI JaMA

Structure:
Performance:

Pump ¢
Major pProblem:

8 m dia uncazed well, right on the
river=-bank. ? m depht, 4 m water depht. Dug
1988.

Pumped twice rer day for 4 h each time.
Sufficient watar

370 microsiemenz.‘cm.

Severe caving.

Slopes to bhe stabilized by heavy grass.
Aquifer be be stabilized by large diam
culvert pipes or RC~rings.

SHIREH.

in clavew sandg soil.
day , recovery.

T o deep well
fumped for 2 h tuice per
within 2 h.
Bernnard.
Insufficisnt

ield.
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Recommendation:

4: MDHAMED OMAR

Structureas

Performanze!
Conductiv ity
Pump @

Major problem:
Recommendation:

Beepening usin3 RC rings, screening with
RC-r ings and gravel pack. Gallery should be
installed if required after deepening.

BILE

2 wells, both temporary dry season
s5tructuresz, flushad during rainy season. QOne
(ypstream® iz 4 m deep and has not hit rock,
the octher one {downstream) iz only 3 m deep
and has hit rock at thiz depght, and 1is dry
a*t end ot dry season.,

Mo inferma*ions a5 ouwner wasz not present.
550 micros iemens. cm.

Non-permanent,

MNew RC-ring well in river-bed at location o¥
first well)l, 1f required provided with
infiltration galleries.
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ANMIAY O visited on June 4th
1+ JAMA MUSA DUALEH.

Structure: 10 m dia, 24 m deep pilot well dus 1984 -
now partly caved in. The well has never been
Proven productive, but farmer believes in
water further down. Farmer estimated cost of
redigging to S8 200.00Q0.

Recommendation: See below.

2: AHMED HUSSEIM EGAL.

Structure: 3%¥3 m uncaszad well, 15 m deep. in 198%5.
water depth 2 m. Protected on the riverside
by stone macenory.

Performance: Pumped twice per day, each time for 45 mins.
Recovery within 8 h.

Pump : Yanmar T3SBEQ

Recommendation: See belowu.

3: IERAHIM ABDULAHI ADAM.

Structure: 12 m deep irrigular well dug mainly
white and red clay. Ory season water depth:
I m.

Performance! Pumped dry in 15-20 mins, recovers uwithin 2
days.

Pump ¢ Robin EY14 3.5 HP petrol ensine 530 !.“min,
25 m max head.

Ma.ior problem: Insufficient capacity.

Recammendation: See brlou.

4: MOHAMED ELMI ARLIN

Structure: 10 m deep semicircular S m dia well dug
1879, suffaring from strongs surface caving.

Performance: Bry in dry seascn, uwater depth
seazon amounts to scme 4 m,

Pump

Majcr Preoblem: Mo watar n dry season.

Recemmendation: See balcw.

St MAHAMOUD ELMI ALINM.
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Structure .
! 149 m deep irregular inland well mainly in

clays, lower 3 m strongly caving in heavily
weathered granitic rock.

Performar
e Presently dry.

Pump :
Major Probyam:

No water.
Recommendﬁtion_

Deepening with the aid of RC-rings to reach
mechanicaly weathered bedrock. See belou.

B: MAHAM:\y appuLAHI ADAN.

Structure. Semi permansnt river-bed well. constructed
1872. 3x%xS m, 12 m deep. Top layers: 2 m
sand, 0.5 m white clay. Aquifer:
fractured.”ueathered gnaiss. Water depth 10 m
throughout the year.

Fumped dry in 2 h, recovers within & h.
Yanmar TS$80

Due to lack of lid, the well is filled in
with sand during floods.

Canstruction of RC~-1id as shown in drawing.

Performan.h=
Pump ¢
Major PPrObY am:

Recommenda‘ion.

7+ MOHAM: Y, gsmMaN ADAN.

Structure, River bed wellnear *the bank., 94 m deep, dug
1376, Prone to flooding. bklater level drops
by 1 m during dry seazon.

or . .
Performan. Pumped dry in 1 h, recovers within 2-3 h.

Pu@p- Bernhard.
Major prph'nm:
Recomme B .
Mation: Install river-bed gallery to improve yield
(reduce recovery time)> and possibly install
RC-rings to improve stability.
81 MOHAMN

ABDULAHI AHMED.

Structur.,

S mdiam well, 2 m deep, 1 ™ water depth.
Hard bsd-~rock at bottom.

Performan
Y Purmped drv in 40 mins, recoverz within 3 h.

Pump : Pumped twice per day.
Major PP HOMNDA Petroi cump.
Reﬁnmmen\h,em: Long recovery *ime.

3 S g -

i “tion: Install sallery in rivar-bed.

9: ELMI vaunuLe JAMAK. .

Structur ,
Stone lired ~:ver-~bed bed S m deep well,
2quifer: rivar sang and weathered  fractured
gneiss. Constructed 1824.
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Performance: Pumped drv in | h, recovers within 15 h.
Pu@p: Honda TX110 Petrol 3.5 HP.
Major problem: Slow recovery,

Recommendation: install galleries to reduce recovary time.

10: SULEIMAN ADAM MNOOR.

Structure: Irregular inland well dug 1383. 8 m deep.

Performance: Pumped dry in 2 h, recovers owver the night.

Pump : Yanmar TS50

Major problem: Long recovzry time and some tp caving.

Recommendation: Caving praotection in top, alternatively
construction of river-bed well similar to B
and 8.

11: ALI ABDULAHI MALAYEH.

Structure: River bank well cut in hard rock,
constructed 1885, 68 m deep. Presently 3 m
water depth, which drops by 1 m during dry

season.
Performance* Pumped dry in | h, recovers over the night.
Pump = Chineese 82 cu.m.s/h, total head 6 m.

Major problem: long recovery time.

Recommendation: Deepening and or enlarging.

In the upper reaches of the river (1-~4)2 all wells are dug
inland in clay. Some of these wells zuffers zeverely from
caving and none of the wells have reasonanble yields, mainly
due *o slouw recovery.

In thiz upper 3rea no serious at+forts seems *o have been made
to dig river-bed wells. Farmers believe in general that wuater
can be reached below the clay, but it was not possible to
relieve the background for thisz belief, which may in fact be
true or false,.

