CHAPFERS IMRPOVEMENT TARGETS

5.1 Collection and Transport
5.1.1  Target Collection Rate

Collection service rate is the most important indicator to measure the level of service of waste
collection. At present, the estimated rate in terms of waste quantity for the whole city is 75%.

The proposed targets for service coverage are shown in Table 5.1-1. The whole population
tiving within the three utban communes of Safi city will be covered by collection service by the
year 2010. However for éa_ch respective urban commune the target rate of 100% service
coverage is set based on the conditions there. '

Table §.1-1 Target Waste Collection Service Coverage

(unit: %)
- Year Saft city Boudheb Zaouia Biada
1996 75 90 77 44
2000 90 97 95 71
2005 95 100 97 88
2010 100 100 100 100
Note:  Collection scrvice coverage rate is defined as the rate of waste collection quantity to generation
quantify

The generated and collected waste amounts as targeted in waste collection and improvement
plan are depicted in Fig. 5.1-1.

5.1.2  Operation Efficiency Fargets

The above collection service rates should be achieved in a cost efficient manner in order to
avoid creating a financial burden on each urban commune. Of course the actual costs will
increase as the waste amount to be collected will rise, but if the work is done in an efficient
manner the unit cost, i.e. Dirham/ton may be decreased.

The selection of suitable trucks and their efficient operation will contribute towards reducing
the unit costs. Table 5.1-2 sets services operation targets and Chapter 6 discusses ways to
implement these targets.

Targets are set taking into consideration present conditions of the trucks in each commune and

the opening of the more distant disposal site in the year 2000 which will decrease the truck
operation cfficiency somewhat.
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Table 5.1-2 Operation Service Targels

Qperation Indices 1996 2000 2005 2010
A) Boudheb
- Waste collected/collection crew (t/per) 1.3 1.4 1.5 1.7
- Waste collectedftrip (ttrip) 23 24 25 25
- Waste collected/truck shift {t/truck sh:ﬁ) 53 . 60 1.0 7.0
- Unit cost (DH/ton) : 254 200 205 210
B) Zaouia
- Waste collected/collection crew (tper) 0.8 1.0 12 L5
- Waste collected/trip (ttrip) 29 24 2.5 2.5
- Waste collected/truck shift {/truck shift} 34 50 60 6.0
- Unit cost (DH/ton) 336 300 280 260
C) Biada '
- Waste collected/collection crew (t/per) 0.7 1.0 1.2 15
- Waste collected/trip (t/tnip) N 23 2.4 24 25
- Waste collected/truck shift (t/truck shift) 31 5.0 6.0 6.0
- Unit cost (DH/ton) 77 310 230 260
Notes: 1996 figures based on truck scale survey results
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5.2 Disposat

The final disposal site is the ultimate termination point of the coltected and/or accumulated
waste, and the site should be planned in consideration of environmental protection measures to
prevent environnental impacts to the surroundings; such as scattering of waste, diffusion of
offensive odor, breeding of harmful vectors, self-burning of waste, contamination to pubtic
water bodies and groundwater by leachate, fire and/or explosion hazard caused by produced
gases, etc.

Based on the Guidelines prepared by the JICA Study Team, and in consideration of
environmental impacts to the surroundings, meteorological, topographical and hydro-
geological conditions of the Lahmidate site, financial capability of Safi Urban Community, etc.,
the improvement target for the Lahmidate disposal site should be determined as a Level-3
(Controiled Landfifl-3) waste disposal system, its description being contained in Chapter 7,
Section 7.1 of this report. Meanwhile, detaits of waste disposal systems, Level-1 to Levet-4,
are described in the Guidelines.

Accordingly, the targets adopted in the disposal improvement plan should be as follows,

e Immediate transformation of the existing municipal disposal site operation to controlled
landfill operation. '

¢ Implementation of the Urban Community plan to restore the private lands adjacent to the
existing disposal site, where waste has been dumped in past years, by removing that waste
to the improved disposal site, within the next 2 years.

» Commence operation of the new disposal site, Lahmidate, as a controtled landfill site, in
the ycar 2000.
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CHAPTER 6 COLLECTION AND TRANSPORT IMPROVEMENT PLAN

6.1 - General

The issues identified based on survey of the existing conditions, and as explained in
Chapter 4 of this report, will be covered in this improvement plan. The targets for
collection service coverage are set as shown in Chapter 5.

The plan will cover the three urban comnwnes only. Although the urban community is
tesponsible for collection of slaughter house waste and waste from the general market it
operates, it uses only one multi-toader truck (age 17 years) and has about 10 sweepers.
During the survey in November the multi-loader was out of order and Boudheb trucks
transported the urban community waste. It is strongly recommended that the limited
responsibilities of the urban community be handled by the respective urban communes and
the urban community should concentrate on the disposal site operation.

6.2  Objectives and Policy of the improvement Plan

The objectives of the collection improvement plan for all three communes are twofold;
o [Expansion of the collection service coverage both in terms of population and area
o Implementation of an eflicient collection service

Targets have been set out to achieve these figures as outlined in Chapter 5. In order to
achieve these objectives the basic policy of the improvement plan for each urban commune
wilt be as follows.

