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Abstract

The present minimum annual requirements of water for
Human and pnimal populgtion in the Rural aregs of Sudan was
estimated to be 275 million cubic meters, the g.sund wgter
Basins provide 23.29 of this gmount.

some 1381 million cubic meters are estimated to recharge
the mgjor Basins gnnuglly, only 143 million cubic meters of
this recharged wgter is used, The Ground Water Resources
(reserves) are estimated to be 4).8 milliard, It can be
concluded that the ground watar potenigliviss of the Bgsins
are extremely high. Targo gquantitisg of ground water are
availagble for future development in Irrigation and domestic
sunply.

*¥* pural water Corporation.




Introduction:
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Ground water 1s the most important mineral in sudan;
About 804 of the inhabitants of Sudan depend upon ground water
for their living most of the year.

In the Northern part of the country rain rarely falls
and the country is mainly desert, away from the river Nilej
the wells are the only source of water.

Southwards g tropical continental type of climate prevalls,
except in the extreme shuth, where the climatz is described as
continental ejuatorial. Beth these climatic zones have distinct
dry season which incresses in intensity and durastion Northwards.

The river Nile gnd its tributaries are tlie main watering
prints, away from it, the water pools collected in ngtural
depressions are used dircctly afiser the rainy season, when
this dries out small unlined open wells (Mushush) are used for
water supply. The constant hunt for new pasture land was always
hindered by the availability of wgter. The system of open wells
was developed glong wadi beds in the glluvigl deposits and in
the depressions which collect surface water dvring the Summer,
A1l the urban and semi-urbsn systems existing todsy which wors
pasture centroes are found along wali courses or natural depro-
ssinns where water was avgilable gnd easy 0 get.e The settlers
increased in number and need frr water increased, new local
techniques of open wells were used with lining of different
materials, well depths increased zs the water leovels start
falling down. Drilling of wells startel in 1619 in ®1 Qbeid
Town, with steem cperating percussion rig. This was followed by
several other wells drilled in diififerent viilages 1o sustain
the water requirements,

Drilling techniques <eveloped, rotary drilling was
introluced in 1958, well locatiosons and lesigns started to
become q problem when new locations were nea2ded away from the
natural catchment areas. In 1966 the Rural Water Corporation
was created, and the ground water Investigatinn Section was
born. This new bgby started to grow with knowledge and
experience during the last ten years, and its first cry was
the evaluation of the ground water resources of the country
from the gvailable dats, this evalugtion will help in the
planning of future rescarch programmes and the proper utilize-
tton of the resources.

The main water-begring formations in Sulan inclule:

1. The Quaternary to Recent superficial Deposits.
2. The Plio=Plicstocene Umm Ruwvaba Wormation.

34 The Tertiary Baszlts.

4, The Cretacerus Nubign 3Zanistone ™rmatione.

5. The weathered Basement Complex Formatinn.
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0f these the mnst important agquifer is the Nubian Sandstone
Formation, It cccupies abrut 28.139 of the total surfage area of
sudgn. Fortunately most nf this is situnted North of 12°N whore
water is nesded nost,

These different formations constitute the major basinsg of suian,
either in g5 simple form i.e. one geological formation, or in a Compl-.x
form, i.e. two or more geolngical forngtions, '

The complcex basins are two in the Nublian, Basalt Forrnations,
and two:in the Nubian, Umm Ruwaba Fommations,

Geology of sudan:

The geological formations which built the sudan ares--
1. The Basemocnt Complex (Precambriasn).
2« The older granites (Lower Palaeozoic).
3. Nawa 3erics (Upper Palaeozoic).
4. The Nubign 3andstone FPoermation gnd the Yirnl Beds of the 3J-uth
(Mesozoic).
5. ag Hudi Chert (Tertiry).
b Younger granites,
6. Umm Ruwaba Formatinn (Pilo-Pleistocene)s
%, a) River gravels (Quarternary).
b noz sand, Clay Plains, red Sea-Terrace~ and reefs
c Nile vaglley alluvial,

Geological sumnnary;

The RBascment Complex, which is tie oldest rock type in sudan,
is used tc include 2ll these igneous. metzmorphic and sedimentary
rocks, that arc cverlain by horizont:sl an¢ subhorigzontal Palenznic
or mesozoic sedimentary or ignesus rocks., These rocks were alter-i,
folded and intruded by ionerus ko, oltvated to form g Jand-surface,

and denduded to form the sub-Nubian penoplain.
The later history c¢f the region lacks any folding movement

which produces mountain ranges, and the region was affected by the
seg during the deposition of parts of the Nubiagn Formagtion,

The ses margin retreated steadily through the Weceno perind.
This seg margin retrecat is visible in Egypt and Somal, where as in
the sudgn it has bzen under subgerial crosion for a long time
probably since the Cretrceous, As a resulv of this, extensive trsct-
wore swept clear of the Mubign Formagtion, and there are few tr-.ces
of the post-Crctaceous events.

