'3,3.3 Water Su?ly'withféhrfabe“Water Source

'The source of the urban water supply for Showak and
Khashlm el Gerba Towns is the surface water. A part of
'water source for Gedaref Town is plped for 70km from -

"Showak

The- treatment plant at Khashlm el Gerba Town was. .
constructed by the Chinese Aid'in 1977 taklng the water
from the Atbara Rlber.' The de51gn capac;ty of ‘the. system
is 2,160 m/day and the. de51gn population ‘is 20,000
people.J Total ‘length ‘of serv1ce ‘pipes: 1s lSkm with
dlameters ranglng from SOmm to 200mm.' The chemlcals for
water treatment ‘are all 1mported from England ‘The

”[system is 111ustrated in Flg._lﬁ

. Fig.fle FioW”SYstem_6ffKHaShim:el:Ger5a TOwn:Waterusupply
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3.4 Institutiorial System for Water Supply .
11;‘_OffieenofLCQmﬁieeienerlfprzRefugeesﬂ(CQR{far
-:The COR 1s an - Offlclal agent under the Mlnlstry of
Internal Affalrs ‘to undertake varlous act1v1L1es to

 3581St refugees 1n cooperatlon w1th UNHCR._ At present o
" the’ number of staff of the COR 15 15 000 people.

size



_There are - flve departments under the CommlsSLOner and
‘the Asdistant PKOJECt Manager for Water ‘Supply Under~
takes Water Supply Projects fof refugees ' The budget

in the last” three years is-a few milllon Sudanese

”pounds-
1983 $£6,949, 000 (US$2 8 mil)
1984 - '8£7,893,000 (US$3.2 mil)

1985 - .__552,989,000_(Us$2.0»m11)'-'

- of these budgets about - 26% was SPent for - the ‘Wwater

supply for refugees.'

National'Water CooperEtion'

_Thls cooperatlon is respon51ble for procurement
-tralnlng and research, underground ‘water - development
“and constructlon of boreholes for the whole’ country.
'Operatlon and malntenance of boreholes 1n v1llage
Water supplxes is also under respons;bll1ty of the

NWC, therefore, a close coardlnatlon w1th COR lS
necessary for the rural water supply pro;ect '

At present the drllllng sectlon of the NWC'Holds the :

follow1ng equlpment for constructlon and

' reheb;lltatlon of-boreholes,

“Ballerini sTé s

:Gardener Denver o ' :
'-fMayhuew-zr_ _ |
”-Percuse;dﬁ"zzwr o el'.,” 10 -

Ssankyo T24 o

='_Sankyo Cable Tool
learcom (Testlng Un1t).:-7
Tone THR 300
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of these Sankyo Cable Tools and Farcom are - the service
_machlnes and the percussron types are too-old" for
;Jdrllllng. Ex1st1ng serv1ceable equ1pment are 19
i‘unlts . Slnce the NWC is ‘responsible for the whole
~country it is very ‘much unllkely to save equlpment
'for a certain prOjeCt for a 1ong perlod

_Tne dfiiiihg diViSion3of the:ﬁWC has:beenipléyihg an
important’ role 1n the underground water development
and has a con51derable experlence.: These more than
500 boreholes ex1st1ng 1n the Eastern Reglon were .
also constructed by the NWC Number of experts ‘and
techn1c1ans of the drllllng sectlon is listed as

below:

.:TYPe of Fleld 1:.' - .'Nuﬁbef,of Staff
"Chief Drilling ‘Engineer . - 10
Chief Driller . =~ : 30
priller . . ... . . g0 -
_Shlft Drlller - 18

'GeolOglst ‘ 7
: Hydrologlst AU RPN | o 32

Usually a drllllng crew consists of‘theffollowing
members,,__ ' ' ' RS

Type of Job Number of Staff

. Chief briller . S 1

' Hea Rig Man | -
Drllllng Crew‘ B T |
Driver B
A551stant Drlverq
_Store.Keeper. '

D R RS NS

Mechanic - S e A
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Fig.

Operatidh and Maihtéhance;GEZViilégé.Watér Supplyfj

Operatlon and maintenance of v111age water supply is-
-.undertaken by three v;llagers app01nted by the NWC

Major dutres of these three operators are operatlon
and malntenance of fa0111t1es ‘and collectron of water

_charge,,'

’The organlzatlon chart of operatlon and malntenance

is shown in Flg. 17.

17 _Q?éfétioﬁ & Mainréhancéréflvillage Water Supply

ch Rdgiohél Office "

_:Fuel Supply 1 i :—% inspection Tea.m' J

A_ppointed Prwate _
Team for O/M.

I Operator J f Mechanic J .Ia':llecter' 'of Water chargeJ

“dperaridh:ahd_Maiﬁtenangéréf'Kaégalarwah-Water:Suppiy

"The Urban Water Admlnlstratron in. the Eastern Reglon
”1s respon51ble for 0peratlon and malntenance of the
H-Kassala Town - water supply. The organlzatlon chart of'”
'fthe Urban Water Admlnlstratronat Kassala is shown 1n'

ZVFlg. 18
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Fig. 18 Organization Chart of the Urban
Water Adminisration at Kassala

Urban Water Administration
Ganeral - Manager

ISenIor Water Engineér]

Water _ _ w'a_te'r_
Resourca " Distribution

Accountant | | Administration|  |Store| |Genarat

'Since theré are suffiéienf manpdwér with experience and
the organlzatlon at present no dlfflculty in operatlon_

_and malntenance will be expected
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CHAPTER 4
FORMULATION ‘OF THE PROJECT

Obﬁectives
There are about l l mllllon rural populatlon in’ the

progect area, Of these rural populatlon about 400 000
people rncludlng refugees are: sufferlng from shortage of

'domestlc water  orie of objectlves of the PrOJect is to"

ease ‘this urgent problem serv1ng sultable domestlc water

“for 210 000 pe0p1e in rural areas and refuqee camps

_fAt the same tlme, Kassala Town, the Reglonal Caplta is-

‘also sufferlng from the shortage of water- Due to. rapld -

1ncrease in- the urban populatlon about 75% of the urban

'area became the problematlc ‘area of urban water supply.
'Another objectlve of the prOJect 1s to solve thlS problem
“and malntaln the’ target supply capa01ty of 75 l/day/cap.-

’For thlS purpose, necessary equlpment,'machlnery and
_materlals are . to be provrded 1nc1ud1ng constructlon of a

part of fac111t1es under the Grant ‘Aid Cooperatron of

”Japan.
'éonfirmation“of.the Project-Baotgroundi'