For the upper reachez it iz recommended to dig wells in the
river-bed, starting from farm no 4 going gradually upsztream
to investigate this possibility. In the lower reaches,
submerged river-bed wellz are recommendad.
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MEAILLUG T vistited May Sist./June (st

1: MAHAMOUD IBRAHIM AHMED

Structure: Aictually redigging 8 m. deep well in
river-bed, firzt conztructed 188E. but
destroyed during first flood in 18S87¢. Water
depth (.5 m..

Performance: Pumped dry in 2 h, recovers within t h -
major recoveity sccurs fraem bottom 1in
waathered bsdrock.

Pump Yanmar TSo0.

Major problem: Caving, and destruction during floods.

Recommendation: New RC-ring wmell at this location possibly
supplied with gallery pipe(s).

2: HASSAM IBRAHIM FARAH.

Structure: 10 m. deep with 2 m. water depth in
river-bed.

Performance: Pumped dry in 1 h, recovers within 4 h.

Pump : Yanmar TS&0.

Major problem: Taving, and destructiaon during +loods.

Racommendation: Mew RC-ring uell, probably with gallery
Plipes.

3: ABDI EGEH ALI.

Structure: 7 m. deep well 1n river-bed. 2 m. uwater
degth. First constructad 137!, floodea every
vear.

Pertormance: Puraped dry in 1 h, recovers within 30 mins.,

Pump: Yanmar TS60.

Majecr problem: Caving, snd destruction during +loods.

Recommendatiorn: Mew RC-ring well, possibly with Gallery
pipes.

47 MOHAMMED HIRSI WAIS

Structure: River bed weil; rormally destroyed esvery
vear by flonds.

Performance: Pumped dry in 2.5 h, recovers within 30
ming .

Pump : Yanmar TEgO

Major problem: Deztructicr 5. *!cads

Recommendation: Mew RC-rirng wm=1: a2t same locatien, if
required with p:pe galleary.
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St JIBRIL ALI FARAH

Structure 1: Temporary river-bed well, 2.5 m. deep, 1 m.
water deapth.

Performance: Pumped dry in 4945 mins, recovers within 3 h,.

Pump : Yanmar TS70

Major problem: Daztruction during floods

Structure 2: Intand weli, 6 m. deep, mainly in red clay,
dry during dry season.

Performance: Pumped dry in 2 h., recovers wWwithin 3 h
during rainy zeazon.

Pump : Yanmar TS70

Major problem: Mo production during last part o+ dry
£eason.

Recommendation: Abandon inland well after construction and

testrunning of permanent river-bed well with
RC-ring system including gallery pipes.

8t OSMANN MOHAMMED KARIYE

Structure: Well in river-bed, now destroyed. Original
' ' depth S m..

Benfgrmance: Pumped dry in { h, recovers within (.5 h.
~Pu@gg Indian Petter Fump., 8.285 BHF
-Mg{qﬁjproblem: Frequent destruction during floods.

Recé@mendation: New Permanent RC-ring uwell in river-bed,
Pessibly supplied with gallery pipes.

71:HAYBE MOHAMED SHIRWAC

Structure: Destroyed river-bed well.

_Penfd?mance: Pumped dry in 1 h, recovers within 1.5 h.
Pumgs’ Yanmar TS&0

Majo =Problem: Frequently deztroyed during floods.
Recomrerdation: New Permanent RC-ring well in river~-bed

POsSsibly supplied with galiery pipes.

008: BAMS 1 TE

(AL A
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g: ALI WARSAME QADUN

Structure: Destroved river~bed well. Originally 4 m.
deep, ! m. water depth.

Performance: Pumped dry in 2 h, recgvers within 8 h.

Pump : Yanmar T3580

Major problem: Flond destruction.

Recommendation: Maw Permanent RC-ring well in river-bed,
possibly supplied with gallery pipes.

10: ABDULAHI FARAH JIREH.

Structure: Temporary river-bed well.

Performance! Pumped dry in 4 h, recovers within 6 h.

Major problems: River flooding.

Recommendation: MNew Permanant RC-ring well in river-bed
probably supplied with gallery pipes.

11: HASSAN SAMATAR JAaMA

Structure: 2 irrigular wells at the river-bhank.,
protected against river erosin by self-made
gabions

Performance: Pumped dry in 2+% h, recovers within S h.

Pume ¢ Elder 3.687 kil diesel pump common to both
wells.

Major problem: Surfaca caving and long suction lines.

Recommendation: Protaction against surface caving by
planting grasses on the banks and by
level ing of the debris from well
digging,/redigging. Shortening ot sucticn
linesz.

12: IBRAHIM OLHAYEH OIRINKIM:

Structura: Inland large diam. well, 4 m. deep, i m.
water level at end of dry season. Rock is
struck at bottom of well.

Performance: Pumped dry :in L h, recovers within 4 h.

Pump : Yanmar TSEC

Majcr problem: Leng recovery time.

Recommendation: Mew Permanent RC-ring well in river-bed
PO3sibiy zupplied w:ith gzallery Pires.

13: HASSAN ESSA YASS iM:
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Structuret
Performance!

Recommendation:

19 HUSSEIN NOCR
Structure:!
Performance?

Pump ¢
Major problem:!
Recommendation:

15:
Structure!

Performance!
Pump *

Major problem:
Recommendationt

1683

Structure:
FPerformance
Pump :

Major problem:!
Recommendation!

7: MOHAMED ABOI

on HYDROGEQLOGY and WELLS

Inland small diam. uwell, strongly cavinsg.
No pump exists, thersfore no infos
available.

New Fermanent RC-ring well in river-bed
paossibly supplied with gallery pipes.

QADLIN:

Inland medium diam. well, strongly caving.
Pumped dry in 40 mins, recovers uwithin 20
mins.

Bernhard petrol pump.

Caving and short pumping times (low yield).
MNew Permanent RC-ring well in river-bed
poszibly supplied with gallery pipes.

DAHIR HUSSEIN MOHAMED.

River bed well, semipermanent, 4 m. deep, 2
m. water depth.