There are important Tertiary deposits. The Mudic chert wrich
is preserved partly becguse of the protection afforded by the 1at r
sheets of volcanic rocks and pgrtly by its resistance to westhorias.
One of the lateritic ironstone shects is regarded gs mid-Tortiary
(anderew). It caps a peneplain in the Western part of equatoria
Province. The third Tertiary deposit is the volcanic rocks which
‘are of late tortiary and they owe their preservation to their bull,
" toughness and younger age.
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The movements which hav: gffected the sudan since the
deposition of the Mubian Formati~n consistod of gentle warping with
uplift of the Tastern part of the region, accompanied by faulting
in the mast.

This resulted in the rising of the Red Sesg hills =2nd the
abyssinyan plategque and the formation of the ved Sea. The platecaue
has tended to continue its rise slightly, this is shown Ly marine
sediments now sbove water on the present coastal plain., Its
height was further increased by extensive volcanicity producing
a thick mantlc of lgva, capping volcanoes of jebel Marra typuo

This elevation of the Tastern margin of sSudan was produced
by & warping movement, resulting in the formatinn of the /Nile
valley. Depressions have formed in plain, now filled by LnCPQSlld—
ated scdiments. .

The toriiary and qQuaternary history-—is represented by non-
marine deposits and by pemeplains, and by volcanic accmmuliiinns.

Ground Wwater Basihs:

The ground water basins are either in 5 simple form or in a
complex form, accorling to their geological formations. There are
six bgsins in the Nubian §ardstone Formation, two in theNubian/ﬁmﬂ
Ruwzba Formation, eight in <the alluvial deposits; two in the Umm
Ruwaba PFormations and two in the Nubian/Pasalt Formations.

1. The Nubizn Basins:

1l Sshars vile Rgsin.

The NMilec RBRasin cnrvers the Varthorn part of Myrthern Knrlofan
Province and extends from Marth of Xhartoum to the 3gyptian
Borler. It covers an gresg of 273,90 square Km. It's senarat»
from Szharg Nubian Basin by a Basement riige extending in g
North Wastern iirection. This ridge outcrops in the surfacc
in few localities, i.2. J. Reheib anl J. Magria, 1ts extensin
Northward was recordel from jeromagentic survey in the are«.

The geolﬂﬂical formations in this area the Wubian Saristone

formaticon and the Dasement complex. The Basement Complex consist
of schists and slates with interbedlded marbles. The area is cover -l

by the =*qoz aepositc which forms extensive sheets and fixel

dunes. This qoz depcsits osccur cn both banks of the Nile Wﬁrun

of Khartoum dbut gre less common on the east. This is related t-

the distribution of the Nubian S3an’stone Formation which is

much more restricted on the riglrt bank.

cn/oe



.The water levels range from 10 meters near the Nile and
falls rapidly moving away fr-m the srurce 2f recharge; 1t re-
ches g maximum iepth of 25 meters in the central part »f the
basin. The ground water is flowing in Selimg cgsis which is
2 natural depression. The fit¥ing water is also lve to the
damming of water by the Basement Complex subsurface rilge,

The ground water movement is from the South to the “orth,
with a velocity ranging from 0.44 to 1.46 weter per year,

In wali Wl Na'ab Wwest of Dongola, the water levels agre
near to the surfgce, this is partly due to the grounl water
movement from the east to the west, and the effect of the re—
tharging water from the Nile together with the dgmming of wagter
...«ch is caused by the Basement Complex outcropping near Kerimn;
and fto the decregse in velocity caused by the entrace of the
water from this ares to the regional trend of ground water
movement.,

The saturated thikness of the gquifer ranges from 100-500
meters. Mulstone layers of more than 200 meters -- thick are
usuglly found between 50-500 meters. This mudstone layers sprear
to be consistent in the ares aljacent to the Ni_e 7 metesrs 3outh
ofOEd)Damer anl extending in =2 sHuthern lirection down to lasitule
167457, The water is usuglly under water table conditinsn neoar
the Nile; anl becomes scmi--confined where the mulsione layer
persistse.

The grounl water fluctuations together with the environ-
mental isotopes indicates that the main s~rurce ~f recharge is
from the River Nile, togather with the under flow from the Bluc
Nile Basin.

The water quality ~f this basin has g total lissnlved
snl-yls ranzing between 200-400 p.p.m., the salinity incrcases
parallel to the direction of grrunl water movemant away from the
recharse zones.

The amhunt »f water recharsed annuqlly is estimatal o be
136 million cubic meters . The out flow from this bgsin is in
the Northern border of the Sulan, this is estimated to be some 7.3
million cubic meters.