-Vlllage Water Supply for Refugees and Sudanese Vlllagers _]f7

_Influenced by Refugees

1. General Descriptionf e

_The followingfitems_were}requested“by-the Government{_
1) Constructlon of: New Vlllage Water Supply
S Fa0111t1es for’ 41 places 1nclud1ng 6 refugee

camps -



f?) Rehabllltatlon of Boreho]es of Ex1eting Vlllage

Water Supp]y Fac111t1es for 165 holes 1nclud1ng
15 holes at Refugee Campea

Cohstruction:ofJNew'Village'Water”Supply Facilities

ﬂRequested new Village-water”supply facilities are to
" be constructed in- the’ place near by exrstlng

f30111t1es because capac1t1es of ‘the ex1st1ng

facilities are insufficient due to rapid 1ncrease'io
,populatlon. : '
_;Through the'site investigation'it is foUﬁd thetha
;total of 46 fa0111t1es in 42 gites are requested

1nqtead of 41 51tes. “For constructlon of the new
boreholes it 1s orltlcal to conflrm ‘the’ hydro—r

,geologlcal condltlons at proposed drllllng 51tes.
. Background 1nformat10n of ex1st1ng boreholes are
' avallable at 31 51tes of fac111t1es (Table 5) . It

15, therefore proposed that the constructlon of new

~v1llage water Supply fa0111t1es w1ll be made on 34
'sets at 31 31tes (Flg. 19),.

ﬂRehabllltatlon of Exlstlng Boreholes of Vlllage Water

Supply Fa0111t1es'

‘In the Eastern Reglon the underground water has been
'playlng an 1mportant role for supply of domestlc

water.g_However, many of these boreholes are. very old

"and the machlnery deterlorated

At present 165 boreholes 1nclud1ng 15 holes at refugee

-]tcamps requlre rehabllltatlon. ~.The" request 1s the

' Government'e 1ntent10n to ease this: problem. Of these
-boreholes, the neceseary hydrologlcal condltlone are
*avallable at 73 holes (Table 6) P
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is summarized as below;

Tlme of Constructlon'

the 19403;‘ S
1951-1985 0
1956-1965 S
1966-1070 . - 29
f197ls;975" 2

-Even the latest constructlon of boreholes was made

10 years ago. Pumps and englnes lnstalled before

”-1965 appear to be worn ‘out. Even these machlnery

1nstalled after 1951 they are all o]d no more “than

safe use. .

As for boreholes more than 15 years old need

juvenllatlon and cleanlng.

‘Most of these 73fboreh01es'distribute in the areas
‘ooVered'by'Nﬁbian.Sandstones.and Tertiary. Basalts.

standard,nesigh_;;'

There are de51gn crlterla for major components of
rural water supply fa0111t1es in Sudan.

Desrgn Capa01ty

‘~Da11y Consumptlon

-jﬂType of Fa0111tyf L o l/day/cap

*'Water P01nt o e L - 10
Publlc Taps S '."=';-'_"‘ "15; 30'
Wwith Pipeline o 50 - 100

.iLarge Anlmal _ _ "..;.f. B 27

ei”Small Anlmal S - 7

4 -1

- The eohstrQCtiongpefiod_of'these existing_boreholes

Number of boreholes

in



'Standard de31gn capac1ty 30% of the average dally

.consumptlon.

However, when water source is taken from the. under»

ground water, the available. amount of water ‘source is
the key . factor to determine: the deslgn capac1ty. For
this . reason a standard de51gn as the standard unlt of

the v1llage water supply facility.: lS appl1ed in
practlce. When one unlt 1s 1nsufflclent addltlonal

unit is prov1ded near by the ex1st1ng unlt.

The standard de51gn of the’ v111age water supply

fac111t1es summarlzed ‘as below,

1) -Water Source - Borehole and pump house

2} Eievated“Tankr . _ FRP 50 m3, 3 m
3) “Publie Taps Coe 1 l/sec, 4-8 pcs.
4) 'Cattle”Trough : 'dfl -4 pcs :

5) Water Yard : “50m x 50m

Under the prOJect, the constructlon of new v111age
water supply facilities requires all 5 1tems above
and the rehabllltatlon of boreholes of ex1st1ng
v1llage water supply requlres only water source _
rehabllltatlon and replacement of pumps and englnes

Water Source

All the boreholes are to be constructed in the same’

area. where ex1st1ng boreholes are. operated. Hydro-

geological ccndltlons of these new boreholes Wlll be

'51m11ar to the ex1st1ng borehole conditicns,



_The relatlonshlp between available amount of water
assumlng 12 ‘hrs pump 0perat10n and de51gn population
in each s1te of the proposed 51tes of constructlon of
new v1llage water supply fa0111t1es is shown in Fig.
20, 3 Comparlng these plots w1th the line of the
ustandard water demand it is observed that all the
' 51tes are’ able to supply domestlc water more than thei‘
-mlnlmum standard volume .of 10 l/day/cap.

In this combarison an'aSSumption'is made that
foperatlon hours of pump and englne 1s 12 hrs
Therefore 1ncrea31ng operatlon hours from 12 hrs to

, 16 hrs_the more supplylcapa01ty will be,avallable.

These 6 51tes where the avallable water source Ais
:_1nsufflclent for - the demand even w1th ‘the minimum
: supply level of.lO l/day/oap,-these are sites No. 1,
; 3, 21, 29'ahd*30.as'summari#ed béldw; | '

Hole ”t* ‘ No,"i'ropera-- Available Eopule—_ , ,Unit

No. Yield =~ of..  tion Water . tion Consumption
o B/H Hour Source - - : R
1/min : _.:hr o l/d - S l/day/cay
1 75.5. 2 - 12 - 108 720_ 12,000 - 9.1
75,5 16 217,440 - 12,000  12,1> 10
3 380 2 12 . 532,800 . 70,000 7.6
380 - 2 16 729,600 - 70,000  10.4> 10
21 %0 1 12 . 64,800 7,000 . 9,3
© 90 1 16 86,400 8,000 10.8 > 10
25 90 - - -1 12 . 64,800 . 8,000 - 8,1
90 1 16. 86,400 8,000  10.8 > 10
29 110 112 79,200 10,0007 . 7.9
110 1 16 . 105,600 " 10,000  10.6 > 10
30 75 1 12 54,0000 7,000 7.7
75 1

16 - . .72,000 . 7,000  10.3 > 10

4.- 13
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However, all these boreholes can meet the mlnlmum
demand of 10 llt/day/cap by 1ncreas1ng the operat1on B
_tlme of. pump and’ englne from. 12hrs to. lﬁhrs.. It has
"to be born 1n mlnd that most of these ex1st1ng bore=-
'results 1n reductlon of the boreho]e yleld Therem.
-fore,'a proper: constructlon borehole ‘has to be appllea
for efflclent usage of the underground water.

Also 1t has to be mlnded that the ylelds of these _
boreholes i themselves are qulte favourable SJnce:'

~the unlt yleld ranges between 70 l/mln and 300 l/mln.

