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EKIS

or Proximity to markets and. commuaications, caused a concentration.
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CHAPTER I
%

INTRODUCTORY

LOCATION

l' The location of the Kordofan Land and $Iater Uee Survey of theUnited Nations Special t'und is shown in Fig. l. rt occupies a eection ofthe great belt of savannah country which stietches right across Africafrorn ocean to ocean.

z' The area covered by the photo-survey is 66,000 square kilornetres.The rainfall variee frorn 250 mm. or less in the north of the project Areato 600 mn3,. or rnore in the south. The town of El obeid, popuration 65,000,is at the middle of the Project Area, with a rainfall of about 400 mrn, ,roughly the average within the area. . See Fig. Z.

ORIGINS OF THE PROJECT

3' A steep rise in population started, earlier in the century, aa aoonas rail and rnotor transport opened. up the country and brought in thehealth and educational serrices. According to the 1956 cen-sua, about ?0%of the population in the Project Area at that time consisted of farmergand farm labourers. Fig. 3 ahows a projection of population increasefor the Sudan up to Lg96: based on the 1956 census.

4. The result was that parts of the area were progressively over-,;-;"tilb;;;;;,
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5. tsut although these symPtoms could be secn and recogniaed'

policiesandpta,,sforclealingwitlrtlled:lrrgersanclfordevelopingthe
potentialities required knowlcdge which was not available and could

lnty Ue gainecl bi systernatic surveys and investigations'

6.Intheauturnnoflg5lanagreementJo'rtheKordofanLandand
Water Use Survey was signed betieen the Uuited' Natione Special Fund'

the Food. and Agricultur" o"go.rlsation (as Executing Agency) and the

GovernrnentoftheRepubiicoftheSudirn.TheGovernmentnominated
the Department of Land use and Rural Water DevelOpment aS the co-

operating Agency, and the Department appointed ihe co-Manager for the

Project.FollowingSpecialFundprocedurestheAgreementembodieda
plan of Operation specifying the siope of the Survey, together with a

budgetofman-power,equipmentandfinance'tobecontributedfromthe
sidee of the United Nations and the Sudan Governrnent' The Plan of

Operation is reproduced in fulf in Appendix l'

7.
l, * * " 

u " 
:;;; t w ith D oxi :r di s a 

1 
s o.c 

i1 
t' 

"- : I-n" Jl1.l.:T::lJ" ffi ::
ln December, 1961, the Food and Agriculture Organisation

::-;""Hr;;';;;', r oviding the proj e ct Manage r, Deputv pro j e c t Manag e r,
- ^rfi^- in Athpns e.nd

HHffi; ;";;;";;;;: ".""r."" at their main office in Athens and
^- A aaaaiqfae Lfd^;ffi':?ril:r"; ";;; ;; ;.;;;"o, 

-po*i"dis 
ronides Asgociares, Ltd.

r r r -! .L^ ff*i+ad

ff::rfi'ffiT;;'il;ir"e i""nnicar services, Ltd., or the united Kingdorn

was also Provided for'

S.Thema.irrorganisationalelernentsareillustratedinthechart
in Fig. 4.

ORGANISATION AND PLANNING OE. OPERATIONS

g.Althoughtheworkofthesurveycarnetoac}earfunctionalfocus
intheDepartrnentofLand'UseandRuralWaterDeveloprnent,other
Departrnentswerevitallyinterested.Inalphabeticalordertheeeare
as follows: Agriculture, Anirn'l Rt"oo'"t"' Foreets' Geology' and

Surveys. These Departrnents were brought into consultation when

preparations for opirational field ::"k. *tt-l started by the Project

Manager, Co-Manager and neputy Project Manager in January' L96Z'

10. A generaL work Plan was drafted in January/February ' L96?'

It was circurated to all the interested Departrnents, and discussed by thern

atanlnter-DepartrxrentalrneetinginF.ebruatyLg6Z.Thereafter
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THE PROJECT AREA WITHIN THE SUOAN

-'ao- 
lsohyct in mm. (i921 -t95O)
From Topo N.912-54 of Survey Dcpt.

O 1oo 3OO 5OO Km.r--

Thc Projcct Areo is in the middlc of thc Sudqn, west of the
Nile onct in the middte ot Korcroton province. From. south to
north it runs from Lqt lZ. N. to 14.N. Rqinfoll vorics from
6O0 m. in thc south ot thc project Arco to under 300rrm in th€ north.

N r o *Tt'J*,:1i::
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dir ect resp-onsibnlity 'ras to I'AO Headquarters in Rorne.

Pagc

the General W<lrk Plan was subrnitted, as laid do.,l-n, to the Supervieing
officer in FAo in Rome. The same procedurc wa' forlowed. ai each
annual stage of forrvard planning. The Project Reports were isgued, toall concerned. The Projcct office. in Et obeid was opened, ae plaaned,
at the beginning of April, L96?,, and field. operations were.etarted
at once.

I l' Inter-departmental planning conferences !firere held in December,
196?, 1963 and L964. At each of them the detailed draft work pl.an for
the suceeding year was diecussed,, the draft having been previously
cir culated.

l?- rn May, L964, midway ttrrough the project, a fouv-day rnter-
departrnental conference was held in El obeid. (see ptates I and z)

l3' The final inter-departmental conference was held in Khartoum
on March ?th, Lg66- This was to discuss the chief find,ings of theProject and to consider the li/ork plan for L966, i. e. the iirst year
of the forlow-up after the cornpletion of the project itself.

14' Field operations were compreted before the end. of 1955 andthe remaining months were occupied in completing reports, wind,ing
up and handing over.

l5'- In Appendix II there is a cornplete list of all the professional
and administrative personnel who served on the staff as Experts,counterparts or individual consultants. Dates of service or visitare also given, and the profession of the person concerned.

16. At all stages of the Project and in arl sections of the prograrrrme;;;;;;i;;;;;a-- r

,,,
i:T :o-1stitut3d. an ad,rninistrative and technical unit, and. of necessity(; __ __-_- ,r vE d.rr(l Lecrrlrlcal. Iltll'f,, an(l oI necesslty
I1'j^'^.tnt"ugh tle_ternas of the Plan of operation) the Project Managerrs
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l?.Fromthebeginning'however'accountwastakenofthefacttJrat
when the Project was completJ inu foUo*---T.*o*d be taken over by

the Department lf i"ra Uie, through the nominated Co-lv{anager'

I8. The switch was in two etagee' At the end of Januaty" 1966' the

Project u",'"g"J ttr'u o"puty Pro]ect Manager aud the Agronomist

rnovedtoEuropesoastogeinday.to.day.o'.t".twithDoxiailiaAsgociate
Headquarters irawing office "J.riite 

raciuil."-t"r r"pid^r,"rking' thile

the final reporting work *."-ao.-". 
- 
iu" co-Managel as8umed charge rn

. El Obeid projectbffi"u, ."ti*i'Ji the Project Managerre behalf'

lg.Thefinalhanding.ovetwagattheendofapril,1966,whenthe
co_Manager, seyid Abbas AbdJ ilgid, took charge of the Project

office with responsibilitv t: t{;ti:-:::rof Land iee at'd Rural'\f,ater

Development, 6eyid Abdul Rahirn Bayourni

.!

za
th,
so
tJre
so
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CHAPJ_ER

SUMMARY Or CONCLUSIONS

AND

SUMMARY OF CONCLUSIONS

INTRODUCTION

zL.RisingpopulationhaelldtoPregsuresonthelandandonthedrinking
water supplies.'I'O, tt".same tirne tirere i" *o"t' land which is ttemptyrr'

where the soir,J1n" rainfall .r" "oit^ble 
for agriculture' but where

there ie no water to drink in the long dry "t""o"' 
The map in Fig' 5 ehows

theee rternPty" ;t";'' in rela"o--o 
'o"thu 

i'i"htbitedrt areas' All the

cultivation and, all the vi!.Iagea lre *ithin the envelope of the inhabited areao

aho$/n ahaded; .there is no cultivation and "o g""oit'i in the tts6ptlrr areaa'

rhe result is that Pressures o: tl" t?i1 ',^:.::::r3i x'Ji;;-rll
31 .-, I"T 

"" 
;;S'.':,f ;L'":'i li:"'" 

'* 
"'l J1; ; ; "' " 

urtiv at e d o r o v e r s r az e d'

r --^ -.,Li^L rrr.e ernotY. This uneven
ll'*il'fiT::H;;J"'#;=";i;iT::,:::::ff ".';T::I'.'Il'l'1i'?ll
i: :: i":lH ;r[: ?] r:"i: 

" 

:; ; : il:., ::r :::":: ;f :.i: :";: T: : ;::
ffi::Jrt"l"lrtlii.T"il: il;. oi ,uu "oil, and ar the other end because

one en
of ao use at all'

l23. The fr:ndarnental objective fo"' U-"::':l1t"t is to spread the load or/er 
!

the1and"""oo'"l""""wut1e,anda1soto,"'",:,,.;"j;:ilH1;[I}:""
1:H:ti"."";::::""?i;fi:::' rhie ',leans 

op"'i'og up the emptv lands

and making full use of thern .""o"alrrg to'their ""plbilitit"' 
and at tbe

aarne time up-grad'ing all the existing land uses'

:Z4.'Thefirst'partofttrischaptersurnma'risesthediagnosisofpresent
conditions and the conclusions riached about pofitiu" a'"Jpla"s' The second

part - surnrnarv of Recorn*.:td';;;" - is a d;;ti"d lisiof iterne for ' 
'

I"iiorr, with abetracts of estirnateo'

. 
ER SUPPLY IS THE DECISIVE FAGTOR

DRINKING \IIATER SUli't'IJI r" rLtD vv----

Zs.ThedrinkingwaterProblerngtand'sasabarrierinthewayoftlrig
objective on two .oLt". fir"t, ifruru """ 

the stretches of ernpty land

vhere there is no reasoaablt h;P;;; Pt:tidilq water at acceptable cost

by any of the "t;;";;"y 
rnethoJJ'- i' u' aug wells' o" u"teholes' or hafirs
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THE INHABITEO AREAS F|9.5

The llner whicn cnclo3c thc r lr{rqbitcd . Amar r orlr ctrown lo tist afl
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(largeexcavatedregervoirsfilledseasonioJ^T"*transientstreams)or
small dams, or by pipeline frorn major sources' Most of the empty areas'

as shown in Fig' i "offu' 
from this problem'

26. Second, a big proportion of the people rely' in the dry seaeon' on

watertransported'frorn.oo'"""*t,i.t,arefive,ten,fifteenornnote
kilornetres distant' Water i" *"ti"d either Uy animal or' by lorry' The

cost is excessive, either in cash lor lorry trat'spo"t' or in effort by man

and anirnal. So long as Pe-asants have to carry tiis heavy burden there rs

vefy little hopb of ,rry really "rri"r"r,aia1 
agricultural improvernent' A reai

impact on up-J";il; ot "*i"tlog f."r"n, f*"*i"g ""t 
o"ly be. made if the

heavycoetoffetchirrgandcarrfingwatei".'ibesaved,andifthatsavlng
can be "orr.r"",ll-i"tJ 

p"oa,rtti''" "-"""' 
Drinking water sources are needed

at each village so that tfr. *."iiJ """a 
of tta"'Jport can be avoided'

21. Thus, the drinking water problem stands in the way of opening up

the ernptv ."tt" and also of op-giading existing land uses''

SOLUTION TO THE DRINKING WATER PROBLEM

zs.fl'owever,thereieonesolutionwhichistechnicallypossibleanlr
whereintheemptyareas,andthatistocatc}rlo."i.:11:.1:u"'o,eiton
the spot. wh;r;r;r drinking water is needed there is agriculture;

whereverthereisagriculturethereisrain;whereverthereisrain'it
can be collected on srnall .rtiii"i-"r..tt.ry::t aprons (fust as it can be

caught on the roof of . holl"uj and then put into ",o'"g" 
tanks io be kept

till it is needed in the drY season'

zg.ItwasaprimeobjectiveoftheProjecttofind'apracticalsolution
on these lines ai acceptable cost. The ,."oli-*,".:lt ::lchment 

tankr"

for which type-designs have ;;.; developeq. fot units varying frorn forty

or fifty thousand. gallons g";;; r i'r"*iryt' unit of one or two thousand

gallQns. T;. tlpe-desigrr"-*"re d.eveloped to suit the particular

circurnstances of the Project Area and are "o' ""t"ssarily 
suitable for

other areas'

COMPREHENSIVE LAND USE PLANNING IS NOW POSSIBLE

30.withthissol.utionrnadeavailable,cornPrehensiveplanningofthe
landusecannowproceedwithoutnecegsarilyhavingtowaitforthe
question of i"tu, availabili;;-t;;"y p"",,..,ftr placl to be ansrvered'
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When the land use planners have decided where they want to provide water,
on the basis of best land use, it then becornes a matter for the engineers
to decide on the best method of e upply. Naturally, when the planners are
making their choice they will take into account all the information already
available about the various potential sources of water. The eegential point
is, however, that if considerations of best land use poini to the choice of
an area for developrnent where the hydrology is unknown or uncertiin, the
planners need not wait for hydrological investigatione to be made before
they commit thernselves to planning decisions, because they know thet
catchrnent tanks can always provide whatever water they need, if none of
the other methods are practicable or preferable.

LAND USE ZONES FOR PLANNING

31. Fig. 6 shows a grid of itland Use Zonestt which serves as a frame
of reference for planning purposes. The Zones are dietinguished by their
d.ifferent geonlorphic characteristics.

32. Zones A1 to ,A5 are thick eand aheets and dunes deposited. by the wind
in a past geological age. The ecacia senegal, which produces the valuable
gurn arable cash crop, thrives naturally in these zones. The soil is very
perrneable and there is virtually no run-off and no eurface drainage streams,
because the rainwater eoaks straight in. The total area of these Zortes
is 2E 700 sq. kilornetres out of which 20, 300 are inhabited and 8,400 are
ernpty (on the definitions given above).

33. Zone B is also sandy, perrneable and. with no surface drainage
strearns but for sonae reason which has not yet been diagnoeed, the acasia
senegal does not gro't^, naturally. The total area of Zone B is 8, 250 sq. km.
outofwhich?,450areinhabitedand5,800areernpty.

34- The soil in Zones A and B is sandy, li€ht and easy to cultivate with the
hand-powered tools which the local farrners use. zone cI and c2 soil
is quite different. Predorninantly the soil is clayey, red. non-"""-"kitrg.
This i.s too hard. for cultivation by hand.-power. 'ltrithin ihe envelope of Zone C1
and C,2 cultivation is confined to pockets of sandy soil superirnposed on the
undertrying clayey layer. This clayey soil is more fertile than the sandy
eoils, however. It carries good pasture and Zor.e C comprises the rnain
grazing-grounds for the big serni-nornadic and. nomad.ic herds of livestock,
chiefly cattle.
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35.SincetheZoaeCeoilisrelativelyhardandimpervioua,Eurface
rrrn-off i" gu"tt-a-tJ i" tbe raini ;;;"' ;:::l*:"rt:JS,1?:;;Tt'"'
drainage ayatems't Oh" of these drainage o""*

eastwards and ti. otn., is .zonJ -2, arlining sout5-westrilTards'

36.Theactualugegandthepotentialltiesofthesand'ysoilsof
ZotresAandB,arequiteaiffere,,tfrorntheseofZoneC.Locally,the

aandy eoilg '"t 
ito-*it;" "goz'; l"a 'u* 

hard' *"' soils tg rrgardud.'

DEVELOPMENT D{ THE GOZ COUNTRY

Basic PoIicY

37. Developrnent policy for the goz country is concerned with two

raain streams oi action; opt"i"''"n l-u aettling the empty lauds' and up-

grading'e,"oa"ti" i" tttu u*i"ti"i farming settlements'

i,

3S.Itiapropoaedthatthesettlementoftheemptylaadsahouldbe
donebyestablishingnetrPeasantfarrningcomfi}rrnitieswhichrrillbe,
eseentially, an evoiution"ty it'"pt;;;;; :f lnu 

existing settlements'

That is to eay, the improvemur.'r"-ptoposef """-1t "u"^:t^-l Progressively'

without any audden or rad'ical ;;'ig:; *::^" cocio-economic system' The

pattern for establisbing the new geitremera" *]in. etnpty raads also provides

a rnod,el or target for up-gr"uit "i."ilti" 
io the exietiag eettlements'

39.sofarascoacernathetechnicaluseoftheland,basicpolicyis
to promote, maintain and 

"orrai,xrroosly 
improl'L tr" mixed 8y8tem of land

ugei.e.field'croP8;guro-a:rdtofestly;paatu:reeandlivestock;borticulture
under rnicro-irrigation -ilh-soil-sroistute "*""i""tion 

techniquet'' 'These

four ugea are rnutuallv '""''ot-ilfl ;" -.::""Xr:t}11ttl";1 lf,;:i;l"
:,?T':;";,1:tTl:ffi;::ffi:ffi;';;';o strata or soil i' e' the tharl

stratuxB for the field ""op" 
and anaual pastureg, and tle deep aub-etratum

Anirnal husbandrv in the i"1av s":-?::-7:,.i:"*l"T}il:111J:f" .

11,*,o","*ffi r";T'?i".li"1li:"x1'::#L':iiff il-]lliT".*
ffisi:"Ti":T;:;f; :r:i#":"ii{:i:i:;:**S""l'i;irii;ifi
*::'f :r;"Jl"r'r'.f;".Ti"""=.:"+"H:t*:":n::f";*:::T';::',;xx''m:'ffi L:'r"':":":'1"#;,rff "ili*x:*1]r"::,m;;ff "'"1
:f:,X:"":',,::r S'J.? ;t{:! ; :-Hi:iil::*"X:::ffi "i":t isj's":rr;:#"r#::";" }111'.ill :'ffir;'-;;;;;v-'o- u"v r each li

'i
ri

for the treeg'

of the village base'
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LAN D

The soil in Zones A ond B is
no run - off . ln Zone C thc .. soil
inter - f luviol pockets. So run - off
{lowing droinoEe bosin dominoted
f lowing south eostwords.

\3oo- lsOhycts

USE ZANES Fi9.6

o sondy thot the roinfoll sooks stroight in ond so fhcrc is
is hord ond relotivoly impcrmcoblc, exccpt for sondy
is generoted when it roins. Cl is port of thc Eost - word -

by Khor Abu Hobl C2 i's port.-of the Wodi 6holo bosin,

Zone A : Thc moin gum'bclt.-Goz.soils ore dccp sondy. dcpositcd by wind, qnd stobiliscd by
vcActotion. Cultivotion plus gum culture.

Zones Al ond Ai ond 46: Plentiful villoge wclls. Densc cultivotion moinly cosh - cropping.
Zone B: Sondy, but diffcrent from Zone Al, being formcd in situ over Nubion Sqnd sfonc.

Cultivorion moinly in serpentinc deprcssions which orc remoins of old rivcr systam.
Gum qcocio docs not grow in the sondy soil of Zonc B.
Hor{, rcd, non -crocking clo.y: " cloyey oedioloin-, locolly " Gordud-. Pockcts of sondy
soil qre cultivotcd by pcosonts. Thc gordud is too hord. Good grozing crnd good
roin - pools of woter in thc roiny sco.son henca the cottlc nomods from thc south'gother in Zone C.

Zone D: Thc'Kheiron Unstoble dunes. Pockcts of cultivotion in intcr- dunc hollowr ond
sometimcs wells.

D-SUD.A'308
ON OEYELOPMENT ANO EI(ISTICS

DOIIADIS 
ASSOCIATEs CONSULTANTS
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46.

Modei Villages and Farms

4L.InordertoprovideaPatternforcreatingnerrrsettlefl}entsinthe
ernptyareas,andalsotoprovideatargetforap-grading,modelsfornew
villages and farms have been worked out'

42. The modei consists ot a group-of."i": villages of 100 family farm

rmits each, qotalling 900 famili;:which is a big enough cornrnunity to

support .central estabiishments for administratiie, colmunity and social

services.

43. The individual farrr\ has a gross "'-"" 
of 80 acres' planned

according to the policy given."uo.rulwith a leasehold tenure' since the

needarisesfrompressureonthelaadtherewillbenoshortageof.]'
applicants for farrn hold:ngs'

Page

44. The work involved jrn creating these nernr settlernente l"*l^"-tii"
l1;,,,'" : i""':inT;;;; i. F 1!l i :: i, :.:, :s:t": :i: : i:* ;Iil.' 

* -

:;ilyi:; ll}:'l: # ;il' n; ; t*'i"' " 
- r "'.q : 1 

g 
1) : : : ""':"1 ilTu" *:

;::i:l:"T:?'"'il"ff [;::"1:;]{:rii.:,:11?:'"-"H::Tli.:",:1*:,:,:
ffJ E ;..";"iii il.: i;ff;' 

" ; ;"i ; ;;; "? 
a p-a s tu r e mixtu r e ; plantin g

of shade trees; access tracks'

Costs and Farrn Incorne in Mod'el Village Settlernents

iTi;:'ri:""f;-"":::""ffi ffi; ,rtr..u rr:nds ror dever-oprnent are cbanne

into Pr oductive investrnent'

A fully-developed farrr of 80 '"':", i1"""^':"1'j1tiffjl"f;Ji""

t4

45.ThetotalestirnaiedcostisL'S:250:000'whichisL'S'3'1'per
acre of farrn-Iand' Costs of water supply are based on catchment tanks

because there is no rneans of knowing *nltu"r dug wells' boreholes or

other rnethod.s w*r succeed or u. prJr"ratle uniil"th. actual sites for each

of the villages has been locateJorr riru ground, followed by'the usual

hydrologicar ir..,ru"tigrtiorr". No provis-ion has been rnade for housing

because the peasants custornarlfv UoUa their ::n,1:::::1-t:-:f':1;::ltel

11 
" 
*, " "i.'"TI ; : ;J.'i: ffi ,lii * i; -^ ; 

: "^': I f: :: : ". :1',:;i^; ; IT:
:n*:: ll""ill'i;;, ";H;.[ 

".-s. 
]e2 is in cash and L. s. 6? is the

.i ^ -hnrrt .{ouhle the PreS
:X1T:ff*T"i;j;,',1,'"'SJ::::;;;';' "ni" 

is about double the present

average incorne.
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The iatroduction ot Porvcr

47. Thc peasant farrning sysiern as proposed is capable of absorbing
a wide rar:ge of scicntifically-bascd improvernents while stiLl retaj.nir,g
the essentials of the present socio-economic pattern, and while still
recraining a hand-Powercd system, i. e. without ttsing either animal power
or rnachinc power. A stage w'ili corrl(: , horvsver, when fur.;rer:rdvance will
need extra Powcr anci rt se'rnls prob"rble that'vhcn this stilge colrles, the
people will be reaciy for ligirt rnachines.

48. But rvhen rnachine power is introduced into the goz country it
-should be usdd to intensify aud forti-fy tire mixed farming system of the mod,el.
Power should on no account be used, in the sandy goz country. to open up
large tracts of land u,nder the mechanical plough. The rnixed systern based
on a rrland rotationrl with field cropsr gurrl acacia and livestock rnust be
developed and perpetuated if the full productive potentialities of these soils
are to be achieved.

Location for First Group oI New Village Settlernents

/_o A location is proposed for the first group of settlements in the
ernpty area north of Umrn Ruaba and south of Umrn Darnrn, where they woui.d
relieve pressure in the densely cultivated areas which are near. A
succeeding location could be in the ernpty area near Jebel Abu Sinr:n.
The first 'tnew village settlernent projectt' will yield new knowledge and
experience, and as execution proceeds, the preparation of a comprehensive
long-terrn schedule for the ernpty areas as a whole will errerge.

Up-Grading the Existing Farrnrng Settlernents in the Goz Country
': j

50. The rnodel for new settlernents prowides a target for up-grading
existing farrning standards. If all the technical knowledge nov. available
could be absorbed and applied by all the farrners th€re would be a notable
irnprovernent. The cornrnunication by teaching is a rnajor problern and. the
success of up-grading depends rnore on this than on anything else.

A Field

51.

Dernonsiratorst Training School

It is proposed to establish a training school for field dernonstrators,
with a capacity of. 25 pupils, situated at the central village of the {irst
group of nine new viliage settlernents. The estirnated capital cost is
L' S' I20,000. In the rneantime, until the school is running, pilot-type
extension and dernonstration should be done so far as rnan power perrnits.
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Yillage Schoo1 Gardens' Filrn and Radio

52. It is propoged that gardens should' be established in

schoola wittr praJtical elementary teaching' and that the use

rad,io for propagating ttte P"ojtct ""'olt" 
stroutd be explored'

Catchrnent Tanks for the Water' Crisis Area

the village
of film and

53. .The worst water supply situation ig

Land Use Zone .{3, where an estirnated 335

*t""p"tted. by lorry during the dry season'

average price of 4 piastres Per fsqa-gallon

thousand gallons)'

in the rrwater criais arealr in

villagea relY on water auPPlies

TheY buY the water at an

tin (f 10 or Ir. S. $28 Per

A f iv e - ye a 3 P r o g r artrrne i s p rop" 
" :* f-"-t-: 

t:::-Y:fri:tm;:'
ii;o" ., ::'"":#;:.'T::#fi ;+ ili:1=",:1"":#;S":r labour

:::: : il "" 
l;;";: i :; #;. fi 

" .'"J,, "1-11y i:,1, : H, x"Ji,l*l'* ooru
L';.:'ffi ,'.iil";;;""'";;:;;j;_{:'::?:::'"1'f ::,?#r:*:
*L'iJ;.' L".i. 1 ;;,;;;';:;:.u ;ur chas ed ror ca gh at curr ent

the tank lorries'

55. Thig will call for training of 91":gders' 
which can be done at

the exiating Experimental Yard ia El Obeid'

Land Tenule in General

56. absence of a cad'aetral survev.arru 1-tl:1:1':Tlt:n:itThe ab rrilL
i,1*,.u*;T"::i;:::ffi "'.'";;;:J:t-:,T^".,:li::T"",-::l::::fT:iI:: " l'#"JJ;.;'# .;i i" ;" :-::'-:'::"^ff T: :H*J:ffi';
f ; T",* " 

Irl;" ".T1'":'"H"'"T il: ;= ;;; s b ould b e c ornmi s s ion e d

to rnike a studY and rePort'

DEVELOPMENT IN THE GARDUD COUNTRY

General

51. The gardud country iomprise"-l':d Use Zone C (Fig' 6) with;

the excepuion of pockets oi ""'ai'""* 
*ntJ.::: ;f:::li} "}"iltii"ft:};5:trJJ:.::ilH:::;;#;1.-;,i;;l*r-'.qhr::'::j"-3"*'"11

soil area wb'ich i"-;;;;tsent the grazirtg'gror:nd for the serol-

and nornadic cattle herds'
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58. Over-grazing has reduced the gardud soil carrying capacity and
has affected the eoils, giving rise to small but universal patches of bare
hard-pan on which nothing grows. But trials at Kaba have shown that the
damage is not irreversible. 'When rested, 'recovery begins, though slowly.