Three premising sreas are recommcended for further ictail~l
stulies, the water levels are near, the tronemissibilities are
high and gool cultivable lgndl is gvailable. These areas arcs

a) wali ®l Mugadam
by madi W1 0a’ab . .
c “gdli w1 Khuewi and wadi wl Scleim,
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“the peromacnetic surveys:. ﬁ

Sahars Nubiagn Basiri;

ey o iy e s

The Sghara Nublias pasil: Lovers e Northern part of Northern
Darfur Treovince, It extends northward from the TaoabO—MGl 0ob
groundwgter levile up to the woyptian border, covering an area
of 324,656 square kiiometers.

The ¢cecolosical for
Nubiagn Sandsitone inrrigbi
Basement Comn“ot, Wi*f
Tagabohilld, Thegs

dissected flow cccur ine el and >

in and around the Maihs cralher, relngy, mnlch forms a
ring complex arnurd borders of _U =and “udan, cong..o--
meragtes, sanidgiones, and slgte& and ave grecber than

“he Ko ofre Basin

: o
400 meter thick on the south-wegi flsnik
re intruded by granite and

(thiteman), pll the=e sed;mean we
synetic rocks.

The chemical cgusl ity of #hisz arca ranges from 500 - 800 p.r.m
around the rcglon 0L Maoihg crater: godimm cgvhanste and bicarbonat
(Natron) rich wstery uscocur ab Malna; nauvon also oceurs in the 1.k
at Nakheils Qasic 2 oa NfL ~on well. The natron in this area was
sugresteld to he F T e “3:*1n; siroe S oeoouecs within an ara-
of feeble voica-Lc*l 2xd : ' mav ©2 simply evaporatoae

{

The weiher lcovel s .
flowing n two loca.mi. e

a) Bl Natron Jasic

b) Nukheila oasis.

purinag the w2ivy ~oacnl w2alg woryr Tormed in the upper part
of Wadi Hawar, lake Funler belnﬂ the largcest of theve,

o fvem 20 -~ 50 meterz, Tie water is
2

The grounl water morement is from the south to the north with
2 velocity ranging freom O,4 —~ 2,1 meterys per year.

The satuarated thicknewss ¢. the gquider .ranges Irom 100-1000
q

meters, two lefinced chaqnei¢ wnithin the basin are detcctel frm

e deepst or2 is in the Tastern parsc

and having g Noruh Wastmn dirvection, tae second nne in the
Pl

Fastern side paralicl o tho irgt, The waver ig recharsed mainly
from rain that falls nccnciongily and ceepe through crack and
joints, and accuauvlate n fans and wadi deposits (e.g. wadl Hawar)

and T, in Dug of jebel Jweinat., Beilweer the N:le and v2li Hawar
few oases were found (.,g, Nukhella an? IFitron), These odases are
due structural origin,; belnﬁ formed by eroclon nf the core of
an antic-line pitching souwih-east werd.

/s
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The water found in the Meidob gnd Tagabn hills as derived
partly from rainfall, partly from the zone of saturation, and partly
from deep-segtel volcanic sources: One the Malha crater springs
ocecur at the contact of the Nubign 3andstone formgtisn and the
Rgsement Complex.

The amount of water recharsed annuglly is estimated to be
20.6 million cubic meters per year, anl the sbstracti n rates gre
1.2 million cubic meters per year,; and the gmount of water unier
permanent storase is 9740 million cubic metres.

wadl Hawar region which forms the southern marzin »f the
Sqhara area is g promissing grea for furture levelnpment and
further detailed stulies.

Gentral Darfur Bgsin:

This Basin covers the central part of Darfur Province anl
the western part of Northern Korlofan Province. It extenis southward
from the Tagabo - Meidob ground water devide, and is connected to
the Baggara Basin in -the South,.itg surface-4rea-is 52,924 .squarc
kilometers.

The geologicsl units which forms the bgsin gre the Nubiasn
Sandstone Formation and the Basement complex, The Rasement Complex
is formed mainly of schists, acid gneisses, acil & basic volcanics &
younger ¢ranites. The Nubign Sandstone consists of Sandstone with
extensive beds of mulstones.

The Basement rocks arc hish gt scme localities and forms
subsurface ridges, within the basin, these ridges although saturated
with water, but their yield is very low. The water quality has =
total dissolved solids ranzing from 100-400 p.p.m.

In the Northern part of the basin the water quality is very
0o0d, at shme locglities it does not exceed 80 p.p.m. which is very
1ow and indicates that the aquifer material at this part i1s siliceous
and thgt this aresa is a zone of recharee.

The total Jissolved snlids inereases parallel to the direction
of ground water movement and reaches some 400 to 500 p.p.me In jebel
Hills area in the southern part of the basin salinity reaches up to
18000 p.p.m., thig sglinity is of local orisin and is due to evar rat
beds within the Nubian Sanlstone,

The depth to water ranges from 25 — 100 meter and the grounil
water movement is from the north to the scuth 2ast with 9 velocity
2f 0.3 1o 6.0 metsrs per year.