Therefore, 1nsuff101ency of supplylng domestlc water
is due to: the demand of these" 51tes. Accordlngly,
'for future 1ncrease in water demand the constructlon
of addltlonal unlts of water supply: facrlrtles w111
. be -the solutlon. ' .

'In the same manner a comp051t10n of avallable water_ :
‘source “and demand is made ‘for 73 sites” of the

'proposed rehabllltatlon of_boreholes (Flg, 21)!

As shown in Flg.‘20 all the Bites: for rehabllltatlon
;of boreholes satlsfy to supply the mlnlmum supply
=level of 10. l/aay/cap.: However, these ylelds ot

'fﬁborehole to be rehabllltated are the ylelds obtalned

 from the data at thevconstructron of these boreholes
Slnce ‘a. long Span of}tlme passed after constructlon
_these boreholes will require juvenllatron ‘and ‘pump
tests to- conflrm“the actual safe yield.

4 - .;15



'Elevated‘Tank'

- The. standard design capaoity of the elevated'tahk is
50m

¥ of 3m hlgh and the design crlterla of watet

tanks is 30% of the" dally consumptlon.- These crlterla

‘are appllcable where populatlon is less than 7,000 ‘and

the: dally consumptlon rate is lese than 30 l/day/cap

_(Flg; 22). However, where the 51te populatlon exceeds

3

;15 000 peoPle the volume oOf tank, 50 me 1s no more
“than 30% of the daily consumptlon of the unit. For .
'these.sltes_arrangement.w1ll be required to dlstribute

the_peak demand into certain duration of time to
maintain equitable water supply (Fig. 23},

:PUﬁping.Eacility

-Three types of pumps ‘are analyzed and it 1s-

recommended to use the vertlcal turblne pumps for the

project.

4 - 16
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4.2 .2 Kessala Town:Water_Supply-

1.

Introﬁection:-

~The urban area of hassala Town is’ lelded 1nto two _
‘parts, the West and East by the Gash Rlver There is
only one brldge between ‘the two parts.: The Gash '

River drles up durlng f1ve months ‘in’ the dry season.

At present there are 500 000 refugees in Kassala Town, :

.Whlch resulted in Serlous water shortage of the. town
together w1th deterlorated water supply fa0111t1es.

'folstlng dlstrlbutron pxpes are.lO“,,'.8"."-6"l 4% and’

3w of asbestocement p1pes “and- 2“ and 1/2" of P.V.C.

plpes as summarlzed below-;_

pipes Bast Bamk  West Bank
Pipes [East Bank West Bank

loﬁ i 5_4 km Y - 7
O L R I
Cen 182 L6l
gm0 338 8.3
3o 20050 2.5

2"£'~ i 68,5ﬁ Ui aag

_Slnce small 51ze plpes occupy rather long length ‘in

the p1plng network, there would be low hydraulzc.‘”

*pressure zone “in “the network These problematlc area

of 25% of the urban ‘areas where hydraullc pressure 1sf

- too low for 24 hrs and other 50% of urban ‘areas _
frecelve water only durlng nlght tzme,' The remalnlng
f25% of urban areas only receives normal serv1ces.

It 1s therefore urgent to . rehabllltate the water.

._ﬁsupply fac111t1es of- Kassala Town (Flg. 24)
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Target Year

At present no future prOJectlon of the town water_

'supply is. made,_however the growth rate of the town
_populatlon is. only 5,.8% 1n the past 10 years from

1983~ Whlch corresponde to 1ess than l% of the annual
populatlon growth rate. The lncrease in, the future

-water demand may be malnly caused by 1ncrease in

numbers of- prlvate connectlons and 1ncrease in

.refugee populatlon 1f any, however not in-a sxgnlfl-

cant’ level Therefore the de51gn target is to meet

the present demand W1th the target de31gn capac1ty of
75 1/day/cap. ' L

'Service’Area

TThe serv1ce area ConSlStS of two parts, the east ‘bank

area and - the west bank area. - The water- supply systems
on’ the both bank 51des are conpletely 1ndependent
The- size of:‘the serv1ce area is 14 km' and 8 km2

on the east and the west bank sides’ respectlvely.

" Water Source

' “1)  General -

The only prospectlng water source for the Kassala
'”'Town Water Supply is ‘the underground water from
the alluv1a] dep051ts of the Gash Rlver 81nce the

-near by Gash Rlver drleS up durlng the dry seasons_g

”and the perenlal rlvers, the Nile and the Atbare
Rlvers, are avallable at 70 km away from the Town.'



2) Boreholes

‘The safe yleld of ex1st1ng boreholes varles from
35 m” /hr to 80 m /hr. Therefore, 40 m /hr'

is applied as the design capacity of boreholes.
Avallable amount of the underground water from L
the alluvial de9051ts of the ‘Gash Rlver is-
EStlmated at 78 mllllon m /yeax and only a- part
:of it is utlllzed at present.' The draw down is
_estlmated to be 5 m and the dynamlc water level

is about 35 m.

The standard design of the boreholes is propOSéd

as below; -
Diameter : 10'1hdh
‘Yield : 40 m /hr/hole
Draw Down .. . 1 5. o m

tDYnamiCJwater'Levei_ i 35 O me
‘Operation Time - : 16 hrs -
'More than 100 m-

" Distance Among Holes. -
3 .Water Quality

The quallty of the’ underground water 1s qulte
potable and meet the WHO standard as shown below;

4 =22 ¢



- Table 7 . Water Quality RS

‘Ground . WHO-  WHO-  Japanese

Items ”Water:_ Recommenaed . Tolerable - Standards

(AT
.

12,
13,

14,
15,.

‘16,

17,

°

Tu
“Co
pH

rbidity mg/l 2.7 5 o252
lor mg/l : Nll .5 S 50 - . 50
3 7.7 ... 1.0-8.0  6.5-9.2  5.8-8.5

Electrlc o - “ |
conduct1v1ty 180 . o L )

- wv/em |
‘Hardnes$ mg/l - 165 100 500 300

Alkalinity mg/l 55 - .80 - - a00 . =

1

Fe

Fe“

Mn

"Hg
Cu
an
?b*
as.
ca

To

‘mg/1 | 128 200 600 200
mg/1 I 0.8 0.8
mg/l B A R 0.1 C1.000 0.3
mg/1 L R (&
me/L - =S
ng/1: PR - s - 1.0
mékl ;‘_7“1 R ‘; BRI 2 ‘  §1.0:
mg/1 - e = 0
mg/1 T - . o0.05
mg/L == e
tal Solid .+ 460 500 1,000 500

5; Population To Be Séiﬁéd”

:The de51gn populatlon to be servea 1s determlned based
'on the ex1st1ng condltlons of the service’ system.
' There are 11,700 prlvate connect1ons, 7,590 in the.
Veast_ban and;3,750 in the west_bank,‘_An_ave:age size
of ohe'family is:9 people. The;éesignjéopdiatidﬁ is

summar ized as. below;