Pumped dry in 2 h, recovers within 2 h.
Yanmar TS&0

Cavings/flooding risk

Neu Permanent RC-ring well in river-bed, if

required supplied with gallery pipes.

AL1 MOHAMED BAHANAN

River bed well, 4 m. deep, water depth 2 m..
Pumped dry in 2 h, recovers wWwithin 0.3 h.
Villiers petrol/karosene engines TEXMO pump
MNon=-permanancy .

MNew permanent RC-ring well in river-bed,
required supplied with gallery pipeas.

if

GELEH.

Irregular inland well.
Rainy seasont: 2 h PUumping followed by

Flﬁﬂoutryﬁovar the night. DOry during dry
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Major problem:

Recommendation:

Temporary well.

Meu Permanent RC-ring well in river-bed
probably supplied with gallery pires.

18: MOHAMED HUSSE IN.

Structure 1:
Performance:
Pump :

Major problem:

Structure 2:
Parformance:
Pump ¢

Major problem:

Recommendation:

Inland well 4 m. deep, | m. water depth.
Pumped dry in 1 h, recovers within 6 h.
Yanmar TS8S7?0

Long recovery time.

Temporary river-bed well, 3 m. deep.
Pumped dry in 2 h, recovers uwithin 2 h.
Yanmar TS§70.

Non-permanent

New Permanent RC-ring uwell in river-bed
loacated at structure 2, if required
supplied with gallery pipes.

13: SOULEIMANM ADAM.

Structure 1:
FPerformance:

Pump

Major problem:
Structure 2:
Performancs:
Pume :

Major problem:

Recommandation:

Inland well, 3 m. deep.

Rziny season: Pumped dry in 1.5 h, racovers
within & h.

Yanmar TSE£0

Mo production during dry season.

Temporary, dry-season river-bed weil, 3 m.
deep, 0.5 m. water depth.
Pumped dry in 40 mins, recocvers within S5 h.

Yanmar TSS0.
Non-permanent.

MNew Permanent RC-ring uwell in river-bed,
probably some 3 m. deep, and supplied with
gallery pipes.

20: HAJ1 SOLE IMAN aDdM.

Structures:

OQunar not rFresent, but reportedly same
system az no 19 with one 1nland well, which
15 unproductive during dry szeaszoh and one
temporary river-bed well whicn is detoriated



REPORT on HYGRCGECLOGY and WELLS

E.32
during 1ist f1looad each year.

Performance: see 19) abcve

Pump : Yanmar

Major problem: see 19) above

Racammendat ion: Mew Permanent RC-ring well in river~bed, if
required surpfplied with gallery pipas.

21: HAJ! IBRAHIM HUSSEIM FARAH.

Structure! Tuo interconnected irregular circular water
heles, consztructed 1873.

Performancsa: Pumpad dry in 3+{ h, recovers overni:ght.
Farmer conzideres the yield to be
sufficiant.

Pump & Yanmar TScO

Major prcoblem: Surface caving.

Recommendstion: Caving protection by grasses.

22: MOHAMED OMAR HASHI

Structure: 10 m dia irregular waterhole. No infos
available as ouwner was not present.

Recommendation: If required to improve capacity of uwell,

galleries in river-bed could be installed.

23: SH. PMUSA GALEL!.

Structure: River bed zump.

Performance: Pumped dry in ! h, recovers within 2 h.
Pump : KUKJE 120.

Major problaem:

Recommendation: Construction of new permanent RC-ring uwell

in river-bed, if required supplied with
gallery pipes.

24: MUSA HRJT GARBARN

Structure: 7 m. deep well, previously suffering trom

severe caving, which problem has been cured

bY the cuner by construction of lining in

local matererials.

Pumpad dry in 2 h, recovers withan € h.

Bernhard 32 B petrol pume

Major problam: Mone. I later required the capacity of well
tould be imcroved by installing sallery pPaipPe
in river-bed.

Performance:
“Pump :
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1: AHMED YUSUF BnAH.

Structure:

Performance!

Conductivity
Pump :

Major problem:
Recommendation:

river-bed well, frequently
flooded. 2.5 m deep, 5-7 m diam, .5 m water
depth. Previous inland well with ‘'hard'’
water has been abandoned.

Pumped dr» in & h, reccvers within 2.5 h.
FPumped 2 times per day.

Temporary

Yanmar TS 70

Very high salinity.

Investigate composition of salts to decide
on future efforts.

2: MOHAMED YUSUF BUH.

Structure:

Performance:

Conductivity
Pump

Major rroblam:
Recommendation:

3: ABDO1 HIRSI.
Structure:
Performance:
Conductivity
Pump :

Major rFraoblem:
Recommendation:

4

Structure:

Circular well in sand near river. B8 m deep,
uater depth 2 m. Recovery occurs manily from
bottom, consisting ot weathered basalt.
Pumped dry in 1.5 h, recovers within 1.3-2
h. Pumped 4 times per day.

1400 microsiemens./cm.

Bernhard

Mew RC-ring well in river-bed, if regquired
provided with infiltration galleries.
Monitor salinity.

3¥3 m zhallow weli. Recovery =zzems to
arr ive more or less directly +from river-bed.
OQuner not prezent - no intformations.

2800 microsiemens. /crm.

very

Salinity.
Inuestisate compositicn of salts to decide
on future efforts. 1f feasible a new RC-ring

well may be constructed in raver-bed. - -

FARAH HIRS] MABARRI .

!0 m diam, ! m deep well in river-bed. Watep g,

E.33
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daepth reportedly constant arocund the vyear.
Performance:

Conductivity 1240 microsiemens/cm.

Pump :

Major problem:

Recommendation: New RC-ring uwell in river-bad ,if required

provided uith infiltration galleries.
Monitor salinity.

S: MOHAMED WARSAME.

Structure: Temporary river-bed uwells.
Performance+

Conductivity 770 microzi1emens/cm.

Pump ¢

Major problem:

Recommendaticon: NMew RC-ring well in river-bed at same

location, if required provided with
infiltration galleries.

6: MOHANED YUSUF ABDULAHI.

Structure: 2%3 m, S m deep inland well.

Performance: Pumped dry in 2 h, recovers Wwithin 30 mins.
Conductivity 3700 microsiemens/cm.