59. To get the best out of these gardud eoils,. initial rehabilitation
by heavy rnachinery is needed and this points to developrnent policies baeed
upon the creation of big units, whether of ranches or farms, operated
with properly capitaliged irrggsllations and equipment, and r:nder modern
e cientific manag ement.

Model For Pilot Ranch

50. The model consists of a ranch of 9,000 acree, provided with a
perirrieter fenbe, and quartered by internal fences. The land is clearedr.
ploughed and sown with a pasture rnixture. Water supply is provided by
pipe. Necesgary buildings and installations are provided, and access
tracks. The eetimated total coet is L. S. 50,000. Initially, three ranchea
are propoeed: one near EI Obeid, one near Rahad, and one near Nahud,
at a total estirnated cost of L. S. 150,000.

6r. The purpose of the pilots is partly to conduct indispensable fulI-
scale trials on the establishment and use.of pasturee after deep-ploughing,
and also to test the response of the tribesrnen and tJre merchants. The
essential fr:nction of thege ranches is that they ehould provide good pasturer
where animale can be fattened en route for the rnarket. By thie they
can prowide a connecting link between the indigenous customs of the cattle
nomad, and the requirements of the comrnercial markets.

Dairy and Meat Production and Research Institute

6a. An Inetitute ia proposed, to resolve the problerrrs concerniag land
preparation, pasture egtablieh:rrent, and grazing, fodder conservation
and eupplernentaiy feeding, slaughter and rnarketing of rreat and treatrnent
of dairy products..

63. The best site.is near Rahad, where five rnajor soil typea are
withilr easy reach and where water from the. lake is plentiful.

64. Estirnation oi costs involves studies outside the Project tersrg
of reference. A srnall tearn is propoaed to study details.

.ent
ur

I yield.
r from

rt

Marrr

6s.

Barrier Fence

If the Pilot ranches succeedr a coraprehensive plan for progressive
c.onversion of the gardud lands in Zone C to ranches canx be launched. At
t'hat Etage a rnain barrier fence acrose the southern boundary of Zone C
:t suggested, with gateways, under control, and provision for veteriaaryrervices and cormts. The estinBted. coet is L.S. 150,000.
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Pilot Farms for Mechanised Agriculture

t'8

66.
farming
near E1

lease or

6t. Each farm

There are Possibilities of economically

in the gardud .*i"y and it is proposed

Obeid, which could be put on offer when

sale to substantial farmers'

succeesful mechanised
,o oP"r, uP a block of farms'
they are develoPed' for

B,:

Sr

d,

1i

and access tracks'
Government would

would be 1,,000 acres, 1u1..:1-, :-t"::::::L::ffi.:"Tt
;'.1iJ:i'ff;;:;;;"*'illl"i.l:-:::Jlmachinerv'
retainonefarmforexperimentalpurPoses.

68. The estimated capital cost is L'S' 4Z' 000 for the six fatrns'
1

T

€

tRAiaD TURDA (lere) DEVELoPMENT PRoJECT

6e. rhis project is dealt:::T:Ht:I;il:" own because it relates

33'n""r" "1T;";;i=;;;;; ""a n""'s or the gardud'

?0.Theproposalis.toimprovetlrestoragecapacityof.thisnaturalia
and to irnprove ,i* "*i",irrg 

r.e;';";; the Kh;;atu HaUl by which flood

waters ""u 
ai.ru"t;.J;;* ,fr" f<*n-; t,a plla into storage in the Lake'

?l.Undertheproposed'firststage'th'erewoul'dbeagravity-fedco:
running eastwar-Js-;;; the valiv orir': Tl"' ;ilHabl' t" f"' as Tendr

feeding a broad ielt of territori.lrti' q*k-g,later and 'orrre 
irrigation

water for local village sopplies'of fresh vegetables and fruits'

72. The estirnated cost of this first stage is L' S' l' ?50' 000'

T3.Inadditionitisproposedtostudythe-possibilityofa-purrrpinBr
running north-westwards, ,o .oiit.a ** tfre i1 Obeid water supply sys

and also to test the possiuilities oi u.r.rgitg the supply by suppressing

evaporation with I Toto;T;1"""i"11i1m'- 
Trre estirnated cost of these

;;;*t*;tions is L' s' 3s' ooo'
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Subjects for Research

74. Detailed recommendations
ase given in Volume IV, V, VI and
livestock; forests)

Establishrnents for Resear ch

Page

on subjects and programmes for research
VII. (water; field croPs; Pastures and

i9

rrns,

.ates

:ondui
Ldelti,
f,n

?5. The experirnental work proposed for water supplies can be done at the

existing Experirnental Yard. at El Obeid. 5ield hydrometric vrork can be

based. at the same establishrnent.

76. Research on fie1d. crops can continue at the two Experiment Siteg
at Kaba and. Urrrm Heglig, and a further sirnilar site is proposed, near
Satata, to assess the sandy pediplain soils.

77. The proposed. MechaniseC Farrn Pilot Project will provide for
ful1-scale experirnentation. Micro-irrigation can be done at tlre El Obeid
Experirnent Yard where there is piped water supply.

?8. The proposed Dairy and Meat Production and Research lnstitute
will provide the nnain base for research relating to paatures, livestock and
Processing and. rnarketing of anirnal products. ?he three ProPosed pil'ot
ranches are by nature experirnentaL and can in additio.n accorrunodate specUic
small-scale experimental work. The existing pasture obgervation exclosurea
ahould be continu.ed., on a lirnited basis

?9. Forestry research establishrnents are not dealt with here because
thie is the province of the Sorestry Research and Education Project.

80. It is suggested. that the location oI the Dairy and. Meat Production
and Resea:ch Institute shor{d become the nucleus and base for aI[ research
on all aspects of lan6 use relatfurg to the five types of soil which are within
Gasy reach of that site, i. €. goz (sand sheets and dunes) sandy pediplain'
gardud (clayey ped.rplain) dark cracking clay and alluviurn.
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FURTHERAPPL[CATI'oNSoFTHEMETHoDoLoGIESANDTECHNIQUES
Or. THE PROJECT

Applications Inside the Project Area

gl. The specific recornrnendations given in this Report aie only a start

towarde the opening up of all the euitable empty areas and the up-grading

of all aspectq of land and water usage. The rnaps and reports give a fully

documented basis for progreesive d".relopmeat throughout the Project Area'

Applications Otrtside the Project Area

zo

82. .'The results can be applied within the whole belt of territory which is'
Detailed specifications for making

for 1966, Volurne'X.g"ot ro.phicalty and clirnatically sirnilar'

" "t"tt on this work are in the 'Vtlork Plan

SUMMARY OF' RECOMMENDATIO{S

INTRODUCTION

g3. In this surnrnary the specific recom:neadations are collected into

groups which are related. to the processes of irnplementation, i' €' 3

, CaPital Investrnent Projects'
Pilot Investrnent Projects'
Trainiag and Extension'
Research.
Application of the Projectts results to ottr'er areas'

CAPITAL INVESTMENT PROJECTS

New Village Settleraents in the Saady Goz Cor:ntry

g4. Make a start with one group of nine villages in tJre ltemPtytt area

iir-.",,,;; Ruaba and urnrn b"*r,, 100 farnily far*s e1-ch, with fencing'

;;r;; ""rfry 1r", people and 3 cattle-equivalents Per farnily and for house-

hold vegetable ,rriiro-itrigation), pt"p""ation of land and planting of gurn

acacia; and with public buildings at the central village to gerve thern all'
(see chapters 11 and 13, and v-olurnes v, YI and vlt. Reports No'

iox-suo -a. 45, 4? and 54).

Estirnated
(equivalent

cost : L. S. 250,000
to L. S. 3. I Per acre)
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Catchrtrent Tanke for Water Crisie Area

g5. Launch a five-year plan to build, catchrnent tanks at the 335 villagea
in the gurn acacia belt where supplies at present rely on transPort by lorry
at excesgive coet. (For detaile see under Volurne IV, Report No.

DOX-SUD-AS?. Alao eee aurnmary in Chapter 13 below)

Estimated cogt, assurning that Government provides the
materials and superviaion, while the villagere provide
the labpur, for their own village tanks : L. S. 350,000
(ttre preaent expenditure by the villagersl spent in
buying water by the drurn or the tin for cash, ig
L. S. 250,000 per annurn)

Rahad Turda (t at<e) Developrnent Project

S6. Proceed with d.etailed. eurv€lfo, deeigns and specificatione for
the first stage of developm€nt, to provide aad distribute 17 rnillion
iubic raetree of water per annurt for drinking in the villages and for sotae
irrigation. (for cornplete atudy see Volurne VIL[, especially Report No.
DOX-SUD-A 52, Also Burnmary in Chapter 5 and l3)

Estimated cost : L. S. l, ?50,000

87. Proceed with surveys and investigatioa to asseeg the
praeticability of delivering water up the land-slopea frorn Rahad La&e
to join the El Obeid water works and to supply water for development al93g
the belt cornmanded by the pipeline.

Estimated coet : L. S. 20,000

EE. Proceed with experirnental inveitigatioa to establish the
quantities of water which could be saved from evaporatioa from Rahad
Lake, by rneans of rnonornolecular fikn.

2t
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Estimated cost :

PILOT INvESTMENT PRoJECTS

Pilot finishrng Ranches

E9' Establish three ranches ia the
lno o""t Rahad, one betvreen Nahud andprovide fencing, clear and plough, sow

L.S,,15,000

gardud country, oue near El Obeid,
El Obeid, 9,000 acres each;

with paature mixture, piped water
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supply, buiLdings
and discussion in

and access tracks'
Volurne VI, RePort

(See estimateg in ChaPters 12 and

is". Dox-suD -A47)

I3

Estimated cogt, three ranches :
L. s. 150, 000

Pilot Bl'ock d MechaniseC Farrns

g0.Establishsixfarrns,eachofl000acresinthegardudcountry
near El Obbid; soil rehabilitated by heavy machine' fencing round each

farrn,piped*.tetsupply'.OnefarmtoberetainedbyGovernrnentfor
experimer,t.r prrii;;T '(see_estirnates in chapters 12 and'13 and

discussion in volumes v and vr, Reports Nos. Dox-suD-A4? and 54)

L. s. 42,000
Estimated cost :

Barrier Fence for Cattle Control

91. Hold this item until PilI Pilot Ranches have Proved the potentialities
south of the Present

l.u ,_rr, ;;;;;;" and jnvestigations in the regi. r to the south ot tne p
r -'r.: --- r^- +L6 aa do^ra Cattle Tf ibes

P r oj e ct A r ea ha ve enable d' a ruu 
3,o]t X -t::-:i', ;1e3; 

"1 

:ilt; iJ#;"
to bL forrnulated' (See estirnates ii CliS.ters

in Volurne VI, Report No' DOX-SUD-A4?)

L. s. 150,000
Estimated cost :

PROJECTS FOR TRAINING AND EXTENSION

Field Dernonetrators t Training School

gz.EstablishaTrainingSchoolforField-Demonstrators,covering
allaapectsoffarrningbypeasantsunderirnprovedcond'itions.Capacity,
Z5 pupils. Location, at tfr" ."ti"al vilLage of the first grouP of nine new

village settlernents. Residenti.ip"ovi'siln for staff and' pupils' (See

further details in Chapters 11 and 13)

E stirnated cost : L' S' I 20 ' 000

Dairy and Meat Production and Research Institute

93. Provide a ernall expert tearn to study the'proposal in detaiJ'

(SeeChaptersl2and'13and'discussioninVolunlsVl'ReportNo'
DOX-SUD-A47)

Estirnate : 9 expert rnan-rironths in aggregate'
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Interirn Traning School for Catchment, Tank Techniques

94. Until the Field Demonstratorsr Training School is operating, uee
the Experiment Yard at El Obeid as a base for training in the new
catclrment tank techniquee, with particular reference to the overaeers
needed for the Catchment Tank Programrne for the Water Crisis Area.
(See Chapters l1 and I3)

Estimated cost of additional accornrnodation and
facilities, a&y : L. S. 5, 000

z3

Interim Agricultural Extension lVork in Priority Areas

95. Until the Field Demonetratorst Training Schoo1
available staff for pilot-type extension work in the fietrd,
the heavily over-cultivated area near Umm Ruaba. (See

School Garclens

is operating, use
ritarting in

Chapters ll and 13)

96. Introduce a progranrfire for echool gardens, with a simplified,
teaching curriculurn related to the peasant mixed-farm eystern; atart
this with a spear-head in the Urnrn Ruaba area and expand progressively
to other area$ (See Chapters 1t and 13)

fihTl and Radio

97. Make a fulI expert review of the use of filrn and radio, rrith
special reference to the policiea and plane for up-grading peasant
agriculture. (See Chapters I I and l3)

RESEARCH

98. Fo1low the lists of subjects for research as referred to ia
Chapter 13, dealing with water supplies; field crops; pasture and
livestock; forestry; and household horticulture in the peasant villagee
aided by rnicro-irrigation and the soil-moisture trap.

99. The establishrnents needed for the purpose are: the existing'
a.gricultural experirnent sites at Kaba and Urnrn Heglig; the existing
water Experirnent Yard at El Obeid; the existing pasture observation
-exclosures; the proposed new Dairy and Meat Production and Research
rnstitute; the proposed new agricultural experirnent site aear Satata;
Ebe ProPoeed. new PiLot Ranches; and the proposed new pilot rnechanieed
farrn.
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TURTHERAPPLI,CATIoNSoTTHEMETHoDoLoGIESANDTECHNIoUES
or tHe PRoJECT . - --.r i

l00.PurguetheapPlicationgineidet}e.ProjectAreaandintheregron

:,";:$:;,r:ilT:."*r,*:;:':'*l"1HTi$:"'1.'i":"'i::'fi 
:hii'*"*r

I.AND TENURE

l0l.AppointanE:iryert.to-studYthewholequeationorrllatenurewith
special reference ro the 3"1."rr"riii"" ""a 

p"oft:eme of up grading geasant

farming p"*"ti"t'- Period' rtqoi"ua' e&Y 6 monthe'
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CHAPTER

BRIEr. AJC COUNT Or THE

INTRODUCTION

I 02. .surveystt means collecting inforrnation in the field about eoila,vegetation, clirnate, water, cropa, livestockr pr€aGlrt syetern of farrning,
anirnal husbandry, gurn culture etc. ; and casting all thig informa.tion iatoe. {:"_* of rnaps, charts, statistica. ttrnvestigationett rneans cairying
out field trials in experiment sites to investigate the use of fertiliaersvarieties, soil moigture, soil management.and other items; experirnentg
1:^*" experirnent yard on rnethode of controlling seepage aad erraporatioa

to forestry or pastures or livestock or soils which call for answer6.
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l03.ThepresentChaptergivesabriefdescriptiveaccountofthewaythe
surveys and investigatione were divided and organlsed so ?" t: cover the

various fieldp of techni""t "toay 
- 

e"1tt technic-aI subdivision ia related to

the seriea of volumesr numb"rld volume II to volume Xl' as shown in the

Index to Volumes; the preee"t l"pott being Vo1ume I' i' e' the General

Report.

..:i-.
;.,'I05.TheilIndextoVolumesttandtheirTechnicalAnnexeg'whichapPea
Lf i. the present report after the title-o-l-g:,'^.9t"es a co,,rplete list of arl

theee reporte. They were isgued at variou's tt::"^'S:::r::#:;ti:t"tff.

I 04.104. gacn (rr LrrE DE;rrse v' 
-procegsed data. rt wae

annexegintheforrnofreportscontainingeemr -r 1rt^-l- Dl -- rwhich wa

Each of the series of Volumes is supported Oy-o1t,::-*"r"-".-':hnical

il:ffi ]l ff ""t""1't;;;i'*ed in th! General work'Plan which was
!L - - ^-i -nrnras ced dataffi'#'li' j:: ilf':X"f;"?ffi;;rlia 'h* 1n' :-::l:'i-"::::11 li'i;u*'*subrnitted and apProveq ru r svr 
lte, would be issued as and

interirn analysis and discussion when apProPrlt-. 
^!i ^^n^a?.a, would havt

H:l'T:111'r".:, and would be circubt;a "o 
th.t "1.:o":.:.":.1 :1":11i"":when it rnatureq" art(l ,Yu.rrs vs v-'-l]ll_^*,^- 

and analysis,
the new rnaterial at hand' for their information and for revrew

throughout the course of the Project'

r 06. The explanation ia that the work of the 
"t-t'-":1::::::::::lllll;,",,li'";fuliT"*i':;i;;;;;il:Ii,"^'"T::f ia:"riJ""::1:i::ff:;'"1'.';""il'1"":."S::'"r';::;;i;;. i::".1'-"::^""i:ri:".:.'::.":i:;i

:T i":":Tl';';:":::.t#i:,".ii; p r a cti car purpo s e, aad we r e not ca r ri e d
i-rrastiEati(

::rtiil;,JTJ::::";'"".'":";J;."-:^;;;;'.;;spareroranvinvestigati^.' *iaht I'ra as contributioil"*li'JJi::1""".::::""H';;;";;l!,:i:l::*:";"";::';::I'".""f'""::"H;:ffi;i":Hi":;; oi,,,-"-"r" - ;1".r' i: "-:I:.roper pursuit

l:il"il :' lJ'i; ":IiJ 
;:';. ;:';; i.G i9,':'li?:r ::T*.*:,:i"u 

u 
" "

and Rural'\itlater Developm"ti' a."a to the Project Office in El Obeid'

;;;;;n"r-rn.y constitute a substantial bulk of specialised data' source-

rnaterial frorn which the present Gener.r n"port, t"Tql":: in itseU' is the

final dietillation. The semi-f"o"""sed' data^contained' in the series of

Volurnes and. technical anne*!" "". adequate for analvtic:rl treatment on a

far wider and deeper scale ;;;;" actLuy been done under the Project'

in its own place and, tit"t, but was not a goal of this project'
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I0?. At thc same tirne, it was recognized that etudents with a legitimate
interest in research and analysis for the sake of the sciences would find
the data invaluable, and it was therefore decided to rnake it generally
accessible by including it in the reports, which come under cover of the
series of Volurnes.

108. This special note applies rather particularly to the Hydronomic
reports because this work, by its nature, yrelds masaea of statisti-cal
data which are capable of analytical treatment in a great variety of ways
and are capable of yielding analytical contributions to the eeveral hydronomic
sciences which go very far beyond the lirnited reqgirements of the Project.

LAUNCHING THE OPERATIONS

I09. The Project Office was opened in El Obeid at the beginaing of
Apri1,196z.AGenera1WorkP1ananda,WorkP1anforI962hadbeen
prepared and agreed at an inter-departmental meeting in Khartoum in
February, Lg6Z. 

1

tI0. Although ord.ers had been placed. by FAO for transport, instrurnents,
eqrripment and stores in good tirne, i.e. autumn 1961, there were delays
in transit. In the event the Director of Departrnent of Land. Use and
Rural'W'ater Developrnent, Seyid Abdul Rahirn Bayourni, kindly arranged
to lend certain essential iterne such as transport and carrp equipment, so
that the field work could begi.irr prornptly in April. The irnportance of this
date was that the rainy season begins norrnally in June. !f a real start
eould be rnade in April, hydrornetric and other work could be started
which would otherwise be put back by a season, Thanks to the help given
by the Departrnent of Land Use and Rural Water Development the ag"eed
Prograrprne started on tirne.

27
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rit
i;lj'ri.*.*; ;::;::.ff;".", iru. ) would vi.ia working editions or the

'T.haro 1rrare delaVS O

::"ffi:ItJ";""T';i'ff";;il re53 rainv season. rhere were delavs over
-:--'c..,r'6trsr T)ona-rtrt:t.ent to

[:H:il-ffi""'l:l;;;;;;',i""i1-'i.:":-'-:11:'i"J.."],",.3:'"1tT::i.";
*irl::T;Ii ""1i ii;:"#. :"" iil,,.. " 

s s a ry standa r d or querlitv, and w o r kin g
--,--- r oA? Tlra result waS

:fril;#ff1ilL":;"'#;'Ior'].,,*ab1e unr* auturnn Ie63. rhe result was
-!r^a ^-l rha rrasture enClOS

,'#:t f: ;ilX:#T ",'L" l l' "I,"il 
-' 

*P e' r *' * t, 
",':',"" iiu li? i,T H: "' :l:] : " 

" " "

;T:J'":i":::li,,,"H:"'i;;;,'n"u ,o p'o"".d in re63, beforc the rains'
-olirninarv versiong.

'*'irl'""r"1i.';"t;; ;; ;;;;, 
- 

u* 
" "pt 

roi t, e ry p r e lirnin a r v v e r I i on s'

Nevertheleag, two siteg for agronomic trials t"-tlt::::,,::t;""

l'.1'" "r"::J,"'T;:";" 
; ;;'" ;;;;;; ";;"vation 

enclo s ur e s' be caus e it
- ^..l *L^ raatrr?a

;::=";:"".t ;;;;;;" 'g'icoltural 
field t1i".1" .':1 i',::::::ff .:if':'::'[:.""T'"'1*"]'il;;;i;;;:s::]:u:':li;;'i:i,l"J"'1il:::

;ffi'Jff:""11::Tl1i;'f ilTrff;';;ffi ;;;;' eo that it courd be planned
--,rl varratation fathef thanil'|i.";lil' "rl"ru;.:;ilfi; 

"o=.,"y 
or so*g an. vesetation rather than

--1,r rleroa se2-sorls fOf tf ia'
il*:i::::::'H,T:iJ;1o*,i"".-.lo,1u:-":::L*:":'ff :1"",',:L'x""iltilJ:ff"";or,'"1'"ffru;;t by anv ,,leans preclude the possibilitv or

affected the work and hindered
the necessitY of anY radicaL
course of the work follos'ed

t 14. Figs. ? and 8 show the geogr"Ph-t:"1 locations of the sites

established for investigations of 
-var-ious kinds and for certain survey

operatione.

valid conclusions but it did lirnit the scope'

113. The delay ove! the photo-rnosaica

it, but did not cripple it, nor did it impose

t;-pf"""i"g. f"aeea' as tirne went on' the

,t oi. cloeety the d'greed work 'plans'
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118.

BACI(GROUND STUDIES

^-r *aai *'r"rrk were collected' including
It5. Records or P1:t i'::::Iil:ffi:fi:]o,,o*i" recordg. At the outset

I".r""J ;]illT: Jo"."lo"-1"".,1i,1,"11;; were g"tr'u"ua from vnlages, on the

basis of a Questionnaire

BASIC SURVEY AND MAPPING

116. Photo-moeaics based on air survey done by the Sudan Survey were

provided., to s.;l;, of I:40,ooo o" l:50,000. The team provided by Hunting

Technical services rnade the field traverses' did the ptroto-interpretation'

andproducedthefinalrnaPs'readyforreproauctionincolourbySudan
SurveysDepartrnent.Soir'o,,orys""*.""partlydoneintheProject
Laboratory in Er. obeid. .ra prrirv Ly soaar. egll"ort"ral servicee Ltd' in

Khartourn

I1?. These maPs wete to a scale of 1:250' oOO' requiring four

cover the Project Area' Five "*" "f Technical maps were made'

.o*pti"ing the four s.heets' as follows:

TopograPhY
GeologY
Soils and geomorPhologY
Vegetation
Present Land Use

Black and' white versions lere-r.naj'.ll l.''n"i*i:J"r" ;rljt*Tl l'i;"t'l}tt'11
3ii:.T:iJ'il:,""'r'"":"J:'"i1i,:::,$:*:l:T:"":r"rili#::ffi**Y ; :::ffi :, "' l) : 

T: ; ." il ;: f : *ii :# t :1*: t :: : J;if, .' x* i
:Xf: i#;;,$ *.;l1ll; I:[;ff il5;n; - - 

v o1o"' " 
rr c ov e r s the Ba s rc

SurveY and MaPPing'

CLIMATE

It was decided that the meteoro1tqt::1:L":".fffi";::1t':H
lll;",,""'.'u*#,i:?i."i"'L":i1ft'"'ii{{:-"}:im*::i*:H"""-,T:i

30

sheets to
each set

4.
b.

d.
€.

**::"*1":'#;il:5'1x::'.';:ix:;:li:*l::*:t"?1"il::";.'il1:
1"""'.T ;:T:J:'l ;""'"; F i1i :":1itl1 ;:",* ';X ;"1 i:ifi1 :iplaces chosen for study of the benavrour v! tre-- - logical
For the''rest, the records were;;;*t frorn the Sudan Meteoro

Service.

119. Rainfall required a specially fulI treatrnent' A set

issued with I'isottlines fo" """oii 
rainfall' dates of first and

of charts was

,"", rrtlfectiv
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rains of thc season, length of rainy season in days, length (in aaya) of
the interval between the first and second effective rains of the season.
In each case, the charts covered the mean varlue, the five-year rrhighrr

probability, and the five-year rrlowrt probability. Evaporation data were
collected and an rriso-vaptt chart was made.

I 20. Volurne IV includes a compact surnmary of the clirnatic data.

AGRICULTURE

Present Lernd Use

IZ1. Observations on rrPresent Land Userr were regarded as being
an essential preparation for considering improvements and developments,
because it is not possible to satisfactorily suggest how farrners might
do things better unless the methods they are using now are well understood.
The I'Present Land Userr Map shows the areas under cultivation in two
categories, i. e. frlighttt and ttdenserr.

LZZ. In addition, observational and statistical data were collected,
through questionnaires, by mernbers of the tearn travelllng on a geries
of traverses over the Project Area. Inforrnation collected related to
the local systerns of agriculture, crops raised, rotations, cultivation,
weeding, tirning etc. Volurne lll covers Present Land Use.

Field Crop Tria1s

t 23. The resources of the Project were enough to prowide for two
small experirnent sites where field trials cou].d be rnade to get
experimental data on the capabilities of the soils. The site at Kaba
was chosen to represent the hard, red |tgardudtr soil. The Umm
Heglig site was on the sandy "gort'soil, with natural gum acacia. As
will be seen 1ater, these two are reasonably representative of the two
predominant soil zones in the Project.Area.