Table 8 ,Po@hlation_bf Kassala Town -

‘East Behﬁ B West?Bahk"_:Tdtéli.
Tdtal (1nclud1ng o  _- ;:' | o L
" refiugee) o : llZ,OOU ‘ 53,000 ) l65,000
‘Private CohneCtion . '72@060" 34idﬁo"..sldéi000_
Communal Taﬁsf o _-éo,odo 19,000 59,000

Wate:‘COnsumpEioh‘;

Due to lnsufflclent water sources of the both systems

on the east and the west banks anaverage water

'consumptlon 1s 65 1/day/cap and 36 1/day/cap 1n the.

east bank and the west bank . respect1Vely.
The target dally consumptlon of the local town water
supply - for prlvate connectlon is 75 l/day/cap - 100

1/day/cap in Sudan°

Dally water consumptlon rates of the 51m11ar countrles

are summarlzed 1n Table 9

Table 9 Common Value of Dally Water
Consumptlon (11t/day/cap)

Prlvage - ~ Communal

_ ) . Connecticn 7 Tap :
_Developing countries _-3505150-- L 20-40
&ri Lanka 800 45
" Indonesia S 100-12% -~ 40

4. 24



Con51der1ng the 51m11ar1ty of env1ronment and 50010—
econoinic condrtlons between Sudan and’ Kenya, the
target .of 75 l/day/cap of the water- consumptron in
local town prlvate connectlon appears to be qulte

ﬂreasonable ‘and is applled for the de31gn crlterla of-

the prOject ‘As. the desmgn crlterla for the dally
water consumptlon at publlc taps, 25 l/day/cap, 1s.7

‘proposed in the same reason.

'_Water ConSumption for Public PurQoSes and Losses

;d_Slnce Kassala Town 1s the Reg1onal Cap1tal there are

many publlc 1nst1tut1ons llke government offlces,
schools and hospltals., The de51gn cr1ter1a for the

:gwater consumptlon of publlc purposes is 1/3 of the
rtotal de31gn capac1ty 1n Gudan.. Con51der1ng the hlgh

5rate of losses due to old asbestocement plpes used 1n'-

the system, losses are estlmated to be about 20% of
the total de31gn capa01ty. Therefore, rema1n1ng 13%

'-'out of 1/3 of the total de51gn capa01ty is cons1dered

to be qulte reasonable rate of the ‘net publlc purpose

| water use consxderlng the srze of the town. Therefore
ethe water consumptlon for publlc purposes ‘and’ losses i_
igc determlned to be 1/3 of the: total. de51gn oapa01ty. _;”

SeasOnalrvaflation:of'Water_Demand'

_In Kassala Town water supply, the seasonal varlatlon
';15 determlned to be 130% of an average consumptlon. o

~ The Peak Hour 'Dem;a_‘na -

- The peak hour demand is ‘one’ of the des1gn ba51s to.
dhdetermlne the de51gn capa01ty of water supply
':'fa0111t1es.. Fot ‘the water supply system of thls 51ze
© . of. capacrty the ratio between an. average “demand and a’
peak: hour demand is 1 5. ' ' '

4« 25



" and’ Losses

10;{watef'Démand

The water demands as the design basis are summarized

in Table 10,

~Table 10

Désighpcapacity of Kassala Water Supply-

East Bank

.West Bank

Average Dally (1)
-Consumptlon

$T0ta1

72,000 7x 750
persons llday/cap
= 5,400 m3_

40,000 725
. persons- X

l/day/cap
1,000 m3

personS‘

.;Total

34,000 75

persqns llday/cap
= 2,550 m3

19 000 25 .0

l/day/cap

475 m3

3,000-m3

Publlc Purpose (2) .

=:4(1) x: 0 33

B '6,450ﬁ3'x“0;33"#

6,400 n3

:2;106m3.

3,000m3 x 0.33 = 1,000m3

_Average Dally (3)
”rDemand (1) + (2)

8,500 m3 ..~

,K_4é090 m3

‘Maxr“Daxly (4)”.:..
Demand'(B)-x 1.3 -

11,050 m3 ..

. 5,200 m3,

‘Max. Hourly Demand “_.5 
"(4) % 1.5 ' o

| 16,600 m3/day

=692 n/br

0 w3
= 315'm3/hr
. 11.5 m3/hr

#:5;3‘m37min "

' fThe water dlstrlbutlon is. des1gned based ‘on the 51ze

7of the serv1ce area°"

- East Bank Area 16 600m
West Bank Area

ll.'Serﬁice”Time

'1,400ha

7,800n>  800ha

I

11, 86m /ha
9 75m /ha

AL present the water Supply serv1ces are: made for 24

S hrs and ‘the same service level w111 be malntalned 1nf

“the project.

4 - 26



12. Hydraulic;PresSure

13.

Slnce the ex1st1ng hudraullc pressure 1s approx1mate1y
2,0 m. Consrderlng frlctlon losses of plpe network_
of_the smallest dlameter necessary hydraullc pressure
in the serv1ce llne network is estlmated to be 5.0 m

‘at the level of the p1pe dlameter 0f 100 mm.

SerVice Line Network

The, serv1ce llne network is already 1nsta11ed in: -
'Kassala Town water supply system._ HoweVer, ex1st1ng
*capa01ty of the plpes is 1nsufflclent to.meet the

“demand w1th the target water consumptlon rates,,_“

Therefore, it is proposed to des1gn the plpe line
system to utlllze the ex1st1ng system as much as.

_poss1b1e w1th 1nstallat10n of addltlonal dlstrlbutlon

malns to: allow the proposed de51gn capa01ty 50 as to

_malntaln the hydraullc pressure 1n the ex1st1ng plpe '

11ne network in the’ same level- as present CODdlthHS'

t,to prevent 1eakage from exlstlng asbestocement pipes

due to 1ncreased_hydrau11c.pressure. :

For‘SUre'to preventi1eakage'in*the'ekisting”asbesto

'fcement plpes, addltlonal plpellnes ‘are . to. be: 1nstalled

. to: form loops among termlnal p01nts to’ malntaln an

hqeven hydraullc pressure.f For thls purpose polyv1nyle

‘;chlorlde plpe is recommended because of 1ts durablllty

14,

-and the prlce._

:Functlon of the Ex1st1ng Fa0111t1es ‘in the Proposed

De51gn '

”The proposed des1gn ba81s is to utlllze ex1st1ng g
’facxlltles as. much as poss1ble 1n the basic de51gn of
'the prOJect. - ' ' :

427



15.

l6.

4These lO boreholes on the east bank shall- be used as

they ‘are at present. Flve boreholes out of seven on.

the_westfbank ére also to be used in the project.

The“elevated tanks"on the both bank-sides Willfbe

7dlscarded due to requlred hydraulic pressure in the

proposed des1gn. o

The booster pump fa0111ty on the west bank w1ll be
used only for a supplementary functlon of the pro;ect.