The saturgtcd thickness ranges from 100 - 350 meters, the
amount of recharze is 47.6 million cubic meters, this basin is
connected tn the Dasgara basin in its southern part anl the amourns
of outflow is estimated@ to be 12.8 millinn cubic meters, the smhunt
of water under pcrmanent storage is 794 million cubic meters gni
the abstraction rates are 5.63 million cubic meters.

ee/oe
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Umm Bayada anl Saniys Iayel; are two promissing qreas for
further lctailel stulice anl future ovelnpmeontdt.

Nuhul B§§in:

This tasin 1is agn isnlgted cutlicer, of Nubign 3sanlstone,
covering an area of 6798 square kilometcrs in the central part
of Northern XKorlofan T'rovince.

Geclogically itis inrmed oF Nubign Sandetone Formatbion,
it is in the form of g syncline, occupying a saldle between the
Nuhul uplift in south west and the 7adi ©il Malilk - solri uplifi,
in the North.

The chemical quality of the water is low ir total
Jissolved so0lids, being about £00 p.p.m.

The saturated thickness. of*th: agquifer -ranges from 150.-250
meters, thick muldstonce layers are presens in the Northern part of
the basin, 3t some localities they form the total thickness of
the selimentary column i.e. 250 meters,

The Heidob well field west of Nuhudl town s the most
exploited part of the aguifer, the abstracted wyter is used for
the twon water supply, further fetgiled stuliecs are required to
know the long time safe yicid.

The annual recharge is estimated 535 15.4 miilion cubic
meters, this amount of recharge is cstimnted from flow out and
isotope analysis.

The X-pth to water levels ranges from 75 - 12
the ’1roctlwn of grounld wglcor fiow 1o Joom the weas
with a velocity of 1.0 t« 2.75 maters/Year.

Sa2 Wl Na'am Basin:

0 meters,
o the cast

This Basin covers s trouch which catends glong wadl 7l
Ku, 40 kilometers south from 1"1 Pasher, c¢apital of Northern
Darfur PFrovince, and covers an area of 2,678 square kilometers.
It's connectel to centra’. Darfur Bgsin tn*ough a narrow straicht.

The chemical quality is £ood as has low values of total
Aigsnlved solilds rancing from 80 - 500 p.p.m., the Sodium

s 4

absorption ratio (S.A.R.,) is ranging from 1. 08 to 3.5,
The depth to water level ranzes from 50 — lOOﬁ'meters,

the water is unler free water taolewcondition on the frinses
of the basin, whereas ir. the central part of the basin where
the mulstone layer is usuaglly 50 ft, th:ck the water level

i1s uniler semi-artesian pressure,

o&/no
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The srounl wgter movement is from the north to the south =ni
south east with 3 velocity ranzing from 1.0 meter/year on the
southern part of the basin to 25 meter/year in the central and
eastern parts.

The saturated thickness ranges from 500 -~ 2000 meter 3 muil-
stone lgyer 50 ft. thick is persistent in the central rart of the
basin, this lgyer increase in thickneess in the southern part when
it becomes more than 1000 ft.

The exploitafion »f the basin for irrigation purnrocses is bein
developing, “‘ue to the deen watar levels the econcmics nf the
irrigation is rather 7oubtfull, but i+ estimgtel for many reasons
98 profitable.

6. River tbara Basin:

It extends North to abu Haraf water Tevide up to the atbara
River cnvering an area of 23,896 silometers, and is bounded by the
river Nile from the west and the Nasement from- the-east.

The genlogzical formations are mainly the NMubign sandistone
fyrmation with the terrace dennsits on the river banks, The gravol:
of the lower Atbarg valley contain much Huli chert ™rmations.
Upstream the teorraces contain agates which may be derived from the
Gedarsf volcanic rocks.

The water level rances from few meters iwear the Nile and the
River Atabarsg, the water level drops gway from sources ot recharsge
and reaches down to 100 nieters.

The saturated thickress from 100 metors in the northern and
western part of the basin, it reaches 500 meters in the central
rart where thick mudst-ne lay>r i frund bho+weon 50 40 250 meters.

After the constructicon of Khashm Tl Girbg 1gm in the upper
part of River Atbarg; the flow in the lower part becomes segsonsgl
only during the floo?s, this grzately affected the life nf the
citizen, the development cf gromnl water resrurce becomes g
nacessity.