I 24. Each of the two experirnent sites was chosen on land which had
lain fallow for a long period of )rears. There were several reasons for
choosing well-resteJ iard, instead of choosing exhausted land. The rnain
r.eason is that this is the only way of knowing, with sufficient certainty
toY the age of the trees) what the previous history has been.
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ture and soil managennenf,' $

A s s o o n a s e a c h 1r e a r': -' 
* t' 

: :-',:.: "- :; 1", :H ;1""::T' : :;i"1ttt ;:::""q
:::', ,..,,o;.;::; ;:"'i;:alh'il;l" i' 

'ne 
end or thc Project' ropor* ro

covered three seasons' 1963-1965'

LzT,VolurneVcontainsacomPrehensiveaccountoftheresults,rvith
deua iled r ecornrnendations'

PASTURES AND LIVESTOCK

r ?B rhe rnan-months provided :l".:f:*l'":";J:i;::l$'.1:;J;!Hl*

lZ5. The programrne "' :1:1'" 
covered basic fertility and fertilizerg'

varietiest croP J"t1tt"t'""' nooi*lo" a*""itie3' new croPs' sowing dates'

soil moisture and soil managernent'

l"'0,,"",,u]i:,1T-#"#l"i'":ji"i-'"1""::ji:: 't. 
*"' period or the Project'.

The poticy uaopt"i*as to o". ,irJ.lrr'.t Pht:;; ;f ;t'Project in collecting

under expert *u"]rl.,-Jota *hi";;;;iJ;t l"tfoiro" ttt" subject' and then 
'

havethePastureExpertintheclosingphaseoftheProject'whenhisi
presence would bt.t1::::'"""" i"t"1sing the t"1""" in the context of 3

,!

I""u"*r land use Planning'

Lzg.Sornefieldtrialsofintroducedfodderspecieswereinc}udedin
the 1964 Field ,rirf". The Pasto"u E*p.tt tt"llJ ""*t 

further introduct

r he norna di c tr ib e s hav e''""].,":: ::11 :i:::ff '"i# Ji?'ffi8
lii;"n.Ili;:riii":"'triliirff :ilT:;i#ii;**':::";":iJi'""'iLiu';"'::'i:::i'ili;"*L,-:"1^"::i*mixl;::;Hand'iheirusafii;: ;'"##1*i:::";;; 

";;;;;;*i'" 
or their husbandrv

in 1965.

of both the surveys

l 31. volurne YI i s a cornPr ehens ive :::::::i ."'*li,'u"tailed
investigations relating
r ecornmendations '

i. 
"""a""es 

and' Livestock'

TORESTRY

and

r he s c op e t o b e c o v e-r ed 
. "'- :l: f."."j':: t:":iff:i:" ::ti':Ti:

li'.;"",31,"3in":,T"T:i"i{i;,}:+:f,,3imjr:::::6;kiL3Z. rne -\-vvv t it placed the.rnarn €rrty*o--- -rLtted ail,

:i ;[ ilr ::3J'"1:Ti i:i*:i:'-'J3:::,;;:l';"il: "&u.'* 
1?.ffi .'"ffi:"::1hi"':? i3;:"HliJJ'J::::'$; ;;; o'iher'""'?i
ql

;:=iil ;;" ;;"ered rnore lightrY'
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133. Ae with Pasturee, the man-monthe provided were not enough to
enable an Expert Foreeter to be continuously attached, and the sarne

solution was adopted - i. e. to bring the Expert into the field during
the closing phases of the Project.

134. Questionnaires were used. to collect data on the many asPects
of gurn culture and forestry. The studies included a revlew of past work,
and the history of the gum trade.

135. A revised map showing the distribution of the gurn acacia was

made, with thr.ee categories of density.

136. Volume VII covers all the eurveys and investigatione relating to
gurn acacia and other foreatry, with detaiLed recomrnendations.

WATER

til. The water-supply eurveys were designed to reveal a picture of
supplies as they are at the time, and the investigations were to find
out how far the problerns of ahortage could be solved.

I38. Specific hydrometric work waa carried out, relating to the actual
surface waters and groundwaters, with periodic observations of water
level and other data.

139. In addition, six particular localities were put under cloeer
hydrornetric observation. Theee v/ere: The natural lakes (turda) at
Rahad and Abu Zabad, the hafirs at Jebel Abu Sinun and Mazroub, and
the two well-fields at Bara and Bangadeed. The objectives were to
investigatedeve1oprnentpotentia1itiea,todiagno8eprob1erns,andtoget
basic hydronorrric data.

llCatchment Tankst,

140. Experirnents were conducted, ia a special experirnental yard. in
El Obeid, to find rnethodg of controlling losees by seepage and evaporation
frorn hafirs, and to develop techniques for congtructing storage tanks of
a size suitable for ind.ividual villages and, for individual farnilies, which
lli b" filled up during the rainy season by catching the run-off frorn an
aQacent artificial catchment apron. This led to the construction of a
teries of fulI-scale proto-type village and farnily-size rrcatchrnent tanksfl
ln.th" experirnent yard. in El Obeid in t96+, followed in 1955 by others,
built in two villages neerr to El Obeid.

33
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Micro-irrigation

l4l.Tlrepossibilityaroseofusingsrnallrainwatertankstoprovide
supplemerltaryi'"igotionforthehouselrolclvegetableplotwlrichmany
(o; rnost) villager".h.r.u next to thcir houses. From ihis there ernerged

the further possibility in certain circurnstances of providing similar

small_scale ir;;;i"; for fruit trees throughout the dry season'

Investigations orirrri. rrrnicro-irrigationtr were carried as far as the

period of tfr" Project allowed'

|4:9.VolurnelVcoversallthesurveys,investigationandassesgrnentg
relating to water for drinkirrg J for irrigation' rvith recornmendations'

Rahad Turda (t at<e) DeveloPrnent Project

t43.Particularattentionwasgi':l.toth.eRaha<lTurda(t'at<'e)because
of its size and the irnportant p*".r-,i"rities of d'eveloping it to improve

water supplies. 
- 

The feasibility "r\ray 
has been given a section of its own'

in Volume VII[.

SOIL EROSION

L44.AlrnosteverytechnicalaspectoftheProjectyiel.{ssomekindof.*
information relating to soil erosion' The phenott'Lt't o{ soil erosion need ;l

to be looked for in t]. e georn"rn;;r;;y, the soils, the vegetation' the 6

hydrology and the clirnatology. 
-tori"uqoently ut"r, o""1f the-professional 4

disciplines has something to contribute; the agronomist, the forester, "i

the pasture expert' the ecologist' the soil survtyo" and scientist' the $

geologist, the hyd.rologist, the rneteorologist' ttre engineer and' the geographe
r$

I45.Allthesevaryingchannelsofobservationandinterpretation.';
converge in the ura, so flr as Governrnent is concert"d:^1" l rkev 

euestion: 
l

nFlow rnuch effort ought we to spend in rnan-power and rnoney in coprng 
:

with soil erosion, bearing irt tttit a (as Governrnents rnust) that whatever !

we spend on soil erosion Lust i" U*ag"tted for by deducting it frorn '1

sornething else?r The obse"r*iorr" Jnd studi"t oo soil erosion were all rr
,:i

geared to this question' i



ANALYTICAL MAFS

t46. In order to study the
every technical aspect of the
correlations between them, a

to a scale of l:1,000,000.

Page 35

mapped elements and the correlation of
Project Area, and to examine cross-
version of the technical maps was rnade

L47.
maps.

Vo1ume IX contains a substantial selection of these analytical

UTORK PLAN FOR 1966

148. The last operational action under the U. N. D. P. Survey ag such
was to draw up a Work Plan for I966, the first year of the follow-up
after the Expert team had left. This was based uporr the conclusions
and recornmendations resulting from the Survey. It is in Volume X.

ADMINISTRATIVE REPORT

149. Each of the Quarterly Progress Reports subrnitted by Doxiadis
Associates to FAO included essential adrninistrative and organisational
data with statistics.

150. volume xI is a general administrative report, with records
covering the whole of the period of the Project.

r1
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Ti{E GEOGR^LILI OF THE LAND

^ 
NN WATER

4
RESOURCES

INTRODUCTORY SKETCH
+h6 ?aFrotlrces which are significant

This short account is focus.":3 "r,"^:.::."-""":;: projcct. The sequcnce

l 
jl'","uiT:;ff :':;':s'":.#:Ti?",':: j:tp.Xl,"*il"l;.*.;'."Tcnce

4

purPoses - -Larrrn

L5z. Topographically the Projet:."t:i]:::' tt the Nite bagin' ae shown 
!

inFig.g.,.,"l*a*opu.p1ainwithoccasiona1inselbergsstandingup
from it. ln the ,ror.frur' ha11 oi it " area 1t'" ea"iy soil is '::-l"t*eable 

that 
{

there is virtually no :lrrr-:"ff ,-ai.**n-* rainra-rr suPPorts-agriculturc' 'n 
the 

i

southern part, ""rrr-orr 
colLectg irri ,"".,"ient surf'"u a""i"age eystems' Bur 

j

none of the water gets as t"" ., it u Nilu utto"t-"o"king in' although the average

total of rainfa*orittre Projectl;;" alone t" t;;;;;d like- 3'0' 0oo' 000' 000 
, 1

cubic rnetres per annurn, .uooi " iiita of the ;;;;;f;;w of the Nile' For the 
i

rnost partr ,an. slopes are-ve";;;;.1;, of.ttl almogt imperceptible as far as 
id

the eye can reach. T1. Nile drainage syete*;;-;lt*n in fig' I0' with the 
d
{
3

:1{::*":::Ir:T::::ri"il:ii?:iri*i::i1}'i:::::1"-x-38'.I':'"'*f f ;r"i# J.:.,: :111""*ffi I #"ff:;;'i r"' g 
"" 

e r a 1 g e o g r aph e r'| e

fta.nl of the Project Area'

I53.P]"ate3isapictureofasweepofthecountrY,:1#
the thorny tree-whichyielas gurn "t"bit' 

The Arabic name rs

conversation in English it is ofier cau"a rtgurn acaciatt; & conv€nieatly

des criPtive ierm'

Kordofan is the worldts gl.in p:o1::iflr:"::"t;:.uHf*'j; picked

li"n"^.o.::f ""?:.[*T1J'i ;:H"T#;'ji;";l:,::,"--i"].":#::l;
m"'::r:ff :::?"::;'1"':!"::i"#T$ilr::m.;;"?:l-;i!,'i[rorrr L,.E 5s"' --. 

or cash to the farrners ":o 
o1,loEvrBu ""a"h, a9 weI]'

#*j?:;; j;X""i:T:":1*:.:"ffi:T"?1:[""f#i*,::*r,hsmall-
;:T[] i: : ffi ?::, fJ:Hti: f; ]::tr,i; 

;=" ;;; f i' " " " 
) *i'lrr s ma1l .

::J"-;;;;;o" ro" local consurnPtion'
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I 55. Most of the country folk are peasant farmers' living in fixed

villages, but there is an annual influx of nornadic cattle owning tribes
who rnove up from the south when the fresh grasses spring up, wat'ered

by the rains in May aud June. 14rhen the rains tail off in Septembbr aad

the land begine to bake dry, the nornads move south 4gain down towards

the Bahr al Ghazal, tributary of the Nile. Plate 4 shows a tylpical village

with it6 skilfully-rnade round. thatched huts. In Plate 5 some of the

nornadic cattle are shown grazing'

In rnost parts of the belt which the Project Area characterises,156.
the rainwater soaks in quickly and the soil does not churn into sticky mud'

There are corrrPararitely few flies and Pests' Roads and lracks are

passable, even in the rainy season. It is good and healthy country for
cattle in the short season when the grass is green; and for the peasant

farrners ttre sandy soil is easy to till. They clear the bush with axes '

strip the weeds with a hoee and plant the seed in holes rnade vrith a

pointed. etick. Ploughri are not used except in some of the very small
patches of irrigation. Plate 6 shows a standing croP with the peasant

farrner.

|57Anirna1Powerisusedon1yfortransportandthemainjobisto
carry water in skins frorn the water-points to the villages' There are l

no perennial strearns and no eprings' During the dry rnonths from
October till the next rains start in-May or June all the drinking water i6

drawn frOrn dug wells, boreholes or frOrn various forrns of surface
storage. Most of the water carryiag is done by donkeys. A scene 't a

well-yard, with donkeys carrying "kirr" of water, is shown in Plate 7' 
:,,
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CLIMATE

I 58. A descriptive account of the climate is given in the accomPanying
diagrams and tables.

43

Rainfall: Annual Charts

159. The mean annual isohyets are shown in
adapted f rom the full series in DOX SUD -^A34.

low probabilities are shown, and the rrrean.

Figs. Il to 13 which are
The five-year high and

r 60. Fig. 14 shows the mean length of the rainy season in days
varying frorn 70 days in the north west corner of the project area, to
120 days in the south east and south. The nurnber of days is reckoned
between the first storm of 10 rnrn. or over in a day, to the last sirnilar
storm of the season.

l6t. The initial rtiso-droughtrr shown in Fig. 15 is particularly
interesting. After the first l0 mrn/day rain-storrn has fallen the soil
is usually moist enough for sowing. There may be a substantial time-lag,
in days, before the next useful rainfall, which is called the rrinitialtr
drought. Fig. l5 shows the rtinitial iso-droughtrr lines. The specially
interesting point is that the average ninitial droughttr period is not rnuch
greater in the north than in the south of the Project Area. This rneans
that although the annual average total of rainfall is twice as rnuch in the
eouth of the Project Area as it is in the north, a crop sown after the
first I0 rnm. siorrrl has to wait about the sarne average period of days
before the next l0 rnrn/day rainfall arrives.

r 62.
Fig. t 6
t tation s.
lelate to

The estirnated rnean annual open water evaporation ia shown on
based on evaporation pan data at the rnain rneteorological

These are provisional estirnates because the available data
very few places.

E rl5
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Rainfatl: Seasonal Variation

163. Seaeonal variations for the mean year are

number of stations in and arorrrrd the Project Area'

are JulY and August'

Rainfall: Minima

164. rabLe 1 shows the loweat annual ""|{it,l:';:""""'Ji"t':L:t-ffiT
of station" i" t"a t""*ta the Project Area' ano aro., u$e Yv-- 

r'

shown in Fig' l7 for a

The rainiest months

record.

Tiind Directione

165. The seasonal variations of wind directions

The essential f"1'"1"-rs that durins the dry seagon

oredominant wind corneg f rom the lorth' while tbe

i"o* the south'

rffind, Forces

are shown in
from October
rain-bearing

Fig. I E.

to June tlre
winds corae

wind forces are showi i' :"Tf^:":T*-;::":";:'"::'T"ilTT:::,",.Y:ti:';T-ii:;liii::'i#$#i.,*:*:'xl1"i*i.*"
:ii;"'"'.];:,::';"ff J'-'ii"i.{Hi":T::il1'i:ilJ**ru:':{:i}l
ili::rm":l#n;"'.'"",'::'Tli"ii"":1'#:::l;::Tffi "T#'::l
:*i;:r.H::",i1#rH:.yit,.:1"#;T:T.:;;.'"'J;"J1"ff ;#ri"x:ulx ;i::: ;';i:: i::i:"'ltl:"**::'ibern 

PaI'ie rhese

l::;', :: *: "til$: ;"ffi:'" 
" "' " 

ta' rin g win d - e r o s i on'

Climatic Norrnals at EI Obeid

16?. Terrrperatur€er relative h'umid'ity and rainfall

for El Obeid' These give a g""tt"l irnpression of the

variation during the Year'

are shown in Fig'
rnonth-bY-rnonth
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TABLE

RAINFALL MINIMA
Lowest, and second lowest, on record

Period Lowest Second
Lowest_

Place A. D. No. of
Years

rru:1. Year rnrn. Year

Abbassiyah

Abu Habl

Abu Zabad

Bara

DilI.ing

El Obeid

Nahud

RaJrad

Rashad

Sherkeila

I 938-62

1946-62

1946-62

1931 -62

Lg3t -62

r93L -62

l93r-62

L93L -62

L93L -62

1946-62

z4

16

t6

31

31

31

3t

31

3l

15

488

210

271

168

396

256

z5L

300

594

293

r 960

I 960

1949 '

rg55

I 960

tg49

L94l

1947.

1 960

t954

492 196r

35r 1953

?96 t96l

206 t95l

479 1955

274 I94r

305 1948

3r0 1931

6rr r940

307 1941

COMBINATION: 258 r68 ?,o6

E(1
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TAB LE

WIND sPE ED-q NM.P.H. AT EL OBEID

Maximum Gust
Ann.

9. I
9.5

10. I
7. I
7.0
8.u

10. 4
7.9
5.)
6.5
?.8
8.7

7,3

z5
z9
z6
z4
30
?1
28
?,5

z3
z5
ZL

3Z
35
47
40
61
69
14
6t
58
51
3Z
33

SOIL

The

I 68.
zone
rnidc

Goz

I 69.
depo
sand
mar.

I 70.
quic
ors
is sr
lrlan
stan
gar(
plai:
bvh
fert

l7 t.
the
dist
ahitr

t7?,
tron

Pre
rirn
hllUr

hav
tno

JanuarY
FebruarY
M:lrch
April
May
June
JulY
August
SePtember
October
No'iembef
December

TAB LE

AVERAGq ANNIIAI. MEAN WIND SPEED M. P. H.

Oklahoma CitY USA

Plyrnoutb UK

!{elwan EgYPt

Aberdeen UK

Khartum Sudan

El Obeid Sudan

Baltirnore USA

Kew UK
Phoenix USA

El Fasher Sudan
'Wau Sudan

Juba Sudan

tI.4
1I. e
r0. ?

9.7
9.6
s.Z
l. t

7.6
5.8
5.0
3.8
z.l



Page

SOILS AND LANDTORMS

The Desert, The Goz and The Clay Plains

15S. Fig. 20 is a sketch-rnap of the Sudan, and on it there are three
zones: The desert in the north, a region called the rrGozrr belt in the

middle, and the clay plains to the south and east of the Goz.

Goz and Gardud, Soils

5l

169. The goz lands have reddish sandy soil. Much, or most of
deposited by the wind in past geological ages. Over big stretches,
sandy profite rnay go very deep, ten or twenty metres down without
rna rked stratifi cation.

it was
the
any

I

,

)

3

t

I 70. These goz soils are extrernely pervious. The rain soaks in
quickly. There is virtually no run-o.[f, so there are no surface drainages
or strearns. Goz country, by tlte understanding of the word, is land which
is sandy enough to be cultivated easily by hand. The word has a specific
r'land-usetr significance. In its quality of ease of cultivation, goz soil
stands in contrast to a second generalised type, which ie locally called
gard"ud. This soil is red and hard. Unlike the black soils of the clay
plains (fig. 20) it does not crack when it dries. It is too hard to cultivate
by hand,-power. On the other hand, the gardud soile are inherently rIrore
fertile than the goz.

l7l. Fig. 2I shows generalised, inclusive envelopes of the whole of
the goz (within the Project Area) and the whole of the gardud, with
distinctive hatching but with no other features, so that the mutual relation-
ship can be seen without con{usion

172. This very sirnple classification of the soils in two dominant
zones t goz and gardud, has a very practicaL significance in relation to
Present and future land use. The geographical pattern shown in the
simplified rnap of Fig. ZL constitutes the rnain frarne of reference for
much of the discussion which follows and it is, therefore, useful to
have it firrnly fixed in rnind before looking at the soil classifications in
more detail.
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Details of Soils and Geomorphology

L73, A fuli d'escription' rvi-th cletails of the sampling analyses' is

given in volurnJ; (R;Po:t on ;lnnr"r) illustrated Lv the 1:250' 000

set of maps, showins soils '"d';;;;Jl*"^1"?I 
Fie' 22 io the presenc

Report is a version.of 'at::i:'l 
o "cale 

of 1:I'000'000' The gcology'

to the same scale' is shorvn in Fig' 23'

t?4.Thereisaclosecorrelationbetween-thevariouslandformsand
the soils. The topograpr'y i".o=gl*iiy ""at'rotins 

erosion surface' cut rn

pasr geoiogic:"rt;;;"..o"s the";;;;"t Comilex and the Nubian scries

tf ,ocks. Soils developea o" ''tti*;;;i"tt' 
ft''t"ote recent geological

tirnes, the .*otlnl"' r'"ir or tr'* "'ot'o" 
surface has been covered by

deposits of *irrJ.ulown sand, Jr,a-"or-,as and ti"V" were deposited in the

river valleys Ou tn"'action o{ running water'

r?5. soirs rorrned in situ rrom the rocks:::":".:TJH;lf ."r:";
(t, Sandy Ped.i-p)-ain")are generally stronslv ac: 

Basernent

sandy loams. The soil.s io.'Ji'ttli'o i":T the rocks of the

Cornplex ,"u *ror" .raried i., .frotlfil""a tftui" toPograPhic position is

irnportant (,,Ciavey pedi-prr;;:l..lffy ""*"i 
gt"itial' On freelv draine

rid.ge crests "'J 
to"t"* "top"" ' 

'"i""*si' acitl rJadish brown sandy loams

have develoPed' which show ;r marked increase in clay content down the

profile. The subsoil is perrneable to y1a"r- .'6,, "o""ave 
slopes' the soilt

are also redd'ish brown sandy loams rvith "' 
i""tease in clay content down

the profile. They have-.., .uoiine reactio" "'u-*e 
subsoil is much less

perrneabl. rh;;;;e soils on the ridge cresi' p"tlti"""' on the lower foot-

slopes, dark grey brown alkaline "oit" 
have Jttu'"p"d' which are only ve

:l

i-'i
, r1ll

4,
,il

i?
i'
rii;
t.:
Ilu
't ti.l.r.
t','
i'i
I'

lii'
li,

l,l1'n,,. JTJ ;l:"',"#:iiil? H":;;;i;;"a "r'"'t" 
and dunes" 10

calred. "goz"). rn general' :"'";:: :::::li;"{t:talkarine 
reddish

slowlY Perrneable to water'

rtA The soils formed frorn ths rvind-t]?H-::".Ut:'.;"*JTff:":t

;i:T: ;i:il';";;;;;;L,,a"' verv permeabre to water'

111 In certain low-1ving areas on the """1::::,';."J*tlff;:";
lI" n"r,T*ll=J:I*"t:"1$":tTff" ;";Tt'l" u"n"'its are'round' rhes

lacustrin" aupo"lt" iru also found in the fot** Lainage 
"l-"." 

on the o'

erosion surface over Nubian "";;;;;", 
oot not on the erosion surfac

iral"to"s the Basernent ComPlex'
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Thc Project Arcq is shown, 'rn
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Arca . Thc Project Arcq is a

rcctongle cul out ol the sondy
rovonnoh bcll known qs thc Goz

THE GOZ AND THE GARDUD Fig. 21
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I?s.Thesoils,ingeneral,ared'eficientinnitrogenandphosphorus.
rhe potassium ""io" 

is generafi ;;;t' ?:93:1:lifl*:::t-"6';"'l:*
in rnost soils. cri"ir* and mapnesium values ---1y pediplain

area o{ sandy ";;;; 
very "t:'t" ""*e 

of the vety acid sanc

s oils.

}?g.Manyofthemoreclaeyesoilshavehighquantitiesofexchangeable
and soluble sodium' 

.nd sand dunes have very low

ll1;",nlli,l:'l:i"J[:"i"'1JnT"i":l'"'11,*"';*'l:*"abilitv
is high. "n" 

..iu*"Jrrrv soils .- ,tr. old .rosio" "'rrft"t ?1-:tt*""nably

oerrneabr" ""i'i 
a"p't t'u tt"t*-t *9t1"';^;;;;ttv of water in the

ro.sporrd, andlubsoil, *t'i"t''"i:t,tJ;" '''"*lJ" 
{or Plant growtb'

lubsoil, whrcn srlulrrs -- - spond, and

H:"*,Jli:;1,::riltr'-:-1il1',t:::r:;:*i:-r#"J;',""';;geof
the Projett a"t' *hich is occupied by each: 

l

TABLE

lnselberg and Pediment
SandY PediPlain
CIaYeY PediPlain
CLaY Plain
etturiat flood Plain
;;;; rr"ut & low dune cornPlex

Longitud'inal dunes

Transverse dtrnes

Dr:ne cornPlex
Fluvio -lacustrine dePosits

d.escriPtions' frorn the

;;;G, characteristic

ffigqli"?dge
Nuba
Abu Zabad
iKazge\L
Magolin
Semeitr
Taloshi
El TaiYara
Urnrn Busha
Mahbub
Urnrn Hassas

If Tolal Are

5.44
19.36
10.93
10.52

3.04
25.79
7.41
9. s6
6.23
r.36

two

hic Unit

1u2. Tables 5 and 5 give'soi1 profile

croP Experirnutt- "itt" 'f 
K'Ut and Urnm

;;;il";nd the so,- resPectivelY'

of tb
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TABLE

Tr{E SOIL PROTILE Or KABA EXPERIMENT SIIE
(cenouo rYPE)

Des cri

able

,tea

0- 20 cm

?0 - 55cm

55 - 105 crn

105 crn

Ycllowish red dry to reddish brown moist sand weak fine
subangular blocky,' hard dry: friable moist: non-sticky
and not plastic wet, few roots: fairly clear smooth
boundary.
YelLowish red dry to reddish brown moist. Sand,y [oam.
Undefined columnar structure: hard dry friable moist:
slightly sticky :rnd slightly plastic wet, small size of
CaCOa concretions scattered through the horizon. Very
few ro'ots.
Strong brown dry to dark brown rnoist sand.y clay loam:
structureless massive: ve ry hard dry and slightly
friable moist. Sticky and plastic wet. CaCO3
concretions are medium sized and greater in nur,nber than
above. Transitionarl.
Yellowish brown dry to dark yellowish brown rnoist.
Sandy clay loarn. Granular, hard dry, slightly firrn
rnoisi.: sticky and plastic wet. Many big sizes of
CaCO3 concretions.

l
t
3

z
4
9
:l
r6
,.3

,6

TABLE

T}IE SOIL PRO.FILE IN UMM HIGLiG EXPERIMENT SITE
(coz rYPE)

Fie
tre

0- 20 crn

z0 50 cm

Reddish yellow dry to brown rnoist. Sand: structure-
less neassive, hard dry friable rnoist non-sticky, non-
plastic wet: few to many roots: a clear srnooth
boundary.
Yellowish red dry to reddish brown rnoist. Sand:
structureless rnassive; hard dry, friable rnoist; non-
sticky and non-plastic wet; very few roots and a
gradual srnooth boundary
Yellowish red dry to reddish brown moist. Sand:
structureless rnassive: hard dry, friable rnoist, norx,-
sticky, non-plastic wet.

s0 130 crn
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VEGETATION

183' The vegetation (fig. ?a) is classified on a combination of thephysiognomic, climatic and edaphic features. To restrict the formationto the isohyet bbundaries is not a satisfactory solution, because thesoil type in this region has nearly as irnportant an influence as therainfall.