The:existihg'service line'networks'will beldtilized

‘in the proposed design as much as possible.

Future Extension

At resent, no- 51gn1flcant future 1ncrease in water

'demand is expected and minor:. 1ncrease of future
hdemand w1ll be absorbed by’ addltlon of required- unlts

cof. facilities.

Storage Caoacity

The desxgn capa01ty of the storage capac1ty for

_dlstrlbutlng functlon ig” determlned by two factors,_

the capa01ty of water sources and ‘the de51gn capac1ty

'_of the ‘whole system. - Usually avallable water source

is limited 50" that- the storage capac1ty 1s determlned

to be the capac1ty equ1valent to ‘the: dally max1mum

._demand for 8 to 12 'hrs with the de51gn capac1ty of :

“the . dally max1mum for the water souroe.

_in”Ksssala’Towﬁ,'howeVef, the desigh‘capacity of the
;Storage tank . is- equlvalent to the hourly max1mum
“demand for 3 hrs. Therefore; the storage capac1ty

tends to be small compared w1th ‘the whole de51gn

capac1ty of the system.- For. thlS reason 1t is

4 - 28



-proposed to take the hourly max1mum demand for the
"eSLgn capacity of the water source since suff1c1ent ;
underground water 1s avallable.

Advautage”of this design'cohsideration'is to. mihimize'
yconstructlon costs of the reserv01r in the prOJect
“and to be able to- reserve allowance in the de51gn -
icapac1ty of water sources for future exten51on of the
water : supply system by prOV1d1ng addltlonal storage
'capaCLty. Accordlngly, the proposed de51gn capa01t1es
of the storage tanks ‘are. determlned as shown below
~included add1t10na1 500m3 to the storage capa01ty

of the west bank system. '

2 OOOm3
1 SGOm

S

East Bank System 1660007 24 X3
West Bank System “7;800m3 24 % 3 + 500

7Seruice.system :

”The water supply systems on the both bank 51des are
'1ndependent. In the both systems a booster pump
statlon lS prov1ded The de31gn ba51s of each
fac111ty is the hourly max1mum demand (Flg. 25 and '
_Flg. 26).; '

_ Metering System‘~.

eThere are ll 700 water meters 1nstalled at prlvate
hconnectlons, however most of them are out of order
gwhlch results 1n dlfflculty 1n collectlon of’ water' _
’charge.: No addltlonal meters are to be prov1ded 1n_
the prOJect.. SR '
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‘Fig. 26 - _Wa'téi Supply System of Ka‘\s's_é!a_ N



19, Sdpply.bf-ElectriCity“:

ihe power supply at Kassala Town is mdde by 4
'generators at 4, 000 KW capaCLty.' Power source of the
town water_supply is obtalned from the same.sourcer

Slnce there often occurs pOWEr supply fallure it is .
proposed to prOV1&e the stand by generator for the
Kassala Water Supply System. ' ’ -

‘Description of the Projeot
‘VillegeeWater_Suppiy

It is requested by the Government to construct 42 v1llage

water supply faCllltleS and to rehabllltate 165 boreholes

'of ex1st1ng v1llage water supply fa0111t1es. ALl these

Is1tes requested requlre urgent meaSures._ Ot these s;tes,

34 v1llage water supply fa0111t1es and 73 rehabllltatlon

‘of exlstlng boreholes are proposed 1n the pro;ect due to

various reasons ‘The water shortage problems w1ll be

solved at 107 51tes.5 Accordlngly the remalnlng 100 51tes
lwhlch are not proposed in the projeot w1ll be prov1ded *
jfor an urgent measures by the Government

'For constructlon of new boreholes a few drllllng team.;
jw1ll be requ1red con51der1ng urgency and extent of the .
‘distribution of 51tes of the PIO}eCt For rehabllltatlon

of ex1st1ng boreholes also a few- serv1ce machlne teams
will be requxred by the same reasons.

;At present there are 19 drllllng equlpment 1n the NWC

howeVer, they have to prov1de Serv1ces all" over the"

'nat1on.- It is, therefore very much unllkely to save
-drllllng equxpment for the progect '

4°~ 32 -



By all reasons above 1t is proposed to prov1de a: few sets
of drllllng equlpment and also a few sets of serv1ce h
machine for rehabllltatlon,. Hor thls reason’ suff:oient
'ftechnology transfer will be requlred for dr1111ng and

. rehabllltatlon of boreholes. This is advantageous in two

aspects. The number of . the proposed gsites 1s not small.
Therefore prov1d1ng necessary technology transfer .through
constructlon of new v111age water supply fa0111t1es and '
rehabilitation of ex1st1ng boreholes, the remalnlng work
of the project w111 be able to ‘be completed by the .
Sudanese ‘counter’ parts._ Even after completlon of the
progect there are 100 sites where urgently requlre water
in the reglon. For this purpose the equ1pment and crew
with sufficlent technology to be prov1ded by the pro;ect

can serve the solution of the wter problemi

'There are two major type of aqulfers in: the area-'the
alluvial deposits and the Nublan Sandstones.f Therefore

construotlon of 10 boreholes 1n each type of aqulfer will

be’ suff1c1ent to make necessary. technology transfer of
dr:s.lll,ng..= For rehabllltatlon of ex1st1ng boreholes, '
dlfferent condltlons are expected in each borehole. - For
othls reason the rehabllltatlon of 30 to 40 numbers of
ex1st1ng boreholes w111 be requlred to make suff1c1ent

technology transfer.-
The technology transfer 15 to be ‘given to the staff from '
“the NWC whlch holds suff1c1ent numbers of staff for ‘the

progect.

These equ1pment to be prov1ded by the pro;ect w111 be
transferred ‘to the. NWC after completlon of the prOJect.

Under the project the v1llage water supply 1nc]udes

follow1ng two 1tems,



1. “ConStructioﬁ of Viliage
- Water Supply facilities: 34 places

2. Rehabllltatlon of Boreholes of
Existing Vlllage Watex Supply
Facilities: : 73 places

Above two items include water supply schemes at refugee

canps as summarized below;

_ Slte Name No. of Boreholes
‘New Village  Wad Fl Hellow 2
Water Supply. Wad Sheref 2
Helet Hcoma 1
'Wad_Kole 2
Um_Ali 1

"Rehabilitation ~ Um Gargour

of Boreholes = parkorer
~Wad-E1 Helow
Wad Sharef

El Suki

oMo B W B B0

| Tawewa
The rural population to be served by these schemes is
estimated to be 210,000 people including refugees.
'Kassala‘ToanWater Supply
ehaollltatlon of the Kassala Town water supply fac111t1es
1ncludes ¢onstruction of ClVll works and- plpe 1ay1ng for -

d1str1but10n main,. as - summarlzed below,i*

l.f Boreholes AR : - 10 holes

_2; 'Submer81ble Motor Pumps Ex lU-units
3. _Storage_Tankt 2,000 n '
and 1,500 m> : one each

4 - 34



4. Chlorination Facilities - 3 8 units.

.z'plecese
27 kmn

5. Booster Pump Stations

a0

6. Distribution Main

For drllllng boreholes, the equlpment to be provided for

the v1llage water supply fa0111ty w1ll be utilized,

Further detalls of the drilling equ1pment is dlscussed in
5.5 Equlpment in" Chapter 5 BASIC DESIGN,;

A gignificant extent of the problematlc area in the Town
results in problems of the water revenue of Kassala UWA,
however, this situation w111 be much 1mproved by the

pro;ect.
Operation and Maintenance

Respon31b111ty for operatlon and maintenance of ‘the
village water supply falls on the branch office of NWC at
Kassala. On the other hand, UWA at Kassala 1s responsible

for operatlon maintenance of the Kassala Town Water

Supply.