] %t is oxgcct?d that s~me 100,000 ZTeldans will be irrigated
frp, the grounl water resources,

7. Umm Ruwaba Basins:

1. suld Rasin:

This 1is the larzest basin in the sulan. It covers an areq
of 365,268 square kilometers extending from snuth of Bghr 71
arab in g south east directinn down to Jubg;, anil Wnrth east
up to Renk., Two major basins are conrected t» this aquifer
and their outflow recharges, the basins:

a) The Baggara Bzsin from the western part »f sulan, ani;

b) The TWastern Knrdofan Basin frem the central nart of
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The main geological units which forms this Bgasin is the Unm
Ruwabs, which consists of fine sediments. These ediments gre of
clean wagshed sands with lamingted clays. The sgnds are mainly
without pebbles and gre well graded. Iron-stgined horizons have
been rocorded. This formation is polygentic gnd the sediment
probably have swept by the Nile and its tributaries, and by the
wadis gnd khors draining the Nubsg Mountains and the adjacent areas.
These deposits are 1lgid down in a series of 1land deltss.

The ground wgter in the sudd Rasin is forming a closed Rasing
water is flowing into this Basin from the RBaggara Basin north of
Bahr ®1 Arab and from Umm Ruwgba Bosin north of % areas, in
addition to the ground waier of the 3sudd Besin flowing to its
central part,

The Ground Water levels in the central part of the Tasin
intersect the surface contours of lower elevgtions,; indicating the
possibility of the discharge from the aquifer to +he streams ani
lgkes in the sudd sres.

The ground water flowing into the cenmtral part of the Basin
is some 200 million cubic meters, the major part of this water is
velieved to be discharged to the surface.

The water levels are near to the surface, they range from
10~25 meters, the ground water movement is towards the central
part of the basin, the velocities range from 0.1 to 1.8 meters par
year, which compared to the velocities of the other bgsins is very
slow,

The chemical quality of the water is variable, it ranges fromn
200 - 500 p.p.m. in the peripheral zones of the basin, the sslinity
increased graduglly with distance an? depth, in the central part of
basin where the water current is siuggisk the salinity jumps to
5000 p.p.m.

The annugl rccharge is some 341 million cubic neters, the
amount of water unler permanent storage is 11,000 million cubhic
meters, and the gbstraction ratss are 1.8 millinn cubic meters, the
saturated thickness is between 100 - 300C meters.

2. Tastern Korinfan Basing

The =astern Kordnfan Basin covers the certrgl part of Worthorn
Korlofan Province from Nerth of w1 0Deid extending in a sruth cast
dirsetion down the 'thite Nile. The Basin is covering a N'%-3% troush
of a maximum thickness of 2 kilometers., The surface srea of the
basin is 68,392 square kilometers. :

The geological formnatinon is mainly Umm Ruwaba which is coversl
by the qoz sand, The Umm Ruwaba 1s g series of fluviatile and lacus-
trino deposits, with numerous facies chaneges. In places the f~rm - -
tion thins down cover the Basement Complex.

The chemical quality is haré with total dissolved solids
between 500 ~ 600 p.p.m. in Rars reginn and it's high in the oth-»
parts of the Basin ranging from 1000 - £000 p.p.m.

oo/oi‘o
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The water levels range from 50 -- 75 meters in the northern
partsof the trough. TSome of the water is unler artesian pressurc
(Umm Balsgei well). The velocity of the water is slow, between
0.1 to 0.3 meters pei year 1wl oo G cwsil values of permegbility
and. sluggish gradient. This i1s the cause of the high total
dissolved solids in the eastern part of the Basin,

The saturated thickness rangeos between 100 -~ 500 meters.

The annusl recharge is some 15,0 million cubic meters;, o
the basin storage is agbout 1,710 million cubiz meteirs while the
abstraction rates is gbov% 4.5 williion culiia meaters, vwhich is
high,

The main recharge is fronm the white Nile, snd aglso from the
surface flow during the rainy season.

3. Nubign/Umm Ruwaba Basin:

l. Baggara Dasin

This bgsin covers nearly the vwhole areas of Znuthern
Dar fir Province snl the western ngrt of Scuthern Kordoian Provinca.
The bYagsin 1s occupying a big trougn extanding in g N7 .. ST
direction, with step faults cagracierizing the <shape of the basin,
where the deepst part s in the centre of the basin, The area is
abrut 141,316 squarce kilometors,

The Nubign anl! th2 Uma Tuwaba ™roszsicns which aprear at tho
surface are underlgin by Nasement Complc:; in sone places they ar
overlain by superficiagl “depnsits such as cracking clays, laterite
ani goz sand.

e
2
3

The chemical quslity is varying ac thc Basin consists of
NMubign anl Umm Ruwaba Formatinnz. Tn the ecagt ant west,; vwhers the
aquifer is mainly Nubian Saniquone the t:tal dissolved solids is
low ranging between 100 - 400% pep.m,, while in the centre it
reaches up to 800 prm whore Uhu mailn watce hody is the Umm uwaq
Formation. ’

The water levels ronge Ifvom 50 ~ 70 meters, the deepst w ter
levels are in the centra’. part of the acnifer, the saturatel thicx-
ness is verying from 100 -~ 20300 meters,

Ground water is mor7ing from the Norsth, east anl west towar'az
central part of the aquifer, from therc the ground water moves in
2 south egstern lirccting towards the Sald Basin, the velocities
ranges from 0.13 to 1,75 meters per y22r, The betier velocity
rates are these of the Nubign Formatinn.

