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PREFACE

In response to the request of the Government of the Repﬁblic of the
sudan, the Government oOf Japan decided to conduct a basic design study on
the.SOlid Waste Disposal Improvement Project in Metropolitan Area and
entrusted the study to the Japan International Cooperation Agency (JICA).
JICA sent to Suden a study team headed by Mr. Midio SAKAMOTO Technical
Supervisor, Samitaticn Bureau, Kyoto dity Government from October 21 to

November 5, 1985,

The team had dlsCUSSlons on the progect ‘with the officials concerned
of the Sudanse Government and conducted a field survey in the
metropolitan area in the Sudan. After the team returned to Japan,

further studies were made and the present repert has been prepared.

I hope that this report will serve for the development of the
-b:oject and contribute to the prbmotion of friendly relations between our

two countries.
I wish to express my deep appreciation to the officials concerned of

the Government of the Repubilc of the Sudan for their close cooperation

extended to the tean.

Janauary, 1986.

'_J;é //{wf

" Keisuke -‘Arita

Pre51dent

Japan International Cooperation Agency
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SUMMARY.

' Khartoum, the capital of the Republic.of the Sudan, has a population
of about 1.8 .million. Frbm Ehe'area, approximately 2, 300 tons of solid
waste are generated dally whlle ‘only about 1,000 tons are collected and
dlsposed of properly. As the amount of solld waste is presumed to
further increase due to’ populatlon increase and chanqe in life style, it
i¢ anticipated that-more and more wastes will be left on streets and will
become & source ef flies and mosquitoe'to'eaﬁee an outbreak of malaria’
and other epidemics. ‘similarly, public'seeerage syStem can serve only
1/3 of the entire populatlon in the metropolitan area. 'As a recﬁlt,
sewages are dlscharged 1nto open spaces or side dltches in alleys without
proper treatment, creating insanitary condltlons and potent1a1 harzards

of epidemics.

To 1mprove these. 51tuat10ns, the Metropolltan Area the Government of
Sudan made a request to the Govermment of Japan for a grant aid of

equipment for collection and hanlage of solid waste and sewage.

In response, to the request, the Government of Japan decided to
conduct a basic design study on the project, and the Japan International
Cooperatlon Agency (JICA) dlspatched a study team to Sudan from October
21 to November 5, 1985

The study team carried out a field eurvey in Khartoum, bmduraman,
Khartoum North and East Nile which are major cities in the metropolitan
area, and held d13cussione Qlth the Sudanese authorities concerned. On
the basis of the,field Survey aﬂd analyses of data and infofmation
collecte&, a basic desiée'of_the project was carried out in Japan. As
the result,_if is decided that the following equipments are proper for

" this grant aid project.






Iist of Equipment to be Provided under the Grant Aid

Equipment name Khartoun Khartoum Oomdurman | East Nile Total
" : North
1. Detachable |. 12 8 14 6 40 .
container truck | vehicles|vehicles | vehicles | vehicles vehicles
Reofed 9 5 .11 4 29
2. _ cote vehicles |vehicles | vehicles | vehicles vehicles 60
Tipper . - .
. . hicl
- |Non- . 10| e 1 4 ] 31 vehicles
roofed vehicleés |vehicles |vehicles vehicles vehicles

3. césspit - s 9 3 17
emptier vehicles vehicles vehicles vehicles
4. Container 248" 152 288 112 800

“units . units units units ~units
5. Tractor with 5 5 6 2 18
small trailer vehicles |vehicles | vehicles | vehicles . vehicles
6. Equipnent 1 1 1 ! 5
for workshop - set set set set set
7. Spare parts i 1 1 1 -

set set set set

* Note ; A set of w0rkéhop equipment shall be provided for the head

office.

After signing the Exchange of Notes (F/N}, it requires approximately

‘13.5_mbnths for the project implementation which consists of tender,

contract of procﬁrement; delivery, etc. ‘The project executing bodies are

the National Capital Khartoum and each city district council.







The opefation and maintenance of allﬁthe equi§ment will be carried
out by each city’ dlstrlct counsil to. which’ they will be a551gned.- The
operation cost for each council is estlmated approximately about 530,000

sudanese pound (32 mllllon yen) ‘For Khartoum, about 410,000 sudanese
pound (25 million yen) for Khartoum Noxth, about 740, OOO Sudanese pound
(45 mllllon yen) for Omdurman, and about 270,000 sudanese pound (16
million yen) for east Nile. Per ton collection costs are estlmated as

follows:

Uni_t.: IS {yen}

Khartoum DC | Knartoum Nerth | Omdurman | East Mile
DC Dc Dc

Item .
Container | g 2.06 221 2.06 2.24
collection 126) (135) @) | 3
Tipper - wpe | 8T §.37 6.65 - 6.01
collection (412} {390} {407} (368}
Sewage s/ _ 2.94 2.96 2.96
collection | 1000% ] {180) (181) (181}
Tractor/ "

X : 11.65 8.67 5,70 11.66
tratler . | 18/t 13| . (53D (349) (714}
collection : ) .

Since both the city disfricf counciles and governmeht are anxious to
execute the'Solid Waste_Disposal Improﬁement Project, the study team
believes that the equipment to be provided by Japen will be effectively
utilized for effective 1mp]ementatlon of the progect thereby con-
trlbutlng to the improvement of solid waste .and sewage disposal serv1ces

in the cities. -

Thexrefore, it is very important to execute this projecteunder the

Japan's Grant Aid and is expected to have a great effect of the aid.

-5 -
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CHAPTER 1 INTRODUCTION

Khartoum; the capital of Sudan, has a poptlation of approximately
1.8 millioﬁ and is divided into city district councils of Khartoum,
Khartoum North, Omdurman and East Nile, forming the metfopolitan area in

the eountry.

With rapid inerease in urban population recently,; the ability of the
councils to ¢ollect and dispose Selideﬁaste and sewage is left far below
from actﬁal generatiaﬁ'ratiO'ef Sdiid waste. Although the government and
the city councils are making an- efforL to 1mprove equipment and
facilities to malnta;n sanitary condltlonssln the area, it cannot keep
pace with increHSing'solid waste and sewage. As a result, a large amount
of solid waste and sewage'are-left or discharged to open spaces kehind
buildihgs]and along streets to create ihsanitary eonditions and potential

hazards of cholera,'dysentry, malaria and otber-epidemics.

Under these Cchumstances, the Government of Sudan does not have
flnan01al resources to procure the necessary equlpment. Therefore, in
order to 1mprove the_above-mentloned_51tuatlon,_the Government of sudan
made a reQuest to_the GoVerﬁment of Japan for providing vehicles to
collect-ahd'tranépbrﬁ”eolid wastes and sewages as well as their spare

parts under the grant aid program.

In regponse, the Governmeht of Japanrdecided to carry out a basic
"de31gn study, and the Japan International Agency (JIca) sent a ba51c
design study team, headed by Mr. MlCth Sakamoto, Technical Superviser of
Sanitation Bureau, Kyoto Clty Government for 14 days from October 21 to
Nove:mber 3, 1985, . The study team investigated whether the project would
be suitable for.the grant aid program and carried out a basic design

study on content and size of the project.
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This report discusses the backgroﬁna of the project based on analy-
ses of data and information obtained from discussions with the Sudanese
anthorities concefned and the field survey, and presents the content and
size of the prbject, sellecition of equipment, allocation of eguipment,
Cost estimate, and operation and maintenance plan, as determined by the

study team.

In addition, related data and information collected during the field
survey and Minutes of Discussion covering the contents of discussion
between the Sudanese authority and the study team are attached to this

report.









CHAPT.ER 2 BACKGROUND OF THE PROJECT
2-~1 Socioeconomic Conditions
2-1-1 Natural environment

Khartoum is located in an approximate center of Sudan, at the
confluence of Blue Nile River and White Nile River, and overs

approximately 20,800 km2.

‘Geographically, the area is situated on a plateau'with elevation of

500 m and is a part of desert zone.

As a result, température.is relatively high throughout the year.
November to March is reiativeiy cool with dry cohdition {mean temperature
of 23°C) while April to June is a season with highest temperature which
is further heated up by hot sand storm (Habub) ; sometimes, the tempera-
ture rises above 50 C in the city area. Jﬁly to August is a rainy season
with occassional torrential rain, with meén temperature in excess of

35°C.

In contrast, humidity is relatively low throughout the year to

result in slow decomposition of solid wastes and sewages.
2-1-2 Populatidn

Aécording to_1983_census, Kharfbum had a Qopulation of approximately
1.8 million. Populéfion trends between 1979 ‘and 1983 based on census
data are presented in Table 2~1. .1985 popﬁlétion is not known since no
census was taken, and it was estimated from annual average growth rate

between 1979 and 1983,



Table 2-1 Population of Khartoum

Year : :
#
Item 1979 1980 1981 1982 1983 1985
Populia-~ . .
tien 1,552,000 | 1,626,000 | 1,703,000 | 1,784,000 | 1,802,298 1 1,839,000
(persons} . -
Increase y
rate (%) 4.8 1.7 4.8 1.0
Population N
{persons)
2,000,000r Actual C ’ Projected
Average annual
L rate 3,8%
1,500,000 ; . ' S '
- 19879 1980 1981 1982 1983 1984 1985

Population in each city district council consisting of the metropoli-
tan area in 1983 census, and 1985 population estimated on the basis of

distribution in 1983 are pfesentéd in the following tables.