1) Boudheb

¢ Intensify efforts in residents education and cleansing campaigns to eradicate illegal
dumping and inform the residents of the proper waste discharge methods

o Extend collection service to village and fringe areas at least once a week
Develop standards for management of the collection service

¢ Expand the compactor truck with communal container system

2) Zaouia

e Intensify efforts in residents education and cleansing campaigns to eradicate illegal
" dumping and inform the residents of the proper waste discharge methods
s+ Extend colicction service to ali the urban area, villages and fringe areas at least once a
 week s a : ST : :
Develop standards for management of the collection service
Retire the old trucks and use the newer trucks more efliciently
Introduce gradually the station system in place of the door-to-door system
Procure compactor trucks at the time of replacement of the dump trucks recently
~purchased ' : '
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3) Biada

+ Procure compactor tiucks and communal containers as soon as possible

o Introduce the station system instead of the door-to-door system to make most use of

the available equipment
¢ Develop standards for management of the collection service

6.3  Alternative Collection Systems
6.3.1 Etlements of the Collection Service

There are basically two types of collection services; hauled container system (HCS) and
stationary collection system (SCS). In the HCS a large communal container (3 m’ and
above) is placed at a station. The waste is brought to the container by the generators. The
collection truck therefore makes only one stop at the collection route, places an empty
container and picks up the full container to take to the disposal site. In the SCS the
collection truck makes a number of stops on the collection route collecting the waste from
each. HCS is suitable for large generators and in densely poputated areas, while SCS is
more common for low and medium densely populated areas.

The improvement plan is based on the selection of the apprapriate collection service type
and most suitable collection system. The collection system is formufated by combining a
number of elements. Suitability of the system is evaluated by the ease of operation in the
collection area and the system’s cost eftectiveness. Elements from which the system is
formed are described hereafler.

1) Equipment

The equipment include trucks and containers. The truck types that may be considered for
Safi are;
o compacior
dump truck
pick-up
multi-loader

Containers can be classified by type of material and by size. In Morocco metal containers
are common in case of the lasger containers {more than 2 m®) while smaller containers are
made of plastic. The larger size containers are generally more cost effective but require the
cooperation of the residents to walk to the container. On the other hand, the smalfer sized
containers offer a more gradual transfer from the dominant door-to-door pick-up to the
more cost effective station pick-up (as shall be discussed in the following section).

2) Pick-up points

The pick-up point is the point {rom where the collection truck collects the waste. In the
door-to-dooy collection (also referred to as curbside) waste is collected from in front of
each building or detached house. In the case of the station collection the waste of a number
of buildings and houses is collected from one point.
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While door-to-door collection is very comfortable for the residents it increases the time the
truck spends on the collection route and decreases its utitization efficiency. Station
collection is the opposite.

3) Others

Some other elements that effect the collection system are;
o Collection frequency. Two to 3 days/week collection when compared to daily
* collection is more cost efficient but requires the cooperation of the residents in storing

two days’ waste in their houses.

o Separated waste discharge. Separation of the waste by the residents into recyclab!e
items (as plastic, paper and glass) is very important for the recycling activity.

« Plastic bag discharge, Plastic bag discharge facilitates the work for the collection
workers and supports station collection However it is increases the cost burden on the
residents. :

All 1hese three elemems are dependent on reudenls cooperatlon To receive such
cooperation it is necessary to increase the citizens awareness as a first step through
effective education campaigns.

6.3.2 Formulation of Alternatives

The above elements of the collection system can be grouped up to form the alternatives
shown in Table 6.3-1. : _

Table 6.3-1 Alternatives for the Collection Systexh

[ Service Truck Colleciton Communal container Individual

type pick-up point [ Large Med , small bin'?
SCS . - | Compactor Door-to-door X - X O
: Station X 0 0O
Dump truck | Door-to-door X X 0
S : - Station X X 0
HCS Multi-loader | Door-to-door X@ X X
Station 0 X X

" Note: (1) Bins used by the residents including cans, plastic and paper bags

(2) Door-to-door in case of placing container at premises of large generator
(0) denotes applicable combination while (X) denotes opposite

Considering various truck and container capacitj.' sizes, the following colfection systems
were identified for further study (Table 6.3-2);
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Table 6.3-2  Collection Systems Studied

Code Truck Container Remark
Type {(m3) | Type . fm3)

Ci{dd) Compactor 12 | individual ---- | SCS; door-to-door, individual bin
Cs (dd) | Compactor 8 | individual ---= | SCS; door-to-door, individual bin
Ct (s1) Compactor 12 | communal 0.8 & 0.4 | SCS; station, communal container
Cs (s1) Compactor 8 | communal 0.8 & 0.4 | SCS; station, communal container
Cl (sti) Compaclor 12 | individual <Q0.1 | SCS; statien, individual bin
Cs (sti} Compactor 8 | individual <0.1 | SCS; sfation, individual bin
D {dd) Dump truck 3 | individual <0.1 | 8CS; door-to-door, individual bin
P (dd) Pick-up 2 | individual <@.1 | SC8; door-to-door, individual bin
D (s1) Dump truack 4 t individual <@.} | SCS; station, individual bin
P (sl) Pick-up 2 | individual <0.1 } SCS; slation, individual bin

| Mi (st} Multi-loader 3 | conununal 3.0 | HCS; station, communal confainer

6.3.3 Comparisen of Collection Systems Costs

Scon Biada officials will have to decide what type of trucks to purchase. In 1996 the other
two communes were in a similar position. Boudheb selected two compactors with
communal containers (collection system Cl (st)) and Zaouia opted for dump trucks (D
{dd)). At a first glance, dump truck at haif the price of compactor may appear to be the less
expensive choice, especially for financially weak communes. But taking into consideration
overall cost efficiency, and ultimately transtating cost into Dirhams for each ton of waste
transported (DH/ton), compactor is obviously a beuer choice, as shown in Table 6.3-3
{and deplcted in Figure 6.3- l)

The major two factors that affect amount of waste collected, and in turn cost efficiency
(DH/ton) are truck capacities and number of trips operated per shift. Trip number can be
increased only when wasted tine at the collection route 1s reduced. The table shows that
pick-ups with the smallest capacities are the Icast cost efhc&ent trucks. Their use should be
limited to difficult access areas only.