I 84. 1'he areas of the sub-forrnations and. the percentage of thetotal area are: ,n

Forrnation Sub-formation % of Total Area

Semi-desert Grassland

Thorn Savannah

Thorn Scrub

Savannah '\4Ioodland

I Semi-desert Grassland

II Acaci;r senega! Savannah on
sand

UI Acacia seval - Balgnitgs
Savannah on Clay

Acacia MellifeE Thornland
on hard soils
Riparian Vegetation

Cornbreturn - ALbizzia -
Terrninalia Savannah l,troodland
Jebel and Rock Outcrop and
Pedirnents

IV

IVR

v

VI

4. 10

45.96

6.72

12.36
5. l0

zz. zg

3. 48

lot.. Volume lt (Report on Mapping) contains full d.etails, accornpaniedby the coloured maps to a scare of L:250,000. 
J ^qrt ur;L.rrDt 4t 

.

I s6. rn this general discussion, atfention is drawn specially to two t**,ris:,"the .^- _, -- '---s 6errErqr urDU(rU$rurr, aff,errEton lS cl.f awn, ppeclally tO tWr
t"t-ffia t?.*tl or gurr acacia which prod.uces gum arabic, and the[:m"rffi ''l'i;ft ",l";:J;ffi ,!;,T:n jJff,'T;i;"Tif t,'*,,,hear.n*y,";#:""?1"*:';J,rr::":llfi?'J"t";'"";:i;:';"li*JJt j,I:r".,.
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Gurn Acacia and Tebeldi

1S?. Plates ts to 11 show pictures of the gurn acactt' 'n-ltebeldi' 
and

other features of the veg"tatlo'] r1g' 25 shou's the gum acacia and the

tebeldis in relation to the goz and *r?o"u soils ' the fluvio-lacustrlne

depressions, and the surface drainages'

IsS.Thegumacaciafavoursthogozsoilsexceptforthebigislands
of sandy p.aiprri *rrr"n o.ru"tie" thel'{ubian sattdsttne' where it is

conspicuously ;;.;; except i." ir.l setpentine depressions, with

if".ri" - ftcustrine dePosits'

189.Thetebeld'itreeisParticularlyimportantinitsassociation
with these fluvio-Iacustrine a";;;;{;"" *rti"r' tr"o lie over the Nubian

sandstone' By using tebeldi t""u" for water "t'ppfy' 
villages could be

settled in places where tf""t'**"-"u no other a.'"il"blt water sources'

Other Vegetation

190. The legend on the righ^t-hand side of Fis' 24 shows the range

ofvegetation,withtheareascoloured'The''t."tit"t"tgtl(Arabic
,' Ha shab !' ) ra vo ur s th e s and ""' ll,':Ii ::*flffi:n- il:u::tui* "''
:*"lT;1.til::: *"t"ffil11"ipr'*' rt does not ravour the sandv

pediplain or thet;";;;;;nt"* (gardud) 
. -; . j-

19I. The sandy pediplain caf,ries' predorninantly' ttre Albizzra

Amar a - D arb e r g ia (1 "u 
i "':*: : 

li,": 
i *: *:S:':",T3 "":il::i#:'n "

Amara-Dalbergia (Arabrc':.:l:"' t "---- : parts Gommiphora
Acacia Meltiferal iaraUic 

ttKitrn)' and in sorne

i;;;;i. rrGafal") go together'

iri

II
raItt
I

t
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J.Dat qnd Rock outcrop

Jalat tudlments

FOiMAilOit ?yr.
trootcol D.x.t

HIT ,1,fiJ:l.,i.i,","T"yoo g H

0oxiaors assocrrrEg - coitu!t^rrt or otv:t'orxsrr 
^rro-i11gi;3



VEGETATION MAPt-
l''-'; 

*'

*'9--.J9.-J9..J 6.



AC

TE

ACIA

BELTI

SENEGAL AND

T REE DI STRI BUTI ON

Leg end

ACAC IA SENE6AL

DENSE ACACIA SENE6AL

MAJOR TEBELTI TREE AREAS

Frg.25

ffi
luutrrn
b'o'r'.'.lL-a-a-arr

D.SUD.AI321
CONSULTANTS ON DEVELOPMENT ANO EKIgTICS

!ottlor 
s A SSOC IATE S



5EPage

THE SURFACE DRAINAGE PATTERN

Lgz.ThegardudcountryiacutuPbysu:facedrainages'asshownrn
Fig. 26 illust*i'I-'f'nu *ti" b";;" ;t s"'a11 scale' To the east there

is the Khor Abu Habl syBtem ;;;h comes from the south and west'

swings eastwards near nah.a, ,'r"]* t"t f 50 kii;;;res to Tend'elti' and

peters out. to t" west is the w"ai Ghala drainage system' which at

first runs from east to west' t';;" south and pete-rs out' The tributary

surfacedrainagesinthegardudcountry""',ywaterintermittently,
only duri"g "a.i'" 

heavy enough to generate run-off'

I93. The main Abu Habl channel runs like a river' but with big

fluctuations, for about three rnontrre in the '1i,,y 
8ea9on, being fed from

the Nuba r,,t".."ri."irr-"o*pt"*;;;-;;u'up" 
the southern part of the

ProjectAreaandhas'.o*p"'"ii,.ryhighrainfa11.

194. At its rnain meeting point near 1t11U' 
the Khor Abu Habl has

an annlurl average flow of go irilion cubic t""i"""' whicb ie.-equivalent

to about 5 **' itf'u o"" t'" o""i"' This is- less than I' 0% of the

rainfall. The watlrway i" "uooi 
ro m' bedwidth and 4 rn' deep'

lg5.onlytheupperpartoftheltladiG|ralabasinisincludedintbe
. Project Area';;'"*"u""ii"" oo" Habl-'- Once the tributary ;

drainages have joined tu. l:rrl"irrl*i"-"t the 'wadi the water drifts down

the wide dt";;;;-tiuuo" "f 
;; riooa-prai"' iot"te it may lie for u"'"'

or weeke, soaking ia arrd evaporating' ':

i:
I

,+
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Goz and Gardu<l Patchwork in the Drainage Basins

196. When the drainage pat'tern in Flg' 26 is comPar:O ytln the soil

oatt e rn in F i g. ;;,*;;;io'"" "iln'; 
;;i " :1' : :;'.;i:; 3:ii!t:i i* ::r'^

'-10""",""u t; ;;; 
-zza 

aslS- [.":':.T:t ";U f:*:a*:;:.ft1'f:'I"ti"o in the mic'd'le a'rd rocK

o{ annual 'o"'"'-i"e 
drainage pattern of Fig' t

i;:- 
t'" 

ch a r a c t e r i s t i c a r I v i',: fS" "ff 
:.T; ;;Xl':; # ;: ;: "'"f';" ;:'"

result is a bran.nt"g sy8tell t|'*rr. 
Arrother *t"""" at Fig' 22 helps to

or san<ly goz wrtl:' gardud o"t*^".t:;t"i:;;";;-*fr -nu" Zabad'

get the Picture ;i;" - sce' especially' round

1gs. A very short expian.rtion of wha-t the Proje:t t" 1b:ut 
might'rvell

H;#1."f,";,i,;:ii:ld1f lJt:"li:ru;:J-::;fi 
'1"',"."':;'llf "

[";'.;; ao ]uout it" '

Excl'usion of th.: S' E' Corner from the Detailed Studies

ree. As Fig. ,: "n:*:'-::;;ff;"J3:iz"-1"liiii{ }}i::: fac,t'

boundari*" o.,i] takes in a part::$"":;'Jr*;;; that the survevs and

intended "" .""'.;;; 
tt *i"*:."*n:o"ilt":ril"""ta. anewers to the

lnveetigatio". Ji t[., :"^"1,::,:rd be appricabre'it*;; ii' ::liir$?Ji-
Project Ar-ea i'-self ' but rvou;;=";il Project is necess"t'*;""^i;;o tn'

i:il:ii:I.*lr;rl;1:'T"':."i:i}: 
il'.;? ;; ;" ex'!ens'- -

whole of the goz belt' t" "t'o*-" 
irr rig' zo'

10"1, 
" 
.. i: li'::".;,".:-, Iili;ll iiliJ}[:::iilH:' :iir'r*,

Nuba vroo"'ii'i1"1^et'" ^lJJ."Jil:1":iff'"i'" o" ol t""-',.u 
not be includer

irri" t" a rnore or lesB &cclde*t'*r;;;r".r, the goz' tt Y-o-"::r"r.uints corr

:: l":T :#Jli:t Ji"T:?'x'1"';;'s il i ;t ;r:i o g' 
"pi'I,^ :; 

'' 
; v e s e'is o

the Basic survey and mappt"L ;.:\ "1:',:"::Jr""1il:"1:-r:;.n."" were 
-

t e chni c al ,"}n; r : I :-'il: : 
"; J:'I;.1:;:';:';;?;; " in thi s s outh - e a s t

,r-o "gti"t'1"ula1 
field tr''ars

triangle'
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GARDUD DRAINAGE ( Khor)
ALLUVIUM
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D-SU D.A 1 323
CONsULTANTS OTT OEY ELOPMENT AND. EKISTICS

lorrror 
s A SSOC IATE 5



7ZPage

201. The two broad envelopes in Fig' ZL' i' e' the goz and gardud'

represenr thc *ii.-", the land-area uncler "o"'"i'' 'in-ce 
theY cover the

whole of the "."ii^gl* 
except the south to"t"t""J"";"sr" which is omitted 

I

l

from the studios foi reasons given above' 
i

The Sandy Pediplain and the Fluvio-Lacustrine DePresgions 
l

zoz.l:]Ashasa1readYbeenstated,thepatternofgozandgardud,shown
simpry ,i'n Fig' z1' prov'd:". i 

;;;;;t"ttr rttt""-"r"g"og"nhical 
ref erence"

Twosubclivisions,,i*,'"ud..o],*"od'uced,*;;"nJ'"'uu'|Sandy
pediplain,, "rra^ii.'I*orrio-ro"o"."i.e 

Depres"""J'l *"-1-"-tl:' being what i

aow rernains or rreshwat"::#f'*:*"'"#;;;;'p1*"i"r 
period' rhese 

ingrlr f efn?.lrlg r'rr tr err^"--- --L^..,- 
in E'iS. 28.

,"**":;di"i";;;;'"t" "r'"*n 
in Fig' z8' 

eposit. The

zo3. rhere ar e rh: ee "1T:.,L:r,:;",:il'"1;l.ffT,ll1r-=1i-,tt,"'
"*"u, 

oval type, with the axrs.:T;.";.;;d d.oubt, d:Po."t-",t 
r

only in go' ""J'u 
*-t.''"'e the t"*;;;;''*vo]'u'd'oubt' 

deposited by the :

northerly winas. These a"pr""rion" 
-'ir 

lie to jt'u t"t'rtof a jebel I

(inselberg)' tr''" v"ro'o' rr "*;;;;;; 
;'* :11 l'TkiiJ IJ"":' t'i:i:i i

H; ; ;";-1, .n" 
"""-:" H::. " i1ili iffiXil i ;:::::::" -', rflT, ;::: :: I

CR

OF

ln,

t
I

Ii
t
't

I

rt
II}I
IT

rifll
d.t
:1q

:r1
l;;
,r t
11i

,"r !'.' t'' 1

i11
,.r i

Lb.e sourn ". "^-;;.'r, ,h.rrr. A-diasrammatlc "r";; rnl O",pluvial period
depres"-"" o:'^:ressions i" =t'owi 

in Fig' z9'

f:"f J:;::"::I;;';:::'';:"Ir'-*""' lakes 
r ..-A ^.,1v iE€oorv'- ,. __ 

r is found "rrtJ ]11

rhe second tvpe ",f 
f*"i?-.,':,:"?fi'J"rli:'"fflli ;;;;1 "p'"ialj

lf 
"n 
;, *,, If i:':i ty!:"T.,,'I;:;":':" i{' i5:' il; i'*' u a sp e c ial

significar,". *niJr, will be ai"'oI"'Jl" in' ""*t t:t-. ':- 
.:^ u-,,,""rioo

r he thi r d tvp e of fluvi o - la',,-"':::-l T::'J J # 

"1: 

1ff]f "ii:*

i::;""_ ;:""HJl iJT."li::Jj:;'1"':;:';:;';;;;; of Bara' rtrev are

reLatively "*.rir.J'u"" "i':."" 
?**";"1:1-'" "tu' 

28 because

otherwise t'hey ;;*";; in"isiuie' t["v "u 
i'oporfattt beca*se these

depressions ort.* corrtain arrg ,o-"-ttu, and ut"to"t"-'r'"y are situated in

hollows between the systenr:s of Lstabre a.,r,."--Jrrirrr'i" a particular

't"",r"te 
of this Kheiran area^'
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HOW WATER II.AS SHAPED

Limits of the Area which is

The

210.

THE LANDFORMS

Subject to Water Erosion

74

F i e . 2 6 s how s th e b o und-a:::- 
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w h e r e

:iJ i",T ll1ff J;"*",:";rffi'ln"l'iil """ 
i s virtuar'v n c s u rf a c e

run-off .

ZOl.ThedrainagebasinscorresPond'withthegardudsoiltypes'and
these are the nr?""riirimits of iit" ^)u^where 

*t1Zt as well as wind

tru.s "h"Ped 
the landforms' nt --:^

changes in the Drainage Basins ae a Dry Age succeeded the Last Pruvial

: - r -^*in

zoE.IthasbeenexplainedinVotumellth.attherewaSapluvialperl(
which carne after the form''tiooof 'nt-*l"U-uf"*" 

sand' sheets and dunes

Duringtrratpru'itfpu'iod''-itmaybePresumed'thedrainagesysternso
the Khor eto Hub-i J"i tr'" w"u'*i""r" mo"t have llowed Per-e'nnia11y' 

as

tributaries to the Ni1e-(''":'-':j:i i:t *;:"1i::esumabrv 
a northur

;l:i::? :;"";:i"; il]"' ) "-'l'i *"i" E - w wat e r s h ed'

?nq, As the pluvial period *1" ":::,.u'i".i:L: f:f#:: fi:':f,zog. As the pluvial neliod-waE suc.;.,=ueu -i"" 
to"r. pla"-e which ha

:l "TljI if : ::ltr*'tl [ ffi 
"]1]'l 

l] ;'lii"i; d s m all e r d r a in a g e

;;;;" ae ind"icated in Fig' 31'

Surface Drainage Pattern' "Then and Nowrr

Basin c, which is the o1"1* ::5'-*:"r*ffit'i:i:iH:210. Basin c, which is the basln or L's "'^--to"i" llate). This

El obeid a"a Ratrad'- dis*"'9:"-:T:i:"r"":f"1" bv a bar' rorm.ell
:i m: 1ii l*i;. ffi :$"**il# Ui; I ll;i:if;l
:JIt[*;*t':;H::.,rf ii:""'3'$i,"it'fl :"":lXl]".:'J3J'1
l' slr,rrP' 

,1"o, in afl probability, nerPeLr uv e*--- - rgicall
of alluvium but arso' tl-".': I-:;:- ^ is ouite separate ttyclroru

north. The KrrJ io*""or t'"ti' o''i" q..ritt eeparate hydrorc 
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2tI.

Abu Zabad.

zl3.

The Abtt Zabad'basin (rie' 31' D) ends in the t:"r:"T::i:"'"

t
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"o'"i' 1,1;:' - ;'-'' * ; !, * -. " 
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: Y: J^:ln ;: lil:1'"-, :""il: J 
u "

::'i5;n:li.'il:"#;;";ii";1,^'r. But berore rhe climatc changed
i-.ra hpen (see F[9.

ffi'J'h'I1;l ;?i5 J ;Lfii1;'I', ";;r i:,":,lu'" u' "' (s e e F r g' 3 0 )

;;;tti--""ri"" of thc' Wi'di Ghalats uPPPr basin'

ztz. Fis. 30 suggests that the 
'

areas F and' D rvere at that time
zlz- Fig' JU sugg-e'tt. "1'" T^;;--,*.." I:asin of the Wadi Gha1ir
integrate,l ityd"auti"ti:'y' being.tn" 1"-1d::i:"-t:"nd biew from the north
:?':fJ: " XY ff I H: ;i'; ff ,: 

:r ; 
r, . i:: .11 * : : :l l;: 

.i 
i: "fi ,11.": : :'I

llll'F;i".ni;i'Til.,"":"""11'.;J''r'"" the lakes dried' up' while area D'
\ilrinc, ftr'is. 32) escaped

lff i i'o 
" " 

:"::""1 I :'1-"l;';'#:;;l ; 
-;' 

"" 
d 

::': il ? ll'ff .';'li;'.1' " 
*

l.iJ_r#ii.T, ;i?i"'iffi ;;; crosed eysiem ending in the s.mp 1t

Area E in Fig. 3I seerns to'represent a stage "::?11,T,t:::tt-
l,li;,"r" ffn;;;i'".' i"itne F, there are a nurnber or surracc

''rnhirrd f.I. E. to S.'W
ffi1lT;:ffff i,'iiii; J*: rainv :*"':i:.;"1:::j: * 

"','i; 
Idraina.ges whrch srrlr lrQw rrr !^r\ .11 happens in D; it is

But they no lonq,er join into one channltll".-tlr1*^,r.ed 
rhe main cha,

:l'JT: ;: J:3; :i "":"r-'""";H";;. ;;;-;" " -"Yt'.' "i" 
a the main channe,

::.T;t:;;; the srna,l tributa;ies' separatelv'

Zl4. Each of these small' closed systems in area E is sirnilar' It

rises on the junction (to the *. 
". i"i 

ttr" sandy pedi'plain and the clayey

pediplain. several sma1l t"iuota'Ji." "o.. 
togeinlr ""a 3oi't into a single

channel. Then the soil changes' The strearn rneets the S' W'' beLt of

sand,laiddownbythe''rrind,whichhassubmergedtheentirelowerpar
of the drainage system. puror"riility is high. The strearn struggles

o,,r losing volurne' rhe slope il;;;; ""1:":.";:".';;:;"'Jr*iJt"u-il;# TI,i Ji J ; .. ; ;; ;' 
-'i r" 

-"' ::' 
* ui:" 

. J:-"'i lli :'J:," 
*

flattensoutand'pond'sup'intireS'W'sands'theremaybeaccurnulat
groundwaters '

215. ZoneF is the island.of sandy pediplain' which rePresents the

stage when the ri..er vall,eys-have becorne a strirrg of Lakes' and wind-:

blown sand has subrnerged almost the whole "':.:;,:'^:Tffi?."*: :H
::".x ::l**T";::H::ll "#"'"tiv it" lakes a'v op and leave the 

',u
la,custrine deposits which are exposed in the present age'
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2L6. Figs. 30 and 3l also convey the suggestion that in forrrrer times
there were well-rnarked'eurface drainages flowing northwards frorn the
main E-w watershed, to-*rards a belt of sandy goz which, at that tirne,
lay much further north. Sketch 3l suggests that in the intervening
period the wind-blown goz has advanced further south, to its present
position. It is interesting to note that in the neighbourhood of El Obeid
(which is on the E-rff watershed) there are stil.l lorrr. flowing drainagee
which run northwards, on gard.ud soi1s, and get lost in the fringes of
the goz.

zl?. It should be noted that the general topographic rnap, included
bcre as Fig. 32 to a scale of l:1,000,000 does not illustrate thebydrotogical pattern outlined above. The reason is that the topographic
lltt"} of valleys as portrayed by the topographic map corresponds
H t t1.ge part) with the forrner state of affairs in the pluvial age,trtren trre vaffey- .o.rt"irred perennial rivers; and the preeentdbc_ontinulty-,-'*hich is hydraulic rather than topographic, does

79

.h";';;'r;:';;:'" not
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HOW WIND I'IAS SI{APED THE LAND FORMS

ztE.ThereareseveraltopograPhicfeatu:eswhichhaveclearlybeen
formed by the wind. The most-iurioo" are the dunes themselves' asl

indicated, i" p"i1"ott"' bv the ;;;;;;";n" :i-i*Tgl:l l;'T:;"'i:'
longitudittf aotts' and' the lacustrine depress:

;;;i; jebels in the eandY goz coun*Y'

zLg.lnFig.33thesesetsoffeatureshavebeeneelectedsothatthey
can be seen i" i"oi'tio"' r" rf'-ii-' """*l'"i";l;:"; f;i-::!'T"1i;
:l,tl*ifr t j""".:Tl"t,1;;".,:i"*.':i'+lii:;;;;''-""p""iiuv'ihe
'uff*:,:::T;: ;:jffi ;;;'-(r-ur"' 2 and 3)

The SPreading 
'Wind-pattern in the Goz

edominant Pattern is clear
ZZO. The Pr
north to south, with an axis of syrnrnetry

N-S direction'

The Kheiran Unstable Dunes

enough; a EPreading out' fr<

ro.,.niig alrnost exactlY on the

This N-S axjis of syrrlrnetrv runs aown fr;^T,t::t?"-""T1:ZZL. This N-5 axrs or Ev'r:r^::::,* 
oeoilrorphological feature.

In this respect the Kheir"'it-L::t1:::".:*iJl" ,n. one area' ir
hll'J::':,"""'H'fr:;'.TJ:ili.::i1ll**H:::ilii;J:

Kheir
The

the
size'Kheiran is also unique tor anor'rl:-'.;::-;e 

s&nd dunes, of large
whole of the eto3u"i Area'. *ht': :l:::ii:, ""'
;il:'. LH"1: lhu'"'t'r is unquestionabre'

{
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WATER SOURCES

zzz. The various characteristit'yP:t-:lwater 
sources are

below. It witl it ""t"U 
that there are no springs'

Page

Hafirs

zz4,

iternis ed

Turdas

223, These are natural lakes' which fill

and usuatfy contli" *u'u" throughout the dry

importan' 'ota"J 
i" tnt Project Area are at

uo during the rainY season

f..trretl The two most

eafrad and Abu Zabad'

'ahages and dePresaions' vrher;

Naturally it is in the- surfac:^l^t, .hafirsrr have ;;" constructed

'#; "'" il:;::;'T"[ : : t TH:rii'j*"f5*: **: "i"*;'s.iu1"i
*;-;;"'il1'.1lT;,::.:.i{=::ilffi{'"*tr;"s*:.q!i!i:iii::'*::""":T:::T"T;:J'J1|::ff;l.1'H[*,:tT#::1::{1#{t"*.'*,"t"d "::u:"oirs 

or :'"_::-:;;; ;;al flowing surface-waters'
'uir"nl"e filled during t1." :i:".uo Fr-oiect er.i-sopJ"i*p"s-ea ov-1^'i

ii{;i ju:.*Ji:fr :'::;:il"J":'"';ffi ;ia'o""i"edePressions'

rhir dly, ther e ar e manv i:q :'.'}.11.' 
"-: 

J;i: ;:t-Jj;'ff; J3;

Dug $Iells and Boreholes

zZ5, 
.Wherever water. f,":: in strearns in the rainy '::":1, 

or tends

collectinaepressiong,the:eisnaturallyap'""*''etionthattheremay
be gror:na*rt." *tich can o.,"np"l. soFigs'" x t"a 3? sho-w alL the

natural surface water f"tt."i"""?t'"t t1t-tt'u a"g *tu" and boreholes'

;;-;. geologY as well'

2Z6. several features stand out clearly from the maps' 
- 
First' the

boreholes are ;";;i;..a' "rrriJJ.*"io"i""rv' 

-*rtrt 
eituer the Nubian

Sand'stone or toJ u** Ruaba ";;' 
or with'surface depressions'

secondry, .r.u"u-i;^;-;; * *. ".rro-ur"t."ri-q,,-"tu" "1 
tU" Project

Area where d,ug wells are p-articularly ,r*""loi' ttd this zone lies

within tr'u ""*1;"';;;;; 
i""'- Rr:aba series'

--- +laa

:1' 
"' ̂ .,,ff ;:'Jl; :H:;fii {i"# :? ;;; ; " a r e lar g e ba s ernent co*r1

;;;;" wi,h no.d'g *"1" ":" l:3*"Ji#;ilr"+ll-,1*i*""{I;
;;;;; are wells over the basem This is a stat

:;.1,.:1'l;1.l"ii3,,iiffiHi;^Jli'i,'J;7.11:ttairs 
; it does not or'

itself Prove tr'"t ti"'e are 'o g";Lo"";;"" j:'.::":TiJ:il;'""""
overlying *t ta.""ttt"t Cornplex where no sot 

': llots
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CHAPTER 5

PRESENT USE Or. LAND AND WATER

INTRODUCTION

ZZs. Chaptir 4 described very generall.y the land and i;e waterg .

and how they behave under the forces of nature. This Chapter presenta
an explanation of how the various ways of using the resourcee fit
together into a cornposite pattern of rlPresent Land. and 'Water Usett
as a whole. ',. 

r...
.11

CULTIVATION AND THE ''INHABITED AREAS''

ZZg. It ie the settled population, and. the lands they inhabit, which
provide the fr:ndamental framework of ref,erence for land use. There
is no cadastral survqy, and the following arbitrary method was adopted
for constructing a rnap of the 'rinhabited areastt. With each village
as centre, a circle with radius 3 krn. was drawn. The envelopes
enclosing all these circles and over-lapping groups were drawn in. This
is the rrekistic envelopen. The radius 3 krn. was chosen because the
resulting ekistic envelope covered virtually all the cultivated areas

130. Fig. 38 shows the cultivated lands at the tirne of the photo-"r1grr.y,
toasca1eof1:1,ooo,o00'Fig.39showetheinhabitedareastothe-..
I'haU-pagett scale. The fact that virtually alL the cultivated land ie
aituated within 3 krn. of a fixed village suggests that a distance of 3 k"m.
from the village to the field (out in the morning and back in the evening)
le about as far as the farrner can manage. i ., :

231. Although the shape of this ekistic envelope is derived frorn thc
cultivated land,s, the rnap has as much to do rnith forestry and anirnal
nusbandry as it has with agriculture, because the peasant land.-use
rystem is a combination of all three.
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SOILS: A SIMPLT.FIED CLASSIFICATION

23z,Asimplifiedversionofthe'tsoilgandgeomolPhologyl'mapiein
Fis. 40. sirr"unii. ""u, and th^e etlo*o"nuologf ""':"lt -11::""nni'callv
in their broad claesificatione, ;;;;*orphoiogical nomenclature rs

uged,becauseii*au".riptive*lJ"..,th-esoiienomenclatureisnot.

RAINTALL

233.
4. For the convenience of

Rainfall data wer: lT:j::Y:::t. ;n;:"rn" *."" 1":o11
ili;r."";ffi; irnmediate context of Land lJse Zonesr LUE "re

- !,^^ .T.rnr{ use zone" *"r]-";;;" the sirnp}t1t*:"*
;;;;" the rrland use zone. map' ancl on r'..,

11 ^ - ^- +ha "nal) of cultivated areas (ttt' 000'000)iaohYets are srr(
d66 fFios' 39 and 40) as well as on the map
rnap (rigs.
in. Fig. 38.