In addition, the popuiation in 1990 as a target year of the project
was estimated. The taréet.year was establishéd as-a mid—point between -
.1987, when=£he equipmént will be insexrvice, ahd_1994; when the equipment
will be out of service.(service life of 7 vears applied to other 1IDCs was

assumed) .



Population and Mo. of Households in 1983

T~ Pnéulation - No. of households No. of persens
{(persons) per household

Kharx toum 557,350 (30.9) . 88,556 6.3
cmdurman 648,700 (3§.b) iO?,Slé 6.0
Khartoum North 341,146 (18;9) 54,078 6.3
Past Mile 255,102 (14.2) | - 47,837 ' 5.3
Total 1,802,298 (100} . 297,983 6.0

" { ) - share in total populaticn of the four cities %)

Population in 1985

Item | Population in Population requiring| Population requiring
administrative | solid waste collec- sewage collection
Calcu district tion . :
lation (persons) ({persons) {persons} :
-‘ basis - = . .
ity O (D = sane as (1) @ = same as Q)
Khar toum 568,000 568,000 o™
Omdurman 662,000 . 662,000 ) 662,000
Khartoum : ’ .
North 348,000 348,000 . 348,000
East Nile 261,000 261;600 261,000
Total 1,839,000 1,839,000 1,271,000

*1 The entire population of rhartoum is served by a public sewaqe
" system

Estimated Pqpulatioh.in the Taréeﬁ Year (1990)

Ttem Average Population in | Population re- | Population re-

annual administra- quiring solid quiring sewage
) increase | tive district | waste collec- | connection
Caclu- rate j.(persons)* tion .

HR T @ | O 0@ | ©tame 2 ®) | O Same 25 (3

City

.Khartomu - : 659,0@0 . . 659,000 0*2
_ omdrman 3.8 769,000 769,000 769,000
Egj§;°“m' 404,000 454,000 404,000
East Mile 303,000 303,000 ;d},ooo_
Total - .| 2,135,000 2,135,000 1,476,000

*2 The entire po?ulatibn of Khartoum is served by a public
sewage system




2-1-3 National socioeconomic development plans and environmental

health conditions .

Recentiy, sudanese ecenomy isﬁin difficult situation caused by
various adverse conditions, including external borrowing amounting to 9
billion dollars, influx of 1.15 million refugee from ﬂeighbourinq
countries, sluggish nationeeconomy including agricultural production
damaged by draught in the past three years and 8.4 million farmers
seriously affected, and rapid populaﬁien increase at annual average rate
of over 3%. Also, insﬁfficient infrastructure, chronic shortage of raw
materials, fuels and electric power, and outflow of human resources are

significant obstacles to economic development in the country.

Despite of a major polltlcal change in April 1985, the government
contlnues to adopt economic development policies which are based on
“Prospects, programmes and Policies for Economic Development - III"
prepared in October 1984. The programme contains action progranmes to
effectively initiate required policies, the Fifth Public Investment 3
Year.Plan'(TYPIP - V) which aims to allocate limited financial resources
fozthe recoﬁery of production capacity and the improvement of infrastruc-
ture as a stimulus to economic growth, and "Outlook for Private Invest-
ment and Prodﬁction“ which serves ae a guideline to private economic

activities which are playing an important role in national economy.

Among various infrastructures, the improvement of equipment and
facilities to maintain environmental sanitation is considered critical,
particularly the prevention of epidemics and the improvement of living

environment being adopted as major objectives of government policies.
2-1-4 Government buéget '

The preéceding fiscal year (1405 Islamic yeer)_ended on September 15,
and the government budget for the current.fiscal year is still under
consideration by the cabinet (as of Novembef 1985) since the procedure
was delayed due to the prime minister's ihspection teurs ih the country

and other reasons.



Thus, it is expéctéd to také some more time until thé:new budget is
approved by.a joint session of the provisional military council and the
cabinet. An outline and related items of 1985/86 governmént budget as
. reported by a national news agency SUNA and a local.héwspaper ALAYAM are

as follows.

Budget period: September 16, 1985 - June 30, 1986

An abnormal budget pericd was adobted to abondon a fiscal period
based on Islamic calendar intorduced last year and return to an old

fiscal periocd between July 1 - June 30.

Budget outline : Revenue 1 1,347,000,000 Sudanese pound
Expenditure: 6,095,000,000 Sudanese pound

Supplemental revenue by foréign aid 3,633, 000,000

Sudanese pound,

Budget deficit: '1,115,000,000 Sudanese pound

In_total, 22% of.the expenditure will be financed by domestic funds

and 60% by external funds.
2-1-5 Present state of solid waste and sewage disposal and problems

Iin Kha}tbum Metropolitan Area,. approximately 2,300 tons of solid
waste are pfbducéd'daily, of which only 980 tons are collectéd and
dispoSéd by the city councils, with remaining'l,SOO tons not properly
disposed. This situation is largely due to a shortage of equipment and

vehicles for collection and transportation.



As to sewage treatment, Khartoum diStrict goucil ‘is operating a
sewerage facility with design capacity of 180,000 population which was
consturctued in 1957. The facility is operated under overload conditions
because of deterioration of various.equipment due to agiﬁg as well as
rapid increase in sewage discharge due to change in life style and
population increase. No sewerage facility:is available in other district

councils.

Consequently, a large amount of ‘solid waste and sewage are left on

streets without proper treatment,'ckeating insanitary living environment.
Each city council has vehicles for collecting and transporting solid
wastes and sewages as shown in Table 2-2. (Figure in { ) denotes

serviceable vehicles)

Table 2-2

Equip- | Pu | 1cad Coﬁtéiner Open ‘I‘racf,or Cesspit -
- .ment Compactor’| Lugger (5t) (5t) Tipper{6.5t) | with emptier
type | (6.5m”} (Nos). " {Nos} (Nos) Tailer .
_city (Nos}
Khartoun 9(5) 4 (3) : 6 (3) 15000 | 3 (2) |
Omduermnan 8(4) 2 {1 10 (&) 4{3) & _(3) )
Khartoun North 7(5) 2 (1) - 8(6) | -6 (2)
Bast Nile - - 2 (1 1 :. -
Total 27(14) 8 (5) 1o 18 (10 29(20) | 15 (7)

As shown in the table, . the number of vehicle operated the city
councils are not sufficient to handle a large amount of solid waste and

sewage produced'at present.

In considering requirements in the project, the existing vehicles

‘will not be included because of their ages and small number.



Workshop for maintenanoe and repalx of the vehicles is operated by
each_district council, under similar organization and operation system.
Generally, each workshop has a material warehouse, a repair shop and a
vehicle garage, and employs 8 mechanics, 3 welders, 3 blacksmiths, 4

electrical technicians, 20 operators, and 20 workers.

Although many parts and components are stored in the warehouses, the
most of them are not usable: parts and components removed from out-
of-service veh;cles, rather than bearlngs, oil hoses and electrlcal parts
which are needed’ frequently._ Oon the other hand, there is obviously a
shortage of repairing the vehicles, technical level of operating

hydraulic equipment is low and should be improved in the future.

As to sewdge disposal, hoseholds in the area not served by public
sewerage have septic tanks by digging into the qround to store sewages
for collection. However, a large amount of sewage appears to evaporate

in hot weather'and=seWage is collected at a very low interval.
2-1-6 Organization of local government

Khartoum Metropolltan Area is comprlsed of four district councils Gf
Khartoum, Khartoum North, Omdurman and East Nlle which are controlled by

the natlonal-capltal.

An organlzatlon deallng with waste dlsposal is headed by a commis-
sioner, who is a head of the national capital, and is managed bj a'
director of environmenral sanitation under direct supervision of a
general directorrof health affairs. An outline of its organization is

presehted below.