Compactors combined with communal containers are the most efficient system. This

system provides largest haul capacity and shortest time spent on collection routes, with the

exception of multi-loaders. Multi-loaders are also cost efficient, because thanks to the
short distances to the disposal site they can make a large number of lnps and loading tlme
is very short ' . -

There are fears in Morocco that reliance on compactors is not advisable because;

¢ waste moisture content is very high resultmg in production of a large amount of
leachate during compacting

¢ maintenance of the compactors is difticult

A number of urban communes using compactors were interviewed and reéponées in favor
of using compactors were mainly positive. In two communes tanks were attached to
collect the leachate, and when the amount became too large, while still on the collection
route it was drained in the public sewer. One commune complained about maintenance
problems in the hydraulic systems, but the other has adapted the workshop to deal with this
matter, Obviously these are valid concerns, but not insurmountable ones.
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Table 6.3-3  Truck Cost Comparison per Shift
(unit: DH, exc. unit cost)

Tock type | Salarie | Fucl & oil | Maintenance | Depreciation | Indircct & | Total Unit
§ misg. cosl cost
(DHAY
A) Boudheb
Cl (dd) 600.0 - 1820 175.7 3393 279.4 | 16764 279.1
Cs {dd) 600.0 2597 135.8 3395 2670 160193 2804
Cl (sti) 600.0 221.8 175.7 4393 287.4 | 172421 2355
Cs (sti) 600.0 313.2 © 1358 3393 2853 | 17118 2453
Cl (st} 190.4 106.5 2505 684.1 366.3 | 21978 163.8
Cs (si) 1904 547.2 203.1 560.0 360.1 | 2160.8 179.5
D (dd) 600.0 _ 5499 863 2157 2903 | 17422 37711
P {dd) 600.0 8841 351 37.9 321.4 | 19286 5740
D (s) 600.0 . 6380 86.3 2157 308.0 | 18479 3448
P (st 600.0 9828 351 879 3412 | 20470 5481
Mi (s8) 271.2 720.2 89.1 2457 2652 | 15913 1938
B) Zaouia -
Cl (dd) 600.0 i73.0 175.7 1393 278.0 | 16680 | 2889
Cs (dd) 600.0 2456 1358 3395 2642 | 15850 2933
Cl1 (sti) 600.0 2115 175.7 4393 2853 [ 17118 | 2453
Cs (sli) 600.0 2025 1358 3395 2736 | 16418 2548
€l (st) 4904 3731 243.7 6619 3538 21228 1724
Cs (st) 490.4 1882 195.1 3337 3415 | 20489 190.8
D (dd) 60:0.0 T4504 86.3 215.7 2985 16708 ] 4056
P (dd) 600.0 739.4 35.1 87.9 2926 | 17354 | 6244
D (st) 600.0 3593 86.3 2157 2922 | 17534 3732
P (s} 600.0 807.6 351 87.9 306.1 | 18368 | 59835
Mt (st) 2712 5165 86.8 234.2 2277 13663 ] 2193
) Biada : :
Ci(dd) 600.0 176.7 175.7 4393 2783 | 1670.6§ 2864
Cs (dd} £00.0 249.0 1358 3395 2618 | 1389.1] 290.1
Cl (sti} 600.0 214.0 175.7 439.3 2858 17148 2429
Cs fsti) 600.0 2977 135.8 33195 2746 | 164761 2513
Ci{st) 190.4 3809 2529 692.2 363.3 | 2179.7 173.4
Cs(st) 490.4 501.7 2037 362.0 3516 | 21095 191.1
D (dd) 600.0 5041 863 2157 21571 1687.2 | 139835
P (dd) 500.0 7713 351 879 87.9 | 1793.1 6118
D (st) 600.0 5771 863 2157 2958 | 177481 3661
P (st} 600.0 8153 35.1 879 313.7 | 1882.0| 3859
Mi (1) 2?1.2 3816 87.9 239.9 2361 | 14167 213.2
Noics, :
1. Equipment cos(s Compactor (12m*: DH 1,100,000 Compactor {§m’); DH 850,000
- Dump teuck: DH 540,000 Pick-up (1.7m’): DH 220,000
Multi-loader: DH 500,000 Container (3m’*); DH 9,000
Container (0.7m’): DH 4,000 Container (0.4m’): DH 1,800
2. Truck age 8 years, metal container 5 years, and 3 years for plastic conlainers
3. Wasle densmes Compactor: .55 t/m’ - Dump truck: 0.42 Unt’
Pick-up: 038 Um® - L Multi-loader: 0.38 ¢/m’®

o4 Coileclion crews (exc. driver); compactor 3, mu]l:—loader i, alt other truck Gpesd -
"~ 5. Loading time {minfton), compactor 23, multi-loader 10, all other truck types 52
6. Running speed to disposal site 25 kmvh, 43 min. breaks during 8 hour shift
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6.4 Improvement Plan

6.4.1 Truck Fleet Conditien

The first focus of the improvement plan will be to determine the available equipment in
terms of capacity and efficient use. Where there is a deficit in equipment, the second focus

of the plan will be to develop a more efficient collection system using suitable equipment.