Pump ¢ Bernhard

Major problem: Salinity

Recommendation: Mew RC-ring well in river-bed, i+ required
provided with infiltration gallerias.

7: BAVARKO COOPERATIVE.

Structure: 16 m deep, 66 m inland well. Water depth is
10 m.

FPerformance? 'Unlimited' yield.

Conductivity: 700 microsiemens./cm

Remark : Informations collected to complete the

description of the area.

8: ABD1 HASSAN ASABLE.

Structure:! Temporary river-bed well which, has
superseeded 7 (seven) inland wells, which
all had saline water.

Performance:

Conductivity 800 microsiemens.cm.
Pume ¢
Major problem: Non-permanant

Recommendation: New RC-ring well in river-bed, if required
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AGEABAR visit June 11th.

¢ AHMED YUSUF DIRDIR:.. . -~

Structure: 5%3 m wood lined well, 10 m inland from
river-bank, & m deap, water depth 1.5 m.
Some but not severe surface caving. Red hard
clay in bottom, but no basalt met.

Performance : Pumped two times each day for a total of 2
h.

Conductivity 7?30 microsiemens.,cm.

Pume : Yanmar TS SO

Major problem:
Recomméndation: Replace wood lining with RC-rings + gravel
pack, gallery etc.

4ABOULAHI SAMATAR.

3 mdiam 7 m deep well, dug 1872. Red clay
in bottom, completely dry in dry season.
Dry in dry season.

1050 microsiszmens./cm

Dry season.
: New RC-ring well in river-bed, if required
provided with infiltration galleries.

Structuret S m wood lined inland well, dus 1975. 8 m
et deep, water level during dry season less
o than 1 m.
Performance: Pumped dry in 15-20 mins, recovers within 30
) mins . Pumped 4-5 times per day.
Conductivity 2200 micros iemenz./cm.
Pump : Yanmar T3 S0

Major ‘problem:  High salinity.
Recommendation: New RC-ring uwell in river-bed, if required
Provided with infil4ration galleries.

4: NUUH OMER HANDULEH, (Dur-Cur).

Structure: 3 mdiam wall in sand, £ m deep. Suffering
from surface caving. '

Performance? Pumped dry in 15 mins, pumped 4 times per
day.

Conductivity 1300 microsiemens scm.
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Pump : Yanmar TS 7O0.

MaJjor problem: Surface caving.

Recommendation:® Stabilize slopes with grass, monitor watar
quality.

5: MAHAMOUD 0SMAN SULTAN.(Dur -Dur):

Structure: Water hole in bed of perrinial river.

Performance:® Never dry

Conductivity

Pump ¢ Bernhard

Major problem:

Recommaendation: MNew RC-ring well in river-bed, if required
provided with infiltration galleries.
Sdction l:+¥t to present pump location is too
high, therefore new platform for pump.
Farmar states that he needs new pump, pipes
etc.

8: MNUUR MOHAMED IBRAHIM.

Structure: Inland wel}l dug 1882, 6 m daeep, strongly
Taving.

Performance: Fumped dry in 40 mins., recovers within i h.

Conductivity 2200 microcsiemens/cm.

Pump @ Bernhard

Major problem: High salinity.

Recommendation: As the farmer has no access to river-bed he

cannot be helped to overcome salinity
problem. It is likely, taht deepening the
well - if possible - will increase salinity
level.

7: H. OSMAN ABLI KAHIN.

Structure: 7?7 o deep,S m diam inland well similar tc no
6. Dug 1975.

Performance: Pumpad dry in 15 mins, recgvers in less than
1 h.

Conductivity 2830 microsiemens./cm.

Purmp : Yanmar TS 70

Maicr problem: High zalinity.

Recommendation: As the farmer has no access *o river-bed he

cannot be helped to overcome salinity
problem. It iz likely that deepening the
well - 1+ ponzsible - will increase salinity
leavel.
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KiAL.QORAMY wisited June 15t

1: OSMAM ASKARI
Structure 1:
Performance!

Pump :
Major problem:

Structure 2:

Performance!
Pump ¢

Recommendation:

. e e e o = - - - - o -

10" borehole 180 €t deep, water level 170
ft.

Pumped dry in 10 minutes

Italian, bigger than othars in area.

Short pumping time due to either low yield
(low effeciency? and/or too exessiuve pumping
capacity.

Mew (1886)> 10" borehole, 140 ft depth., water
level 110 ft from surface.

Unknoun as not yet exploited.

None

Assist farmer to testpump wells to determine
need/benafit from development of uwell(s)
and to determing suitable size of generator
set and pumpl(s)’.

2: @AMAR EGAL NOOR

Structure:
Performance

Pump :

Major problem:
Recommendation:

3+ LAYLA ABOKOR

Structura:

Performance:

Recommendation:

10" borehsole, 140 +t deep, drilled 1883,
water level 1035 ft from surtace.

S h pumping ~ 10 minutes recovery.

Fairly big 6" Italian electric submersible
pump driven by Bulgarian diesel generator 35
HE,

Determine wuhether pumg +or =zecond barehole
(1886) can be selected as to allow for
simultaneocous running with st borehole.

10" borehole, 70 m deep. Ori1lled 1988. Ouwner
not present so no excact informations could
be provided.

Mot yet exploited, but tesitpumped for 17 h,
yield unknoun.

Aszist farmer to testpump well in order to
determine need,benefit from developament of
well 2nd to determine suitable pumpsize and
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ganeratorzize.

4: MICHER KAADI.

Structure: Borehole 170 +t deep, water level 130 +t
from surface.

Performance: Pumped dry in 20 mins, recovers within S
mins.

Pump : Italian 8" electric submersible pump

Major problem: Short pumping time, most likely due to need

of development,

Recommendation: Assist farmer to testpump well to determine
need./beneftit +trom dewvelopment of well and
to determine suitable size of generator set
and pump.

5: IDRIG EGAL NUUR

Structure:? 10° borehole 180 ft, water level reportedly
130 ft from surface
Performance: Reportedliy pumping is possible 24 h per day .

Actual puming 8 h/day followed by recovery
kithin 10 minutes.