- -



Table 2-3

[commisézomER]

|

| “GENERAL DIRECTOR

OR HEALTH AFFAIRS J

| prRECTOR OF ENVIR

ONMENTAT, SANITATION |

[

f

KHARTOUM. NORTH EAST NILE KHARTOUM 'OMDURMAN
DISTRICT COUNCIL| | DISTRICYT COUNCIL| [DISTRICT COUNCIL| | DISTRICT COUNCIL
8 TOWN COUNCILS 6 TOWN COUNCILS | |16 TOWN COUNCILS|{ 12 TOWN COUNCILS

TOWN COUNCILS " TOWN COUNSILS TOWN COUNCILS TOWN COUNCIIS

PUBLIC HEALTH PUBLIC HEALTH . PUBLIC HEALTH PUBLIC HEALTH

OFFICERS OFFICERS ' - OFFICERS OFFICERS
| ] T ]
SANITARY SANITARY SANITARY SANITARY
OVERSEERS OVERSEERS OVERSEERS OVERSEERS
1 I | I
ASSISTANT ASSISTANT ASSISTANT 'ASSISTANT
 SANITARY SANITARY - SANITARY- SANITARY
OVERSEERS OVERSEERS OVERSEERS OVERSEERS
SUPERVISORS - ' SUPERVISORS SUPERVISORS SUPERVISORS
LABOURORS LABOURORS LABOURORS LABOURORS

The waste'disposal'project is mahaged by each district.bouncil,

under direction operation of public health division.

on the other hand, vehicle operation and maintenance are contrélled
by'the technical bureau, and the workshops~afe directly operated by the

district councils.

Personnels engaged in waSte disposal project of each district

council are classfied as follows.

- 10 -



Table 2-4

Senior -

Nooste | mebe | punlie || Stary | deststont ) S000 e rasous | "R
District Inspector | Inspector Overseer
Khartoim ! 2 _; 19 93 185 72 1784 305
Cmdurman 1 2 11 26 130 9 . 36 550 164
;2::E°“m 1 4 5 16 53 70 31 | 464 159
East.: !*:lile 1 1 1 8 28 17 5 213 1.50
Head office 3 - - - - - 3 - -

Total 7 9 29 59 304 363 147 | 3011 778

At pfeéeht, each -district council charges the following fees for

coliection of solid waste and sewage from each hbuse:

Table 2-5

Charge (Sudan pound)

Khartoum DC

omdurman DC

Khartoum North DC

East Nile'DC

5

3

In total, approximately 12.8 million Sudanese pounds are collected

while the annual cost of waste collection and disposal project is 13.3

million Sudanese pounds, an annual deficit of 500,000 Sudanese pounds

being subsidized by the goﬁerhment.




2=1-=7 Background and content of the reqﬁest by Sudanese government

As a means to improve insanitary conditions in the capital, Sudanese
government has réqueéted to Japanese government for a gfant aid of
vehicles for collection and transpotration of solid waste and sewage as

well as spare parts because of poor financial condition.

The request made by.Sudanese government.is.roughly devided into 1.
vehicles for waste collection and tranéportation; 2. wmaintenance vehicl-
es, and 3. disinfectants and related equipment/materials (Table 2-b),
covering a wide range of eguipment suitable for the improvement of

sanitary environment.

- 12 -



Table 2-6

Equipment Type Quancity Des.cription
1. 10AD LUGGER 40 Cont.ai.ne_r carrying vehiclte |
2. CLOSED TIPPER 60 Solid ;-ioste collecting/carrying
vehicle (roofed)
3. EXHAUSTER CAR 17 . Sel;.laqe carrying vehicle
4. GRIDER 1 Solid waste_accwnulation/landfill_w
ing levelling
S. TRACTOR WITH TRALLER 18 Hauling vehicle
6. EOADER C 4 Leading machine
7. DYNA CA.R 25 Medium-sized track
8. (TOYOTA) LAND CRULISER 2 Maintenance vehicle (patrel)
9. IOAD LUGGER CON'I‘AII;JER 1200 Solid waste stéring container
10. (TOYOQOTA) BOX 12 Maintenance vehicle (maintenance
: : work}
11. (TOYOTA} SALOON 10 Maintenance vehicle (passengex
car}
12. MORTOR CYCLE 50
13, E;YCICLE 120
14, GENERATOR (20KVA) 5 Generator
15. (HLbSON) SPRAYER 140 . Sprayer
16, FUMIGATION SPRAYER 50
17. DURSBAN 430
18. ARATE 250
19. FENTHION . 420 Organo-phosphorus insecticide
20.  RESLIN 200 Compound insecticide (Resmetlin)
21. DIAZINON 500 Sulphadiazine
22. SPRAYER io Sprayer

2-2 5o0lid Waste

and Sewage Collection in Khdrtbum Metropolitan Area

-Solid wastes produced in the metropolltan area are collected by

elther of the following two methods:

1.

Wastes are collected in trash boxes outside houses,

from which

collection vehicles of each district council (DC) collect them daily,



2. DC"s containers are placed on street sides, te which each household
dumps wastes, the most of solid waste is collected by the latter using
the containers. The containers are carried to the disposal area twice a
week, and solid wastes from the market once or twice a week. If solid
wastes are piled'up'due to a shortage of DC's vehicles, they are col-
lected by (1) residents, (2) leased vehicles, or (3) vehicles operated
by other DCs. The disposal area has been originallf selected near the
city boundary to be uséd as a building site after the completion of
landfilling, it is surrounded by built-up areas as a result of urban
development, creating insanitary environment. For this reason, a new

disposal area is situated a few kilometers from the city boundary.

On the other hand, sewages are collected by exhaust cars in Khartoum
North, Omdurman and East Nile, and are carfied,to a desert a few kilo-
meter away for dumping. The regulation requires the gumping to be done

at least 500 m from nearby houses,

- 14 -









CHAPTER 3 CONTENTS OF THE PROJECT
3-1 bbjectivas

The project is to furnish equipment and materials needed for the
improvement of solid waste/sewage collection and fransportation works in
district councils of Khartoum, Khartoum North, Omdurman and East Nile.
3-2 Selection of Grant Aid Items

Since consumable items are not included in the grant aid programme,
chemicals listed in Table 2-6 are excluded from the project. Alsc, only
vehicles for scoled waste collection and transportation will be furnished

in consideration of the above objective.

The equipment and materials to be furnished under the project are

listed in Table 3-1.

Table 3-1

Description

Detachable Container truck
. Container

Tipper

Cesspit emptier

Tracter with trailer

Workshop _
(portable tools and machine)

Spare parts

- 15 -



Although containers are often considered as a consumable item, they

have relatively long service life of 7 ~ 10 years. SeVerai'containers
currently owned by Khartoum DC were imported and are difficult to manu-

factuer locally as they are made of steel plate with 4 mm thick.

Thus, it appears to be reasonable that the containers are treated as

equipment rather than conSuméble item.
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CHAPTER 4 BASIC DESIGN
4-1 Design Principle

To select equipment and materials which can be easily maintained and

repaired.
4~2 study on Design Conditions
4-2-1 Road

Roads between collection points and a final disposal area have

sufficient width and are in good condition generally.
4-2~2 Bridge

According to the field survey, all the bridges on the tranportation
route satisfy T-20 leoad in Japanese standard for first class bridges, and
thus 1no weight 1limit will be required.
4-3 Basic Design
4-3-1 Discharge rate

Discharge rate was determined from figures given in a survey repoft

on solid waste in Khartoum*l.

Table 4-1 - Daily Avefage Weight and Volume of Domestic Disposable

Waste per Capita in Khartoum Urban Area

*]
Season
PR N Summer Autumn Winter | Average
Measure '
weight (Kg.) ' 0.673 | 0.682 | 0.535 0.630
Volume (lit.) 1.76. | 1.968 1.605 1.778 .
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From the above table, 0.630 kg/person/day wasg selected és-discharge
rate. For comparison, discharge rates for major cities in Japan and

other countries are listed in Appendix.

- On the other hand, daily sewage discharge rate per person varies
with age, sex, diet and season. Since no accurate data is available in
~Khartoum, an average sewage discharge rate published in Japan, or 1.2

'iitters, was adopted for the purpose.

*1  "Basic Study on Domestic Solid Waste in Khartoum Urban Area",
prepared by the Ministry of Health, Department of Sanitation and National

Committee for Environment

*2 "Séwage Dispdsal Guidebdok"'by Environmental Technology Research

Iﬁstitute
4-3-2 Amount of solid waste and sewage dischafges
Using the discharge rate determined in 4-3-1 total amount of solid

waste and sewage discharged in each of the four cities was estimated as

follows.
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Domestic Disposable Waste Discharged in 1985

‘\ Item Unit Population requiring Total weight
Caleculatio (kg/person/day) |collection (persons) |cellected -(t/day)
Eilﬁ?“‘bas'ls @ - @ : @ - @)_( To-3
Khar toum 568,000 358
Omdurman o 65 662,000 417
Khartoum North 348,000 2190
Rast. Nile 261,000 164
Total - 1,839,000 1,158

Estimated Domestic Disposable Waste to be Discharged in
the target year (1990) s

Population fequi ring

~—- Item ~ Unit Total weight
Calculdtio {kg/person/day} [collection (persons}|collected (t/day)
Sig2atte [0} @ O x @x 1073
Khartoum . 659,000 415
Omdurman 0.63 769,000 484
Khartoum North 404,000 255
East Nile 303,000 191
Total - 2,135,000 1,345
Se;fage Discharged in 1985
Item Unit Pepulation requiring Total volume
CalCUlggé?; FE/person/day) collection “(persons)}| collected ;Q/day)
City @ @ @ x @
Khartoum 0 0
Omdurman 12 662,000 794,400
Khartoum Noxth 348,000 417,600 .
East: Nile 261,000 313,200
Total - 1,271,000 1,525,200