The annusl recharge is some 155 mi'lion cubic meters, the
Dasin storage is 7110 million cubic meters while the abstracticn
rates is gbout 11.9 millinn cubic meters, the recharce is being
mainly from Nerthern, mgstern gnd Veste: n wadie an? Nahr Wl Aral:,
21s0 recharge takes place by infilirgtisr tliroush the superficial
deposits gnd wadi f£ill <eposits, /
fo /o
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2 Blue-gile RBagin:

The Ylue Nile Basin covers the area between River RNahal
anl the Dlue Nile in the pBlue Nile Frovince and extenls in g N©
directicn glcng the Blue Niie up %o Khartoun and is bordered fron
the North mast by Abu Haraf water devide gand from the west by the
“hite Nile, extending over an area of 75,808 square kilnmeters.

The genlogical units which form the Blue Nile Basin areo
the Basement Complex winich is gcid gneisses and schists with acxl
and bagsic volcgnic rocks. These gre overlsin by the Nublzn sani.-
stone formgtion and the im Ruwabs Forma’sion, glong the fuite ™ila
the beds gare more clayey and silty, where as slong the Riue Nilq
sandy deposits are more prominent.

The chemicgl gquality is varying. The total dissolved
snolids is low alcng the Blue Nile ranging from 300 fo 500 p.p.m.
and high glong the White Nile ranging between 1030 - 5200 p.p.m.
This is due to the variations of the formations, which acceriin~ly
result in varigtions of permeqbility recharge, potenialities ant
contact time between the grounl water an? the L£oorfiinn,.

The water levels ranze from few meters near the riv-rs
down 10 a maximum of 50 meters away from the straam, The diraocti~
of ground water flow is parailele? to the liresciion of the suri ¢
runoff, i.e., the recharge from the rivars. The saturated thickr--
is ranging from 100 - 522 meters.

re
—

Gl

The gverase veloclty is from 1 - 2.52 neters per yeoar
which is rgther slow compared to the high permegbility rates,
but is mainly due to the slusgish gralient,

The basin storasz is about 2270 million cubic meters,
the gnnual recharge is sabout 70.9 million cubic meters, ner yeoar.

The areas along the Blue Nile qre most promissing for
future development.

5. Nubian/Dasalt Basing

1. Gelaref Nasin:

The DBasin covers the central part of Kassalg I'rovince
extenling over an arca of 28,3016 square kilometers,

The ceology of the basin is formed mainly of Nubign
Sandstone formation and Basalts. These basglts are multiple
sheats and irrigular intrusions, of “Jurrassicm gge, being
extended over the Nubiga 3gndstone formatinn. The Nubhign S§an’ -
stone Trmation in the Gelaref region is proved to be oller th-n
the Nubian 3andstone in the rest of 3Sulan, i.e. they are class?
fied as "Gedaref Formation+t, constituteld sands, sandy nulstone
and mudstones, which sometimes ccontain conglomesrates, In many

no/qn
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“-places the sandgtones are silicifiel to such 3n:axtend that they
are almost quartzites e. 7. Jevel Manta ares.

The base of the Gelaref Wormation is varying due to
varigtion of pro- Gelaref toversrarhy or to post Gelaref ~2arth
movement, Yrepresented Dy the large scale warping and faulting,

The water chemistry is g£201 with low values of total
dissolved solils ranging from 500 - 420 p,pem, in the Gelaref
Formgtion, where as in the basglt the sglinity ranges from
10200 to 3220 p.pr.m.

The water levels range from 5) 75 meters, tha water is
moving in a North west direction with g velocity c¢f 0.3 1n
3 meters. The water is fourd to ¢ unler artesian pressure;
locality (I3 w1l T2en), '

The Basin storage is about 700 million cubic meters;
the amnugl rechar~e is 41.7 million cubic meta2rs por year. while
abstraction rates is 1.2 million cubic meters per yeoar,

The s=turated thickness of the squifer ranzes from
200-500 meters, The recharce is mginly fror: the water seeping
into the mudstone Wormation from River setit, (branch™from Rivor
Atbara). The basin is receiving some under flow from adjacent
tagin in the borders, this umount is estimated to be 12 millinn
cubic meters per yoar.

2. Shafara Basing

Shagrarg Nasin 1s the smgllest basin covering an ares
of 824 square kilometePs, west of 7wl ®asher town capital of
Northern Darfur Frovince, and is bounded from the west by Jebel
Marra, and is north west of Sag @l Naam Basin,

This basin is formed r~eoloucically of Nubign Sandstone
Formation and basaltic flow in the centre of the Rasin.