The current truck fleet, by urban commune is shown in Table 6.4-1. Estimates of the
existing fleet capacities in each urban commune are as follows (1997 figures),

Urban Commung Ideal haut capacity (t) Capacity/generated waste
A) Boudheb 65.3 104%
B) Zaouia 513 131%
C) Biada 20.6 56%

Zaouia is the only urban commune that can afford to retire its aged trucks anytime soon,
provided they efficiently use their newer trucks. On the other hand, Biada is not in such a
position as its fleet capacity is alrcady well below the demand.

Therefore the improvement'plan will consider retirement of old trucks in Zaouia to startin .
1998 and replacement of such trucks in the other two communes to start at the same time.

6.4.2 Outlines of the Improvement Plan by Urban Community

The improvement plan for each urban commune is developed up to the year 2010, as a
master plan. By that year the collection service in each urban commune shall be as -
described hereafter.

i) Boudheb Urban Commune

o Collection service coverage to reach 100% both in terms of population and area -

¢ Collection by compactor trucks and comimunal containers to reach 60%

o Collection by dump trucks using station pick-up to cover villages, and for street
sweeping '

o Multi-loader collection using communal container to be expanded to about 20% of the
waste for large generators and densely populated areas :

¢ Collection by dumper with small transfer station to continue in Medma area wath more
station pick-up

» Implement recycling by source separation on a pilot project basis

Part 1 -61



Table 6.4-1 Existing Collection Truck Fleet

License | Tape Capacity Ideal hanl/ Idcal 1dcal Replacement

m’ trip (ton) households trip/ vear

senved/day day

A) Boudheb Urban Communc

53955 1 Duny
957 T Duimy

i

= 07814 - Pick-up - 1.7 L 1.2 340 |-

117204 | Multz-loader

B) Zaouia Urban Commu
913 Dumi

Loz bump o f 0 304 291 ..2500) 200
117052 | Dump | ( '

7083 Dump o 4of 3al o aseo| 20]
V7054 | Damp A0 3L as00) 20
117035 | Dump

Noles;,

1. Ideal haul and trip figures arc based on the truck scale sucvey results and taking into consideration
truck age

2. For older trucks replacement in 1998 and 1999 is considered but for newer trucks 8 vears of service
1s apphied

3. Boldly boxed in shaded arcas denote the trucks that need to be retired as soon as possible
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2)

Zaouia Urban Commune

Collection service coverage to reach 100% both in terms of population and area
Presently dominant dump truck and door-to-door systen to be gradually replaced by
compactor {equal mix of small and large sizes) and communal container to cover about
55% of the waste

Multi-toader with communal container collection will be gradually introduced to cover
25% of collection in order to accommodate large waste generators that are expected to
increase based on the forecast economic growth in this urban commune

Collection by dump trucks using station system to cover fringe areas, and for street
sweeping

Implement recycling by source separation on a pilot project basis

Biada Urban Commune

Collection service coverage to reach 100% both in terms of population and area, with a
frequency of at least once a week

Collection by compactor trucks and communal containers (o seach about 54%
Multi-loader with communal container collection wilt be gradually introduced to cover
23% of collection in order to accommodate large waste generators that are expected to
increase based on the forecast economic growth in this urban commune

Collection by dump tnicks using station system to cover fringe areas, pick-up for old
city area and for street sweeping

Implement recycling by source separation on a pilot project basis

6.43 Improvement Plan Implementation Phasing

The improvement plan for each urban commune is composed of]

Improvement of existing equipment utilization efficiency

Procurement of new equipment and preparation of their utilization plan
Improvement of coltection system

Operation and monitoring using the truck scale

Table 6.4-2 shows the components and phasing of these items.
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Table 6.4-2  Phasing of the Improvement Plan

Improvenent plan year 1997 -99 2600 - ‘01 2002 -

A. Preconditions
A.1 - Procurement of new equipment
* Boudheb FAN
¢ Zaouia Fa
e Biada A
A 2 - Opening of new disposal sile A J%?

B. Improvement phasing
B.1 - Improve existing equipment use
B.2 - Shift to station system
- partial shill to station system
+ Boudheb —
s Zaouia '
_ s Biada
- Complcte shift o station system H———
B.3 - Unlize truck scale
- Commencement of use _ AN
- Operalion gvaluation/plan e
- Monitoring program FaX

> >

Note: A denotes commencement of the activity

6.4.4 Implementation of Plan
I) Improvement of existing equipment utilization

Boudheb Urban Commune

» Modify collection sectors and truck distribution based on data obtained in this study
{and discussed in Chapter 4)

e Check, and as necessary modify route maps for dump trucks to avoid problems
observed in the present operation, such as; excessive U-tuins, rear movement'
overlapping, avoiding dead end roads when possible, ctc.

e Strict supervision to ensure that an 8 hour shifl is implemented

¢ More conirol on rest penod and time crew spends on scavenging the waste at the
callection route

» Set standards of two {rips per shift, based on the following simple calculation;

o— |o— }o—0 F

Depot Collection route Disposal  Collection route Disposal  Depot
e L COEDPEEERPPR R b e SR PPPPPTPP PP P D
(@ (c} (d) (e}

Figure 6.4-1 Collection and Transport System for Urban Commune of Boudheb
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Depot to start of collection route _ 5km/30kph=_ 10 min

(@)

(o) | in the collection foute 2.5 ton x 73 minfton = 188 min |

(¢) 1 Collection roule to disposal to next collection route (5 km/30 kph) x 2 + 20 min=_ 40 min

{d) | in the collection roule ____2.5tonx 75 min/ton = 188 min

(e) | Collection routs to disposal to depot (5 kn/30 kph) x 2 + 20 min= 40 min |
Lunch + 2 coffec breaks 30 min + (15 min x 2} = 60 min
Total time 526 min
ShiR time ' 8 hours x 60 min = 380 min
Time deficit - 46 min

The above calcutation is based on the present operation standards. Tt is therefore
necessary 1o decrease the time spent on the collection route by about 25 minutes (i.e.
reduce the collection time per ton to 65 min/ton) through application of the above
improvement.