Estimated -S'ewage to be Discharged in the Target Year. {1990} -

Item

Totél volume

Unit Population requiring

Ca'lcﬁléti(_)l (% /person/day)} |collection {persons) collected (&/day)

e iy ol @ O« ®
Khartoum ' g 0 -
Omdurman 769,000 922,800
Khartoum North 1.2 404,000 484,800
East. Nile 303,000 363,600

Total - 1,476,000 1,771,200




"4-3-3 Composition of solid waste

According to the survey report prepared by the Ministry of hédlth

solid wastés generated in Xhartoum Metropolitan Area are composed of the

following:

(1)
(23
(3)
(4)
(5}
(6)
(7)
(8)
(9)

a0

(11)
(12)

Dust ash and cinder
‘Organic materials (liable fermentation)

Paper and cardboard

- Plastics

Metal and tins

Rags

Wood

Glass and Crockery

‘Bones

Natural and artificial leather
JRubber . '

Miscellaneous

Percent in weight

(%)

50,75
33.64
4.53
2.47
2,22
1.90
1.49
1.12
0.72 .
0.25
0.19
0.72

Dust ash and cinder constitute around 50% of the total because sand

is carried by wind from the surround desert and is mixed with dust in

large amount.

Composition of solid waste in selected cities in other countries is

presented in Appendix.

4-3-4 Vehicle ailogation plan

Based on analyses of present s0lid. waste/sewage dlsposal

allocatlon of VethleS was planned for solid waste and sewage.
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(1) Solid waste

s0lid wastes will be collected in containers which will be install-
‘ed for every few households. Then the containers will be carried by
detachable container trucks. Solid wastes not collected in the

containers will be collected by tippers.

Container |- Detachaple Container Truck

F””“fﬂ T
| Domestic | | Treat— |
| |
waste ment plan
e 4 L}

Tipper

{1 Estabilishing design criteria

Design criteria were estabilished as follows.

Criteria

Teem = Basis established

Population iacrease Average of'increase_rat_es . I8

rate - during 1979 - 1983 - N

Target year Year mid-way betweéen é_tart of 1390
service (1967) and time
amortization will be completed
{1994}

E{:isting vehicle Excluded due to significant Not included in.

: " aging- and wear - the project

Colleétion/tranépoftation”flows at presenf and in the target year

are shown in the following pages.

No of trips: Average number of trips in each district council was
_assumed in range of 1 - 1.5 times. For calculation purpose, 1.5 times

were used.

Load: :80% of tipper capacity

85%% of container capacity



(2) No. of vehicles required

- The number of vehicles for each type was determined to handle all

the solid wastes produced at present, as follows:

Detachable container truck 40 wvehicles

Container 800 units

Tipper 60 vehicles

2 -



(3) Collection and transportation flow at present.

Domestlc Waste

Yeem |- t}nn:_ | Calculation basis Q'cy
. 't/d'ziy From the discharge in 3«2+2 »11,158
Weight - : -
t/2 days ' 1158 x 2 = 2,316
paity - | W'/day | 1,158.¢ 0.354 = 13,271
quantity(m?/2 days | 3271 x 2 = {6,542
Container 1 ’ L Tipper l
Caleulacion . .. Calculation e
Lrem i CUnte | “basle o'y ltem unit basLs o'ty
T -
Container capacity m’/vehicle 6.0 x 0,85 = 5.1 Loading weight . £ 6.0 x 0.8 =i 4.8

No. of collection - Jonca/2 dayd

Required volune of doogstic 1 " 6.542
wagte collacted of% day
Required Mo. of contdiners © {6.542 % 5.1 = 1,200
Ho. of containers in service e 200
hotual volume of domestic 3 - : . No. fday/| . 1.5
waste collécred n’/day 5.1 % 400 .2.040 No. of trips vehicle |Average O.E 4 _cu.l.es. 1
" ' v/day 2,040 x 0. 3544 22 No. of tippers ’ 334 ¢ (4.8 x 1.3} =55
Ho. of tippers in service . 0
Welight of dc:.-a§tic waste t/day |4.8 x 1.5 x 60 =832
collected/carried .
Detachable Container T.zut.k
Calculation N
Iten Unit basis Q' Ly
Loading weight t - 4.0
Hauling distance k@ Average of 4 cities | 10
Running speéd when loaded km/hr, . 10
Working hours hrs./day| 5:0088 - 2:06PH &
: Ho,
No. of trips v“h{:;:/ % hours % 36 win..=| 10
¥o. of DCT in service 40
Ho, of containers collectéd 10 x 40 »{ 400
Final Treatment Plant
1ten unit Calculation basis Q'ty
Transportable
vatght t/day | 722 « 432 =| 1,154
1158 t/day € 1154 t/day ‘
. Ona trip of detachable con-
Colleceton vatio - tainer track (36 minutes) - ———

Rpproximately 10¢w

10 Jm

2.5 min,
Treatment
plant

10 km

15.5 pin.




(4) Estimated dollection and transportation flow int he target yeax

(1990)
Comestic Waste
Ttem Unjt " Caleulation basiz - Qity
| &rday. { From the discharge in 3-2-2 = [1,345
Yeight - B -
19 £72 days [ 1,504 x 2 = |2.690
pally Cm¥day | 1,345 :.0,354 N ERTT
quancity|n’s2 days [ 3,799 x 2 = [7,598
Concajnar l : L Tipper . I -
: — - Touiati N Catculation
Iten - l Unit Ca_g:s_;:xoﬂ Q'ey Iten R Unit " hasis Rty
Containar capaéihy lafvenicle (6.0 x 0.9 « 5.4 Loading weight t 6.0 x 0.8 =14.8
Ko. of cellection —_ L e— Once/2 dayg
Required volume of domescic |3 a 7,598
vaste collected 0/ days
Required No. of containers 7,595 +.5.4 = 1,407
No. of containers in service — 800 R
Actual- volwae of domestic 3 5.4 x 400 = 2,160 . Ho. /days | puorage of 4 cities i.5
vaste collacred e fday . N.o. of trips vehicle . d .
- i:’/day 2,160 x 0,154 764 {no. of tippers 581 ¢ (4.8 x.1.5) = {81
No, of Eippers in service &0
Weight of demestic waste tyday | 4-8 % 1.5 x 60 = 1432
calliacted/carried
Batachahle Centainer Truck .
- . Calculation .
Item Unik basis Q' ty
Loading weight t 4.0
Hauling distance kn Averagqe of & cities {)p
‘Buining speéd when' Loaded km/he. 40
Werking hours hrs./day} 8:00 A - 2:00 P4 &
: No. /day/| .
No. of trips vehicle 6 hours * 36 min. = |10
Ho. of DCT in service 40
Ho. of containers collected 10 x 40 = 460
Haullng voluzme . a'fday { 5.4 x 400 = 2,160
Firal Treatrment rlapt .
r Iten Unit Calculacicn basis Qtey
T
Waste produced |t/day : : 1,345
Transportable
weight t/day | 764 + 432 =|1,196
Collection ratioc B5% )
i One trip of detachable con-
[T " talner track (36 minuteg) "

v ) 10 kan

2.5 min, 2.5 min,
1 Treatment
plane
10
15,5 pins




(5) vehicle allocation plan

The number“of_vehicles determined-on the basis of the collection
and transpdrtaion flow.at_present was allocated to the four cities

according to their share of solid waste produced.

Domestic Waste

) Ciﬁ&.. Weiqﬁt (E/day) Share t%]
Khartoum | - 3sa - 31
Omdurman ; 417 36
Khartoum North 219 19
East Nile - 164 - 14
Total 1,158 100 -
Containex 1. o Tipper
City Unit Q' ty : City Unit Q'ty
Khartoum . | Units 248 Khartoum vehicles | 19
Omdurman " 288 Omdurman o 22
Khartoum Noxrth " . 152 Khartoum North " .il
East Nile " 112 East Nile . 8
Total - 200 . Total 60

De;achéble'Contéiner Truck

city - Unit o'ty

Khartoun Vehicles 12
omdurman " 14

¥hartoum Noith "

East Nile "

Total - - 40

Vehicle allocation in- the target year (1990) is same as that for
the present, since it 15 based on an amount of solld waste in each city

which is closely assoc1ated w1th populatlon growth rate.



(2) Sewage

Sewages will bé collected in pits of houses, from which cesspit

emptiers will pump out and transport them to a discharge point {(in the

desert}.

: ) e .
| sewagel— pit | i Dischar int |
Isewagel——= Pit l—=iCesspit emptier | ischarge poin !
-t et i | (desert) |

(2) Establishing design criteria

Design criteria were established as follows.

. Critezrfa

Item . Basis established
PDpulat.lor‘n increase | Average botween 1979 - 1983
rate . . : 3.6y

' ) (persaas)  {houses) - .