Yater levels are nogr to the surface, about 25 meters,
the saturated thickness of the aquifer ranges between 230-32D
meters.

The recharce is from surface flow during the rainy
season. The basin is 4.5 millinn cubic meters, the annual rechars~
is qabout 1.1, million cubic meters while the abstractinn rates
is 2.7 million cubic metars.

4+ The_nrlluvial Rasins:

The major alluvial basins are seasonal streams (khors),
the runoff in those streams dnos nnt =2xceed three months peor
year, the runoff during this period is substaniagl, anl the aqquii-rs
are completely recharre? gfter the rainy scason,
DQ/GA
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The glluvial deposits are characterised by high
transmissivity values and storitivity firures, the shgllow
depths ensgbled the natives to 1rvelop their own technnlogy of
abstracting water for irricstion rurrnses,

Those basins are the oliest krown cultivatinon centres
from srounl water reosources.

Many of these basins =2re promising future levelorment
centres if the infra-structures are davelopel.

SUMK \RY_& CONCITISIONS :

Ground wator Resources will be g coverning factor in
the development of many aress in Sulan, these resources will
Le used in multipurposes projects, Iniustrial, irrigation
and livestock. The appraissgl of Ground Vater resources is
expensive and time consuming proceture.if exact. quantitive
estimates are required.

This work is g trial to d1efine these resnurces. they
are vased on the gvailable Jata which in mgny cases are very
scanty. The jAuthor hopes that this trial will shed scme light
on the importance of these rassncurces, tn continue the ground
water research projeccts within defined Sagsins. The estimates
cf resnurces in this project were zalways kept on the low side,
s0 that when the 1lefinete Tisures arce reached they will always
te hizher than the estimated ones,

gome 1381 million cubic met>rs are estimatead to recharze
the major bgsins annually, only 143 million culbic meters of this
recharcel water is gbstracted for diff>ronut purpoyses.

Severgl projects are now “evelnning for the use of
Grounl wgter in irrisgtion, s me 522,000 feldans are planned
to e irrigated from Ground ater within the six year plan
startine in 1977.

The continustioan of the numernus resegrch wirx is
ged®utial for proper utilizatinon of these resources.
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Ground Water Potentialities of the Basins
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Ground %Water 3asin :Ugd@rflo& : Reehargejz Basin Stor- ° Abstraction: Percentage of
Milicn ¢ milion m™: de miliion ; million . Abstraction
T Year m Year to Recharge
1 iubian Basin
1. Sahara #i.e Basin 7,3 136.0 5500 7.4 5.0l
2. Sahara Hubian Basin 20.5 20.6 9740 1.2 5.82
3, Central Darfur Basin 12.8 L7.6 794 5.6 11.82
L4, Nuhud Basin 1.5 15.4 136 2.5 16.49
5. Sag E1 Na'am Basin 1.3 14.8 134 1.5 9.89
5. River Atbara Basin 3,7 23,0 0.5 1.90
Il Umm Ruwaba Basin
1. Sudd Basin 50.8 341,0 11000 1.9 0.54
2. Eastern Kordofan B 2.3 15.8 1710 L.5 28,31
II Wubian/Umm Ruwsba B
1. Biggara Basin 22.7 154.6 ""110 11.9 7.71
2, Blue Hile Basin 10. 70.9 2270 21.6 30,00
CV_lubian/Basalt Basin
1. ' =2daref Easin 6. L1l.7 700 L, 2 10.14
e e ura Sagin 10 1.1 L.5 0.7 6li,22

D e Elluvial Pagine
1. jyala 2.4zum 3.8uum 15,0 500 20.90 16,00
L4, ‘bra 5.Abu Geheira
6. -irbaat 7. Khor Ba: ca

-/ LHIS



Characteristics Of The Jasins

Ground ygqter Bgsins : Depth to ¥ater : saturated Thickness ;Azrea of The 3asin
retors meters square kilometers

I Nubian Bgsins

1. Sahara Nile 3Basin 1029 120-520 273,980
2. Sahgra Nubian Rasin 10-.50 120-1320 324,356
3. Central Darfur Dasin 25109 100-350 52,9.4
4, Nuhud Dasin 100-1.20 150-25) 6,798
5. Na‘am Basin 50--139 520-2020 2,678
6. 3Rver attara DBasin 3J0~110 100--500 23,896
Ilmgg_guwaba Pasins

1. suid Tasin 15-25 132-3270 365,268
2. Tastern Koriofan 5)-77% 120-52D 68,392
IIZ Nubian/Umm Ruwaba B.