Zaouia Urban Commune

-]

Modify collection sectors and truck d;smbuhon based on data obtained in this study
(and discussed in Chapter 4)

Prepare maps for collection trucks showing present routing

Identify routing problems observed in the present operation, such as; excessive U-
turns, rear movement, overlapping, avoiding dead end roads when possible, etc.
Readjust routes and show on the maps

Strict supervision to ensure that an 8 hour shift is 1mplcmented

More control on rest period and time crew spends on scavengmg the waste at the
collection route

Set standards of two trips per shift, based on the following simple calculation,

0 —O— —O—0

Depot - Collection route Disposal  Coltection route Disposal  Depot
<—'_“"'___'__'><' LR X———-.___..————___.x ............... - >
: (a) ® (©) (d) (e)
Flgure 6.4-2 Co!lectmn and Transport System for Urban Ccmmune of Zaouia
(@ | Depot to start of collection route 9km /30 kph=_ 18 min
(b) | in the coliection route 2.5 ton x 63 minjton = 158 min
(©) | Collection route to disposal to next collection route (9 km/30 kph) x 2 + 20 min = 356 min
(d) |inthecollectionroute = - 2.5 ton x 63 minfton = 158 min
(¢) | Collection route to disposat to depoi (9 kn/30 kph) x 2 + 20 min =56 min
Lunch + 2 coffee breaks 30 min + (15 min x 2) = 60 min
i Total time ' 506 min
Shift ime ' ' 8 hours x 60 min = 480 min
Time deficit : - 26 min
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The above calculation is based on the present operation standards. It is therefore
necessary to decrease the time spent on the collection route by about 15 minutes (i.e
reduce the collection time per ton to 57 minfton) through application of the above
improvement.

Biada Urban Commune

It is not practical to anticipate a large improvement in operation of the existing trucks

because of their old age. However some improvement is suggested as follows;

s Modify collection sectors and truck distribution based on data obtained in this study
(and discussed in Chapter 4)

» Prepare maps for collection trucks showing present routing

e Identify areas not served and number of households involved

e Identify routing problems observed in the present operation, such as; excessive U-
turns, rear movement, overlapping, avoiding dead end roads when possible, etc.

¢ Readjust present routes and show on the maps

» Strict superviston to ensure that an 8 hour shift is implemented

¢ More control on rest period and time crew spends on scavengmg the waste at the
collection route

2) Station System
a. Phased shift to station system

In principte under the SCS two truck types will be utilized; compactor and dump truck.
The new compactors will be purchased with enough communal containers in osder to fully
implement station system. The compactors will not operate door-to-door. On the other
hand, the shift from door-to-door to station pick-up system for the existing as well as new
dump trucks will be gradual.

Table 6.4-2 shows two phases for the shift from door-to-door to station, partial and
complete. In order to achieve a significant reduction in collection time and meet the targets
set out in a} above about 40% of the households served should be shifted to station plck-
up sysiem in the partial shift stage. To achieve the final target of 25% reduction in
collection time, compared 1o the present, a shift of 80% of the househotds in the complete
shift stage should be realized.

Assuming that the dump truck collects 2.35 t/trip, an average buddmg is 3 floors, thh 2
households per floor, and to keep walking distances within 100 meters 5 buildings will be

served by one station, the necessary open station number can be estimated as foltows;

Number of persons served/trip = 2.35 t/teip / 0.49 kg/person = 4,800 persons
Number of households/trip =4800/5.5 = 870 hh '
Houscholds/station {partial shik) = 40% x 870 hh - = 350hh
Households/station (complete shift) = 80% x 870 hh = 700 hh
Number of households/building =3 fi x 2 hivi ' = 6 hh/bldg.
Houschelds served per slation =6 hivbldg. x 5 bldg. = 30 hi/station
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Waste amount/station = 30hh x 5.5per/hh x 0. 49kglper/d x 1/0. 35tlm

= 0.24 uy’
Number of stations (partiat shift) = 350hh / 30hh = 12 stations
Number of stations {complete shift) = 700hh/30hh = 25 stations
Number of stops (partial shifl} = 12 + [(870hh - 350hh)/6 hh/bldg.]