WATER AVAILABILITY

?.34. ln Fig' 4I ' the inhabited areas (same boundaries as Fig' 3$ are

shown with t,ree Beparate hatciings inaicating different degreee of trwate!

availabilitYrr'

?,35. First there are certain areas' whete water supply is adequate' bo1

in quantity and ir, .""u"ribi,ity.';;; e*ptarratioriil-"t"i'itt lig"' 35' 
" 

to

3? in chaprer 3, and the accornp;ilk; there 
is sornething like a gen:

water-tible inthese areas' and aknoet every "lii"g" 
hae its dug wells' t'

.i

236.Next,thereareareaswhererltostvillagesaresituatedatadisuq
from the nearest water eourc€r "J 

g"' the.." *;;;; during'*t- u"' weather'

by send.ing ,tl"rolurs of the faEif-;tth donkeys or camels io fetch water 
''1

:.

and carrY it Uact home in skine' 
- 4

z3l.Thirdly,thereateareaswherethevillagersEetlraterduringtb:
season frorn tanker-tor"i."r_,i1"".-ior"it" ft'l--i;;i !1 ou",ia' Khuvrei o'

soIne otber major 3o11fce, trdo"po't the watu'-,o .u. .,iu"geg, and sell it

at the roadside'ov ,rr.-four.g"uol arrr. The pricu t'a"ie" from- 2 piastres:

to B piastres. 
-iui" ie equiwJ"rr.ro a price;i;;'O'Oa' to {'20'o'0d' P;

thousaad gallons Gi; t Siol' '*
d

.i.i,

i.1]t.:....,t,i
.ttt::.:.a:,:r..;...

i:
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THE CULTIVATED AREAS
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238.
necd
there
havc

90

Duriog the rainl'season' people. arrd a1-:1aLs get all th'') watcr thcy

without rnuch troubLc. When the rains ceasc in September or October'

:s sti.l"I plenty of water in most places hccsuse fuias (rain-pond's) etill

water, and. the dug 'r'ellg are yielding freeIT'

The areas ivhere fulas are plentiful are shor'vrr i:Y.::.Itl ,11'
3il; . ,,*jllr?,1TilTi;;iii" "o*" envelope. Fu'as predominate in the

;-,^1 .' i,anorrnaable. and a.

;:ffi :Il:xiTffi iill;F;:l-::lil'-":,*:::i:X:i,T.ii1'i;""5:i,';r:",i:-"::::':l;:Hiilil.11'"";"";i;:.: rhe int1::.::: ::tj:::.i",:: ;',1':""t'
1il1ffi"*'$i::1T:il" ;J;; ;u";i, of drifting and leaching of the

il!l;;r*t*-i"o* the 'lune 
sropes downwards'

239.

?41. But .;tihile

?.4A. . As the clrY eea6on advances'

a"y op., Sometimes, if the seasonrs

a"y rrp. Some of the 'Jug 'vc1ls' sunli

Less and eventuallY fail'

water-supply difficulties grow' Fulas

rains have been poor, a ferv hafirs may

in small groundwater bodies' Yield

11

'i
lril

drier. BY the end
(norrnallY in June)
i"ott these that all

It is at this ti:ne, when the ''vater srrpply is at 
"iJ::"r::ri:U.*

Ll.1'rn"" j: l:,":*T.:I;i";:^in". the peasants r;ust get their fields readv
---L^*1^^r -aid for in labour

IJ,":il""i:i:: 1;'J oT;;;':i *rr.' transport, whether paid ror in rabour
---..\:- - ,lorioirre obstacle

:1. "'h"(tli;n ,ll"' ;T:":i,Ju r""* their labour) is a iecisive obetacle
- ^:^ oo.ro-r1 rrra.ctical wa

l; ;1"1i;:Tilil?,i"ir=i*n""vement. rhere o"u ,u,"ral practical wa
rL^ lr^*ra- har.arrge th€

}ril}ril To"r.cie and the eooner it is done the better beca,use the :
*r,^6+m-nt for nrodUCtive '

;:::::1;l?#;il put rheir lauour ana casrr into investment for productive
- ^ --'-^r^ ^f i+ airnnlv to pet water'

::i"il;;;;; ;;;. to use so rnuch o{ it simply to get water.

water sources are tightening' the weather gets hotter a

of the dry seas"", i"'artu p"iiod juet- befol: tbe rains

only the all-geaeon sources are etitl yielding' and it is

the people and, tif 'f'u 
animals rnust get their supplies'

?.43.Whenwateristransportedfrornsoulcetovi1'1agebyanima1-
usually With boys in attendance - the equivalent cost for d'istanees of 5 to

r0 k,,". is about L Llz piastres ':';""f;; ;1i") n::-f,::-::1"1:1":t." * d
::;x;;:";;';;;";;-;t;"tres a dav and a donkev at 4 pias*e' a

Vol.urne IV contai.ns detaiis of cogts' :'

t,-
.a
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lvhen the villagers get their *:t"1.f::?: ::::::: "?ril:"il:J#-'"
'onnr*",#:1.'ff'Iiltriiii-::*1,{ jf *:t.;}$,*.*1li[:],i::
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244.

per tin.

246.

L;3:xm;:'i"il';,H".'iJ"llfi1-"""; j:{"::".r#r"iri::Jfi :::'-
;:"ffr# :: i i fi r{ T+i :1}# fi J H JiTi x *:: t I "nlll ! illi 

u'

r**:";;Ji::"'iiT:'-""?ti{i{i:*::;*,::l'*:'}""::}i:1"#lum'::*:T:'#i"i"J"":?-T:"':::",rixi:*#ii""$T::il:ixy**ilT,'";,Jllilf F1"=+iii-'"'"Tt*:L'l::TI),:'#'1ff 
n""

f:',:::':#.::"::'1"ff':';"'[T,?:;;"L"' 
;;k' "oo'c@'; 

or pav z mirs

N atur ally en ou g h' wh en G o v e r nrn el:::--t:':rlll"lr'ril:::ffi:
il?;.-.*I.1T:*I;:,T,1?,8i1:t:+,,T"1i:X*:;:'.?;'":[!;'1J]"""r:::;*ltiil::'t:*:-''[T;i;,"":'J;; jil'ir"i;:"-:i:::ilF"
,t."r. was greatest need. Equati] rlaf,u'.*)r "';L;" wuich already had

were those *r'""' people *:": i1"^:::'-::,lli;tir, *." creating aiffitultie
:X'tX {:*";T*l } il:,::;i}rlr*:;' il *' " c r e atin g dirri curti e s'

ight be of one or tw: 5t"1":.-T:::f '";:*
i::,".J[";""i'i:::::T;i#t*i::]i]lmi::J""iilJi]r;.t""":

burden.

?47. In either case the effect

Inri t"" little land hacl to suPPort

"'ii*i, 
to'the price the villagers

,""rr"po"t water to villages lYing

n?:S.fX,"JJ:'.i:Tl::!:."{: j?,:}ri;::*;;:X"',i'""::i-."fl,:!it";
Iirii""aav rnight arise because the iarmlrr$ vr*e5v- Y ' 

r that although'

up oew rarming i;;'-ro"'r'"' 
=t"::*:;ri:'rT"1"":i#:i;"1j"* 

* :1:---'uxl"*l;TJirllt'"::'ffi1:i"#*{":;i*j::i':?i::'::":"::::;*XX';,,il::, " ;Hff # 
-*: 

J : "Tff; " 
;-; ;;;;, " i".-p"' e arr ex c e e s iv e

:l

':i

on land use was rnuch the sarne; It rne{

too manv people sirnply o","'Ti^1:,:-" 
T.:1EOO rrtcl.rty yv-r-- - - labour, to

"."fa 
aff"ia to Palr in casrr or

iurttre, and' further ?'waYr j

DEIJNEAT1ON Otr' 'ILAND USE ZONESII

?,48. The combination of factors which have now been illustrated in 1

Figures leads on to a systern oiilJara use Zonesrt which are shown ia

Fig. 43. They are predorr.i*"raffa"cided Uy =Jif' gtott'".pho1ogy' and

*rt." aya'iI,abilitY.

Zorie A : tt'i" i" the- goz atea of Fig' 38'with the exc'eption of

theKh?ir""'*hi"ot"-"lU"iL"'aUseZoneD;theKheiran
isseparatedbecau""iit,'"r:rriquefeatureswhichhavebeen.
touci.,r.ed on in chapter 3' sub-1:11:::-i+,T"r*3 ffi."iiicallv
:""T# ;l'il':Xi:1"'i;"1"; - ;;*#"' (" u'" rig' + t 1

Sub- ZonesA3, .A4 and AU "o"'u"pond 
toihe soil classi{i

Zone B ls the rlNubian Ped'iplainrr' $elon$ing to the Abu Zaba'd

='=:F- n. It is the uig i"r.nd of acid open "1*u' 
soil 1I'

?oil cornbinatio ^-J .t,5o f.rrned. in qitu. Jsoil cornblnatlor 
and. was forrned i{r,situ.

ot"tfi*" the Nubian Sandstone' ano ,v.e rv"----



LAND USE ZO N E S Fi943

Zone C compr{sea the region where surface drainages. fonn, whlcb

is therefore oUt by rvater ooursesr in marked contrast to Zones

A and. 3 vrhich have virtuall;.' no surfaco d.rainage llnes becamse

the soil is so pe:":neeble thet tbe 'rater soaks straight in.
Zone C is gardud.r, with pockc.ts of sa.nd.y pediplaln /goz (sea
Flg. 40 feg€nd)..Sub-zone Cl is the'Kh,or Abu Eabl basin (see

Fig. 26) . Sub-zoTe C2 is li16 ','Iadi Chala basln. Sub-zone C3

is the area of small 'lrcloserlrr basins described' in Chapter 3
(see Ei.eE. 3o a.nd 31).

Zone D. alrea&y.mentioned. ls tbe Kheiran, the area of unstable
d.unes '.vith alternating valleysl some of whieh have wells'

too sma1L, ry1d too marginal, to'ba alassified
the purlposes of the present Survey.

zone F. Final1y, ZonE F ls the cLay plaln whic_h belongs 
1o -"d.ifferent sy.stem of soils and. land. use, wb'ich lvas omitted' from

ths d.etailed stutlies as explained. in Chapter 4.

D.SUD.A1334
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PEASA:'IT FARMl:iG

,;;:t- Apart frorn a few trrousands of acres under rnechanised cultivation

andafervhrrndrerlsof*:to"-::l.,"ittigation'il;;"''r''i"*:"nisdonek'y
hand-po-drer (wrthout using,rrrirrrrf"1, by peas";;";t""' - 

They cultivate

the eandy *", ";;;;;;;*-"..oIir,oogh 
theB.e """.'"il";."*v 

less fertile than

the clavev pedipla-"' th.'"' h;;;';i" (tt'' *";;;;;ilsf are too hard to

be worked' bY hand'

Pcasant Cultivation and the Sandy Soils

25o.Theareascultivatedwhentheairsu-rveywasmadeY".already
been rererred to' and ar" "n"'J:::f:;:;;-i;"ooo'000 

in Fig' 38'

z5r.Foranalytical?ufpolesthemaPofinhabitedareag-isconvenient
becauseittakesinautt,"o'"a.J";;;;;""**;;;,',,aa1socoversaJ1
tand withi' 3 k;:';;;"v "iu"s;' 

"d";'u" th" ";;;i" 
u'""rope there is no 

i

cultivation and no viliages' I

z5z. Fis. 44 shows the,inhabited' farrnins areas * 9i":LT1:iTt&::

t'"".T" 
,E'#'tl'1Ti5:*T *; ;*';'J::::'T; 

;IU 
" "t' 1L:-'

rwo overiir enveropcs "u i' gooa re-rist1 i51"::111r'::l; l#Z:'T;1
the edge oI tt'ell-,it'Boundary in a few praces' i'*s v'-- ' 

!
soils.

Dense cultivation 
rrn' within generalrsed env

253. rhe denserv c1{ti'-1-at*::T:""11i}"*'"'u'
ii'"r*. -;:"t"-"'113-ffiii.-i"'u use zone grid'

254. The biggest concentration of dense cultivation are

and in tt'u "ootr'??=ri";;" "l-z:;;" 
A4 and t5' "'a 

in Zone

partly because'J'"'l"Lt-""ltuiffi-[Zot"" l]' 
o' and A5)

partly because of railwa' c'ot"t"Li'"ltio""' (A4 and A5)'

:artly because L'r re'-'--/ 
lr:-.^+i^n^ corregpondin9

1,u,?;,o. B "1[: :',,'ff H. r;flff J: 3:]* ?1':T[:" d"]; ;..J"o v1

ava*ab ility (Fi g. n 
I 
r 

^ ll:;::::l#;-::i1"::; 
#?';'g" aod ""o' j

' ::::

:1,

';l :,

:al

1n

ilit1:l .Lt;:::"]'#'"'urtiv;te bv hand-power'

ItD
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DENSE CULTIVATION AND LAND USE ZONES Fis. aS
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The rtLand Rotationrr SYstem

Z5T.ThettlandRotationrtsyetem'whichisfollowedgenerallyinthe
Project Area, i" it'" following''T1;;" ""uitttes 

a picce of land'

usually t0-r5 ,J;;;; ""t.i.i*"o"rv '*t*-'.1: "ttua 
drop to an,neconomical

level. Then h.-i;;;; it for f"u;; and shift" to *"trtei place which hae

already been lying falLow "1:.1;;;. 
it wae laet under its turn for cult'ivation'

The resto"rriorr'oi uo* irrtiltr;;;"""'"9r'-1ui1"fv by tl: period of bush

fallow, Vhich varies from ,r"Lro *".", ttot'"-'ittage to vi,lage in the aame

aresr and frorn Iarrner to farrnet in the'same;;U";"' Two {actors allect "'

the period "f .;;;;;ous cutti#il;;;/;; ot rauooii"g: rhe population

d,ensity of an ,ruo, and the ".;;;.. ,-;nt.trig;er 
the population of 3'rr a3€8r

the longer the"o"ri.u or 
"orrtirr-rlo,i'J 

cdtivatio'i t"a the shorter the fallow

period'. o' th:""'t;:-';;l; ;;;"" fertile "'"o* 
is' the shorter the

oeriod ot 
"or,rlrruous 

cuttivatiJ. ..a the lon-ge;;; perioa of fallornr' For

L*ar,,plu, i" tn" t'"'w7 popula;;';;;;;:: :f 
no"ua' and umrn Dam'

rhe period of years 1nd3r ::+"lts 
cultivation is reported to be rnof,e

than ten' In general' the pt"ioa of continuous cultivatioa varieg from

4tosvearsJ;J;ilg-t;;"landueePreasureofthearea'"

?,56. As can be seen in Fig' " 11:t:-l:: 
tt;lr:;:tfJ[';Y#::t

ii "::: r,:" ;*m #jli:'H I l'"".,,i 1";" ;;: J ,,p 
"" 

a th e p ea e ant s

expand into the ;:;;it" gardud Lti-"" ra" as they are able'

?58. Though it might seern strange to-epeak abolt l1id 11u"'aure 
in an

atea where the '"1"'iJo"ulp 
utt*ut"lopllf*iion and land ie so 1ow' Bever-

theless land preseure is a pheno*"rro,, tu't o""'I"" in certain parts of the

project Area. ir-iadue toh. """tcity 
of -."1"" supplies'-which forces

the farrners to concentr"t" .rolil-*t,"" poi"t"' 
- 
tue land pressure of

umrn Ruaba ,.";;l;-;;;-above iJr'typi""t example' The syetern is

illustratea "tf'"t"'tically 
in Fig' 46'

The Disappearance of True trshifting Cultivationtt

T hi s land rotation sv s tenr i-s ":* :^::f :: ;*1""t;:*tJ:;tt;*:";.nd rotation systefil is sornetrrrrri'€ ;:;:;,-r"rnory there rnasz5s. This t"i1::11":T ,,'"rli";;"u. within living nlerrlor'
but the rnofe nr."l"u 1"t3.i"-li^ -^-r^,,,- That iB, cultivators clearel tn;

trrle t'shifti.ng cultivationtt in this regron' ""*";; irJ *"" exhausted r

bush and ser up tempol'"v :':il::f"r,.#r'rlrt: '::i Xll,'ItlT"i- ;

encarnPrnent'
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260.Suchasystem*|},*acertainfreedomofchoice.|tirnplies,
in particular, ar*'a-an. rotational .n".*pments - temporary villages -

are acceptabry near to source"";;;;;;' 
'when a virlage community

hag lived for (say) 5 years. irr """""'Pment 
A and it ig now time to rnove

to encampmenr d, tt" "r"r"*.i""":{l-r.1"11that 
there will be water

available to" u.f"*il"", U: 
1] 

e. ttraittrere is not already another

settlement in possession. Thls could' only *O"rt-ir B is trvacantrr at the

time. Trre ayeiern therero"" i,l,iii"" ,y,"...t,.;.,;" enough water.points

i"t lrr, or rather more than enough'

z6L.lnotherwordg,thetrue|lghiftingl..sygtefn.*,1'."-,^byitanature'
that ghor..," o-,.*"i"" 

."oppty.i, 
""' a decisivJ t"",o'. As population

increased thiB ;'"nlil*s" ".tti;;;ioo ""t'ud' . 
C;" (rLand rotationrr system'

(already d.escrib;d in Jut'n" ;;;;ii";irated i" rig' 46 took its place' a

Bystem based uPon ftxed villages'

266. 1

becausc th
find thern.

267. 'I
distributic
tbe preser
dug wells
convereel
of favoura

The Ekist

z6s. I
Survey mi
The chan6
The d-ispo
sirnply be
she has p
are inhab
is a gene:
trfattening

?69.
ekistic er
to presen
is land w.
ekistic er

Methods

270.
Area ma,

, bush or g

.1., drable L

Effects of Water'Shortage

1262, As soon as there

needing water sourcee to

*n"i""-^re shifting ceas ed

were more communities of shifting cultivators

encani\P at than there wele watet Botrrceer

to juatify it"tU; itited' it ceased to be

practicable'
il'hen the ekistic enveloPe and the

There mlrst have been ? 
ph:":,- 

.rrlaan aL[ the fixed villages

1'.L,"":1"J*:J}"i,:";::'ti.lj::;"ti]:i:;t:T'i=:;:11q263.

r";ru',ur'tll:i:i"di;fii#:?:]i*:'#':::";';-*:[::-"ffi S1::""iJ"*]::f#:::,::f.;*;m"'$:1*""#:
*::X*Ti"Iii;",'"".1ti".*.*:::Hil:3T:",T,"':"-';,1';il"1'."";H.} "lru""i"g 

problern 1:.1 
o""utnme,L '*;':'i;e" -'digging shaft-

of constructing nr?t-"" and drilling boreholes anO - raLEr - e-t,.,-

tvellg' 
' - : - rr- Peasants could still find

1:l 
" ",,::"' 

:,Yi :: T; qiF' J'";l Tilt?" loor'i" g pra c e s' when

village "o',"o,,"i'Iu" 
*t"ttJ r" 3nln1"'; ;;i;h' o" *b"o nlw village

c omrnr:ni.iu " 
*." u- "r'i""a ol,"' 

-;;;t ; tnat critl""i-pt'io1 "1 ::*tibriu:
shortage of water becarn.e-th-e *;;;"ti"i"" ra"tot 

-i" dttut*ining the 
'

"n"n- 
it the ekistic enveloPe'

I A* rhis historical reconstl:'.tio'-1':::,1Tlt';*L:;i:l;t"'r""'
ili;,"" &;""Il::"Jr: 

'"illl"''ir"'-"" i"o;T*'": 11['": ""
water-rnelons), -tU" excavatea uv u;na Yu:t' "r*o"t 

universally'

the aource of dry-season *i-r.:: 
-',* 

technique"-fot d'igging' mainta

and us ing th e s e dug we'ls. 
" "-.-l nt;i""i 

-ttt" 
i"af g enous into s3 it'a'nce I

and it ie obvioue enough .'"*:::?T:i?"t:;;:j]'::*[ ;"I?]"
ll*:i".il'ffir".I-r?rur.".ions to took for when sea:

places to dig for water'
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266. When they ceased to find new groundwaters to dig into, it was
because they had used thern alL up, not because they did not know how to
find thern.

?.61. This ig why there is such a closc correspondence between the
distribution of dug wells, and the features which are known to indicate
the presence of groundwaters which can be reached by dug wel1s. 'W'herever

d.ug wells exist, the data produced by the Project provides an explanation;
conversely, wherever there are no dug wells there is also an absence
of favourable indications frorn the Project investigatione.

The Ekistic Envelopes, I935 and 1958

26S. In Figs. 47 and 48 the ekistic envelopes for f 935 (from the 1935
Survey rnap edition) and for I95A (Tne Project air rnosaics) can be compared.
The changes in the apan of 23 years illustrate clearly the above diagnosis.
The dispoeition of the rnain &11-season water sources is much the same,
sirnply becauge it is deterrnined by nature, according to the places where
she has provided sourcea which can be tapped. But the land-areas which
are inhabited and" depend. on thoee sourcea have increased. The reeult
is a general in-filling of tJre gaps which existed. in 1935 and a general
rrfatteninglt of the envelope

?69. The problem at t}.e present tirne is rnore or lees general. The
ekistic envelope represents the limit of expansion of cultivation in relation
to present water-supply availability. Outside the ekistic envelope there
is land which could be cultivated if there were water supplies. Inside the
ekistic envelope the pressure grows. :

.:.. .
Methods of Cultivation

Z7O" Under the ttland Rotationrr system, the arable land. of the Project
Area may be either under cultivation or under fallow, which can be eithr
bush or gurn acacia fallow, as shown below.

Cultivation

Cereal (sorghurn or
' pennisetum)

Sesarne

GroundnutsArabh Land

Fauovr < 
Gurn acacia fallow



Page 100

b""o*a" rnore asute'

ll,l u ", . *"" :'-T,H: J:'" l:!i ;r'}',: ili ii:i'1T"%':'"'::'il:: 
t:['

lcientiric"uvi;;;;;;;;;-':iii"il:::*j:'{:":'""di:::i'i:T!i::}",
";;;;"" 

of th' fact that cerea

avoid There "'". 
ho*ever' ";;";;ctorg.,n*J"" 

aifect.trre sequence ot

the croPs. Arnong these.,i..::; ;hu *ogt '*p"'i."t 
are the particular

needs of the farrners and the i"-tiit""" of pest and disease'

z72Morethan99%ofthetotalarablelandoftheProjectAreais
cuttivated, with'ilr.'r""r" l|."e 

tools were t*-*""U I.'iPlocal 
farmers tc

meet their .."#;;"irrg ,t u aifitrunt stages ";;;;"i 
cultivation' The stages o

sequences of tand cultivation .r. ttru .lurrrr.'u Ji-in".t"11',lo*ttt' thinning'

weed;.ngand.harvest.Everyo,,.ortheseoPerationsisan-importantfactor
wit h in tt . " 

g,i.uriur ar ", ". :ihj,##".; {:*':"lll{1i: :"}="T 
us ua,,v

lp""."t"s affect t1":.'h: ::;; ;J;""-Julv but there are atso sorne

carried out with the first "ii:".:::;;;; f""-"t" sow on d

extrerne""""".^oi",,io,.".'v""l*"-;;t..j:IJ.'"3owondry1and

::::i*l;:"":1:#:: ilit?""i"i:"J""lits:IJ:Ft"x1if,i"oi"s"
of septemut"'- 

-tio*uiut 
these iwo extre*t ;;;;"" are very 

::::": l-. ,t ,

;;;""'-;;. ,r*rer of weedings perforrned usuallv is one or 
^two; 

but in :r

g.o-'"ro.t::"-lttr#.'.n"$:*t":!qxr6ii,:"""":?;i;T:I
lf ,Uu {arrner- and on t}re:lT:"';; ..,"..,.*V the most difficult one

;;;;;. rhe weeding Pha::
cultivation eycte as it is in ,or" ni""t ii"t tUt;;;;;it-barriertr Probtem 

ni

';

Crops and their Geographical Distribution ':'4

zT4.ThemaincroPscultivated'intheProjectAreaareforrr,namely,t
s or ghurn, p enni s etrun, " " " "*.'J'il i i**",';r"**'":i:ii1;l:1Tt i
irnPortance such as wate'rrnetor

"r'i llrbi. (pori'r'o" sPP ) '"' "ill ;;;; *1t" * i"*t'""d at a small 
I

scale in certai, prac." in th_e "ooat-"". 
qo."t"tl-t iit e"o5tct Area' Alsg

vegerables, citrus, rnansoe" io""'": n'*11:itti;;i*' ?l'.::ff",4
grown in the i""ig"t"a sfots: Bara Bangadeeo' raus d*---' ti

l0r

inC Serneih'
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215. rh e g eo g r a phi c al di s tr ibut'::,- 
:u *; j:TrTil ;' :H ": 

"l"Hil :tl"At the bottom the

t."!,n .tih" "ti"Y 
66436n' with the Land

soR

PE}

THT

MI
,.Ar

"""i." 
of diagrams in Fig' 49'

.no*r,, and' the mean effective

Use Zone framework'

216. Zone A, as a whole' is-the sandy goz soil' rainfall ?'5}ffuoo rnm'

Iength of season Tolgol;y". ti" "high P"oP::tiontr crops are Pennisetum

and. sesame; the il}ow proPortionrr crops t" to"g;o*' t"d 
-g'oondnuts' 

In

sub-zone A1 sesame predomi"iu"-""1" tU othels' grown as a cash-croP'

211. zoaeB is the Nubian sandy P"9iP^1ti1' cultivation centres on the

lacustrin. "u"n.i-r;;.r. 
Rainfal'I-':iO/SOO; length of effective rainy season

go/110 days. The high-proportion crops t"t go'ot-d'nuts and Pennieetum'

sesarne ""a "otg;";?u 
*Laiottt-proportion'

ZTs.InZoneC'the"?i1-"aresandypediplainpocketswithinthegardud
ped.iplain. R"r;ri^+oo/sso' "-ri..iir"iu,,gtt' 

; ;;;""" 90/LZO davs'' The

high proportion crops ."u g"o*Lut' and "t";;;; 
p""tti"etum and sesarne

ar"e rneaiurn- Pr oPo rtion'

z1e. rhe distr,by,^"-1-:,,1il1nil:J.T ;T: lfi ::["."Ti'X ;I*l';''
scale in the Project Area 1s arsu cl*evev' -'

Cotton

c otton i s cultivat ed onlv on 
.th 

e :ii'^ :,::1"" 
t;:ifi,"Si;:"::::"

Cotton is cultlvatect only u* e"v, 
ii.o"""s 20-lO% of the area

;";;-; tbe Proje" Li:1'^::'l: rhe rnain cash "'"p 
of thispart of tle. P1:iect Area' w*tsr 

, u"" *r"* cash crop of this
1r.,a.r cultivation. This "t:Y 

tt-^^aan 
is ttrat neither grou

Sii'JH:E::,:!:::1:{:i}:::,r"1*if ::f:}:;i,"u:u'*"li:'S"H;T';:l?ll-.'""-"",ri::::::i."::lii]ni,'."'"
comPete with cotton
concerned.