Pume : Fairly big S" Italian electric submersible
Pump without nameplate driven by huge
russian buildt generator set.

Major problem: Generator is too large and conzumes tao0 much
fuel. Furthermcre borehole is located near a
river-bank prone to erosion.

Recommendation: Assist farmer to testpump well in order to
determine need.”benefit from developement of
well and to determine suitable pumpsize and
seneratorsirce.

€: ADAN JAMA 0ODAWA.

Structure: 8 m diam semicircular well, 8 m deep, water
level I m. DOug in clayey soil,

Performance! Pumped dry in 2 h, recovers within 3 h.

Conductivity: 860 microsiemans. cm.

Pump : Yanmar TS&0

Major problem: General caving and slow recovery.

Recommendation: Deepen well with RC-rings, $ill in existing

uell with gravel, install lining.

7: IBRAHIM HEEF.

Structure: Temporary dry-season uwell in river-bed. 8§ m
deep, water depth 1 m. Presently destroyed
by flood.
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Performance:
Pumg :
Major praoblam:

Recommendation:

E.40
WELLS

Pumped dry in ! h, recovers over the night,
Bernhard w 139 a pretrol engine

Flonoding and slou recovery. Further,
neighbouring well has shouwn conductivity g+
8500 (eight thouszand five hundred)
microsiemenss/cm which fact requires fairly
tight monitoring of water quality alsoc in
proposed well.

NMew RC-ring well in river-bed probably
provided with salleries. Close monitoring of
water quality.

€ MAHMUD ABDULAHI

Structure:

Performance:
Pumps :

Major problem:
Recommendation:

1020 m inland water hole, 6 m deep, uwater
depth 4 m.

Pumped dry in 2 h, recovers within 3 h.
Yanmar TS70 and KUKJE KD120 8HFP

Caving in general

Caving protection by means of grass-carpet.

9: MOHAMED HASSAN MOHAMED

Structure:

Performance?

Pump i
Major problem:
Recommendation:

10: AMMED ABOI

Structure 1:
Performance:
Conductivity

Pump ®
Major problem:

Structure 23

Performance:
Conductinvity?®
Pump :

Major problem?

4%5 m, 8 m deep well in heavily uweathered
basalt producing stable well walls. Water
depth | m. Supllied with intiltration
gallery:! 40 m long well screen.

Before gallery: 30 mins pumping

After gallery ¢ 4-5 h pumping.

Yanmar TS70

Mone., related to water supply.

No rehabilitation needed for water supply.

RAGE .

8 mdia. semicircular water hole S0 m inland
of river. 8 m deep., no uwater during dry
season.

Dry seascon: No water

2350 micros iemens./cm.

Yanmar TS60.

Salinity giving visible damages on citrus.

Temporary river-bed“hell, presently
destroyved, 8 m deep of which 4 m are
wneathered basalt.

Reportedly sufficient water.
Reportedly Sueet.

Yanmar TS60.

Flooding.

dug in
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Recommendation:

Construction of permanent RC-ring well in
river-bed, probably to be supplied with pipe
galleriesz. Monitoring of s33linity.
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The general problems of the aresa are moderate to high
zalinity of water in in-land wells used during rainy season
and the non-permanence of the river-bed wells.The salinity is
believed to originate from decomposition of the bazalts,
which constitutes a =zigniticant part of the substratum in the
area.

Both problems are, houever, easily solved by means o+t RC-ring
wells in riverbeds uwu. wo infiltration galleries. Sevearal
existing wells/farms are prone to flooding and/ or river bank
arosion.

1. MOHAMED MAHAMOUD YOUSUF

Structure (¢ Inland well in sand/weathered basalt, 6%x8m.
Performance: Pumped dry in 4 h, recovers within S h,

dur ing dry sezason the well is nearly dry.
Conductivity Slightly saline : L1290 microsiemens.'cm.
Pump : Yanmar TS60,YK.S3D

Major problem: Salinity and lou water level/svield during
dry season.

Structure 2: Temporary uncased riverbed well, S5 m deap of
which 2 m is s3and and 3 m is weathered
basalt.

Performance: Pumped dry in 3 h, recovers within 2 h.

Conductivity: reportedly sweat uater.

Major eroblem: llell iz flocded and destroyed at +irst <lcod
each year.

Structure 3: Temporary uncased riverbed well, S m deep.
Performance: Has never been pumped dry. Very sueet water.
Pump : Same a3z 1.-2.

Majer problem: Same as 2.

..Recommendation: Constructicn of RC-ring well in riverbed at
the lccation 94 uwell no 3. 14 requiread
Provide with gallery in riverbed.
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2. AHMED RDEN AHMED.

Structure: 12%8 m well near the river.
Performance: 2 h pumping time during dry seaszon.
Conductivity 1650 microsiemens./cm.

Pump ¢

Major problam:
Racommendation: Construction of RC-ring well in riverbed, if
raquired prouvide with gallery.

3. HAsSsAM RALIB ISMAIL

Structure: In-land unlined well, 68 m deep, constructed
1986.

Performance: Pumped dry in 30 mins, recovers within 3 h.

Conductivity 3000 microusiemens/cm. lWlater qual ity is poor.

Pume : Yanmar TS 60C/YOS 230D

Major pProblem: High Salinity, which apparently causes
misgrowth of citrus.

Recommendation: Abandon well and construct RC-ring uwell in
river bed at location of former temporary
well. Provide with gallery as required.

4. H. HUSSEIN HASSAM:

Structure: Large-dia waterhole at riverbank frone to
flooding.

Performance: High Yield.

Conductivity: 630 microsziemens./cm.

Pume @

Major problem: Flood-protection.
Racommendation: Mew permanent submerged RC-ring well in
river-bed.

S. ABOULAHI MUSA DUALEH.

Structure: In-land well 12%8%3 m near river bank.
Parformance: Dry season pumping time: 2 h.
Conductivity Slightly saline, 1850 microsiemens/cm
Pume @

: Nguj:‘_@anent submerged RC-ring well in

riveri-bad.

v

~river-bank.
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Pume :

Major problem:

Recommendation: MNew permanent submerged RC-ring uwell in
river-bed, at location of existing well.