No. of persons per Y Goa
household 1,802,298 + 297,983 = 6.0 &
Unsatisficd demand As given by the city . 3 cities other than
for public scwage goverment Khar towun
Frequency of col- Once/2 months
lection o ’
Working hours 8:00 AR o 2:00 PH 6 hours

Basic unit of

sestage | 1.2 !,.I:personjd ay

Distance to dis-

15 Yo
charge

Honthly sewage dis- [ 1.2 j/personsday x 6

charge per household | persons x 30 days 216 f/wonth/house

Two-month sewage . .
discharge per house- | 216 gAzonth/house x 2 432 2/2 months/house
hoild ) o

Time available for - | Working tfme - Carrying .
collection per trip | time x 7 - Sewage dis- 2 hours S minutes

charge time = (& hours -
:2) - 22,5 min. x 2 - 10
ain. = 125 pin,

Ho. of houses col~ | Time availsble for col-

lectable per trip lection per trip ¥ Time T . s ) ,
. required for collectien 15 1 trip {175 T!”'n“tes or
per house = 2 hours : . o - 2 hours 55 minutes) e
5win. ¥ 8 min. = 15.6 _ - 15 Jn .
Capacity of cesspit 6000 ¢ -
emptiexr E : L
15
No. of trips . par ’ 2 . house 1:3 o 10 win.
day per vehicle ) $'min .; . . Bischarge
- — . R A . ' oint :
Running speed.when . . . x 13 . . B
loaded T _ © 40 km/haur . lnoused TLTT
Time required for Suction time + Preparation = 120
collection per house [ time + Carrying time . & minutes min. ,
: =3 min, + 3 nin. + 2 min. |
= 8 min. AN i}
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(2) Réqﬁired number of vehicles

L Item | -unit . | xhartoum. | ordurman Khartoum Noérth| East Nile | . Total
(@ |Fopulation in administrative | porgons 568,000, .| 662,000 348,000 261,000 | 1,839,000
district . . ) : A A
Population requiring collec " - {0.O) {52.1) {274 (20.5) {100.0}
@leion : o 0 | 62,000 | .. 348,000 261,000 | 1,271,000
@{No; of households tobe e o | 1ne.3& § 58,000 43,500 211,834
collected .o
@ [No; Of houses collected . |Housessday] 0 2,207 1,160 870 4,237
daily .
(3) | Required to. of vehicles 0 74 39 29 oAz

Required number of Vehicles in the Target Year (1990)

Item ) Unit ¥hartoum Omdurman Jikhartoum North| Fast Nile Total
]P jalation in adminisktratiw ) )
@ (Eopuiation 3 ARLSErative | persons 659,000 769,000 404,000 203,000 | 2,135,000
(diserict . . .
C)isopulation requiring collec~ P © (0.0} S (82,1 {27.4) .- (20.5) - (100.0)
I tion : ¢ 769,000 | - 404,000 303,000 | 1,476,000
Ho. of households to be . . .
C)%collected o 128,166 64,126 57,169 249,461
1Mo, of house llecked ) ’ - .
9. 9 ses collec Houses /day o 2,563 1,282 1,143 4,988
;daxly . .
@ Iaéquired No. of vehicles . o 0 B 43 39 168

i : 1985 population estimated in Chapter 2 was assigned to each city"
according to its share of 1983 population : '

2 = Same as' 1 . None for Khartoum, because the entire
population is served by a public sewage system

3 = 2 ' No. of person per household
4 = (3 52) % 25 days
5 = 4 3 (ﬁo. of houses collectable per trip x No. of trips)
6 = 1 x (1.038)7
7 = 6 x2/3
8 = 7 + No.of personé ée;'householdV
9 :g (8 +2) ¢25 days |
10 ;n; 9 = (No;.of hoﬁ;és'ééllectable per.trip x.No; of trips)

{ ) — Share in the total populatioﬁ'reqﬁiring collection in the four
cities : : L L . :



{(3) Vehicle allocation plan

Compared to the number. of vehicles required, the number of vehicles
requested by the Sudanese side is. much less (17 vehicles). This is
probably because a basic unit- of - sewage discharge was determlned from the
Japanese standard establlshed by the Ministry of Health and Welfare to
result in vehicle Fequirements which are much hlgher than actually -
required. Thus, Judglng from weather cordltlons and life style - ln
Khartoum, the number of vehicles requested by the Sudanese side appears
to be reascnable. As a result, 17 vehicles were allocated to the four -
c1t1es according to their share in population to be served.

Ttem Unit {Xhartoum | Omdurman :lgiigoum Eii: Total
Required number |Vehi~ 0 T 39 | 20 | 142
of vehicles cles ’ ’
Present |y, of véhiclas | |,
: N ‘ 0 9 5 3 17
in service *}
) Required number |vehi- o a6 4 19 168
Target {of ve‘i‘ucles cles :
year : )
. hi
(1990} I::o of ‘_re uiles ” 0 9 5 3 1
in service *1

*1 17 vehicles were assigned ~according to the cn!:respondlnq
shares of the populatmn requlnnq collection.

4-4 Project Outline
4-4-1 Equipment to be furnished

The equipment to be furnished for each 01ty is summarized as
follows.

' Table 4-2 Number of EQuipment to be'Fufnished.ahdﬁAllbcation Japaﬁ

‘Detachable ) : _ o it Tractor 3
container | Container |. Tipper é:ists;'fl with giif
truck ] : ) ptier trailer | P =
Khartoum. DC 12 248 19 [0’10 0 5 1 set
7 1 _ _ “le,9 )
Khartown North DC 8 152 11[2"3 s o] s
Omdurman DC - 14 288 22011} 9 5 "
: _ : . C, 1L
. ' . B 0,4 | .
East Nile DC : 6 - 11z - ] 8[ 4:] - 3 2 - "
' .T.t 1 4 40 | 800 60[%7 30 17.. - 18

* [C'B O: Open type, C: Closed type
., . :
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To maintain and repalr the fuxnlshed equlpment at the workshops,-
portable repairing equ1pment and devices will be provided to each DC and
headquarter. .-

Since it is dlfflcult to determine the requlred number of tractors
with trailers because of their duty to collect scattered wastes, the
nunbex of tractors with trailers as requested by the Sudanese side was
allocated to each city according to their share in population.

(1) Purpose of equipment
1} ‘Detachable container truﬁk
rrunk dedicated to carry containers
2)  Container
Used as a public trash box placed on street

3) Tipper

Truck to carry solid wastes from a collection point to a
disposal area .

4) Cesspit emptler
Car to pump up sewage and carry to a dlsposal area
5} Tractor/tfailer

Used to collect éolid wastes scattered on streets and carry to
a collection point

4-4-2 Manpower requirements

: Manpower requirements for operatlng the vehicles properly are shown
in Table 4-3.

Table 4-3
Driver | Assistant Lahour | Total
l:etachable _container 1 1 N Y 3
) -ruck .
[Pipper 0 . oo 1 - L2 4 -
Ceaspit emptier’ . 1 - 2 3
Tractor with trailer 1 - 2 3

In addition, the following personnels will bé*reqﬁired at the
workshops: ST : '

1, Full time personnel fbr:contrblling spare parts
2, Full time personneié.fdchohtrélling‘reparing‘equipment

3. . Full time personnels for controlling repairing tools
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4-4-3 Equipment specification

The capac1ty and performances of the equipment were eatablllshed on
the basis of. prlnclple and condition of use, as follows.

(1) Detachable container trunk

Type: Container loading truck

‘Maximum load: 4,000 kg or over

’Dr1v1ng system' 4 x 2.

Engine: Diesel with maximum output of 160 ps or over

(2)  Roofed tipper

Pype: Roofed tipper

Maximum load: 6,000 kg or over

Driving system: 4. x 2 :

Engine: " Diesel with maximum output of 160 pS or over

(3) ° Tipper
Type: Tiper :
Maximum load: 6,000 kg or over

Driving system: 4 x 2
Engine; Dlesel w1th maximum output of 160 ps or over

(4)  Cesspit emptler
Type: Cesspit emptier
Maximum load: 6,000 kg or over
Tank capacity: 6,000 litters or more
Driving system: 4 'x 2 _
Engine:; Diesel with maximum output of 160 ps or over

{5) Container

Type: Container
Capacity: 6.0 m3® or over

{6) Tractor

Type:  Agricultural motor tractor

Driving system: 4 x 4

Engine: Dlesel with maximum output of 75 ps or over
(7)  small trailer

Type: Stationery type-tfailer

Maximum load: ' 3,000 kg or over

No. of axles: 2 : '
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4-4-4 Other items to be furnished
(1) Equipment and materials for workshops
Portable equipment and materials needed at the workshops

(2) Spare parts

1 set
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CHAPTER 5 PROJECT IMPLEMENTATION SYSTEM
5-1 Project Implementation Bodies

An organization to implement the project in Sudan is the National
Capital Khartoum which supervises Khartoum, Khartoum North, Omdurman and
Fast Niles District Councils. '
5~2 Project Implementation Schedule

‘The project will be implemented for 12 months after signing the
official agreement (E/N), including 5 months for procurement of the

equipment and materials.