= 100 stops
Number of stops (complete shit) =25 + [(870hh - 700hh)/6 hh/bldg.}

= 50 stops
Number of stops (door-to-door) = 870 hh / (6hivbldg ) = 150 stops

Under the assuned conditions me above estimation shows the following;

o+ waste amount/station will not be large (volume less than one small comnwnal

container)

o with the completion of the shift to station plck -up the number of stops w1|| be

reduced by 2/3rds
b) Stations locations

The shift from door-to-door to station pick-up is easier in the case of compactor with

communal containers. This has been done with large success in Boudheb and the procedure
can be followed in the other two communes. The major obstacle is obtaining the residents
agreement to put a communal container in front of their properties and sclecting the
correct container size for the service area. Two container sizes are proposed; 0.35and 0.72

m>. Assuming walking distances of 100 meters, seleciion can be as follows;

0.35 m*> communal ¢ontainer; - -
Waste amount/container =035 m’ x 0.35¢/ m’ = . 0.12251

Persons served/container =0.1225¢/0.49 Lglperson = 250 persons
Coverage area : =22/7 x (100 m) S o= 310w
Population density (not less than) = 250 persons /310 m’ = 8,000 per/ha
0.75.m* communal container, ' _

Waste amount/container =0.72 m* x 0.35¢/ m’ = 0.2521
Persons served/container =0.252t/0.49 kg/person = 510 persons
Coverage area = 22/7 x (100 m)’ R
Population density (not tess than) = 510 persons /310 m’ = 16,400 per/ha

Therefore the selection of suitable container must take into consideration population
densities; a combination of large density and small container size will result in short
waiking distances, and vice versa. :

The stations system shall be introduced as follows,
e Select suitable locations based on walking distances and residents acceptance
¢ Select suitable container size based on population density

+ Implement education campaigns to make residents aware of discharge times and station

locations
o Place signs at locations stating collection times
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+ Strictly abide by collection time in order to allay fears of some residents that their
individual bins, left for collection wnil not be stolen and prevent scauermg of waste or
placing for a long time :

c) Residents cooperation

The residents can contribute to reducing time spent on the collection route by the truck
through two ways. They can walk to a collection point, and they can discharge their waste
once every 2 - 3 days a week. Both systems will allow the concentration of a large amount
of waste at one point, thereby reducing time spent on the collection route.

The residents were asked about their willingness to assist in these two items during the
interview survey {refer to the appendices), and theic replies by urban commune are shown
in the following table.

Table 6.4-3 Residents’ willingness to assist in time reduction efforts
(unit: share of yes response)

Item . Boudheb | Zaouia Biada
1. Walk to an open station 30 - 100 mneters away - 3. 0% 1 2% 1 9%% |
2. Discharge waste in plasuc bag (suppons open statlon) e 80% i 49% IO%
| 3. Dlacharge waste once every 2 days 1% 21% 3%

The reSulls discourage inlroduction of the 2 - 3 day/week collection system at present but
encourage the use of open stations. Although the interviewed households in Boudheb were
not too happy about walking long distances, the successful application of the communal
contatner system in that commune recently suggest that they may be convinced.
Willingness to purchase plastic bags by the residents of Zaouia and Biada may assist in the
open station system. Obviously much effort will be required through campaigns to obtain
the cooperation of Zaouia residents for the success of the open stations.

It is necessary to always remember that residents’ acceptance and continuing use of open
stations can be seripusly damaged if the collection service does not remove the waste from
these stations at the specifted times. This can never be overemphasized.

3) Utilization of truck scale
a. Operation rccords

In the year 2000 lhe new dqsposal site, with an mstalled truck sca!e w;ll come lnto
operation. Daily records will be kept of the following; ' :

¢ Each truck arrival and departure times

¢ Waste type and weight transported per truck trip

» Location where the truck is coming from

¢ Number of workers per truck
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This information will be used by the disposal site oflicials to determine the daily incoming
waste amount and implement the disposat plan. The information will also be used by the
collection side officials to keep track of each truck’s operation utitization;

Number of trips implemented per day '

Number of workers comprising the collection crew

Waste collected per trip and that per shift for each truck

Daily, weekly and seasonal fluctuations of the waste amounts for each urban commune
Extent of use of private companies

Others

This information will assist the collection service operator in monitoring the operation of
each collection truck and adjusting the sector served by each as necessary.

b. Qperation standards

The truck scale will assist in monitoring the operation of each collection truck and modify
the work as necessary. The standards upon which the operation shall be evaluated are set
out in Table 6.4-1 for the existing trucks. Table 6.4-4 shows the standards for the new
trucks in the year 2000. In this year the new disposal site will enter into operation and the
distances from each urban commune will increase by 4 kilometers. Although this increased
distance will lower the number of trips a truck can make there is no economic justification

to construct a transfer station. Such a facility should be considered at distances larger than

25 kilometers.

Table 6.4-4 Average Operation Standards for New Trucks

: ton/crew ton/trip ton/truck shift houschold/day
(1) BOUDHEB : ' '
- Cl{st) 34 6.6 13.4 4,630
- Cs (st} 3.0 4.4 12.0 4,200
-D(st) 1.1 - 1.7 54 1,870
-P (st) - 07 0.8 3.7 1,300
- Ml (st) ~4.1 —- Lt 8.2 - NA
(2} ZAOUIA '
- Cl(st) 31 6.1 12.3 6,400
- Cs (st) 2.1 39 10.7 5,580
-D (st) 0.9 L5 4.7 2,500
- Mi (st} 3.1 0.9 6.2 NA
(3) BIADA , )
_=Cl{st) 31 6.2 12.6 4,160
 -Cs(st) 28 4.0 11.0 3,650
- D (st) 1.0 13 4.3 1,600
- =P {st) 0.6 0.7 32 1.070
- Mi (st) 33 09 - 6.6 NA

Notes: - Standards differ by urban commune due lo difference in distances to disposal site
- Household number estimated using unif generation rates and houschold sizes for 1996
- Multi-toader trucks to serve commercial and institutional arcas
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Estimates of overall collection and transport operation standards under this improvenient
plan are as follows;