4 - 35
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~ CHAPTER 5
BASIC: DESIGN
Basic Considerations for Design

Since this is. an'urgeht project, ecasy implementation with

the reasonable de31gn is requlred The standards and

: crlterla offlclally used in Sudan are to be applled

'unless there found any dlfflcultleso

“1In addltlon, ex1st1ng cllmatlc conditions and trans-

portatlon are another 1mportance for determlnatlon of the
work sohedule..

Village Water supply
Introduction

The ptojeot'includes 34 new village water supply
facilities and 74 rehabilitation of existing boreholes.
For thls purpose the standard spec1f1cat10ns are. applled
for the Ba81c De51gn. For the Detail Pesign. further
determlnatlon of spe01flcatlons will be requlred The
proposed v1llage water supply system is shown- in drawing
No. 7.

'Standard”Desigh for New Boreholes

1. Boreholesfkbrawing.No. 1)

The standard spe01f1catlon of the borehole depth is
proposed to ‘be 180m 81nce thls depth is an average
depth ‘of boreholes'ln the project. The finish
dlameter of the borehole is proposed to be 6 5/8

1nches which 15 the most COMmon dlameter of the



ex1st1ng boreholes almlng at ea51ness of constructlon
and hlgh exchangeablllty of materlal and machinery.
Acco;dlngly_drllllng diameter is required in 9 5/8

inch'es°

The length of screens is 108 of total depth of the
‘borehole on an ‘average referrlnq to the exlstlng

'borehole design.

-Construction of new boreholes are required for 34
_ 51tes and the standard de51gn of the proposed

_borehole. 15 shown 1n the’ draw1ng No. 1.

Pump and Engine (Drawing No. 2)

There are three types of pumps for boreholes;

1) Submetsible Motor Pump -
" 2) Reciprocal Pump

3) Vertical Turbine Pump

Considering-availability of*pouer source and

~operation-and maintenance. reQuirements smeersible

motor pump shall be dlscarded in the prOjeCt.

~ Vertieal turbine pumps’ are commonly used ‘in"a w1de

areas over the East Afrlcan countrles. Boreholes
recently constructed at refugee camps 1n Sudan are

also equ1pped with- ‘this type of: pumps. However,

. there used to be 1nstalled re01procal pumps at older
boreholes in the Eastern’ Reglon._ In order to

'_determlne the type of pumps to be used under the'

pro;ect comparlson between the- vertlcal ‘puinp and the

reciprocal pumps is made as- below-



Rec1procal' Vertlcal

ggméefisoﬁ - Pump" - Turbine Pump
Efficiency. . . lhlgher
5Installatlon_ same o . same
" purability : _same o _seme
Maihtenance ' ea51er'
Cost " much higher
Running cost _ _ lower

Although rec1procal pumps are installed on the 'old
boreholes in- the prOjeCt 51tes, vertlcal turblne
- pumps are common in boreholes recently constructed
and are famlllar to the local people._ In addition
.the advantage of vertlcal pumps are the hlgh '
“eff1c1ency and the small prlce. Therefore Lhe
ertlcal turblne pumps are applled for the prOJecc.
A standard capac1ty of Q 180 l/mln and. H= lOOm is
applled for this baslc de31gn 51nce almost of 60% of
requlred pump capac1ty of the pro;ect s1tes falls on
the range of thlS capac1ty._' ’

The standard 8pec1f1catlons of the pump and engine

are summdrlzed as below,

l)sdPumps

0 = 180 1/min
H = 100 m
HP = 11 HP |
::142:mm': - ' . 34 units

4
2} lEngines: _
Vertical Water Coollng Four cycles

.HP'= 15 HP, 1,800 rpm _ " 34 units

3) Pipes ahd-Accessoriés‘ R - 34 sets



7.

Pump House (Drawing No. 3)

prefabrication Type - 34 units

Storage Tanks (Drawing No. 4)
The standard specification of the NWC is applied;

FRP Panel type
Q = 50 m2

Prefabricated Steel Holder; 3 m

Dimensién; S5m X 5m x.2m | 34 units
Pipings (Drawing No. 5) o 34.units_
Publié-TaPS, 0=1 1it/s§c; | ' 34 sets
'Fenpes, SOﬁ.x.55ﬁ:(DraWing Nos. 8 & 9) 34 units

Standard Design of Existing Boreholes

Thé same standard designs as'new village water supply

5.3.1

boreholes; andnﬁump and engine'are proposed.

1)

2}
3)

Pumps : ' 73 units
Engines . o 73 units
Piping Connection © 73 units

-Rehabilitation'of-Kassala TPown Water Supply

Water Source

The”standérd'design'of'the'boréhbles'for Kassala Town

water source is shown in the drawing No. 1 and No. 2. .



Design Capacity

The de31gn ba51s is the. hourly ‘maximum demand 16, 600-
m /day for the east bank system and 7, 5000 m /day
for the west bank system. Therefore, it is

.determined as below;

East Bahk System;:LG}GOOmB/day 24 hrs
) e ‘= 1,038n7/hr
West Bank System; 7,500m>/day 24 hrs
' = 469m°/hr

Number of Boreholes

The safe yield of- boreholes at the aqu1fer of

alluv1al de9051ts of the Gash Rlver is estlmated to

be 40 m /hr Therefore the requlred number of

. boreholes is determlned es ‘below;

17

East Bank System; 692m3/hr 40m3/hr
West Bank System;'3l3m3/hr 40m3/hr’

it
Qo

Considering the number of existing boreholes the
number of additionally required boreholes is

determined as below:

Bast Bahk:SYStem: Existiﬁg:10 holes + New 7 holes
" West Bank System; Existing 5 holes + New 3 holes

_-Depth ofVBoreholes

Referrlng to the depth ‘of ex1st1ng boreholes at

‘Kassala Town it 1s proposed to be 50 m.