Table 5-1 Implementation Schedule

month

Activity
E/ N ==

Preparation of
specifications : Tender rjotice
~Clasing |

Tender

Tender : : . ==
evaluation

Equipment Cortrpct

material procure-
ment.

Equipment _ g _ -
material * trans- : _ _ Shipqsng
port . o _

Delivery

Acceptance’ 1 = == .
_ tnspectian
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5~3 Consulting Services
While the project will be'implemented in accordance with the
schedule shown in Table 5-1, consulting services will be provided in

acéordanbe with the grant aid programme operated by the Japanese

government, as follows:

(-) Signing the consultant contract with the Sudanese government
- Verification of the contract by the Japanese government

- Issuing of A/P (Authorization to pay) by the Sudanese government to

Japanese banks dealing with foreign exchange

(=} Preparation of special specifications and tender documents hy the

consultant
- Verification by the Sﬁdanese goVerhment

(-} Tender preparation by the consultant on behalf of the Sudanese

government

- Procufement contract between the Sudanese government and Japaneée

suppliers

(-) Atténdance on inspection and delivery after procurement, loading and ®

unloading by Japanese suppliers

(-). - Services to'be provided by the consultant
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-4 Operation and maintenance
5-4-1 Direct operating cost

In this section, depreciation and operéting costs for equipment, as
a major part of related cost;'Were estimated. (Labor cost is dicussed in
the next section) '
(1) Basis of estimate

(1) Fuels and oils

diesel fuel cost is based.on’unit price per litter in October 1985

(Sudanese pound)}, and 10% of the fuel cost is allowed for oils.
(2) ‘Maintenance and repair cost

5% of the.fuel/oil'cost'is alldwed for. (spare parts will be furnish-

ed and labor cost will be allocated in the sépérate item)
(3) Administration cost

Méinljiihéuxance cost. 5% of the base value {Undepreciated value)

is allowgd for.
A(2)  R;sults-1'
_ The direct operat;ngrqost was estimgted as shgwn in Table 5f2.
The aﬁnual'operaﬁiﬁg cost for the equipmént.ié:

Kéhrtoum D : approxi. 140,000 LS

Khartoum North S 100,000 LS
omduxman S 210,000 LS
East Nile - 70,000 LS



Table 5-2 Summary of annual Operating Cost

{Unit: LS/thousand yen)

Khartoum DC

(_7,650)
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Agortiza— Fue;/oil Main?enance/ A§m1nls;ra— Subtotal
tion cost cost repair cost [tion cost )
Container col- 29,4060 1,500 32,600 63,500
lection { 1,800} ( 90} ( 1,998) ( 3,880)
?iPPer collec- 46,600 2,300 11,400 60,300
tion {2,850) § ( 142) { 599) { 3,691)
Sewage collec—
tion - ) Y 0 0 ¢
Tractor/ 12,300 G600 3,400 _ 16,300
trailer col- ( 750} { 37} { 209} {. 99)
lection
Total 88,300 4,400 47,400 - 140,100
( 5,400) ( 269) { 2,906) { 8,575)
Khartoum Noxth DC
Amort;za— Fuel/oil MalnFenance/ Agmlnlstra— Subtotal
tion cost cost repair cost |tion cost )
Container col- 19,600 980 20,500 . 41,080
lection (1,200} ( 60) ( 1,254) { 2,514)
Tipper collec- 27,000 1,400 6,700 35,100
tion (1,650) ( 82) - { 410} { 2,142)
Sewage collech 12,000 600" 4,300 16,900
tion ( 750) ( 37} { 264) { 1,051).
“Tractor/ 12 :
trailer col- ,000 _ 600 3,400 16,000
lectiocn (. ?50) f . 3N { 209) { 996}
Total -70,600 - - 3,580 ~ 34,900 109,080
: {1,350) _216) (( 2.337) { 6,703
Ondurman DC
A@ortlza— Fuel/01l MalnFenance/ A?mlnlstra— Subtotal
) _Jtion cost cost repalyr cost |tion cost E
Container col- 34,300 | 1,700 38,000 74,000
lection { 2,100}f ( .-105) ( 2,323) (4,528)
Tipper collec— 53,900 | 27,000 13,300 94,200
tion ( 3,300} ( 165} { 814) {4,279)
Sewage collec- 22,000 1,100 7,700 30,800
tion SCLL350) (0 87) (  474) (1,891)
Tractor/ : :
trailer col— 14,700 700 4,100. 19,500
jection { 900} : (.“:45) { _ 251) (1,196}
Total 124,900 | - 30,500 63,100 218,500
(.382) { 3.862)

(11,882)




East Nile DC

Amortiza-— Fuelféil Maintenance/|Administra-
. X B PR Subtotal
tion cost cost - |repalr cost [tion cost S
Container col- 14,700 700 15,200 30,600
lection { 900} ( 45) { 930) (1,875}
Tipper collec- 19,600 980, 4,800 © 25,380
tion : {1,200} ( 60) ( 296) {1,556)
Sewage collec- 7,400 360 950 8,710
tion { 450) ( 22) { 158} { 630}
E@? ;'-OE/ oL 4,900 250 1,400 6,550
arier {. 300) { 15) {- 84) ( 399
lection . )
Total 46,600 2,290 22,350 71,240
{2,850} { 142) {1,468) {4,400}

5-4-2 Labor cost
(1) Basis of estimate
(1 .Unit price
tabér cost consists of the féllowing:

(Basic salary) + (Living wage) + (Overtime allowance) +

"(Sanitation allowance)

" Those other than the basic salary are expressed in percent of the
basic daily salary: 100% for living wage, 20 % for overtime allowance,
and 10% for sanitation allowance.. In other words, unit price of labor

per day is 2.3 times of basic salary.
" Unit price of labor for thé.project is established as follows.

' Table 5-3 Labour Cost.

Basic salary ‘Unit labour cost | Labour cost
(LS} . (1.5} in yen
Driver 5 12 728
Assistant .4 10 ' 606
Labour 4 . 10 606
Currency exchange rate: 1US$ = 202 yen
: R l1uss = 3.30 LS
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(2}

Manpower plan

Manpower plan for each type of work is shown below.

Table 5-4 Manpower Plan

Khartoum BC

Driver Assistant Labour Sustotal
Container collection 12 12 12 36
Tipper coilection 19 19 38 76
Sewage collection - - - -
Traétgf/trailer colléction 5 - }O 15
fotal 36 31 60 lé?
Khartoum North DC
Driver | Assistant | Labour Subtotél
Container collection 8 8 8 24
Tippér colléction- 11 11 22 44
'Sewage collectién 5 - 10 15
Traqtor/trailer collection 5 - 10 . 15
Total 29 19 50 g8
Omdufﬁan.DC
Driver Aésigtant Labou;n :Subtotal
Contéiﬁer_coilection 14 ‘14 .14 42
Tipper coilection 22 22 : 44 88
Sewage collection 9 - 18 27
Tpactor/trailer Coliectioﬁ 6 - 12 18
Total 43 36 . 88 167
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" East Nile DC

Driverxr Assistént Lébour_ Subtotal
Container collection 6 1) © 18
Tipper collection 8 8 16 32
Sewage collection 3 - 6 9
Tractor/trailer collection -2 - 4 I
Total 19 14 32 - 65

{3) - Mampower requirements

Manpower requirements in each district council are shown in Table

5-5.

 Table 5-5

Driver | Assistant | Labouxr Subtotal
Khartounm DC 36 31 60 127
Khartoum.North be 29 19 50 98
. Omdurman DC 43 36 88 167
East Nile DC 19 | @4 32 65
beal_ 127 100 230 357
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.(2) Results

Based on the abovés, labor ‘cost for the project was estimated as

shown in Table 5-6.

The annual labor cost required for équipment operation is:

khartoum approxi. 390,000 LS

Kahrtoum North - - 300,000 LS

Omdurman ' : 540,000 LS

East Nile : 200,000 LS
_Tabie 5-6

Khartoum DC

Anhqal laboux cost LS (Yen)
Confainer collection . ll4,0d0 (6,982,000)
Tipper collection ) 237,000 ( 237,500)
SeWéqe colléction . 01( ' 0)
ffactor/trailér'éollection. 47 ;500 _.47,500)
Total | i 398,500 ( 398,500)

xhartoum North DC

Annug%:iabour cost LS (Yen)
Contéineft¢6llection “wuff- ‘76,600'14,655,000)
Tipper coilection’_ | o 137;600 (8,400,000) -
Sewége:collection _. .* 47,500 (2,909;000i
T#aétor/traiier éollecﬁion | 47,500 { '“é?,SbO)
T qotal - 308;065 ( 308,000)




Omduxrman DC

Annual labour cost LS (Yen)
Container'collection 1?3,000 ('8;i45;0005
Tipper collection | 274,400 (16,800,000) -
Sewage collection gs,soo ( 5,236,6005
Tractor/traileg'collection : 57 .000 '( 3’491#006)
Total 549,900 (33,672,000

East Nile DC

Annual labour cost LS (Yen)
Container collection 57,000 ( 3,491,000)
Tipper collection .f _ 99,800 ( 6,109,009)
Sewage collection | : 28,500-'(.1,745;0007
Tractor/trailer collection 19,@66 ( 1,164,000)
Total - 204,300 (12,509,000)

- A0 -




5-4-3  Per unit disposal'cost

The total operating cost is shown in Table 5-7.