Table 6.4-5 Tmprovement Plan Operation Standards

Operation standards Present | 2000 | 2005 2010
A)} Boudheb 7 ,
- Waste collected/collection crew (ton/person) 1.3 1.6 1.6 1.6
- Waste collected/trip (ton/trip) 23 2.7 23 23
- Waste collected/truck shift {tonvtruck shift) 33 84 73 1.5
- Unit cost {DH/ton) 254 202 213 213
B} Zaouia _
- Waste collected/cotlection crew (tonfperson) 0.8 1.1 14 14
- Waste collected/trip (ton/trip) 29 23 2.1 212
- Waste collected/truck shift (ton/truck shift) 34 5.8 61 - 63
- Unit cost (DH/ion) 336 291 271 263
C) Biada ' S : - '
- Waste collected/collection crew (tonfperson) 07 B 0 O R 13
- Waste collected/trip (ton/trip) : 231 - 24 24 2.1
- Waste collected/truck shift (ton/truck shift) 31 - 6.1 6.5 6.3
- Unit cost (PH/ton) 377 303 279 278

Some of these standards meet the target figures set in Chapter 5, section 1, while others fall
short. In Boudheb waste hauled per trip is slightly lower than the target because of more
use of smaller multi-loader trucks to transport the increased commercial and market waste
expected in that comnwine. The same applies for Zaouia. .

In Biada both the smaller pick-ups and multi-loader trucks will continue to serve the old
areas and commercial establishments and hence both indicators of waste collected per
worker and per trip are below the set targets.

In Zaouia number of trips per shift by the dump truck witl increase and older trucks will be
retired earlier. Although this will result in a decrease in waste collected per trip, compared
1o the present, total waste collected per shift will increase and unit cost will decrease.

6.4.5 Required Equipment and Manpower
1) * Considerations of cach urban commniune

Although cost is the most important consideration in selection of suitable collection :
systems, other items must also be considered. Some items must be considered
independently for each commune and these are discussed in Table 6.4-6. Two common
items however are safe v«orf\mg conditions and environmental conditions.

In Saft dump truck collec:ion by door~t0—door systcm is widely employed. This system is
very liring for workers who have to pick up the waste discharged from households in a
wide variety of individual bins and empty them into the truck. One worker must stand in the
truck box to arrange the waste. On the other hand residents are provided with service right
up to their door steps. A compromise must be reached to improve working conditions and
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request residents to be more helpful. The compactor with communal containers provides
this alternative.

If the leachate problem is controlled, then operation of a compactor truck in the city is
more environmentally friendly than open dumap truck. However one problem with the
compactor system is the use of communal containers. If such containers are not emptied
regularly they will become a source of environmental problems,

Yor each of the three urban communes the plan elements are as shown in the table.

Table 6.4-6 Improvement Plan Framework for each Urban Commune

Urban Compactor with containers Dump teuck, pick-up and multi-loader
comnung : '
A)Boudheb | » Large compactors can serve about ¢ Dump trucks continue to senve
76% of the comniung villages (10% of waste) but with more
o Smaller compactors can be used in collection points and less door-to-
difficult access areas door service

¢ Dump trucks used in strect sweeping

s Dumper system to continue in Medina

o Multi-loader to serve targe waste
generators and Medina

B) Zaouia _ | & Compactors to be introduced in 2003 | ¢ Reliance on dump trucks up to 2003

afler residents beconie used to open but with reduced collection time and
stalion system increased trip numbers through more
use of open stations

C) Biada o Both large and small compactors tobe | » Reliance on dump trucks to decrease
used from 1999 because of narrow ¢ Pick-up to continuc to serve old part
streets of town where streets are very narfow

« More reliance on larger compactors | o Multi-loader to be mainly used for

afier 2004 as new development with commercial wastes which after 2003

wider streets and further away from
the disposal site expands

The term “open staiion” used in the table means a collection point where residents bring
their individual containers and leave them for collection. Such a station is usually marked
by a sign but no large communal container is placed there. Compared to the large number
of stops in the door-to-door collection, collection of the concentrated waste at a fewer
number of stops is expected to decrease coflection time by about 80%.

Another important factor in reduction of time spent on the collection route is to control the
time the workers spend on separation of waste during collection. Of course their need for
additional revenue to supplement their salaries is understandable, but the wasted time
sharply decreases truck use efficiency.

" Figure 6.4-7 shows the share of each system as proposed in the improvement plan by urban

commune,
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2) Equipment and Manpower

The improvement plan has been prepared taking into consideration the following;

o Trucks replacement/retirement will start by the year 1998 '

e Operation improvement through reduction of door-to-door system will start in 1999

o New disposal site will commence operation in 2000 (increasing trip distances for all
three communes)

“The estimated nunibers of trucks and workers required are shown in Table 6.4-7.
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Table 6.4-7 Estimated Equipment and Manpower Requirements