'W'aterrnelons

a" f." as the econornic returns are

:{ This croP is verv irnportan',u-",1 t::t::l."tT"".tti::::i ffI|f;1
:H,T;: iil::: :TI """"*:i"': i;,:- *i:T# "',l-ilil:: ilf; 

" 
*

Xi:T#:,1T:";*"ii""i"'Iffi ':{ii::*:,':*'""#n":;i;J:}
i:trt*tr :}".".:'"ff ffi'a1o"*'" " ro,nd'1'most everv-

I
!

.1

1i

r:

lil";;;;" ** and' Abu zabad soils'
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Karkadeh

It is one of the cash crops but the atea cultivated varies

considerably from year to y""t'Jt"o"at"g to the marketrs

demand and' the prices' It is usually incorporated with sesarne

and, it is found i" tt'e go''.&."i;;;ta t"a the gardud soilg'

It is a hibis""',";;;J' a'iua.f;;;1"1;; a'brilliant red infusion

which makes "i="f"eshing 
o.irrl,-trit or cold'. There is a demand

;;;;e also' for rnaking beverages'

Vegetables and Fruit Trees

VegetablesandfruittreesarecultivatedintheirrigatedBPots:1
of the Project Area' i' e' *""'' i""g"it"a' Abu Zabad' Kheiran *

and Semeih. t"^ti""t"' egg-plants' PePper' green beans and

a variety oi ott'er vegetable; g;;;i;g 
^*iu" irrigation in these

spots forrn trr" Iair,-"Lo""" .i ":;;;:ur. 
t,,ppry Io" the consurnption

needs of El ob;;;td other rt'g;io** of lhe Project Area' 
li,.. '. ':

ZSO. Apart frorn the vegetables gtown orld:-1 irrigation in tbe spots rnent:

above, the rnajority of the-farrnt"" ht'" " "t"'[ 
gt""aut 

'next 
to their hutf'r

on which they grow okra, U."r"lia.rttiru do"i"g=ttte rainy season for tbei

own needs. During rnost of the year they have "l r'""t' vegetables or fruit

zg1. rn El Obeid itsel{' all kinds of fruit trees are gr.ov/n lorivate 
hous

hold gardena for domestic use' 
--Oo'i"g 

the d-ry "ut"o" 
they ar! irrigated-fr

frorn a hose frorn the piped *"t"i"tpprv' This i" "" 
ttti'ulyot* develoql

rne,nt within the Last ten years, l' u' "i""" 
tfre piped supply was insta[ed''S

'g?#1;ffi :i'.ir;''Hjfifg{ifff1;g4;9;;*$

Crol

282.

tl,i
I

I
t
li
ii

season.
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Crop Yie1ds

Z8Z. Estirnations of average yielde are given in Table ? :

AVERAGE AND MAXIMUM YIELDS OBTAINED IN THE PROJECT A+EA

BY LOCAL FARMERS

Crop Average Yields Maxirnurn YieldE
xslHa Ks/Ha

Sorghum
Pennisetum
Sesame
Ground.nuts (Unshelted)

-

535
474
305
880

774
675
440

I 580



ZE3. The acacla:'eS+.o" go* acacia is not only

worldr e s upplv "r ;;r11a-t.' -.1: ::?:::l'":.T#r""1

the ttee which Produces the

p""t t" the maint:"":"-"^I--

::it'i":iii'll ;"t t; ;;;i":. lt' o" ro r e s t p r oducts'

Area is shown i ttg' So' ih"uu classes of deneity

'olatriUotion in the Projer

,"" ia"tttified: High' Medi

and Low' : -

2a4.InFig.51thewholegumacaciaarea,co1ouredauniformye11ow,ig

""i"ttt"not"1 
on a highly sirnplified soil rnaP'

zs5.Gumacaciaisdiatributedovera11thetyPesof.:",,1Isoi1exceptthe
,Nubian pediprainrr - i. e. at. ,IrrJv pediplain, u"ia soils' overlving the Nubias

(geologicar) series. rhe gum :::]tX";T5;;;;;u"-jl"r'vev pedipl"t") "u 
,

Page r06

GUM ACACIA

Geo gr aPhical Di stribution

acacia.

the clay plain' 
,lain (Zone B), there is a rnedium gum acacia

za6. within the Nubian Pedip ' 
"" "f 

the old eurface drainage':;:',:3:I*4:iiirii:x"sihd+jxt.t1.;rilTil'Jx"#tl:"';::',
.:

Percentage'- - r:-r-in .in Zone B.f::ffi5 "t """iv PediPlain in Zone B'

Zs;. Gum acacia ie also found in Zones C2 and Ca (S-W corner) where t

is alterna,ting ";;;y 
pediplain and gardud'

Z8E.l'tlithinZoneC'thecultivatedpocketsolsandypediplaincarrygul

The High Density Gurn Areas in Relation to 1i\Iater Supply

8sg.ltisseenfrornFig.52thattheareaswheredrinkingwatersupply
traneported to the villag'. "',1:Ii:::1i**'":::":;;-g"rrl' 

tin ror cash

::ff:il;:?'; i""'*"i,'-the high densitv surn areas'

zgo.Tbisillustratesaveryirnportantexceptiontothenormalruleth;
cu].tivationtendstoconcentraterJu,,d.water"oo'""".Inthistank.lorry
the land is cultivated-' and ti:"""#:**i:i:ile'J"' t' spite of the fact

!
1: I

rj- .:

,l :

ffi';';;;"'l', tu* all-season watex sources'
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zer. rhe re?son is that sinc:-'5::"rT?::J:1i,:; fl:T"';"['";-iHt"-'
:l;, a valuabre cash croP' 

^'" ^

irrr.tu nature t't" pot the gum acacta'

'":t*"3:,1i",'ffi :l,iilifi51l'i#ititii5{}"i""iffi':"t5it""
;;;i"to the surn acact" ""r;;"i'l-"^"'o':'- ::i::':Hil for water'

::; ;;,":": . fff"*; il, jiiff "f ;?:;Ji 
^i. *'ne s tor as e tanks

or'rtt" tebeldi trees )'v*Elv -- 
-^ _ia- sharply, in the p::":.a f*t::''

":',.*"I1::-lrnruq,il+Iffi[it1tH,+*tt"""-"1+*
villages had bec,,i", 

i.o"rur--aI,r., from all-se;each village - :t"::"L. :-;. roo far from arr-ut;q'---
il"*", ;:fl:.-1;11?J;;:;: ri* 

* -'-- 
ruction or mot

eupplies by anrrnar u.e--- 
ith the introd

zs4. since this situalt:" "-"1:;i3i;"ttJtIi;"::" ";; 
;"::-x1:"1-I :"'1i

i11,"n",.,*;jgi;:i!i j--;1,1,,.or.:-';l:;1'#5[';';i:t*:;
had to be paid.r:":i";;Je* ,""uic ae tn:':.:; rJ "u".*" ",
ro pay because they had **-;i.; crops such aEi 3€earne o' 

r

;J;;*glY to growing annuat .,<'e* Y- -r
.1

," *"U as the gum' .r-^ rrct that tank-lorries a1

" 
X .l;l r * *:: jlltli " |'',t iii: .1"# : : :'.*# r"' il: il'' "' 1

ternporarily. Here *u ".t"'l;:.i?;;;tieptable cost 1n 
ry;; in it 

-l
unaccept"ur" *Jt I" """1-111:t':""?:";T;i;";;; drop of

f"T,:'H#i: H,:!l*H ;;"' "'' r+i#;.':::",+:.tft*
ifss;t'"u,";nlt":;i*;t*'["'""::' "r"i'"'io"l'^;" ",o 

*rr .o"
horne ". , u'"l[If . 

-,":i.:::'.4:H 
-T"lll"'";; buv the w4'sr -- - 

i

::i"ff-I.:',Jl;I:o':il:" $

..'".5f.1
r{;.:
ir.}?}..i.':1

*;r3:11

]G1r.

i;

;;: 
" T: ;; ;;# .'ffi* -Tr ilir:::;x'"4#i"',"I

*Liti::"'f*ff*:;.1:':'";,-"':""':'.?lHili""ii'"*"'a"wl
*Ui.ft is irnPortSor u.,s*---

as PhosPhorus'
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Regeneration of Gum Acacia after Cultivation

110

291. OPinion has varied about

hae b.ur.1cft to revert to bush'.ail;* 
;ntirelY bY coPPicing and

is negligible'

ZgS. There is no quantitative data on this

duriuq the perioa of tfre Project revealed no

regeneration Uy 
*ntt''"ol 

seeding was clearly

the manner of regeneration when a field

An extrerne view ig that regetleration is
'a*i 

""g.neration 
by natural seeding

gueetion, but
lack of cases
estarblished'

observations
where

Clas sific:

302,. T1

(i. ". the
is sandy I

as a cons
square ki

z0
30
z0
30

Productio
;,

303. Tt
few years
a populati
per famil'
ln 1964/6
the best p

304. As
which had
and on thr
Ev 1914,
From 192
Sccond.'Wr
of 42,000
L.s. 5, oc

OTHER r
l0S. In

H";:::'
W" 

"o.aIt llut su

The lmpact of Cultivation on Gurn Culture

zes. so long as the farrners are not P:--"'::^"u:I ::X;.::i;:*"t*111u'u

;ikl*" ;; : *;x:ff LT,-'T"{^.. :."r :i ; ;;" *no; 
1 -11 

e e e s e n'i i a I

to his econo'ry, he welcomes J"d t"courages the gum acacia' and favours

it above other trees. It gives him a cash-""onl iri return for work dcne rn

the dry ,.."orr,-l-e. the "il-".""o" 
r." the field croPs' It regeneraies

his soil. rt provides buildi*g ;;;;'--r-i"iti'o1d ;; tLrcoal'- and sorne bror

for the animals which does no;;;t if ii is not excessive' lt gi''es 80rne

ehade for anirnals and the gurn acaciais "o*n"iiltt;ftfll:**i"il'*"t"'
1:::""::".1I'T:-T. il:;::"-":;;;;;bs on which the animals sraze

300. In fact' gum culture and fieldr f;oPPing' with gtazirrg for the farrn

anirnals, fit together natural'Iy' 
-The 

tt"tu land-uses are complernentarf'

and rnutually reinforce one anoth"",ltro* the point of view of soil 
'

fertility, atstriUotior, of tne farrn-er's *ottlo"J;;;t the calendar' and 
;

econornicattY'

lil",nffi ::::1r#[J?:$;iii:*r":;:T:i".lliillT;
;iTf,,T'"""H:;:'5Tf f':"Hil]i1;*::""1*:'-:T'*#"f ;difficulty is that a certain m1nIf, ,"o"" goes beyond a

essential basis {or-gubsi"t"'-"1'^T1,*"1"i1"n::* tree has ro g;. ,l
: : 

=:,':": 
Iil : 

".i: 

" 

; ::T: T:: :. til :: 
:-':Y:1 iT";1.' l:: :1 ?i; *Iti

";;;;oint,. 
the rarrner has ":.;::';lt" "#ff;"p"'.t"" ot ir'. .iit'oIe

""r"rr "r"" 
where this has h"Pf-r^ 

+hr;vas-

everY

.:'i.

iill'"t'iJrlu'*i""e the sum acacia thrives'
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Classification of the Gum producing Areas

302. There are about
(i. ". the area within the
is sandy land whcre the
as a consequence of the
sqr:are kilometres can

TQYo = 4,000 sq. krn.
3Alq = 6,000 eq. krn.
ZAd/o = 4, 000 sq. krn
300/0 = 6,000 aq' km

Production of Gurn

20,000 sq\:are kilometres of the inhabited areae
ekietic envelope, Fig. 39). Practically all of thig

gurn acacia either grows naturally or ie developed
farming system of land rotation. This 20,000

be classified as follows:

: Denge cultivation
: FulI gum cultivation cycle
: Partial gurn-cultivation cycle
: Unallotted or held by big landowners

303. The average production from Kordofan province over the last
few years has been about 20,000 tons per annunn. The 1956 ceneus gave
a population (in the gum area) of 7?,000 families. The average production
per family must have been about 6 kantars p. a. (1 kantar = 99 lb. or 45 kg. ).lnL964/65 the 6 I'familyltkantars would have brought in up to L.S. l9 for
the best price paid in El Obeid.

304- As regards gum producti.on in the Sudan as a whole: ttTrade in gurn,
which had reached 7,500 tons by 1881, stopped during the years of war,
and on the reeurnption of trade in 1899, only 1,900 tons w.ere exported. i

By 19t4, the leve1 waa about 14,000 tons and continued at this until LIZZ.
From 1923 to 1939, the a-'.,erage has been about 20,000 tons. since the "
Second,'Wor1d War, the total hae risen steadily to the current average
of 42, 000 tons. rr (volurne vr). The export value at present is about
L. s. 5, ooo, ooo per annurrr. -- --- 5 

.,

QTHER FoREsrRy pRoDucrs

l^oj^ In the rural areas the rnain needs are building-poles for huts, and,.t**o-ou, in the town.s, polea and. charcoal. The cur-rJnt need., based on
'\o.rdofan Province and tle 1956 census, has been estirnated at I ,1g7,000 -,",

l"ort"",f:,res per annurrr. for round.wood, firewood and charcoal. A projection
- 'vr suggests a cortesponding figure of 2,849,000 cubic rnetres.
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PASTURES AND LIVESTOCK

Four Categorieg of Grazing

30?. .Four distinct categories can be dietinguiehed, i. e' Tribal Nomadisrn
and serni-nornad.ism; setni-nor:radism with village livestOck; serni-
nomadisrn with rnerchantst liveetock; and gettled village livestock

Tribal Nornadiem: Carnels and, Sheep

30S. There is only one tribe, so far as the Project Area is. concerned,
which can really be called notnadic, without eerni-nosradic (or serni-
aettled) f eatures. This is tl-e'shenabla, who raise carrels. and sheep;
trith sorne goate, of couree, which are alrnost universal in the Project
Area.



30e. rheir migratio"",(*-":-T:::.:.t ::"ril T:;"1 ;:;':ll:i::"::i il:T.,:*
lo,l","*f.'T"fi-""t::ilJ,*}';':i:*:,+:nili::ll,:-tr"T:'?:ryi::*I:;::t:x;,':"T{:l^'ilr:,',:"}:s},[*"1?,.;T,"::ifi ;"t;:"1"H:::J';;; ,".;*, *"'j 3-"-".""1"1:1":';;;*, ion", o"tv i" zone Ar
are shown in Fig' 55' There u'* 'u" 

few in the Sandy Zor.e"

in the areas ,n.i*1" rrg. ll aoti"g the drv :.:;;;;' but they are not' etrictly

nornadic, because a big p'opo"tiorr'li.t"n iribe are settled farmers'

Tribal Semi-nomadiern:' Camels and Sheep

3}l.BoththeHamartribeand'theMaganeenhavesectionswhichare
settled f'"t"tt'' and sections which are norrlali" t" the senae that they are

3Iz. ln the rainv season thev rnov"-'*t:'"1'"::Ii;i'";::I T;tl::tL;ill:

ii:r*: :l ;!!]i ::".i:;":"'i:';i :;'" l;^{r 
-'L-'r" 

P r o j e ct A r e a' and'[h ev

concentrate' of neceseity' round the water ";;;" 
as shown in Fig' 55'
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rninoritY'

El Foshcr
0

Tribal Semi-nornad'igm: Cattle

3I3. rhese are the Baseara -(catt":o*iiilf ':l:?'l"i'"lX"X";-{T"

*::::rux",**:l{*;4"iil."Tt5;:lil,*::iHtu['.o.
;;;;""" arl tbree have organrc j';; ;";"u"t
people uelongin=;t"*'L"" - iribes are settled brrner s'

314. The Habbaniyah.,"." Yi"lv 
far.le.rs b1t they have-1:"" cattle thaa.

'"l".'"ri*,::"1:Tlil1"j:J#T;:t 
jl;rr"::T:;':;1"h::'ll*'

Project Area'

3I5. Botla the Hawa ^^u.,"1^tn" 
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32,9. Land Use Zone A is the goz proper. There are some grazing
concentrations, associated wi.h centres specially well supplied with water.

330. Zone B is the sandy pediplain overlying the Nubian sands,one. The
proportion cultivated is smal1, and water supplies are good, though.
lirnited to areas round the boreholes, which provide the bulk of the iupply.
Round these boreholes there are concenlrations of grazing in the dry season,
but the area generally is subject to very light grazing,

331. Zone C is the gardud country, with sandy islands. It is the area for
rainy eeason grazing, and since it contains some plentiful well-fielda ,

supplied from dug we1le in the flood-terraces, therc are also dry-weather
concentrations.

33?. In Zone A, and A5, there are also good eupplies of water from wells or
boreholes, and consequently these attract dry-weather grazing concentrations.

333. The absence of d.ry-weather grazing concentration elsewhere in the goz
country is due, no doubt, to the paucity of water sources and the vely limited
supply from those that do exist.

334, The goz away from villages is generally not heavily grazed because of
lack of water supplies, Such grazing is usually carried out by sheep and, camcl
owner8 aB canxels can go without water for 8-10 days and the desert type
of sheep can go frorn 3,5 days. Consequently they can graze further afield
than cattle and goats. Usually the carnels and sheep are part of nomadic
or semi-nornadic herds. In other words, grazlng in the goz and outside the
normal range of the village-based anirnals is rnoatly done comparatively
sparsely by the nornadic and semi-nornadic herds.

335. C.r,rnels and goata browse on the gurn acacia and may harrn the young
trees but the mature trees are little affected by either animal and 60,judicious grazlng contror of d.eveloping gurn should be exercised.

336. Under heavy grazing in the goz country the palatable perenniala
disappear, leaving the aanuals and. the unpalatabi.e perennials *ithout
competition and these increase. Fire has ttre sarne ef,fect, so the effect
of ftequent burning and./or heavy gtazing is a pasture dorninated by annualswhich will rnake full use of their limited seasonal water, rnature early,and shed seed. for the perpetuation of the species.

:ri'j During the rainy season the sand.y soil of the goz is firrn but porous.r v s, lrva

Y.T:" the pres",r"u from the animals hooves the wet sand particles are
;;;;"';;; ;";;.;;';,,1 ;;;;;;",". rhisaxPlains why there is little visible overgrazing in the goz except round

Even here the soil ia usually stabilised by weedy species.
vrdlages.
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Anirnal Production and Coneumption

3+4. Taking t}re Sudan as a whole, statiatics show that exports of animalo
and animal by.prodircts are inaignificant compared with cotton, gum,
groundnuts, and eesame which together cover the overwhekning bulk of
exports.

345. So far ae the Project Area is concerned, and Kordofan Province,
the quantitics of animal produce going into the markets ie small compared
with the number of livestock depaatured. The Baggara cattle tribeE do not
willingly part with their animala, and when they d,o, the main animalg eold
are oLd cows and bdIs. They sell thern to get money to pay taxes; that ig,
frorn legal necessity, rather than cornmercial profit. . Moet of the cattle and
sheep produced via Kordofan eeern to come frorn further weat, fiom Darfur.
They are purchased by agents, and taken over by herdarnen who herd them
around the Nahud, Khuwei and Safata area watgr Eources (boreholes) and
move them aa required for exPort, covering Borne 14 kilornetree per day
between water poinfs.

346. Within El Obeid, consurnption of meat per capita ie highr and meat
prices are low, ltith a population of 52,000 in El Obeid, figurea for yearre
slaughtering were: 12, 81 I cattle, 32, o3z sheep-go ets, 6zs camelg. Thc
annual consumptiou is 42.4 kg. or 93. ZB lb. per capita-

347, In the villagea on the other hand, congumption is reckoned at 6.0 kg.
per head per annum - meat meal once a week. There is plenty of room for
greater horne consumption of meat in the villagea. '

348. There ie a good demand for eheep, especially for alaughtering for
ePecial occasions and festivals, ?nd. sheepts meat ie preferred to others.
Sheep are harder to rear than goats or cattle.

349. Carnele are mainly raised in t}re north western parts of the project
Area. Goats are usuaLly kept in the willages for prod.ucing rnilk. Donkeyeale the universal biast of burden, eepeciilly for La"rylng water.

|]:' Horses are not nurnerous in the Project Area. They are used as cart
lltlu" in towns and for riding in the country. They are not irnportantu the econonry.
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ivlill.-, Cheese, Butter and Sernna

35t.Mi]Jcsupplyilrt,hevillagescomegnrainlyfromgoats;lndcattle,arrd
in sorne arcits from carncls'

SSz.Duringtlrerainyge.agon,theBaggara.cattletribesgathercloccto
E1 Obeid and seli milk' Cttee* '-Lta"l 

tta-'o*u of this mrlk is pteteutls

and' bottled'

353. The produstion frorn the dairy in El Obeid' run by the Ministry o{

Anirnal Resourceli' amo.rnts to 
"' 

tititT'0' 000 Ib' of butter P'^a" 5' 000/10'

lct .: y nt,-:- 
:-," I i i; j;,' ii "- 

r; ;i f :i ; n;'"n' -: :i: {} I ll'l-*i ?;f
The dairy tarm ailrrrreru

village cattie'

COMPREHEI'ISIVE LAND-USE PAT1 :Ri'i

354. Fig.
categories:

50 ie a comptehensive presentation of Land use in the lollow

The inhabited' areas' which contain al't the culf,rvation

and alL the viilages'

T rre,, emptv" ar ea s which t' *. ::t :::l*"tJ"*i."1il::",fi;';.:ff:*:;';;';""P's' and outsrde

;; "i-g"t'i"g' 
concerltration'

rl.

b. The rarny-season grazing grorrnds ("tt-ilu'tribes frorn the

soutl:) which are rncstl'' t*;";;il"'uxi"ti-c euveloPe d

the inhabited' areas' and *;"tt' *itt'l'" the geaeraL gardud

soii €nveloPes'

c. The dry-season grazing concentrations' which are determi

i
t't

d.
outside the
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basis for cornPrehensiv"':1111,i
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CCMBINED PATTERNS OF LAND USE
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CHAPTER 6

WATER

OUT t pI TI{E TNVESTIGATIONS ON WATER SUppLy
+Np Ti{E GENERAL CpNCLUSIONS Or{ AVATLABILTTY :
BASED qry VOLUME rV AND ITS TECitNiCAL ANNEXES

INTRODUCTION

356. volume IV tt'water Investigation and. clirnate,r cornprises a
comprehertsive report supported by a nurnber of Technical Annexes. The
Comprehensive Report is entitled I'Hydronornic lnvestigations: Concluding
Report on Water Availability and. Recommendationstt. An index to aIL
the Volurne8 i5 at the beginning of ihe present Report ancl the coverage of
the Volurnes was discussed in Chapter 3.

357' In this Present chapter of the general Report, the conclusiong statedare in very general forrn and. are related. to water availability. Proposalsfor action and the'corresponding recornmendations are dealt with laierin Chapters l1 and 13, when the whole of the results for all the differenttechnical aspects are integrated into.terrns of Land Use Policy and. planning.

358' The earlier chapters have described and illustrated how drinking
L11t:-is being obtained ar present, and how the chief problem is theqrstribution of water to fit the proper use of the land and avoid. exeessivecoucentration in sorne areas, side-by side with large tracts of land whichtre rrirtually not used at aII "rtrrorgt'."j"rr";; fair rainfall.

ItJ:,, The rnaps and. texts have shown that excepr in sorrle specia[fo.-
,3:":.U pl:rces, (Land'Jse Zone A1, 42 and O6,"'see Figs. it, a2'ind
;;'_:o"t of the peasan'rs Uve and, w6rk ii vilbgls which are distant frorn
ta;-t-1""" water sources, so that during the dry weather they have to" wat€r transported to thern either by aoirnal or by 1orry.
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STATEMENT OF THE PROBLEMS

the living wood'

130

350. The problerns are: how to remove 
-tll",'nt""y 

burden of water

transportfromthepeasantlySothat.theycanincreasetheirp:oductive
workintheirexistingculti.,atedlands;howtoprovidewaterinnew
placessothatlands*r,i"r,areatPresent.u'.,".uiorlittleusedcanbe
developed; how to provide. wat;; ior the livestock; and' comprehensively'

how to d.o all theseitir,g" ir. ",,"il 
way that the provision of ne$' water

supp}ies i, p"oJ"rrf *.t"r,"dt-;; capabiliti*" oi the land and does not

lead to addition"J-o'u"-"oncentration 
and excessive use'

361. Water supply is the key to the full and proper uoe of the land'

Nomatterwhattt'eia"at""tpti'fitieaarefor't"op"'pasturesortrees'
they cannot be;;; ;" ,u.v ,t,o,,1i rmless tt,u *ate' sopply problern is

solved.Theinvestigationgcoveredalltheexieti,,g.neit'odsandtechniques
for getting *.;;,-.ria fro* they fit ido the p"ttt""'" That-is' -dug 

wells'

boreholes, hofigs (excavareu ,::'":;;r;i, i"o.*t treeg (baobab)' water-

rnetons, futas (pools), t=da;lffi;;i.;:::I Mdthodii of distribution

were examinedi i.e. animal ,x;-;;;t, Iorry trinsport PiPe'

3Sz.Inaddition,theinvestigationsinc!.ud.ed.aProglarnrneofresearch
and develop*.rri into the ,rr.trroi" 

-oi-.o,t"t"ucting 
"'i"u 

storag€ tanks in

order to catch ,ir.'lrtr ar the dit;. ltsel{.*tt""l it is needed and where

iii.[", and tttn-ti till tt is needed in the dry season'

SIGNITICANCE OF THE TEBELDI TREE AND THE WATER MELON

36 3. In eff ect' 
- 
the central ::"JrTfi lff.;.'rT:'"'" Ji""""-"""i1''L"" in'

;""ii:T:i."!:J'T;=i[*:i:::il:***if""""J::T':IiJ*ove'Ic':
the problem ot t?t'"t d'istributio"t' - in plain t'e"me' to get the water at

the ptace" *rr.r.-.-riuy needed ii^' rt u",-;ao"t it"-J"t .t"i' -"nou€b 
but"k

two de ci s ive dr awba cks' t t' 
: ll.'{:-*:."*": 

"' 
""#'::"EI 

:i; ;n
3:.::"]i11I :n-:ff*' :i:::':1; ;;"-;"-u" t hundred vears old or

Lo".beforeitisbigenough..oo"hoUowed'outandconvertedinto
a storage tank. In additio' it gi.rl" i-*i.t of po"t q,ality' discoloured
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364. Thus the tebeldi tree. ?*_; ^_-, ^rernnolosical lirnits.. The peas364. Thus the tebeldi tree ofrr] >urYEv e--- - ical lirrrits.. The peas

within its own "t;; g"og"apr"::t -1'u.::"::::-#;:"1;t" onlY a ga

*::n,';:"x;:1','-':;i;:i:',",i::,r:::":1f ;"r:m.IJr""l$':Ji:*;;;;:ffi ,x:i:?:;.,f i:*Yl":L:=";it;":::f;t::i'J;T;;i'"1 ";J i: :1*:3i"$"ilT.';J:*;; ;;; ;;""'oiogica1 probrern'

rcs ae to the qoJi'y of the ttwatert' and its quantity ""*;;
' i:itn. ai".dvantages as to the

obvious.
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365. They had nov.r partially eolvdd the probtrern of distribution, in a way.
But in addition to the disadvantages already mentioned, there was the fact
that each method involves a great deal of labour. The tebeldi tree has to
be laboriously hollowed out; water to fiII it haa to be scooped up frorn
the little catchment basin round the trunk and lifted up tJ:e tree to be poured
in. To get water out a rnan has to clirnb the tree. In the case of the
water-melon, it means, in effect, growing two crops, one to eat and thc
other to drink.