Diameter of Boreholes

fthe diameter of boreholes is proposed to be 250 mm
(10 inches)} considering the capacity of agquifer and
the gsize of pump.

Length of Strainer

The required length of the strainer is obtained by
the following formula;

- o
L XN XV
where, , : : :
A: area of aqulfer fa01ng to stralner- m2
: openlng ratlo of stralner- %
Ve cr1t1ca1 velc:ty, m/sec
and;

A=27r =2%x%3.14 x 0,125 = 0.875m"
N = 15%

vV o= l.SCM/éec %.54m/hf_

Therefore, L is determiﬁed to be 8m and the length of

strainer is proposed to be 10m..

Location of Boreholés

'Location'bf boreholes is on the banks of the Gash

River.,
Drillihg Diameter

Con51der1ng necessary 8pa01ng allowance for ca51ng,
the drllllng diameter 1s proposed to be 450 mm.



5:3.2

8. Pumps

-Cdnsidefing‘availability of the:power source and the
“efficiency of pumps, the submersible motor pump is’

proposed:

Q = 40 m> /hr

H=60m

g = 150 mm: _

P = 22 kW o 10 units

Chlorination

The " hypochlorous potadlum ac1d is recommended for_,
chlorination con51der1ng exlstlng type of equ1pment.
Requlred eapa01ty is 3ppm lnjectlon to_malntaln_more than
0.4ppm residual chlorine for the hourly maximum demand;

3ppm = 2,076kg/hr

EastlBaﬁk SYstem; 692m3/hr X
_.' 500gr/hr x 5 units
West Bank System; 315m3/hr:x 3ppm = 945k§7hr
500gr/hr x 3 units .

Storage Tanks

The ba81c de51gns of the proposed storage tanks are showu

in. the draw1ng No. 6.

‘Required capacities of the storage tanks are;

Eaet_Bank:Syetem; 2;&00m2
‘West Bank System; l,-SOOm2

-The-reinforoed'COncrete structure is proposed in the

dimension below;

East Bank'SyStem;'3meﬁ 29m x 3m
West Bank System;'3m x 18m x 3m



5.3.4 Distribution Mains

.Asbhesto. cement pipes are 1nstalled in the existing pip

e

network however polyvinyl chloride pipes are recommended

for additional pipes con51der1ng the durablllty, work-
ability and costs. Proposed piping- network is summar i

as below;

Proposed Piping Network

zed

East Bank ' - West Bank _
Diameter Existing Prdpésed Total Exiéting Proposed Total
10" 5.4km _ 3.5km  8.9km S . -
go - " 3.0km  3.0km  1.0km 2.5km  3.5km
6" 18.2km  6.1km  24.3km © 6.km  1.9km  8.0km
an 33.8km 6.4km  40.2km 8.3km  3.6km  11.9Kkm
. | 23.4km

Total 57.4km  19.0km  76.4km 15.4km 8.0km -

The p1p1ng den51ty will be much 1mproved by the propos
additional pipe lengths of 27 km (Flg. 27).

5.3.5 Booster Pump Station

Design basis of the booster pump station is the hourly
maximum demand.

East Bénk*SYstém; 5;8m3/min x 3 units

West Bank System; 2,705 /min x 3 units

ed



specifications of pumps are proposed as below;"

East Bank : _'WestéBahk

TYype; Volute Pump Volute Pump
biameter; % 300mm : i) Zobmm
Head; 40m . 40m

Power ; _ . 15kW - 30kW
Number i _L3 units ' T' 3_units'

The Basic Design of the booster pump station is shown
the drawing No. 7. '

in
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INSTALLATION OF

VERTICAL TURBINE PUMP
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5.4 Summary of Proposed Material
pDifferent kinds of eqtipmént, machihery and material are

required for the project. Of these items proposed

machinery and materials are summarized as below;

I.  New Village Water Supply Facilities: 34 sites

Item Specifications Unit Quantity

1. Material for New Boreholes:

34 sites
1) 'Casing and Screen
(1) casing 12" x 5;§m - pcs 102
(2) cCasing 6 5/8" x 6m pcs 850
(3) Screen ' 6 5/8" x 6m pcs : 170
(4)° Centralizer __ 6 5/8" x 9 5/8" pes 408
2) Mud Material
(D Beﬁtpite _ ton 100
(2) Chemicals - kg 1,000
3) Bits : |
(1) Tricon Bit 14 3/4" 8 pcs 17
=(2) Tricon Bit 9 5/8" pes 17
(3) Tricou Bit 9 5/8" S pes 17
(4) .Air_ﬁammer_Bit ' ' 9 5/8"  pcs 17

2. Related Facilities (34 holes)

1) Vertical Turbine Pump 1801it/n x 100m set A
2) Spare Parts : : set 34
3) Material for Pump House : set 34

~4) Elevated Tank : . 50m3, 3mH set 34

'5) Pipe Material set 34




II. Rehabilitation of Existing Boreholes
Item Specification Units  Quantity
1. Material and Machinery (73 holes)
1) Vertical Turbine Pump . 180 lit/m x 100m set 73
2) Spare Parts set. 73
3) Pipe Material set 73
7.  Rehabilitation Chemical (73 holes) .
1) Well Cleaner ' 22,000 kg 1,100
111. Rehabilitationof Kassala Water Supply
item Specifications Unit Quantity
1. Water Source Machinery
1) Submersible Motor Pump _
(1) Pump : _ 40 m3/h x 60m set 10
(2) Spare Parts set 10
2) <Casing and Screen _ _
- (1) casing ' 16" x 5.5m pcs 20
(2) Casing 10: x 5.5m pes 60
(3} Screen 10" x 6.0m set 30
(4) Centralizer 10" x 14 3/4" set 33
3) Bentnite ton 15
4) Bits _
(1) Tricon Bit 20" 8 pcs 2
A{2) Tricon Bit 14 3/4" MH pcs "5
(3) ‘Tricon Bit 14 3/4" s pes 5
2. StoragefTank and Booster Pump Station
1) Storage Tank : :
(1) - Generator. . 30 kVA unit 10
(2) Spare Parts _ set 10
(3) Pipe Material $125mm x 5.5m pes 1,826
(4) Accessory : pcs 1
. {5} Piping Connection pes 2
2)  Booster Pump
(1) Pump House o unit 2
(2)  Pumps 350m3/h x 40m set 3
(3) Spare Parts _ _ set 3
(4) Punips 150m3/h x 40m set 3
{5) Spare Parts set 3
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Item Spacifications Unit - Quantity

3) Chlorination Equipment 500/h set 8

4) Pipe and Valves

(1) Pripes ' $100A x 50m pes 2,000
(2) Pipes : #1504 pcs © 1,600
(3) Pipes ' $200A pcs 1,100
(4) Pipes ’ $250A pes 700
(5)  Stopper -100A pes 34
(6) Stopper 150A pecs 27
(7) Stopper 2004 pes 19
(8} Stopper 2504 pcs 12
(9) Air valves 25mm pes 28
(10) Joints _ set 1
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Equipment
Introduction

It is'propOSed to provide equipment for drilling and
rehabllltatlon of boreholes which will be utilized for
further underground water development in the Reglon even

after completlon of the project.