1l. TDaggara NRasin 30-75 100-~2200 141,376
2, Blue Nile mBasin 10-50 - 130-52) 75,808
IV Nubian/Basalt DBasins

1. Gedaref Basin 5475 200-500 28,016
2. Shegara Basin 25 220-350 y 2824

V__alluvial Bgsins:
1. ©Nyala 2. jpzum 3, Kutum

4, 1Ibra 5. jbu Geteihs 3-10 13-50
6. Arbaat 7. Khor Barka
8. Tl Gash




GROTIND AT TSRS OF TUT DagIvg

N Cor— e —— 1 —— " —————— . —————— — = -t T % s a——

Ground Water DBacins

Iresent State of: Mana~ement state : Future s "roas for future Dove
Develosrment potentislics:lopment & Detailed

Nubign Bgsins

Sgharag Nile -

Sahara Nubian
Central Darfur Basin

Nubin DRasin
Sag Tl Nafsm Basin
?iver \thara Jasin

Umm fuwgog Basins

2

sud?l Masin

Iastern Kordofan T3,

ITT Hubian/Umm uwaba D

1.

2e

ITazgara Dasin

FTlue Nile 7Tgsin

IV rubian/RBasalt Dasins

1. Gedaref Rasin

2

V.

1.
2.
3.
4.
5.
6.
e

shasera TNasin
nxlluvi 3l TMasgins
a1l Nyala

"adl asum
River Gash

Madi Kutum
Khor Barka

rbu Gebeihg
Aroaat

Itrs

. studies
Undeveloped Required mxcellent 1, wadi w1 Xhuwel 1 nagh
. 2, 7adl Wl Muccdam '
Undeveloped Required wxcellent 1. "qdi Hawar,
Develaned equired Gaol 1. Umm RByalg
2. Saniya Haiyoil
Developed Ve Tssentigl Gond 1. Haidobh wield
Developing V. Tssential wxcellent 1. The whnls 73asin
Undevelored iequirel nxcellent l. TLower 7ivor “ithara
Undeveloped Required uxcellent neginnagl stuly to esta-
blish northarn aregs.
Developed Tequired Fair
Developing Tssential Gnod Town locglitiss from
town sunnly.
Developing Ve Tssential nxcellent 2long the MNlue Nile
Developed Requireil Thor -
well Developed V. Tssontial Falr -
Develnping V. Tsazntiagl q Hd L 1. Down stream to Nyalg
Undevelopad mssentiagl GnoAd 1. Dankuch 2.Umm TRalg
well Developed mssentiagl good Zalengi
Developed Tssential Gnod %t Kutum qresn
Undeveloped V. Tssentiagl gnod Tokar Delta
rbu Gebeihg mssential Gnod
ell Developed required Gond
Undeveloped Fair

8.



iround 7ater Basins e T ¢ K : I : v 3 5

m2/day : m/day : m/km m/year .
I Nubian Basin
1. Sahara Nile Raiqp  200-1000 3-10 4.9 x1077 D.44-1.46 197, 1077
2. Szhara Nubian DBasin 5201920 1--5 1.13 % 1O 3 41-2.76 15213
3. centrol Darfur Basin 300-700 0.5-10 1,75 x 1073 0.32-6.4 1074
4. Muhul Basin 320-12290 5-15 5 < 174 1.9 —2.74 19-2_ 194
5. 825 Tl Nafam Basin 500-1200 1--20 3.5 x l\)"—g 1.33-25.5 ]3—'2 —-].3—4
6. niver ptbara Basin 100-1000 310 1.0 x 1070 1.1 -3.65 1072 _107*
II Unm Ruwada Basins
Lo . | 1.0 x 1073 9.18-1.8
1. suvid Basin 100-530 0.5-5 5.9 x 13—4 3.99-3. 27 15=2 ~—lO—5
3.0 x 1074 2.05-0.15
2. Testern Korlofan 3. 100-530  D.5-5 5.3 x 174 3.1 -9, 97 19~4 _1575
III Nubian/Urrm Ruwaba R. 3.6 x 13—4 9.13-1.97
i?-;;SSara Dasin 250-750 1-15 1.2 xlO-3 3. 45-6. 75 172 _19~4
75 x1073 2.27-4.12
2. nlue Yile nasin 533-230)  13-32 2.3 z10~% ). 84-2.50 192 1y~
IV Nubian/Dasalt TBasins
1. gedaref Nasin 172-250 ).5=5 1.7 x10-3 5.31-3.1 1y=4 _15=5
2. Shacera Dasin 120-250  J.5-5 9.9 x19” 7.16-1.6 1074
v plluvial RNasins
1. Nvala 2. pzum 3. Kutum .

4, Itra S. pbu Geb2ihg 300-3020 3-20 12
6. Arbaat 7. Khor Tarka
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GRCUND WATIFR BASIES IF SUDAN

VAJCR BASINS

LIBYA

iUmmRuwaba

=
—

ubian

73 Ferdiarys
|>x1Basement Complex

b




A

CGR(UFD WATTR BASIES IF SUDAN
ALLUVIAL B.SINS

v

M%/ l

-»..,4

(';\'\ )/ J+//5/"

) b _-y"'ﬂfv.u'

o