366. Nevertheless, these two indigenous rnethods are highly significant,
for several reasons. tr'irstly, they were developed by people who know all
about how to dig wells and who, beyond aI[ poesibility of doubt, rnugt have tried
and failed to find gror:nd waters by digging before resorting to these other
methods. Secondly, the fact tbat the tebeldi tree rnethod has worked in
practice for generations is proof of the baeic proposition that a small earth
catchment baain, of the order of a few hundrede of square rnetrea, can in
fact be relied on to catch the rain which can then be put into a storage taak
Thirdly, if a rnodernised version of the tebeldi. tree is introd.uced, i; $rould,
be no novelty to the peasants in principle, and would give them nrore water
for less labour; and both of these points would greatly aaqist the work
of introducing the new techniques.

CATCHMENT TANKS

367. rt wiu be understood frorn the digcuu"io. above, that the purpo8e
behind the d.eveloprnent of what is called the Itcatchrnent tanktt was to fill
a gaP which has to be filled if the land resources are to be properly and fully
developed, wherever this gap cannot be filled, at acceptable cost, by
any other means. It was apparent at the outset that in thi.e Project Area
(which is the lirnit of our studiee) there are places where there are no
groundwaters and no flowing surface waters and no spriage or lakee, but.
which enjoy a good rainfall aad could be profitably farrned if drinking water
-could be prowided; and where the only alteraative to expensive transport by
lorry (as at present),'or expensive piped suppliee , is a rnodernised fijlin
of the tebeldi tree. It follows that a complete range of solutions to the
water supply problern must include the rtcatchment tanktt technique so thatrt can be used wherever it is cheapest or whe ever there is no other way.
ComPrehensive land use planning aod. d.evelgprneat dernande a solution by
catchment tank as one of the eesential tool,s. 

l

368. The area in the Gurn Belt where water eupply is done by lorry, atarcessive cost has becom.e the prirnary target for tJee catchment tankDecause this is where the problern ie rnost acute. It is referred to asthe trWater Crisis Arearr, ".. frg. 
-+fl---
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that water can be withdrawn
3?r. Each of the 1h""", :il-"il:1"^ i,*,"1":i:iJi.:Tirr:ir;,"T' ;;;:;;; i."J I L.

a bucket on a rope (in a trater ."'1s-' ':je::i::TllhiillilJ'.t'rh;';"i1:-tl*ri,
lJlilh:";;;"J;i". type has a sand firter round the base or rne \iv'iiL! 'r'e'e

. .''- ---r ^- i+o ar,2a, (1111 as well as on its way in' A eimilar.
:: ;";ili;" ;;r:" is filtered on its way ouL as well as on its wav rn' 11 E'**rer

., ft:r'r^-^l Elnof No rloutlet filterlr is prov
a r r an s eme,, t 

" 
a" b e p r ovid'u {:' j:: :::ii i:-T:: rf,"";;:::'i;il ;b;'; ;;af I(llrEsrrlv "w v-

for the Bottle tvp" u'""""'- i.t- t" 
"T::: .::1t"';:TL'*ilf:::J*,i ;;;;;t*"

rnetles, i, 100 glito""1 and if a filter were added it

proportion of the storage sPace'

Constructi.onal F eatur es

372. The capacities of these tanks are sear"3]:^"::-"';::T::i].Tiitr::
'.il;,."llr?'"ff "1i:; :: :ffi .'l'?: " ; ;:"-"""" Iio^ *' can b e p r ovid e d with a s r

^- aa manv as available fundd;"";.;" ;;;" rnany as availab'"" t*11
*i,'"."t: ::j;.: :::."";:Jr"j"#:;',,1TJff:L"II ;il;I ;;;.. arrord or
cover. A farnilY can have as nxany

excavation in the earth

r3z
:{.,

.rl::

|fir

Types of Catchment 'f ank

369. Figs. 5I, 5Z and 63 illustrate three types which have been developed in

the Experimental yard in Ei obeid. The way an.y *o"k is 
-1s 

forlows' Alongside

each tank there-is a rainfall I'catchment"' fotmei artificially' When it rains the

waterrunsolfdowntheslopeto**"d'sthetank,intowhichii'runs.

3?0.InthecirseofFiq.6l,the||Eer-hive||type,therun.offwaterpondsup
on top of the <lomcd roof of the tank, which i" "o'u""d 

by a bed of sand' The

watersoakst}rroughthesand,whichactsagafilter,andgeepgintothe
storase-space ir, ti. cells "d";';;" 

do*... il-;;1"":-"j-'^* I'Pillared Roofrl

type, Fig. 62, the water "o," 
-",".ighi 

into the storage capacity. In the case of

the ,Bottlen, Fig. 63, the water "oltt 
through a conical sand-filter'

5

t

373."' The essential elernents of construction are an

lined with an irnperrneable layer, and covered with a

of a novel forrn of reinforced concrete'
roof on a structure rrr

local. circums
slurrY in the
bag for the
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374" The irnpervious lining which was developed to suit the

was a rnulti-plyl'sandwicht' of ritt -gauge polythene and clay

o{ the Beehive and the Pillared noof' and an artificial rubber
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ST5.ThereinforcedconcretestructureetofoimtheroofanditsguPPorts
is made O, ,,..ntir"r-r?;;;.or'Eap-mi*" p'otJ"'J'- toU"" of very fine gauge

oolythene ."u tirr.l with a u* Ijj "i^"-rri.t"u.'""*t;;' 
and clostd up to form

i'"311eagesn' "i' 
ioi"-i" pu"io:;;;i; t*." n"i"t-t"a *t"-n building ie to

b e g in, tu " " "o"l; 
;;; ; ri= * **#":;'.m " 

ra:i:;.' 
Lil*i:':'

into the a'y *,*l againat t"""t"';.:l ;":'ifi;, ;;;;;1...o i:' tu" cerrrent'

;:r$::ll-,",h1"1i"i:,xir",kniry--.*xl"l"'l'i"""aace*ain
co,'opreBBir. "ar"rrgth 

witho-, l,*-ri*. tt'"-il""t"gt"" can therefore be

ugedaebuildingunits-""":::.,;;-*t'-arewetttatn"J,'go'Theunitsare
rr66uldable" arrl can be eatle-al'o ro"* o' *"-tl"-ort-*ooaen malLet'

rather 
'oot 

p""it"""t' n;rytt"ing rtSkewt'j;;"-a'it'u" in" Piercing the

sausage-r*" ,*ii" after 1n"V 
t.r" f,tut patted ti'" Jt""' The constructron

is illustrttua it Plates I3 and 14'

316.Noforrn-workisneededbecaueetheunitsstand.o$theirownowing
to their irrr"rrrf ..pitto"y "olu"io"i 

Domes l"t-to"*ed' by pinaing succeeslv

circlea "t *ttl^*Jt"""a*ittg diameter e'

3ll.Assoonastheunitsareinplace,.andskewbred,thevneednornore
attention' *'o-*ttering ''" 

*"'"JJ-*uUu the Joncrete mato""" because it is

encloaed inside its nsaus"g"-Ik'Jt and' to" "il'itttro" 
is suppregsed'

The catchrnent Apron 
rt happeng if the raia trmisaes

318. An obvious question fas 
to be met: *oi:,t::";1 i"l"t" talls on it?

thecatchmentaproi,throughoutawho1eS€ELSottreothat""""':-:"

;;:"";';;:". prac1, :r,u1u,er 
there is a virlas" (:ip aegrigible

exceptionl tU.r"-i"'agriculturu, 
'.'tu 

'oerefore " 
t"it'ttu big enough for

agricuLrure. *i.il"T.; " ""ior"'1i,-it'" "ill l t"tttt 
of proper deaign to

provide a catclunent aPron Uig I"orrgh to fill the tank'
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3s1. rhis method of answering the'eu"i::-'#"ffitn::j 
'Ttr: 

lT"j:1il:'
,#:*:i*i"r::::ri;:Til:*"*'i:";,:;#"ff ;;';;;lvbecauge'ihe

catchmeot ia eo amalL 
- '-' 

. j----

382. To take the limitTg : but entirely er1-ctical - case; if a'o impervioua

catchment apron ia provid'::-:il;J#; ""?oJi'draulic 
features for a
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ii::i,, :
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Terrnites

3E?. The terrnite hazard ie digcuseed, fully in tJre relevant reporta which
have been igeued. There ig no evidence better than actual operational
experience, over a sufficieat tirne. Two tanka built ia the epriug of 1963,
lined with polythene and with ao insecticide, were etill holding water in
the spring of 1966. Similarly, full-8cale prototypee built in the spf{3g
ol L964, and eix built in trvo villagea in 1965 all of which had ineecticide
protectioa.

388. Teets witJr a multiple itSandwichtt lining (cby, alurr.y ihd rnornbraac
interleaved) over l8 months, without insecticide, ehowed, thii'"deepite
iafestation by terrnitee, the Iiniug waa hydraulicalry sound. Moreover,
when a gandwich lining 'was repeatedly prrnctured straight through vrtth
a sword, it eealed itself up becauae the clay elurry wie waehed through
and forrned a cap.

389. It is congidered, neverthelees, that a poeitive deterrent in the forro
of an ineecticide is ad,visable, placed outaide tJre irapervious membrane,
where it ia not in eoatact with tJre water. The uee of ineecticides for
this purpose requiree all tbe ueual care in haadling to avoid contarai'ration,
which ie equally necessary when protecting watdr to drink aa it ie for
crops to eat.

Quality

190. A aumber of analysea were rnade of sampfes frona catchrnent tants.
With the exception of one which is dealt with below, ar,l iad,icated aaticfactory
potable qrrality.

391' In sonxe cases there llras ahigh, but not prohibitive content of orga.i6tDatter- This was to be. expected because the gaad bed used for fiJJeSiagtr loose eand. gathered oo site. 'Washiag would be expeasive and would
o.ot b. warranted because the first yearta operation does, ia fact, waahthc ean&

:?1' U testg or circurnetancee indicate bacterial pollution ia aay particular
I1t:, the whote aystern can be gteritiaea uy "pri;';;lo-r.rir.achiag::1"-t on the thp of the gand filter bed, and raking it in, juat before tbe
l;"ili"ttl:,;!f"rine will then be carried down, through the filter-bed,

r'
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3 s3 : Tl "- :: :;';*::"ii; ffi;' :;: "tr ; i Ji'-'* ;J;l ! ":ii{T :,#*ff "built at Magaa'":::J;;;;;.xaae, which wa iiu" orr. rhe
showed a high content or gamm**i *i::-,T" 

the ineecticid

;1: "",?,f 
.:mm#:*"f X iiru*]I "* I 1""' 

"""* 
#;' e ed' tbat

it was difficult io i*"gioe how,fr;i,;;opotiio""could 
have got into the

watet' 
'8e 

suPetvieion'

from1hgwe1Ishafte;the"..o,,i-*t.wer3,"n."oyL'uaH''goPenone.of
the domes in thliody of the reserVbir' 

- +rra ..*rell-shaft;he domel.,"' "'* 
ater taken from the well-shaft*-

395.Theteats6[6ured,therefore,thatthew,wa9not.

;i:;"il:T::::rll',"'"Hi+**3:i:tl;'-tlt:h*'ri,flJi;*",'
the body oe *".I'::';;;; "n."ra 

have been contaminated mo'sv '--- 
j:

""i 
*"iae the well and ahaft'

.396. The explanation is ero.bably as f"T"i:: when the tank had filled up

i. e. after the ";;;;- ';t 
*"t"r'*"" were instructeJio t"t" out sorne tirnes i

day,9oag,o"i,,,li.iu1,t*'.r.**,.,itr,a"'*"i.This.watgI,wa.Btobe
thrown to waste;;i teets o"oiJ"'imade' f'T"t*" lik"ry that tine which

had been ueed for gammexane t *"a have be-en..,,].1i.;";;{O*awing 
the 1'!

watet, 3o that;;t'";;'tes tro^;lY; *"u-shaft were contaminated' The '

analyst rernarked''n tbe rupoti-ilat the water il t* saraples Otl " eeculta
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Further Research and Development

398. Neither the potentialities nor the problems have been fully explored.
or anawered by the Project studioa. It is to be expected and hoped that
experience and continuous research will lead to better methods and
better rnaterials and better designe and will reduce gtill further the
hazards which undoubtedly still exiat.

3g9, lJtlhat doee seern certain, however, is that there are big and
irnportant parts of the country where a catchrnent tank is the only solution
if the problems of supply are to be removed and if the farrners are to be
relieved of the heavy burden and coet of transporting water. I'urthermore,
it seems that membranea made of the modern materials provide iy far '

the best rrleans of providing the solutione. Different formg of mernbrane
will no doubt be used; for exarnple, where epeed and eirnplicity are
rreeded it may well. be that butyl artificial rubber will serve better thaa
tJ:e polythene rr sandwichtt.

400. The poeition is that if there ie to be a real
progressive up-grading o-f the peasant agriculture,
supply of water on the linee of the catchment tank,
custornary methods, ie a neceeeity.

advance and a real,
a solution for the
in addition to all the

401. The work of the Project has produced certain designs and.
specifications and has carried them far enough to prove that the catchmeat.
tank solution is a practical propoaition, bt aiceptable cost. .However, : , )this does not mean that theee pirticular deeigne and. apecificationr are :. :n-ecessarily the best, and indeed it would be aurpri,slpg and, d.isappointingrf further experience and experirnent did not lead to many iraprovements.

HAI.IRS

4o2' The maps and.other data given earlier have ahown thatuoe particular terrain of the project Area - and especially thedoes not favour tlee traditional type of bafir.

:11' Investigations at the hafirs at Jebel Abu Sinrrn and Mazroub overLwo_years have given rneaauren3,ents of losses fronx evaporation andceePage compared. with capacity, and costings have been made.

lnoet of
goz land -
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405. Monomolecular film was inveatigated' but it: o::"tOlY
lll;j,,"Il'lr[]r,r.n, with conrinuoue suppries of material, a degree of skill

^oo af;ilH:ll'lffi; expected of a hafir *"t"-rr*"1:..o1 "" 1:_1::.:=:i
:"{:il:il:"-i:tril;'.;;}i"ti".1 poasibilitv for a large nurnber of

404. Seepage could. be prevented, by rneans of impervioue lininga' 
'1"::

alegeveralpoeeiblemethod'e.Evaporationloeaeg,however,alefarrnore
difficurt to dear w'ith. The depth ani si" of a hafir rnake it impracticable

aa "";"iaer 
any form of rigid roof at reagonable cogt'

406.Someformoffloatingcov€rorraftwaacont'ide.red.thetechnicalitieg
riere discusged in the loterirn 

";;:;-";;" 
Drinking 'water ,::ot:o*t 

,. 'i

hafirs.

40?. So far aa concerie the Project Area,. t1.e catchment ie a difficulty

for bafirs. The sandy go|g ;itea - where the peasant farrningis located -

ilr[r*rt y "" ".rtacJ r.s-off. The actual hafirs in the goa co'ntry are
r r!, -----^11-- ia llro n.lrrtl

=:":tHTT# 
;;i"il;;;"n" e s s ions-which lie' uauallv' 1 9'- ""."Pd! ---- r^l^i 'Folaahi :

ilH:H:;;";;;;;;i,.ii*,"", rebel Abu sinrrn, rebel raloehi
- - - ^ -:-.^J Gi+l^ iohal g-

:il"ff::;;;. the three outstand.ias exampres aseociated vith jebela' ,,,

^J +l^i o ,i*

}il F"r"*'#"stigaiions on Abu sin; show well the problem of thia
L^- ar \trtrqii in tha ord:f,:T":il:#:;r:'ffi1";';.;; is no flowing Khor or '\iv'adi ia the ordinarv'

r --li^-r-l .,:;

8ense, but a drift of water down-s1ope which rnay be collected'

4OE. 'The Jebel Abu Sinun hafir is illustrated in Plate 15 and trlig' 6+' 
'

Collector channele are rrrn ror:nd the .contours at P"diT::ts of. the rock
6)^ - l ilj

ffii-%TTrj]- A gotution or. tu""'e'lines could proba-bly be forrnd' but it

would invcilve effort.and expense in regearch and developrnent rrhich lay

beyond'theresourceaoftheproject.Sincetheterrainofmoetoft.he
Project Area does not favour the hafir any'$vay' a solutioo to this particula'r

problem ia of cortParatively little irnportance for thia Project' But it ie

rnuchbiggerirrportanceiatheireas*h.""hafirsprovidethebegt
aolution.

outcrop to catch the qbeet run-off. These collectore deliver into a l

feeder, which picks up a fula and r,'s into the hafir' A second pdir of

collectors gathers d"*t-*ater in the bed of the depression'

409. The rr:n-off ratio is extrernely srnall because the

;;';" tn.llu"l ate covered with thick grass and are aleo

iie hafir does not always fiU up properly'

slopes leading
rather Perm



410. The studies show clearty that if *:t:' lt"ge 
hafirs:t'" to be burlt

in the goz counrry - which *u.ri" *ainLy i" tt'o"""iew localities where there

are lacustrine de.pressions - ";;;;i"i*f 
cttct'mu"t will be advisable

if a reasonabre'".d;;*r-t, tttiir., 
.i" i"tr, is to be attained'

411. lf this is done' however' the result-ie mote "'+d 
*-"::like a very

ra r g e,, car chrn 1., i",r.,1 
: ::: Jtl*i: j.T i:,ilT* il::!',?::T;}l

:::1":,1': ,:::"#;J"-"1"il:i,';;"'"ie hau a dozen or mor-e vilragea'

all of which n'''L-'" carry 
'nt#^''JJt'ut "u"t"r'iirlttt"tres 

from the"hafir

tothevillage'*h*"anumberotsrnattercatchmenttankscanbebuilt
at rhe villages itru*""ir"-r, th; Jri*irtttirrg th" co8t8 of transport?

The answer is i.rr 
"'*" 

of "o*ptrative 
costs'-*ttt"ft are discussed

late r.
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BOREHOLES

416.
inte rp r,
before r

storage
So bore
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finding
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geologi,
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DUG
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A borehole is -usuaII'. ""'"^':::t-1'*;:::ff:i :H;;'*1';::"J
Xll;""."*;"":;J"l:';:"::'1":?;;;li::*:'iJl,::1"';?1?:Hi;:x,J::"::Tffi ':iil'ffi ";:T":*:*:Jfl I;""',',""""i;.;:"xl,xghown, there are big aleas wr-e urr"i"", for expl'oratron
borehores, althJugrr"a"ilti"q ol1::'"":"1'r"j-;;;" or * centurv ar

::t:*:;,i;tli:uli:J"i'1;T?;T n,,l"'"r or a centurv and

more.

4L3. Generally speakin-B' lhere 
are fair hopes for boreboles in the

areas over'nt tit"* Roata st"it*"]"a the Nubian Series' as shown by the 
.

accurnulation of experience over many years' 
'';

4l4.TheUrnrnRuabaSeriesareasfatlintotwobroadcategories.TLej
ri r s t c oin c ide s ;;; .";:. r: :- r"""*:.flt ti 

" 
f : 

j 
"(i;; 

;f- -rll,Il-fi j
as already explaintd'. T::-u i-"ai..aions which JrZ .ri"iure on the ground ,{

where there are no obvious t"u1:11'.."1j ::il;;.'-;;. seco:rd corresPonds

ilffiLJ i": +JH;1*rj'rH"; "J"""1T#,Iul,i-i'"iT'11 
" il ;li"

zonethe bor"h;;;t"J'.l."." ;';;;;+.:i..r; i""'h' inter-dr:ne hollows' I

possibty - or even irobably -';;;'" is little ;;t;t'.tu i" this because .*

if there rn'ere a senerat Yl::',:A:iJ,::.:i;:*;1d' 
cheaPeet wav or 

,4

if there wers ' x";;-; drill or dig in the ho110ws
reaching it would be to o:"^."'^ 

g zo.,,e- Lan{tlse zone B,

ii?: -, T:'?: lil,t;::""* t+'}:ryt: i-"J yl'c "* "" or ra c'[ it'"''tt

the activ., n'oiltl"g uo"tr'or""-if itJ u"t zote B are geographically

associated' with the s=erPentine lacustrint atpoJitl'- rt"ti this it is

temptingtod'ed;;"uo""a*atfft"t;thatis'toconclude$16tthe
borehole" "*."JJJ 

J,rr"". pr.J.-" u"cause the depressions act as

collector" oi "oxace 
watet *h;; in"" ptt"or'i-io* into the b'quifers

of the Nubian Series'
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4L6. T'he historical sequence permits - or encouragcs - a quite different
interpretation. There were villages in these serpentine depressions
before the.rc were iroreholes. Thc villages were established by making
sEorage tanks in tebeldi trees. Popr,laXion grew and water ran short.
So boreholes lvere drilled. The borehole sites were chosen becausb that
was where water was needed, not because that was wherc the chances of
finding water were brightest. On this interpretation the co-existence of
boreholcs and the fluvio-lacustrine depressions hae no necessary hydro-
g eological s ignificancc.

4L7. What then are the proepects of finding water by drilling in theae
big stretches of Land Use Zone B which are at present empty, or virtually
ernpty ?

418. The Nubian Series is proved, already, to be favourable as an aquifer.
The sandy pediplain which was forrned in situ over the Nubian Series
is extremely perrneable - there i" ,i"tuffio rr,rn-off so that the prroportion
which soaks in is relatively hi$h. The trees which are characteristic of
this zone do not, lor the most part, send clown very deep tap roots (as
does the.gurn acacia) so that water which percolates d.own below the
cornpa"ratively shallow root zone must presrurrably join the Nubian aguifers.

419- AIL in all, the prospects mugt be regarded. as fair, but nonetheless,
the only way of finding out for certain, in any particular place where water
is needed, is to drill an actual hole.

420. During the course of the Project, so.rne periodic records of the
water"level in the'"existing boreholes were col.lected,. The data are few,
because measurernents are only physically possible at the single seaaon
in the year when the pumping rnachinery is withdrawn for "or.,Ll . . '
maintenance. The records d.o not ghow evidence of any general downward
trend in the. water .levels. Since obserwations are only iaken during one
short season in th'e:''yeir, they do not give any indication as to whether
there are, or are not, seasonal variations correlated. with the rainfall.
DUG WELLS

{Zt' Unfortunate\, the Project Area is not one of those regions where.cxtensirre water-tables are found., which when surveyed can be tapped. '

l*":' everywhere- orly Zones Ar, A, and .A5 are conditioas of this
:'t"r rorrnd, and so these zones are alreidy well supplied with water,frorndus wells. (r.ie. 43). 

--- - --- ---'
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422. The surveys and'-investigations ha've'*-tdu it possible to diagnoae'

with consider"ui"'confidence' tit-g"rru"r "i"tol"o"tu" 
of the several

gr0uPings of dug wells'

4.l3. In Zone A' and' A''almost every village hag its well' Seasonal

variation" i* rulul;";'&*j;il"*"*.- Seaso"al response to the

seasonrs ,"i. ;;;;"-rro ia"rtiiiaii. tirne-la*' *t''i"t' suggeete' witJa fair

certainty, that rh. .".olr"1 re-";;;;" ie by iirect in{iltration of the

;;;;n o"t' the area iteelf' 
c- ^^ Anair,^

424. 'in Zoae's C1 and.",:--*n'"h contain tJle surface drainage baeir'rs'

d,ug welte "r" 
l."oliated ;i.t, ii" "urface 

no*' thar""teristically' lhe

ttibutaries ctrange sloPe ": " .";;ltiio 
poi"t' 1""* * t'igf"" slope to a lourer

alope. r"orr.iii" poiirt, rlr" ..*;-ri11o..-rrte 
flood-plain begins'

covered *itu t"l"sl-with a""t'Jr"yuy alruviu;. M""t tr tue well-fields

are situated near the junctir;;i;" two slopes' The seaaonal variation

in level is much greater e:o': "T'- lr:i ll;m:l3h"r'"il:;"t"
ffiJlt":lf X,':"ti,'1i-.ili:-:-{:ilT;;;;"'rhe'zonecseasonal
reaPonaetotheseasonls"'ilf'o*snoid'entifiabletirnelag' r - ^--^+-i

425. ft1 Zone A3 there .1""-t-very 
eew 1et1 aesociated with the lacustfin3'

depresSions whicf ri. to the 
"o,,a]i 

lr't" jebels' The mogt notable case 
-

', 'd
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426.Twoplacescallforsp_ecialmention,i.e.the.well-field'satBara.l
(in Zone er) "'a iangadeed.tz"'"-ci)' 'o"^T:,";;o|-.];t "-T:tl 

but im'portant

irrigation. ttrese *Jr" both put unalr intens-i# study' and a rnass of :

gtatisticar data ie referred - riru"r vororrr" rv. The progtafiurte of field '{

data was prepared in the expectation that "o*nr.'i"]t-"i"",*tTical 
anal'"tt']

would be needed' In the t"ot'-iowever' it o'Iiy tgerrilea-1:-o*'"rativelY j

sirnple analysis ro provid. . p;;;ical',conclusion for ttre proPer PqrPose6 j

of the ProSect: i. ei a conclusi;"';;;."ms of ,i. n"r'"y to ue adopted and 
;1

the action to be raken. ,.or UJ-;;t. and Bangti""d' "o P::Posals are I

rnade for Governrnent it''""ttrlu"t in devefoptttt"* because at Bara ttre I

exisring private-enterprise .*ii"r.*.i"i i; j"^#; to be neat the practical i

1irnit,whi1eatBangadeedtu"i.ii"ateba1an""-;;.,i"*'.r.ve1seou1dtoo
easily be upset, leading ao *.ti-"-roggitg, if attempts were-made to enlar$

the capaciry. i", uotfplaces, ho.ilreve!r -r"g;;;;;servations 
should i

continue so that anv secula' i{1.9i1:"::: *;:*"e; 
for vrhich *o"'""}

il:'.il: -";:::' ;T; "Jff; ; ;" ; natur arrY t oo e rnalL
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427. 'wherever there are actual d.ug werls, tJrere ig gome definableexplanation, some indication (on rnape or in the d.ata collectedf 
"" i. *t ythe well is there. 'Where the Laicators are abseDt, oo wells have beenobeerved.