7. SALAD ALI IBRAHIM:

Structure: Large diameter uell near the river-bank.
Performance: Sufficient yield.

Conductivity: 380 micros iemens./cm.

Pump ¢

Major problem:
Recommendation: MNew permanent submerged RC-ring well in
river-bed, at location of existing well.

8. MAHAMOUD ALl FARAH

Structur‘c!:. -diameter well near the river-bank.

Perf.‘_o"r‘mnge fciant water.
,.Con{;% 1: ‘g0s iemens./cm.
Puﬁ'ﬁp‘t :

R n'~‘-‘l\.n
JMa

7t New permanent submerged RC-ring well in
river-bed, at location of existing well.

Large diameter well near the river bank.
Sufficient yield.
565 microsiemens./cm.

Lt

eld..
ns/tﬁ

kit

reen. &ng/ﬁraunl
Lil"l' g

-:urzftcr uel_ :

:pégb“the river bank.
nt:yierd., B
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Conductiuvity
Pumg *
Major problem:

Recommendation:

1185 microsiemens./cm.

Oeepening/Screening/Gravel
Pack/Gallery/Lining.

12 ASHA ABOULAHI UDUGLEH.

Structure:

Performance :
Conductivity:
Pump :

Major praoblem:

Recommendation:

Large wood-lined inland well, newly
constructed.

Pumped 7 h.-sday and never goes dry.
88% microsiemens./cm.

Restrictad 1lite time of wood lining.
It will be wery expensive to improve this
well with respect to increased lifetime.

.45
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Conductivity:
Pump :

Major problem:
Recommendation:

Pumrped 3-4 times per day,

370 microsiemens./cm

YANMAR TSB0

Difficult to maintain.

Mew RC-ring welil in river-bed possibly
provided with infiltration salleries.

St MOHAMED ABDULAHI ANBUL .

Structure:
Performance!
Conductivity:
Pump

Major problem:
Recommendation:

6: ABDI YUSUF
Structure:
Performance:
Conductivity:
Pume :

Msjor problem:
Recommendation:

Z¥4 m wood lined well, dug 1986. lWater depth
1 m.

Pumped dry in 45 mins, recovers uwithin 4 h.
Pumped two times per day.

210 microsiemans./cm.

YaANMAR TSSO

ITnzufficient yield.

Inztall RC-rings in existing structure,
provide with galleries as required.

SUGULEH.

S*¥8 m wood lined well, 6 m deep. Water depth
1.3 m. Dug 1982.

Pumped dry in | h, recovers within 4 h.
Pumped 2 times per day.

280 microsiemens./cm.

YANMAR TS 70

Surface caving. Lou yield.

Construction of pipe gallery in river-bed is
likely to improve yield. Recommended surface
caving protection: grass.

?: ABDULAHI GULED OMER.

Structure:

FPerformance:

Conductivity:
Pump :

Miajor problem:
Recommendation:

8: HASSAN OMER

€ m diam irregular well, 6 m deer. Bottom in
mica shist. Dug 1974. 11 m long stone
gallery constructed 1985 uwhich improved
vield. Recovery occurs on top of mica shist.
Before stoe-gallery: pumped less than 15
mins , recovery over 6 h. After stoe gallery?
pumped dry in 1.3 h, recovers within 4 h.
Nouw pumped 2 times per day.

210 microsiemens./cm.

YANMAR TS70 run by & HP Lister engine

S/ 1/3%.

imFrove yieid by censtruction of PIPE
ezllery in river-bed. Surface caving: grass.

OOoWA .
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Structure: 4#2 m wood line uwell. 5 m deep. Micashist at
bottom. Water depth 0.5 m.

Performance: Fumped dry in 15 mins, recovers uMithin 3 h,
Pumpe 2 timee per day/.

Conductivity: 360 micros iemens./cm.

Pump : YANMAR TS 70.

Major problem! Short pumping time~slow recovery.

Recommendation: Install pipe gallery in river-bed. I+

Fumping time does not become longer then the
uze of a =maller pumpe i1s preferable.

S: AIDEED QUASALIE ALI.

Structure: River bank well near river, dug 1880. Mica
chizts in bottom of uwell. Present water
depth 0.5 m.

Performance Fumped dry in €.5 h, recovers within 24 h.
Conductivity: 1050 microsiemens/cm.

Pump @ ITT Pump & Compressor Service Model ZR1.
Major problem: Low vield/slow recovery.

Recommendation: New RC=ring well in river-bed, if required
install infiltration galleries.

10: ALI H. HASSAN MAGAN.

Structure: 2 concreted wells, apparently at the
location of old traditional uwell. Owner not
present, thus no detailed informations
available.

Recommendation: Search informations with owner in Hargeisa.

t1: H., ABDI NOOR EGAL.

Structure 1: Z2%4 m wood lined uwell inland in sand, gneiss
in bottom, dug 18359,

Performance:

Conductivity: 850 microsiemens/cm.

Pump ¢ YANMAR TSEO

Major problem!

Structure 2: 8 m deep well in sand, severely caving, dug
1885. Actually the well is completeiy
collapsed. Water depth reported to be I m.

Perfcrmance: Reportedly highly productaive.
Conductivity:
Pump : YAaNYRR TSSO

Major problem! Csving.
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Recommendation:

Construct neu RC-rzng uell at the location
of structure no 2.

12: NOOR JAMA ADEN.

Stfucturei
Performance:
Conductivity:
Pump ¢

Major problem:

Recommendaticrn:

13: H., MUSE ABDI
Structure:
Performance:
Conductivity:

Pump :
Major problem:

Recommendation:

2x7 m-u'%‘b’d, uned well ,dug 1984. 4 m deep, 1
nuuater depth.

Pumped dry in t h, recovers within 4 h.
Pumped 2-3 times per day.

350 microsiemencs./cm

YANMAR TS60

None except that wood lining is begsinning to
collapse.

Replace wood lining with permeable
stone/mortar lining.

ROBLEH.

Wood 1lined river-bed well, dug 1379. 6~-8 m
diam, 4 m deep.

Pumped dry in & h, recovers within { h.
Pumped 3 times per day.

350 microsiemens ./ /cm.