Table 5-7
: Amounit :Lsf§en)
Khartoum DC - 539,000 {( 32,976}
Khartoum North DC 418,000 { 25,576)
" Omdurman DC 744,000 ( 45,554)
East Nile bC 277,000 { 16,969)
Total '_ 1,978,000 .(121,075)

From the total operating cost, disposal cost‘pef ton of solid waste

for each work type was estimated.

Amount of solid waste and sewage collected by each work type was

estimated in Chapter 3 and summarized in Table 5-8.

As to sewage, the annual amount carried by cesspit emptiers was

used.

" Table 5-8
Khartoum | Khartoum | Omdurman Bast

. ol ‘North. DC DC Nile DC
Container collection t/day 237 145 275 107
Tipper collection  t/day 121 74 142 57
Sewage collection L/day o} 60,000 108,000 36,000
Tra.ct'or/trai ler
collection t/day ) 15 15 18 6
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From the table, the per unit collection cost was estimated as

fpllows.
Table 5-9
_ Unit: LS (yen)
- City
Unit Khartom DC Khartoum North | Omdurman East Nile
' DC DC De
JItem ’
cotlootion || 18/E 2.06 2.21 2.06 2.24
: _ o (126) = - {135) (126) (137)
Tipper - 6.73 6.37 6.65 | 6.0t
collection ; {412} ' (390} . (407) (368}
Sewage | s/ _ 2.94 2.96 2.96
¢ollection | 10002 (180) {181) (181)
Tract -
ti:il‘;/ s 11,65 8.67 5,70 11. 66
collection (713) {531) (349) . (714)
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CHAPTER 6 PROJECT EVALUATION
6-1 Manpower Plan

357 workers will be required for the project, including 127 drivers.
Since 147 drivers are emploved by the district councils, the requirement

‘can be easily met.

Remaining 230 workers - assistants and laborers - can be obtained

from 3,011 workers employed by the district councils.
6-2 Operation and maintenance

after the project -is implemented, direct operatingTédst will in-
crease to make it difficult to'0perate the project by the present

government subéidy.

However, since the project'sefves a purpése of improving the infra-
strcture promoted by the government, increase in subsidy can be expected.

Also, collection fées may be raised by the district councils.
6-3 Equipment Utilization

The egquipment to be furnished under the praject has same perfor-
mances as those curréntly used in Khartoum, so that no traihing will ke
required for operétion and maintenance. Tn addition, as portable
'repairing toolé’will be provided with spare parts, it is expected that
the equipment can be properly maintained.

6-4 Project Evaluation

‘The project is considered essential in improving sanitary conditions

in Khartoum by providing necessary equipment to the district councils.
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CHAPTER 7 CONCLUSION AND RECOMMENDATION
7-1  Conclusion

Organizations to operate the waste'di5posal'project in‘Khartbum are
established to an acceptable level,'and they have long ‘time experlences

in organizational management

On the other hand, concerne of residents over Waste:and ganitation
_ are not particuléry high. Nevertheless, environmental-sanitation courses’
have been-intfdduced in school education recently, and it is expected

‘that public concerns will be increased.

Since manpower requirements for the project can be obtained from the
present employees inthe district councils, revenue sources to meet the

direct operating cost should be considered.

Given these situations, the grant aid by the Japaneselgovernment
“will contrlbute greatly to the 1mprovement of env1ronmenta1 health in the
area, and the equlpment will be fully utilized for effective waste

collection and disposal.
7-2 Recommendations

.Finally, the following recommendations are made to ensure effective

utilization of the egquipment to be furnished.
(1)"Collec£ion'fees

At present, waste collectlon fees in many countrles, 1nclud1ng
Japan, are based on the prlnclple of benef1c1ary s burden, w1th rate

adjustment accordlng to general price index. - This system may be

contemplated for the project.

- 44 -



(2) Spare part control

Since a large amount of spare parts will be delivered at the same
time, proper control of these sparé parts is very important in operating
the equipment in effective and continuous manners. For this purpose,
each district should establish its own maintenance system which includes

spare parts control.
{3} Other measrues to be taken by the Sudanese side
a) Improvement of spare parts warehouses

b) Public eddcation on environmental health
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ANNEX

1. Menber List of The Study Team

Mr. Michio Sakamoto: Team Leader
Technical Superviser, Sanitation Bureau

Kyoto City Government

Mr. Takashi Sasaki: _Planning/Supervision
Senior Advisor '
Mechanical & Industrial Engineer

JICA

Mr. Hirokazu Itoh: Waste Collection and Transportation Plan

Kokusai Kogyo Co., Ltd.

Mr. Yukiomi Nakagawa; Waste Disposal Plan

Kokusai Kogyo Co., Ltd.

Mr. Junichi Aoki: Equipment Supply Plan

Kokusai Kogyo Co., Ltd.



1T, sStady Schedule

Schedule Date Day Description
No.

1 Oct. 21 Mon. Arrival at KHARTOUM

2 22 Tue. Courtesy visit at the Japan Embassy
Courtesy visit at the Commission of Health
Affairs

3 ' 23 Wed. Coﬁrtesy visit at the Commission of
Enginﬁering Affairs '
Visit to Work Shop
Viéit_to Sewage plant

4 24 Thu. Discussion with the officials of the National
Capital

5 25 Fri, Study team inside discussion

6 26 Sat. Visit to the KHARTOUM DISTRICT

Visit to the School of Hygiéne

Visit to the Health Education Depértment




Schedule

Description

Date Day
No.
7 Oct. 27 Sun. Visit to.the OMDURMAN.District Qouncil
Visit to the KH%RTOUM Noxrth Coﬁncil
Visit to the Environmental health oversees
school
8 28: Mon. Visit to the Coﬁmiésion'of Health Affairs
9 29 Tue. signing the "Minutes"
10 30 Wed. Visit to therJapan Embaésy to réport on
11 Nov. 1 Thu. Data collection
12 2 Fri. Data collection
13 3 sat. -Depaftﬁrg from KHARTOUM
14 4 Sun. Departure from London
15 5 Mon. Arrival at ﬁarita




TII Minutes of Discussions

KINUTES OF DISCUSSIONS
| oK |
SOLID WASTE DISPOSAL IMPROVEMENT PROJECT OF METROPOLITAM AREA
IN
THE DEMOCRATIC REPUBLIC OF THE SUDAN

In tresponse to the request-made by the Governmest of the Demacratic
public of the Sudan for a grant aid of the Solid Waste Oisposal
pravement-Praject af Motropaiitan Area { heveinafter referred te as
‘he Project™ ), the Gavernment of -Japan has dispatched, through the.
pan Internaticnal Cooperatiaon Agency (JICA), a survey team headed by

Michieo Sakamoto, Technical Superviser of Sanitation Bureauw, Kyota
ty Gavernment ( hereimafter .referved to as."The. Team™ ) to caonduct the
sic design study onm the Praject for 13 days from Octaber 21 tg Novesber
1985.

The Team has carried out a field survery, had a series af
scussions and exchanged views with the Sudanese authorities cancerned
" the Pruject- ‘

As a result of the survey amd d1scu531cns ‘the Team and the Sudanese
.tharities have agresd tao Tecommend to their respective Gavernments that
teg results of the discussions attached herewith should be examined
iward the realization of the Project. '

Khartoum, Uctnberjzf, 1385

/12 %akléﬁ%:ﬁ/ (z

r. Michio Sakamoeto . Gené;zfi P.S.C.
eam Laader . ' Kamal Abashar Yassin
ipanese Survey Teaw Governor National Canlta_

' KHARTOUM - SUDAN.



ATTACHMENT

The agbjective of the Praject is ta provide sguipment for
inpleaentation of selid waste disposal service so as to tlaprove the
living eavironmental conditians in the Metropolitan 4rea in Sudan.

Sudaness awtharities cencerned will have tatal responsibility ta
implesent the Project in the Sadanese side.

The team will convey the desire of the Gavernment af Sudam to the
Gaovernment of Japan that the Govermment of Japan will take necessary
‘measures to cocperate inm implementing thé Project within the scope of
Japan®s Economic Caoperation Program in graht_form-

The Sudanese authorities comcermed have confirwed the Gavermment of
Sudan will take necassary measures as listed in Annex II oum conditian

that the grant aid by the Gavermment of Japan is exteaded te the Project

The Sudanese autherities concerned have understood and confirged
Japan's Grant Ald System explained by the Tean.