428' rt ie clea-r that the Peasants of the region have accumulated a vaetbody of practical experience, telling thern *f,""" water ia likely to befound and where.it is not. The proof is that if there \rrere no dug wellgat all' and if the present survey rt"a been made, with sufficient trial welladug according to the indications of the eurveya, the areao which would havebeen recornmended for exploration wourd have been those where thepeasantE have in'fact found water.

4zg' No evidence-suggeste that there are Btiu to be for:nd any irnportantgroundwatere capable of being exploited by dug werls. E;; il there are,there ig no sure wlr of .proving thgm excePt b!_actuarty digging Ehafte 
;.in aIL th,e placee where iher. a-re farour"bi. iridicatore, acd tbis was farbeyond the resourcea'or the function,of the project. .-

430' r'rorn this point of view of land use planniag the difficurty ig thesarne ae with boreholee. The eggential point of planning ia to guideeconomic investment; its purpoee is nulli:tied if the ma;:or item ofinveetment hae to be carried out in order to get the knovrledge about watersupplies which is the eseential Btarting-poinifor rnaking the plan.

RarrAD TURDA (Narunal LAI(E)

131. The situation of the lake at Rahad, and its general place in thehydro1ogyoftheKhorAbuHabibasin,haveir"""aybeeadeecribed.

{32. At the end, of the secondlltrorld War two fl.ood.-irrigation systernsPere built; one near Rahad, one near Semeih. In lgOf the system nearRahad, which had frten into .risuse, was converted into a feeder, to take\pater from Khor Abu lrabl ana putl; ;;; ;; i;". urhereae formerry ther'ake u8ed to dry out, ag often aB not, it now becornes a per'raneacyr

l::... The project Stud.ies, degcribed. in
l*" crversion works enlarliing the storageoeueficial use of the stored. water.

Volurne VII[, airned at improviag
capacity, and providing for the

,d
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several directions:

434.A''first-stagel|projecthasbeenpreparedinoutline.ltwouldprovide
for a totar .,r.rJ;;"";ri "oppry 

I-*"i"" ot r-2. o-*,lirt"" cubic metres' The

aseumption is ,r,ua* that the "*ilii*g1'rigation";; "''::luth 
would be

siven an as"or.a cor,.trofled .r;;i;,o."-""ol"ti"; ;;" 5I0 million cubic mettes

[., "r.o*. 
,"" "n.i"iro" 

t" Fi;;'.' 65 and 65 itlo"trate the general Plan'

4ts.Theremainingll.0millioncuoicmetrescould'beallocatedin

scr

scHr

fhc (

fhc r

contr
D. Onr

Sce

E K lS't

AND

W at e r co ulrt b e r un down - ":' :-':.:1:: ":ff *$I;.""tT: ffwarer could be run down-5ruPs;',;;; and villages on the

ff;;'"* Habl varlev'. "in*1-1 ,rhF wate" .,rro,ild run bv
:}il I="LT'JJ JILJ;, : 1""J';: ::l; :::: HII: H J"'
;::ui:",1"J"il*":i";:#;".*{-:.",}:?::";;:J:;l"oo'ugravity in a substantrar srzetr :""" *"t*ation, for vegetables
i. o""d for smalt-sc1le -t:1::..*nri.n-
"iU 

i""ta, for local village consurnptlon'

'les could be added later' so as

From this main conduit' :t"::t^ -^aar.al contours, ag shown c

f :;3:'.r""r"::1:1T'J,-*"r:1"','*;:T;,":"?:,.:nrl:"i"X ";:".:*;1 ?;;';;L;i l :,::::": 3'"'T:",l.,ffriJ j:$::';Jr:',:'#:,* nr""" ani estimates can be

tbe
rnlAlr

the maPs, rn

worked out'

c. Water could be sent in other UttYt."-"-":"'#;:"ffi|"H::
y*-i,l" : ",Hl'." ; :xi i1i +: i:*" i:"":X i:x**ff;
;".1":"-'"fr?:'Ti:i';5lH;J:,i:;::5;";l6:i.."'iFoi "*"mple' 

water courc ""-f:'J;:t-"u"r"" EL Obeid' The

*"nta ,,td ioto El Ain reservort-;'I^;; lil"tritorv, rnainly
Liff t #ff lll+" "T 

J-* 
:l l* :';: ;;fi"'; 

rn a: nlv
o;n "#"*"":;;]1 :f, " il;i { lti* T.1:: "[;,"]TT;in the gaxdud so . rld be installed in 8tage3,
a"""i.itt."t. This pip*h1-":: .^ rr obeid is not an ear
:::*ffi'#;, lH;'Jiiil;;;; ei ouuia is not an earrv

need'

436.Itisusefultoputthequantitiesinvolve.dintoperspectile.Ifall4
I? rnil.Iion cubic metres n.t "rrrlrrJ-*u'u 

distriluted ior drinking water oa

Iines of (a) "uor", 
it wourd-"*mr"-riberally tr" I"r"rt""" pl^",*t and their-

livestock, or naore' in additio;; '* 
t'pttity ";;;;"""i*'oi' 

can be I

substantially increased' 
drnatdd] a

437. The estirnated capital cost is L' S' 1' 450' 0OO' The es'

cost is .L. s. ,ri,iio "i=-oni.r, 
i. s. 105,000 rePresents interest on caP:

.<r ! ^r ,

'ole outPut of 1? rnillion

li j;, 
" " 

T#: "T";i*' ;'j:'T: 
"1 

i "J:; ,}:"-"1;; 
*u " "' tr* a ctual

sellingprice"t.*',"'frorn.o.,"""',*...boreholegis110rnilsper

fhis s

qnd r
and f

cubic rnetre'

ilorrer
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,ge t*E

t9. This very favourable coat i,e larSell-5:.:" tho fact tbat the lake ia a

rrural phenomerro. of very big volume, t.qoirio! "" a"1^' 11 
onrV a srr*Il

mbankment to ;;; tue ie'"t 
'o 

u" raised " 
*t"t"u or Bo' In addition'

re gravit, "oou*il';"ra 
ot tL"t! ptt L" 

':t Y"' because its capacity

r large. Na..rrally, rrnit coets oi ii..t auri"tlJ;il, g" up when bra'nching

ioelinee are added, ao a3 to enaure the water to Lt apreaa ovet a bigger

.Jea "od 
to solve the water "*Pp1;-;;blem i1 -T""" 

viltagee and towng'

lsdmates cannot be made until aut"ifta cootour maPE are available'

[40.Thefirstatagecanbljudgedeconoraicallyfrornthefollowing
:,oneiderations" W"I"t is soLd titro rnile per-tin from govefirment boreholes

and El obeid watu"*orkg: the "rj*"a"J "o"t 
or the Rahad Project wate!

(rirat stage, i' u'-'" i'(") "o"\Ili"tli=ili 
J* n'" '"o*fffi;tllt;; t"',

fil;duigu-"""t intengive rnarket gardeas : ';11;' rt wourd

H="*:***if"*::""r.'i:;"T:i:J"'i"":''"i,T;fi 
;;cubi'c'

rretle, for markti garden ilrisatioa 
alone' ::to 

if there w:re ao need for

drinking water alon! tbe ,a11ey:- A vef,y gre-at i.".lit would accrue if a

seriea of small pociets,-of irriiate'd-i+:'*:'1 and fruitg were to be created

ar intervale arorig the Khor eu,i Haul varrey, ;;i;g fresh produce into the

rnarkets all tbe y""" round, fot p""pfE who' moatf' aever aee auch thinga'

PIPED SUPP''IES
i ! Er' the possibility of cheap suppli-e

;;;;t.r uY PiPe everYwhere?

442. The poseibility of-pumping domesti3"lunnUes frorrl the Nile bag often

beenmooted'Nowthatthe*"'*ipoitt'i"uti":t;ttuoo"'theane\rertothe
Nile is simple. n"rr.- a t".t . i" t.ii.t, and at il;; bigltt 'elevatioa 

tlan the 
'

Nile and therefore cheaper' If ;iP:tg ft'"i'.1 oolklorr-tce ie practical and '

ecoaornic at alf it would o"- li"::*ru;I?*r::#i*e'ilopea 
to eupplv'

:f il$: "l'fi:' ;"J:#; ;; ; ed a or the P r o j e ct A r ea'

-443.Therearethreerea8onswhythewaterissocbeapintheproposed

first Btage of R;J i"x. proiJct.-'First, the. storage reservoir ie a natu:

obenomenon and the unit ro"t i-a"',r"ropi,'g tt-i; ;;; "tta''' 
secoad' th9

'proposed 
'""u;;;;;-lo*^ 

o'ii i''*;""'; - 
Third' the capacitv of the

conduit is'big "o 'l"t 
the coat ptt"'iit of water delivered is low'

444. t
Project .

caee is t
towards
further s

poeaible
may be t
favourab

445. T

borehole
in doing
question
iesue of

COMPAI

446. U

is needer
dellverer
the cost
it frorn t

44?, 1l
sold at 2
I Porrrd
is 1es s.tl

448. T
Mazroub
account,
rite itsel

{49. 'N
do this tl
Irrd in I
lor expe,
nprodrict:

hctg and
tnrubstar

{50. T
Ceeurne:
ttrt the cqE.taudi



444' If Rahad Lake waters are to be delivered to any other part of theProject Area than the Abu Habl valley it will have to bc pumped. The teetca'e is the possible pumping main r,nning northwest from nataa Laketowards El Ain Reeervoir. rf this turna o.rt to be economically practicable,further simirar developments can be examined,. until then, in. onrypoasible aseumption ie that although piped supplies to peasant virlageemay be the right solution in particular cas"" *h."" conditions arefavourable, no generar golution can be expected in this w.y.

aleo possibilities of distributing water by piperine from

trago t49

bafirs' rndeed, there ie no purely techaicai difficulty
the llmits of capacity of the gource concerned. The

regolved for each particular caae, mainly oa the

COSTS

445. There are
boreholee or from
in doing so, within
question has to be
issue of coste.

COMPARTSON OF

446.. Wherever catchrnent tanke are unrdei coneideration, cost compari.son,,i,
;;;-'"-;;;,;;;;;;

delivered into hig.home. This is made up of i,no chief "ru*.ot"i 
-rll-"r,

the cost of the water- at tJre source, and second,, tlre coet of transportingit from the source to the h,ome.

447' 'Water from goverament boreholea. aad the El obeid waterworks issold at 2 mirliernes-Per 4-gallon tin. (t,ooo rnilliemee = I sud,anese po,nd 
=1 pound sterring = z. B u. s: Do[ars). 'ri is g.;;"u;;"op;;; that thisis less tl.an the cost of production.

1l'- Ih: Project inveetigations on the hafira at Jebel Abu Sin'n and.&r'azroub show that,. taking all losses by evaporation and seepage intoaccount' the cost per cubic metre delivered to the .or"o*"i"i 95. iafirsite itselr is aboui 30 piastres. il;i;;-;-t7i mits, per four-gallon tin.

111..^ Next, equivalent costinge for the catchrnent tanks are needed,.v\asve*EqU vt.,oLuEn rQr EIle Caf,Cllment tankg afe needed. TO
xs,:*.,.:,:r:1.u".tij:T the Jctual prototlryes built ia the experiment

-;;;"']olT" that costsfo. ^--;.:^TTimental prototrPea are higher than they shourd be when a3".:.:::';il;;;;;;;ffi;;J;fr fi ii""?1irT"?#:r:":",f:1li.,u.u
uneubstaEtial estim";-;; r"" ;tir.

lil"r,*:_" convert frorn coustruction cogts to cosr per tin yielded. to
ttr";;:"^"1 a_ stringent standard hag been used. .rt has been assunsed

".,; ;;.;Ttil:, fi ::::xrrn:t il # ff r I LT,"Jha,,he



?age

45L.
itseU,
home)

r.50

On this basis the coet per tin of four gallons '

(i. e. without ";;; 
;J "o"t 

of transpott frorn

is:

rrBeehiverr Tank, d'oub1e filtered'
nFirst eualityrt water, . t4
for drinking

rrPillared Roofrt Tank' no filtration'
, ilsecond QualitYtt water : 6 t/z mils Per

ComParison can dow be made:

' 14 mile Per tin ("""11
Beehive r -r 

;;;;tin(cost);t*;;; Roor '. : ii: :li: ;"; lJ i:::t

reckoned at the source
-source to congumerts

457. (
200 miJ.s
d,onkey.
showed t
is a cha:
of a viIL

459. l
per tin.
the lorrl
lorry tr;
at about

459. 1

source i

miJ.s ?er tin.

tin.

;-"r* ,^_-.. r . ' tltz }li: ;; ii'. t."ui"e price)
!
I
C

!
(
(

goltuofu(Govt'): z rnlr'vsrY-'--'\ 
. ' :'r

452. The pillared Roof and'.the Hafir are cornParable' Tlt'" t" 
not vef,y- '.i

surprising' A ;;11;"d R::1 i"';";il; a small;ft;";i;s lining and a roor' $

"'re 
narir i" "h;;.;to 

build, 
^r,TrHI *};,u:r;li:l"r"n";";:"T"""'oi

t,.ri'n'oughseepageand":"r:i:]"l*Jti,'rufromseePage
expeneive to buiidiut roeee .";';;;i ,&'*'ffii"^*"t::::": 

-"j;";exPenalv€ Eo Ilrrlrg 
Of rnUch highe

111*,,"1"'J,'.'?i;:i:f :}'Tff 
'-:;"r::!:dHiT';1T-'";;;;;*iu'

ii is t,in storer',';;;;otected Lrtel ueing filtered' 
- ---r---- o,,r{ices '-Lt rs "l* 'Lvrv ' -- 

L. a,ge suffices

?*.-#:i:f:iff 'TI"i:*"'1:'*Tffi;.ffi ,ti;I:;l{i*-*i}t

ii: *,ilr; l"r:"""1x,T l1', tl1 lTu;" Jr;;;i" " " 
th an a ctuar c o e t'

--.-^6 ;t*"-1f.;he selling Prrce or {' rrur- t-- 
. ^^arc et- the source itself.

l'"';,.Jl',"""."."fff.':"r"i"i-i!::",T#;r-"1:#""':;:Ji""::lt'o*'.i"
chapter 4, aparr frorn ::":::i::;ffi'.:'f.f:::::::-eB .?re 

some 
:

E(
(
1

i
s

Chapter 4, aparu :::: i,]-..r=usr al1-season sourc€o
tii"L"ates away frorn the nearesL 4s- 

lcilometres inw., 
, _r1r-La ,ansport,tbe

i::; ..;il:"i:"?il:ii: ,:::t"'"T;:.i{;4":;' :fr;*;?:f i'nu' u

io so ,,,*" p." ,:j^ r:*_,rilTih::"#Fi ";;;' 
in Fig' n'' 'n' 

,,i
,ri

D

C

C

C

j
1l

average castr Price rs a
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457. Coetinga for animal traneport were calculated on tJle baeig of
200 miJs daily wage for a man, 50 mila for a boy and 40 milg for a
donkey. The yardstick was based on a boy with two d,onkeys, which
showed the lowest of several different calculations. A distance of 5 km.
is a characteristic distance, govetned by the area occupied, by the lands
of a village and the resulting spacing of villagee.

458. At this disFnce the equivalent coet of animal transport is l5 mils
per tin. This tallies on a rough cross-check with the lorry price. lilhere
the lotry-transPorted price is in its loweat range, anirnal tranoport and
lorry traneport co-exists, whicb suggests that the trmarketrr puis them
at about the same level of cost.

459. The cos't comparisons for a yillag6 which is 5 krrr. from a bulk
source is as follows:

Source : Borehole
Price at Borehole
Cost of transport

Total coat, 'delivered at consurnertg
household :

Sou.rce :. HafiT
Cost at Hafir
Cost of transport

Total cost, delivered
household

congurnertg

Eource : Beehive
Gatchrnent Tank
Coet at tank
Transport
Allow ?O% tor unavoidable losses in
storage and handling

20 l/Z rnile per tin

l4
0

17 rnils per tin

6 t/2
0

Mils per tin,
z

15

l7 mils per tin

5 t/z
l5

at

3

Total cost, delivered
household

congurnertsat

Source : Pillared Roof
Catchment Tank
Cost at tank
Cost of transport
Allow Z0% foc unavoid,able loeses
in storage and. transport

Total cost, delivered
household

:"

I rnils
at congumertg

per tin
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becomes zero' trrre r-ueu r"' --

-^^^-Ainc to the <iata in Tible g' and they become:

460. If the cost of human:.' "ii*:13o::'-':1fl:"":Jlrt1""ff:;"u"
;.:j" :l'*ffi;'" ;;;;it* " 

o " :: :"^T'::tT'"S"Jt]ratitcoststhepeasantnoEnrrrgLllElrg.rvvY--_
The coet p.t 'i" 

ilott' iiu "'t"r'rnent 
tanke is reduced'

according to the

461. However, the evid'ence showe quite clearly that the cost of

peasant labour *orirrot be omitted. There ""u 'oo"u 
profitable things

forhimtodothanspendeffortincarryingwaterfromboreholesand
hafirs to the villageg. Ttr. circo*"i.i""" tot*J in the trwater. crisistl

area(fig.41),wherewateri"t""""portedby'lorryandpaidforby
the peasants in cash, for an .";;;-"f "ioot'4 

mila per tin' illustrate

very well the benefits which ".Irr31r ""."o,,.i 
o"a"" employment can be

put io trulY Productive PutPoses'

Beehive Tank
Pillared Roof

cash to buY watet'

463. tf theY invest
sorne of tbeir cash'

(double filtered)
t.t* (outlet filter)

? rnils Per tin
3 rnils Per tin

' 40 mils Per tia

' 7 rnils Per tin

' 3 mils Per tin

TyPt

Beehir

Pillar'
Roof

N.B.:

t Area that the farrners

111*u'l:"#"X:'lt.lliJl"""J{rti:i}"::fl :l'U***:*;l;
;:. ?:i: E::1s;." ;ffiiil; ;::;;;; io"'""'l iieir rabour' during

a part of the "g"i"lrrr1rral 
off-"..-"o. i"to cash, and they use part of this 

i;

sorne extra labour into build'ing catchrnent tanks '

ti"y .orefd rnake a big Profit:

Actua1 average
per tin of four

price Paid
gallons

Coet Per tin frorn a beehive

tank, reekoning that the

villagers invest their own

labour for their own water

and buY their rnateriale
for cash

Ditto, Pillared Roof Tank

i6,n. r.or the other parts of-the :'"J:::t]ii: 1"":"""1?;ti]LJ*'":
f "1.J;tt:.tT:Jil.""1,:_1::it".,"X,'**t""ff*-;;'""i;"ffiffi' ::,:illiii*X; 1;; i::^" :^T**;:"J:"'the'effect of
labour, i. e.
water.

raving catcnrrre, uave to transport the
of pelPle and donkeYs who now
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TABLE

CAPITAI,{ COSL!'F CATCHMENT TANKS

TyPe Capacity Coet ln Coet per cubic metreit _ Sudaneee pounds Sudanese
.mJ Materials Labour Total Materiale Labour Total

Beehive

Pilla rgd
Roof

100

230

200

ll0

300

223

500

333

2.0

0.5

3.0

0.9

5.0

t.4,8e

'g

N.B.: - I Sudanese Pound = I Pound Sterling - Z. g U. S. Dorlarg

- Capacity is the water-holding capacity of the
completed tank.

' These costs are based on the actuar coets iacurred. in
buildiag full-size expetirneatal prototylres in the
Experirnent Yard irr Et Obeid. in 1964,'roith 

"ora,elight adjuetments. Theee coste are high, as is alrays
the case urith experimental work. Therl ia no ad,equate
basis for agsessiug coste under market conditions
except to soae extent, for the polythene eleraeats which
have been adjusted. See DOX-SUD-A 42.
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BORE

(o)

(c)

Whcth
is thc
qnd it
qnd 

H

oil in

be more Profitable'
is olentY of scoPe for gum ".*t":-:466. In addition' however' tn*:,1:..n^t:i::

il,1;"."'1,111'#'"l::il:::."'{i:ii,i"tgl::l:f 'IH::|.i:::o"'
;:ffi :ilJ:'.1'T'1'.:T-"i'{,'fi F'"",""'Xll"11'f ::"llir1'"lii1'.'"";;
::::Ti:J""i::'J:':i"'"T'J.1''i'.{ j:,Ji;:"il';ilil'JiJ}',:fff :vrv----- can be relieved' At preuerrL' 

1" -],. -"'.t the second cashcarrYing burden
(an d th e r e r o r e *:: I ;i." *,'::li : ":: : "",Lff 

-'n 
":; 

t: :f : :1 ii- t P :,','-1" :[il'li:t";,:]"i;#'tti:i!ii::r":tIJ"':,::#:tu:t:]'"1i,'-"-".:"'Ir.n gives the peasants financlar proEPl'rru, -=,..iay 
of the other villages

to buy lorrv "t'i"p""t' 
*1'.",1"1^l:::t-i:t :*." all their labour and

3,;;i i:";," : il:i; ::: " 
. 11"".?"i.; ll'"ii"u" "I;; ;il th e i r labou r an d

4b5. 'rl{hat would they gain if thie labour could be saved? There are two

immediate gaine. First, because there is a crltical period' juat before

the rains, when the water supply is atits worst and when' algo' the

demands on laUour for clearirrg it " 
fields and getting ready to sow are

greatest. s".oriiy, there ,".r'tr.^a=o"n"V-*ittisptttd's 
its daya carrylng

\rrater; he n"' i" "'"t 
and drink and there "tt 

oti'"" animals which would

catchrn'gntTanksr)ofsizessuitableforvilla

f"L, ::":".,:;1?1i:Txi. ::1Tffi: i [1 ; .i . 
" " 

u p.ab le c o s'i' u a in g

modern materials andrnethode';;;" fi1led' ao"it'g the wet season by wate

co*ected frorn the rain on-srna.*lli;i catctrn-nr aprons' Prototype

'r- t)-aiar1 enough rain to r"aise croPgi'

1t"';",yl,X::ii:':""J:5:'*::iJl";"^T"""ia"kscanarwavsprovr
a practicrr "orot;. 

if at.r" r" r" "irrer 
preferajrt *'y' The ultirnate

principle is the j"3.1--ho*...u"--whethe-r 
it be;;";;i"' hafir or catctrrot

attention to it'
'.i

461. One very significant-fact rnust be noted' The farrners in these 
'

lands cry out ,"" *li"r, and they switch more and more to cash croPPlng

but ttrey do not 
';"t;'nui" 

f""a"] They rnake demands on Government

for rrrore water' but they do t'o'-dtt"tnd to be resettled somewhere else'

The significance is that tr," ",p"i,r,.i"" 
of the i;;; are enough to support

a farrning system profitabl" t;;;g;' in cash' ;';; it worlh while buying

domestic *".u" at a cash prr""lil.h would o" tt*"'ded ae intolerable in

any city in the world; ""a'u"L;;;'";?t 
the i""tir"tmers have had the

initiative and enterprise ro *Ju rit"i' farming pay' despite this heavy

burden, of water costs'

GENERAL CONCLUSIONS

.;'

,l.A'?:or'

. .i* i j'i
.::

xl,*.: i

'n.--

I,.:.

i"rrk, as Fig' 67 shows'

OIIAO
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Hafira

4?0. The poesibilities for hafirs of the traditioaal type in Land uee

zo,,eA and B and sub-divieions fuoz corrntry)r ate limited to the few

places where there are racustrinr depreasione in the down-wind eide

of jebela, and.r"* in theae placee thl catchrnent areag are.nfavourable

for run-off. Aa regarde the Land Use Zone B fuardud:"::3) *"

PrssenceofsurfacearainagewaterEintherainyseaaonprovidee
source.waterforhafirs,andthepotentialitieedependontheaelection
of rrator-tight siteg.

Boreholee

471. The inveatigatione have not revealed' any evidence-to alter the

genoral a8seB8{n"n-t a]."ead'y establiehed by rnaay yearg of drillin$, i. e.

that tbe Urnrn Ruaba Series and the Nubian Series (Land Use Zones-AI'

;;, ;;, of , 
^5, 

D and 9, ri.q' a3) vield water altltough there ia no

certainty tor ariy particular eitl and, no practical -Uy_-:f^::::t*g certainty'

except by drilling actual boreholes at tJle gite where water ig'needed' i

Evidence of water leveIs doeg not suggest Ptogressive depletion of the

aquifera.

472. The investigationr have not yielded any hopefuL evidence in

relation to the ."uJ" overlying the iagernent Cornplex (Land Uec

ZorreaArandC).Onthecontrary'theacclmulationofdatagoeefar
to explain why grouhd water ia not forrnd. in theee areag and by so doing,

digcourages hoPe.
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413. The reeults suggeat tJrat the ateas where *"tt1'11:t^:=:i::'
ijJ;., ;:il"#;"k::;;;;;; d,isclosed, by generationE of peasaat

rarnriiafita-l diSging.:;1;-#JL-;;;;;;;;";'-rouoved,:ls,"::f ::i*'::::H;
iT;:H:r;;;"r- dug wells can be lookea-ror witrria the eavelopes

i !L:- --..-l^^a iha C

il::H}'.=o'"= n 
-J: ;;*;;;. J, u,,r- outs ide this envelope the eha,,ce g.

--^o-oat rrf a ,.1*

f::; ;::.Iff"1r"." are ,,,i,,lilal and,there is ao plospect or a

}di;oensive "olrrtioo 
tbrough dug wells'

Rahad Turda (t af<e) DeveloPrnent
rl,,

474. There are irnporta"at potentialities, b1 a ne,II developrnt:l:::it::;
'to gerve water for driaki"g aoJ fo' "o*t irrigatioi'":::-1:':lflfii* -

fiilt:ffii"J;: :if;oo ror a rirat stag; or developrnent which.