Minor caving.

Construct new RC-ring uwell in river-bed on
the location of existing well, possibly
provided with infiltration galleries.

14: MUSA SOLEIMAN OAHIER.

Structure:

Performance:
Conductivity:
Pump ¢

Major problem:

kWell in 'solid'® rock, 4 m deep, pProtected
from river flodds by gabions.

Sufficient water.

1100 microsiemens./cm.

No major problems, except that water is
slightly saline.

tion and monitoring of water quality. If
thic detoriates, river-bed gallery should be
cons idered.
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1: OSMAN JAMS
Structure 1:
Performance:
Conductivity
Pump ®
Major problem:
Structure 2:
Performance:
Conductivity
Pump :

Major problem:

Recommendation:

-————— e ——

——

HIRSI.

S5%10 m wood line, in-land well, & m deep,
mainly in white clay. dug 1877.

Pumped dry in 30 mins, recovers within 6 h,
pumped 2 times per day.

940 microsiemens./cm.

Yanmar TSEBO

Caving.

S5%10 m wood lined in-land well, 7 m deep, |
m water depht. Mainly in sandy, black clay.
Pumped dry in 30-80 mins, recovers within €
h. Pumped 2 times per day.

Bernhard
Caving.

Deepening /Screening/Gravel Pack//Lining of
well no 2.

2! ALl All ADAN OMAR

Structure:

Performance :
Conductivity

Pump *
Major problem:
Recommendation:

Irregular 7 m diam inland well near the
Junction of of Xumba weine and Jalello. kiood
lining near collaps., Well depht B m, wmater
depht 2 m.

Pumped dry in S-6 h, recovers within 2-3 h.
1500 micros iemens./cm, decreasing tendency,
but higher during dry season.

2.5 HP Chinese petrol pump, make unknown.
Collapesing wood lining, salinity,.

The well should be deepened to improve both
storage capacity and infiltration capacity,
Water quality to be monitored.

3t ABDULAHI ISMAIL JAaMA.

Structure 1:

Performance :
| Conductivity
~ Pump:
!?Jo% Problem:

~ Ny

=] "
3

S m diam well in sandy clayvs/clay. 6 m depht,
€ m water depht in clay. Recharge occurs on
top of clay.

Fumped dry in 4-5 h, recovers within 1 h.
420 micros iemens./cm.

Yanmar TSEO

S*5 m wood lined well, in-land., severy
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Performance:
Conductiuity
Pump :

Major problem:

Recommendation:

caving.

2000 micros iemens/cm.
3.5 HP Chinese pump. make unknoun.

High salinity.

Abandon well no 2 - rehabilitate wel]l i with
deepening/screening/gravel
pack.“gsallery/lining.
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HElL.AaYy@™ vicited May 28th/June Sth

The hydrogeclogical situation in this area can bs
character ised by the follouwing sequence af sediments:

{. Sandy gravel (major aquifer)

2. bWhite Clay ({Malas)

3. Red Clay, occasiconally pockets of sandy material.
4. MNubian sandstone.

Oonly the sandy gravel has good characteristices aft an aquifer,
the two clay types beeing generaly impermeable and the Nubian
Sandstone reportedly have rpoor permeability and reportedly
this aquifer is more or lesz saline.

The major problem cbserved in this area is the generally
small thickness of the aquifer on top of the white clay
{(Malas ), which means that static water level during the dry
cseason locally descends to a level near to or even belouw
bottom of aquifer. There iz no evident sclution to this
problem as only few places exists uwhere subsurface/surface
dams can be constructed at a reasonable cost as compared to
the benefits. It can not in general be recommended to
rpenetrate the white clay. Marginal wells can be supplied with
infiltatration galleries, but neither the risk of failure nor
the expectable benefits can be determined in advance.

Following uwells/farms have been visited during the mission:

1. AHMED Ald HASSAN AWALEH

Structure: Urilined 7 meter deep well, inland near river
bank. Constructed 1982, collapsed !39886.
Performance: Fumped dry in 1.5 hours, recovers within 30

mins. Sweet water.

Pump

Msjor problem: Caving

Recommendation: Construct new RC-ring well either on this
location or in river bed.

2. EBLAH RABGE JAMA:

Structure: Colarsed well on the river bank. DOug &nd
collapsed 198=.
Performance: Presumably the welili had low »ield.

Pump : None
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Major problem: Colapzing and low yield,
Recommendation® Construct new RC-ring well preferably in the
river bed.

2. ARHMED H HASSAN:

Structures: Two macon wells right on river bank protected
by gabions.

Performance: Pumped for 2-3 hours:s dayly without drying
out. recovers within 1-2 hours.

Conductivity: 420 uS.cm.

Pumpg ¢

Maior problem: none .

Recommer.dation! Supplsy the wells with RC-1ids to prauvent
filling of uwells with sand during floods.

4. ALI MOHMAMED ROEBLEH

Structure 1: Partly collapsed open surface well
constructed in 1962.

Performance: Has never been pumped thus factual yield is
not knour .

Pump : None

Major problem: Caving

Structure 2: Well constructed 1975, collapsed 18886,
Performance: Unknoun
Pump ¢ None

Major problem:

Recommendation: Testpumping required to determine
yield/quality.

S. MOHAMED JAMA:

Structure: 3*3 m well constructed 1984, collapsed 188S.
Performance: Never pumped
Pump ® . None

Major proplém: Severe Caving.
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Major problem:

Recommendation: 7?777272727727?777777?

7. ABD1 OSMAN ALl1:

Structure: 12 m deep uwell with white

Performance 3 Dry
Pume ! None
Major problem: Dry
Recommendation: fAbandean

8. MOHAMOUD JAMA:

Hand dug well constructed

collapsing.

Structure:

FPerformance: Reportedly high yield,
quantity.
Pump None
Major problem: Caving.
Recommendation: 227227227 77272777?7
8. HASSAN ALI KAHIN:
Structure: 14 m deep pilot well

to destruction

Performance:? Dry.
Pump : None.
Major problem: Dry.

Recommendation:
river bed.

in sully,
by over-land floods.

Abandon and construct new RC-ring uwell

Several huge water holes

HYDROGEOLOGY and WELLS

clay from 2.5 m.