Equipment ta be provided will be finalized by the Team based on the res

uest of the Sudanesze side and the tesult of the study.
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I Minutes of Discussions

HINUTES OF DISCUSSIONS
oK
SOLID WASTE DISPOSAL IMPROYEMENT PROJECT OF METROPOL ITAN AREA
- I
THE DEMOCRATIC REPUBLIC OF THE SUDAN

In respense to the request made by the Gavernment af the Demacratic
epublic ef the Sudan far a graat aid aof the Solid Waste Dispasal
npravement Praject of Metropaiitan Area ( hereinafter referred tae as
The Project™ ), the Gevernment of-Japan has dispatched, through the
apan International Ceaperatiom Agency (JICA), a survey team.héaded hy
r. Kichia Sakamato, Technical Supervisér of Sanitation Bureau. Kyota
ity Government ( heretnmafter .refertred to as."The Team™ } ta comduct the
is5ic design studvy on the Project for 12 days fram Qetober 21 to Naovezmher
, 1985,

The Team has carried osut a field survery, had a series of
iscussions and exchanged views with the Sudanese autharities concarmed
{ the Praject.

As a result of the survey and discussiuns;_the'Team and the Sudaness
uthorities have agreed to recommend ta their respective Gavermments that
he results of the discassions attached herewith should be ezamined
avard the realization of the Project.

Khartnum, Dctaber;zf, 1989

f??ffw.;kﬂz%éﬁvvtgjégrn

. 7 -
r. Michio Sakamoto ' Genepéi—P.S.C;'
ean Leader | Kamal ‘Abashar Yassin
apanese Survey Teas Governor National Capital

KHARTOUM - SUDAN.



ATTACHHENT

The abjectlve af the Project ts tuo pr071de gequipment for
ipplementation of solid waste disposal service so as to tamprove the
living environmental conditions in the Metropolitan Area im Sudan.

Sudanese auwthorities comcermed will have tatal responsibvility to
impledent the Project im the: Sudanese side._

The tezam wlll convey the desirs af the Ga?ernment af Suaan to the
Gavernment af Japan that the Gevermment of Japan gill take nmecassary
measures te coaperate im 1mplement1ng the Project withia the scape af
Japan's Ecanamic Caaperation Program in grant form.

The Sudanese authorities comcermed have confirmed the Govermmeat af
Sudan %ill take nmecessary seasures as listed im Anmex Il on condition

that the grant aid by the Gaveramesnt af Japan is extended to the Project

The Sudanese authorities concerned have understosd and confiraed
japan's Grant Aid Systes explaimed by the Team.

Eéuipment ta be pravided will be finalized by the Téam based on the réq

west of the Sudanese side and the result of the study.
=
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CANNEX 1

Equipment, chemicals, and other items requested by the
Govermment of Sudan whose cost will be borne by the

Government of Japan are:-

1. EQUIPMENT with sufficient guantity oi the spare parts;
40 Toads Luggsrs, of which .
15 are to be di: stributed to Khartoum, 12 fo Omdurman,
8 to Knartoum North and 5 to East Nil3.
60'Tmppers, of which
29 to Knartoum, 18 to Gmaurman 12 to Khartoum North
and 5 to hasu Nile. o
‘17 Exhaust cars (cesspit emptiers), of which =
Lo to Kna.“oum ? to Omdurman, 5 to Khartoum North and
1 to Easu Nils, '
1 Crader to the Head Quavters .
BOC Conta1re”s {20 each conta_ners to be attached to a loaa
lugger) |
I8 T*actors w1uh ane each trq*ler of which
5 to- Khartoum, § to Omdurman, 5 %o Knartoum North and 2 Lo
 East Vlle. '
I Loaders, of which .
" One each %o Khartoum, Omdurman, Khartoum North and .
East Nile.
25 Medium size flat deck trucks with dlesel eng_ne
(2-4 tonners), of which
8 to Knar oum, 7 to Omdurman,l to Khartoum North, & to
East Nile dand 2 to the Head Quarters
12 Plckuna (6single cabs and 6- double caos) of which. '
| 5 4o Khartou, 4 to Omdurman, 2 to Khartoum North and
1 to East Nile ' _ |
2 four-wheel drive double cab pickups to East- Nl_e
10 Station wagons (van type), of which
3 to ﬂhartoum 2 %o Omdurman -2 %o Khartoum Noruh 1
“to East Nile and 2 to the Head Quartera
50 125cc WotorCJcles. of which : Ve
| 15 to Khartoum, 15 to Omdurman, 10 to Khartoum North anéﬁ\hs
10 to East Nile -
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120 bicycles with wide tyres, of which
B0 to Khartoum, 45 to Omdurmen, 30 %o Khartoum North and .
5 to East Nile
5 Generators, of which _ |
one_eaéh to Kharﬁoum,.omdurman. Khartoun North, East
- Nile and the Head Quarters.
140 Mannual sprzyers, of which _
20 to Khar%oum..&o to:Omdufman.'QOItO_Khartoum North and
40  to East Nile o
50 Fumigation er:fers. of which o _
20 to Khartoum, 10 to Omdurman, 15 to Kaartoum North and
5 to East Nile | |

C‘_MHLCALS
1?50 Ga.1ons of Tamanhos for fresh water cleansing _
Lo tons of Fentri hlon (powder) for mosguitoes contr01
500 litres of Pyrethroids for domestic use Ior mosou1uo and Ly
control .
2500 gallons of Diazinon for mosquluo & T1ly cont“oL

3. UORKSdOP‘TOOLS AND MACH“YLS
5 gets {assortments) of workshop tools and portable machines
to be distributed to the Central Worksnops and four District

Workshops in Khartoum, Omdurmar, Khartoum North and East Nile

M.



ANNEX I

Following measures are to be urndertaken by the Government of Sudan

1. To provide dat: and inform&tion necessary for basic desizn
2. To ensure prompt unloading, tax exemption, and cusvoms

clearance at the port of disembarkation in Sudan and prompt
intarnal transportation of the imported eauipment Tor the

Project.

3. To exempt Japanese nationals concerned Ifrom customs duties,
internal taxes and other fiscal levies whdch may be imposed
in Sudan with respect to the supply of the products and

services under the verified contracts.

b, To provide and accord necessary permission, licences and
cther authorization required for the Project.

5. To bear all the expenses other than those to be borne by the.

grant necessary for the suoply of the equipment.

&. To maintain and use properly and effectively the equipment

for the Project.




¥  List of Discussion Attendants

List of Discussion Attendants

(1) Health Commission H. Q.

Dr. Al Tahir Ismail Salim
Hassan Mohammed Mustafa
ELl Nur Abdella El Nur

abdel Latif Satti

. Muwia El Tigani

{2) Khartoum District Council
Ahmed Mohammed E1 Amin
‘A/Azim El Tayab
ali El Téyib

Yahya Mohammed

(31  omdurman DistriCt:Cdﬁncil
 lHassan'Mahgoub

Abdalia Hassan El Gédal
_ Mohgoub El.Naim

adil Abrahim

Abdo Egadir Mustaf

Osman El-Yas

Director General of Health}

Kharfoum

- Sanitation

Director of Environmental

Deputy Director of Environmental

Sanitation‘
Senior Public

Sénior Public

Senior Public

Senior Public

Director

Director

sehior rublic

Director

- public Health

Public Health

Puhlic Health

- Public Health

Health Inspector

Health Inspector

Health Inspector -

‘Health Inspector

Health Inspector

Inspector
Officer
Officer

Officer



(4) Khartoum North District Council

El Hadi Abdel Razig
Ahmed Idris Ahmed

El Hadi Abdu Elsaviy

(5). East Nile District Council

Ali Mahgoub El Hussein

Hashimr M. Ahned

(6) National Capital
Osman M. Abdalla

Elsheikh Hag Elsleikh

Dafalla Mohd Nésir
Kamel Abrasher

_Mohammed Aldel Ghafen

Senior

~Public

Senior

Senior

'Public

Public
Health

Public

Public

Health

‘Health Inspector

Inspector

Health Inspector

Health Inspector

Inspector

Inspector Planning

Director for Decentralization
Affairs ) '

Sec. General

Commissioner

Director Planning

(7} Ministry of Finance & Economic

El Sheikh El Knidir Ahmed

Planning

(8) Engineering Affairs Commissionali

Brahim Ali Khalifa

Yousif Mohamed Elsayed

-_"Director General

Asgistant Engineéer -



(9) Works Department

Abdel Tawab Muscafa Works Manager

(10) - School of Hygiene

Mahmoud Abdorahman Deputy Dean

(11) Health Education Department

Abo Obieda Magzoub ' Director

(12) Environmental Sanitary oversere School

Mohammed El1 Hassan salih .Principal
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