For determination of:the specification and the Quantity
of these egipment, considerations were given to various
aspects of the project; the guideline of the Grant Aid
Cooperation, urgency of the project, necessary technology
tranSfer, work volume required for the project and

existing conditions in Sudan.
Equipment for Construction of New Boreholes

prilling equipment has to be a complete unit of all
necessary items including camping facility, pump test

equipment and well logging apparatus.

For selectlon of the drilling eguipment, type of aquifer
and requ1red depth and available constructlon ‘per iod have

to be-taken into account.

Major types of aqulfers in the project area are alluv1al
deposits and the Nubian Sandstone, Most of sites
distribute in the area of the Nubian Sandstone and dr1]l—
ing depth requ1red is 180m. C0n51der1ng these conditions
and urgency of the project it is proposed to prov1de for
the rotary type drilling machlne ‘with the ‘air hammer.

The proposed specifications for the drilling equipment

are summar ized as below;
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‘Type: Track mounted rotary machine’

Capacity: 4 1/2 inch x 250 m

Method: - Mud circulation and Air Hammer
Mast Load: More than 40 ton

Mud Pumps 1,500 1/min, 20 kg/cm’

Truck: : "6 X 6

Spare Parts: One set

Considering required period of purchasing the drilling
equipment'and duration of the rainy season, it takes
approximately two years for the project period. The
first year is for procurement of the drilling equipment

and the dry season in the second year is for construction.

There are three factors fo determine the required number
of the drilling eqdipmént; the drilling capacity of the
equipment, the available time for the pfoject and_fhe
necessary'work volume to Complete necessary techhblogy

transfer.

Since the ma]or types ‘of-aquifers in the project area are
alluvial deposits and Nubian Sandstones, constructlon of
ten boreholes in each aqu1fer will be suff1c1ent to
_transfer necessary technology to complete the remalnlng

construction of 24 boreholes by Sudanese counterparts.

The necessary périod'for'construction of one borehole is
estimated con81der1ng the drilling capa01ty of the

proposed equipment and the nature of aqulfer,

Alluvial deposits; 23 days for 50m
Nubian Sandstones; 39 days for 180m

Assuming wdfking days in a month are 25 days discarding

Friday, total duration required for drilling is

determined as below;
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ggrgggz x 10 holes + %%*%%%2 x 10 holes = 24.8 months

~On the other hand, the available time for construction

during the dry season ig 8 months. Therefore, required

units of the drilling equipment is determined as below;

24.8 months
8 months

= 3,1 units

Therefore it is proposed to provide 3 units of the
drilling edquipment.

Equipment for Rehabilitation of Existing Boreholes

The same considerations to determine’ the required number

_of the drilling equipment units are necessary to

determine the number of the rehabllltatlon equlpment
However , rehabllltatlon of exlstlng borehole requ1res
different klnds work depending on the requlred nature of
rehab111tat10n, For this reason it is proposed to
rehabilitate 36 holes for technology transfer.

Con91der1ng requ1red work volume for rehabilitation of
boreholes, 13 days w1ll be required for rehabilitation of

one borehole on an average.

Available time for rehabllltatlon 1s the same duration of

'construotlon of new boreholes,'B months. Therefore,_

required number of rehabilitation equipment is determlned

as below;

13 dézs

ERCEY % 36 holes * 8 months = 2.3 units

Therefore it is proposad to prov1de 2 units of
rehabilitation equipment. The proposed spec1f1cat10ns

for rehabilitation equipment are summar ized as below;
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Type _ : Truck Mounted Cable Tool

Main Drum : Single Line 5 ton
' Capacity 19mm x 240m
Rope Speed Max, 50 m/min
Sand Reel : 25 ton
Mast Height : 9 - 10 m
Mast Load : 25 ton
" Water Pump : 500 1/min, 22 kg/cm2
Truck : : 4 x 4
Spare Parts Tt _ ~ One set

5.4 Other Equipment

Since the construction work will be made by 6 working
groups vehicles and communication facilities will be
required. The working'groups_and required vehicles and

wireless radio sets are summarized as below;

Working ) 8-ton Pick~. Station Wireless

. Group - Truck  up. - - _Wagon Radio
Head Office 2 T 2 1

Drilling Team
R-1 ’ 1 :
R-2 1 1 1
R-3 : 1

Rehabilitation Team

5-1
8-2

o
= bl
-

Construction Team for:
Village Water Supply
c-1 :
c-2
L C=3

e

.. Pipe Layiﬁg at Kassala
T-1 1
T-2 1

... cont'd
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Working 8-ton - Pick= Station Wireless
Group . Truck up wWagon Radio

6. Construction Team for
Kassala Reservoir and
Booster Pumps
Pp-1 1
pP-2 1

TOTAL | 9 on 2 7

5.5.5.Summary of The Proposed Edquipment

Item _ o Dnit 'Quantity

1. Drilling Equipmént set 3
1) Drilling Machine set 3

2} Compressor set 3

3) Test Apparstus set’ 3

3

4) Camping Facility L set

2. Drilling Material

1) Attachments _. set 1
2} Cementing Tools . : set 1
3) Measurement Apparatus . - set 1
4) Completion Material _éet 1
5) Water Tanks _ set 1
6) Fuel Tanks . set 1
7)' Electric Tools . set 1
8}y Welder o _ set 1
_9) Mechanical Tool o set 1
~10) FEarth Work Tools : set 1
1

11) Wires _ _ set
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Unit Quantity

Ttem
3. Construction of Water
Supply Facilities
1} Machinery set 1
2) Watr Tank set 1
3) Fuel Tank set 1
4) Welder set 1
5) Mechanical Tool set 1
6} Earth Work Tool set 1
7) Frames - set 1
8) Wires set 1
4. Rehabilitation Equipment
‘1) Service Machine éet 2
2) Testing Apparatus set 2
3) Camping Facility set 2
5. Piping Material
1) Measuring Apparatus set 1
2) Water Tank set 1
3) FQel Tank set’ 1
4) Electfié Apparatus set 1
5) Welder . set 1
6) Earth Work Tools set 1
7)  Piping Tools set 1
6. Vehicle
1) 8 ton truck’ : 3 ton crane unit 9
'2) sSpare Parts set 9
3) Station Wagon unit 2
"4) Spare Parts set | 2
5) Pick Up unit 11
6) Spare Parts set _ 11
7. Wowkshop Tools set 1
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Ttem ' _ : Unit Quantity

8. Communication
1) Base Camp N set 2
2} Field Team set 5
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