1962, continiously

but not known by

strongly prone

in

in

10. IBRAMIM H, MUSA:
Structures:
river bed, prone to flooding.
Performance! Recovery 1is very slouw.
Pume : NArdtarr:
Major problem:? Caving, slow recovery,

Recommendation:

11, H. MOHAMED SH OMER

Inland fairly deep,
presently dry.
Owner not present,
available,

None
Caving,
Probably

Structure:
Performance:
Pump :

Major problem:
Recommendation:

ne water.
noct feasible to

flooding risk.
New RC-ring well with galleries

in riverbed.

small diameter wuwell,

clay soil
thus no

informations

improve/sredig.
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=l ESRERSDODLE vizited Mary S0th.

1: FAAHA MUSEs

Structure !

Perfarmance !

Conductivity
Pump ¢

Mz ior problem?
Recommendatiaon:

GEEDTI :

3 m deep well under conztruction, only 0.5 m
water deph+*, wuhich furthermore was in white
claxv

Fumzses dry ir. § h, did rict recover w:i:thin S
k.

28C microsiiemens . cm

Brisgg: & Stratton ZHF Fetrcl Marlowu.

Low vield.

Llell could be deepened by 2-3 m to provide
f¢r increaczed storage volume and provided
with infiltration galleries in river-bed tco
increase sreed of recovery. The latter
zhould be ezcavated to the bottom level of
the well. fAlternatively new RC-ring uell
=hould be dus in river-bed.

2 ASHA JAMA FARRARR:

Structure:

Performance ¢
Pumg @

Majcr problem:
Recommendation:

4 m deer well dug in river-bed right next to
bank .
Well is nearly dry during dry seazon.

Low »ield during dry zeacson.
Deepening.”Screening.-Gravel Pack/Gallery.

2: HASSAN MNOOR HUSSEIN

Structure:s

Performarice!
Mzjor problem:
Recommendation ¢

S*%5m well, 4 m deep., protected against river
floods by wail and gabions.

Dry from february.

Mo production in dry season.

The possibility of extending production
rericd by installation of pipe gallery belouw
drv season water level in river-bed shoulgd
be inuvecstigated. 1§ thiz iz possivble the
exieting well should be deepened uzing

RC-r ings arnd galery pipes. Alternatively &
rnew RC-ring well could be constructed in
~:vwedbed.
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4: AHMED DERIA ALI

Structure: 1G>0 m well on barnk next 1o river,
protected by sab:on:z. Farmers digs
well im river-bed during la=zt part

Performance: e iy
dry *rom february, &t which
temporary river-bed well.

Pump : Yarimar T9S20

Maior probtlem: Mo Froduction in dry seazon.

Sezzon S b pumE:ing with 12 h
ti1me farmer digs

temporary
ot dr\y

recoversy,

Pecommendztion: Provide exizting well with pipe gailery 1in
riuer ~bed. Alternatively conztruc<ion of new

permarent RC-ring well i1n river-bed
Choice of

lccation of temporar, weli.
zclution depends on availab.lity
meterials and on ceczt:z.

S: SAF1A AL1 HASSANMN:

2t *ths

in-1land

Structure 1: Pilet RC-ring well under construction. The
farmer has several traditional
wells,

Performance: So fsr unknoun.

Pump ®

Maior problem:

Recommendaticn: I+ required well couwld be zupplied with
gallery, alternatively escavate belou

aliready incstalled rings into

(sandstone/metasandztone .

6: AHMED HASSAMN FAYAH:

subztraturm

Structure 1: E m deep well with Malas exposed bottom.
1875.

Performance: In long dry seazons, thiz well goez dry,
elze S5 h pumring with recowvery night.

Pump Yanmar TS70.

Maior problem! Ne production in dry seazon.

Structure 2@ S m dia hand dus wocd lined well. 1975.

Performance: Pumped for 7 h at which time the total head
of pump is exceeded. Full recovery within |
h.

Pumg : Mo nameplate, max capacity 82 cum. n, mMax

head & (=21x4¢2 m.

Mzjer probilers: Low=-1ift pump and short 1ife expectancy of

wesd lining.

Recommendz+ 0w ¢ €+ructure 1 migsht be a2bandonned and

transferred to structure =Z.

the pum;

l:ning in
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7: HARSESAMN FARAH

Structure=:

Performance:
Major protlem:!
Recommendat ion:

8: MDOHAMED ADEN

Structurecs
Performance:

Conductivity:

Major problem:

Recommendation:

no & should later be replaced bY
RC-rings.“gravel pack and :f required
gzlleriec. Fiver bank needs further erozion
Fratection.

JamA:

Tue newly dug water holes in raiver-bed,
strongly prone tc flooding and severely
sutfering from caving.

Unknoun

Caving and +lood protection.

Newnw RC-ring uell<s? in river-bed at lecation
of existing structures.

HAK IA

q welle near river-bed.

According to owner there iz sufficient water
in newest well.

1st well (1980»: 2180 microsiemens./cm,
increasing.

2nd well C19283): 565 micros iemens./scm
3rd well (1885)>: 1870 micros iemens. cm
drd well ¢198%5)>: 830 microsz iemens  Cm

Highly wvariazble salinity of water both with
rezpect toc space and to time. The welizs are
spaced fairly cloze and there iz & tendency
to increasing salinity with time from well
no 1, which may later aprly allso to other
wells., Salinity likely to originate from
weathering products of underlying gneiss.
Cloze monitoring of water quality +from each
individual uwell. Rehabilitation of zoils
{(gyvrzum? might be conzidered,

8: MOHAMOUD EGRL AWED:

Structures:

Performance
Conductivity:

Recommendation:

Tue rectangular wellz/reserveirs mainly in
uhite clay with recaharge arriving in zand
on top of white clay.

Unknown, cuner nct present

580 microsi1emens//cm and 281 microcs iemens.scm
rezpectively.

Per+ormance misht be improved by
inctzllation 6t galleries in river-ted,
derht of installation should correzpond to
deepezt level cf malas ir river-bed or
deeper . Galleriez are litely to improuve
wielid, ezpecislly durinsg dry seasorn.