2005

Urhan Comnmineg Year 1997 1998 1939 200 208 2002 2003 2004 2000 008 N0 010
A Beadheb Urban Commune D - - o
(1) Waste coltection amaunt vd 58 6} (2] 61 €9 71 74 77 F 81 84 86 89 51
Share of genersticn ameunt Ho 9 9N 64 9T G 98% St 100% 100% OO 100% 100% 100 100%
(2) Equiprscnt riember .
- Compactor M3 2 2 ()3 )y 4 4 4 4@ 4 4 M4 Q) 4 4 4
- Compactor gml 0 [1} 0 [+] o] /] 0 o 1 1 ] 1 1 1
- Dursp truck 4m3 6 6 1 (1)1 Py 2 2 2 2 2 2 ) ()2 2
- Pick-up 2m3 1 1 1 () 1 ] ] ! 1 1 1 T 1 1 1
- Mesiti-foader iml 1 1 1 (1) 2 2 2 M3 3 3 3 3 M3 3 3
- Dunper 1m3 1 1 1 1 1 ! mr -1 1 i B 1 1
Boudheb tob trucks |1 N O 00 I B 9 Mo M M1 ()32 12 iz H1z (i 12,
- Copnunal cordainer 3m) ] 8 g n 12 (16)18 8 {(12) 18 18 1B (6) 18 18 (18)24
- Communal comtainer 04m3 100 100 (IBIRD (60)242 240 (160240 (600240 24D (2303290  (60)2%0 290 (2300290 (600290 290
- Communal container 07md 100 100 (50) 9 (3010 120 (900 (3D 120 (115145 (3)i4s 145 {115)145 (300145 145
Bowdheb ot corfamers wait 208 208 (2700278 (99372 372 (2M0)3N2 (30378 378 (454453 (%0MS3 453 (345)453 (90)453 (18)4359
(3} Munpower 14 0 o] 0 [4) 0 ] 0 o 0 0 0 o] [
- Supenviser porson 2 2 2 2 2 H 2 2 3 3 3 3 k] 3
- Prriver pason 13 13 9 1 1 12 13 13 4 L] 14 L] 14 [L]
- Coliection wordiers persen 37 37 25 b2 B n 3 3 36 6 36 3% 35 36
Boudhich Vol_manpower persen 52 82 35 41 42 a5 43 43 53 33 53 52 53 53
B. Zcuia Uttan Comipune
(1) Waste collection amount vl a2 a3 4 4 45 48 50 52 55 57 50 83 65
Share of gereration amount % 3% BN 21%  95% 9% o6 Y o1 97% SR % 100 100% 100%
(2) Equipsent . .
- Compacto 3 (4] o [¥] 1] 0 o @Y M2 2 2 2 2 2 2
- Compster £ml ] 0 0 0 0 0 g M1} 1 1 T ()2 2 2
« Bursp truck 4 10 10 8 7 7 1 6 2 (@3 3 3 3 3 3
- Pick-up md I} 0 0 0 0 [} ] 0 [ t] [\ 0 ] ¢
- Mulg-loader Im3 0 0 0 0 L] an @ M3 3 3 3 3 )3
- Duimper im3 0 i} 0 Q 0 0 0 Q ] 0 0 0 0 0
Zacuia tot trucks unit 10 10 3 7 7 (138 g 7T @°% ) 2 (B 1 @
= Comiunal container 3m3 o ] 0 0 0 (O} 5 w0 G5 15 ()18 15 15 1S
- Communal container 0.4m3 0 ¢ 0 4] 0 0 (55)55 (1003155 155 (35055 (100)155 (45)200 (55)200 (100)200
- Comumund contsines 0.7:3 0 ¢ 0 0 0 0 (2ns B)W T (2872 (317 (2302 I SN2
Zacuiatol ooetainers unit o d 0 ] 0 (535 (B3)IBR (155)244  (5)24% (RI)24% (1360240 (62317 (83)317 (156)317
{3) Marpower
- Supervisor Fersin 2 2 2 2 2 2 2 2 2 2 2 2 2 P
- Daver frrsen 12 12 19 -] 9 3] 10 9 il i1 1 ¥2 12 12
- Collection wirkers gerson 36 36 3 2 28 i Fal 27 27 27 30 30 kb
Zaouta ot marpower person 30 5D 42 38 33 L 4 kX 40 40 49 44 44 44
C PRisda Urban Commune
(1) Waste collection amourt vd 18 22 25 28 30 3 35 37 4 42 44 46 49 52
Share of generetion amount ) it 580 £3% 1% 5% 8% A% g% 88% o5 9% Q4 b1 100%
(23 Equipimictit
- Compator P23 0 0 Mt ] 1 1 4 1y 2 2 (1) 2 2 2 2
- Compacice *m3 1 1 o oy 1 i 1 1 1 1 1 T w1 1 1
- Dumip tnck 43 ¢ (13 3 2 2 2 Q) 2 2 I 1) 2 2 2 2
- Pick-up 3 1 1 1 (1) 1§ 1 1 1 1 1 1 1 (1 1 1
- Multi-loader Im3 0 4] 0 1] o (1 1 1 i 1 1 () 2 2 (2
« Dauper w3 0 4] 0 a 0 0 0 o [ o ] [ Q g
Biada tot, bucks unit 67 ()5 (& 5 5 D6 @6 M7 7 7 7T ()8 8 (I %
- Conavunal cortainer Im3 0 G 0 3] 0 5 6 [ [3 [ 6 (6 5 (812 12 11
- Comieunal oontainet 0.4m3 0 0 (60)60 (503130 110 (603110 (53110 (603170 (600170 (SO)I70  (60)170 (SGit70 (3Q)M70 (UMW
- Copanal ccetaines 073 0 0 (NI YIS S5 (30 55 (25) 55 (30) 85 (30) 85 (25) 85 (30) B (30 85 (25) 35 (30) 8%
Eiadatct cortainers unit 0 0 (S0)90 (I5)E5 165 (SIT (NI (0261 (ME] (BRG] (N6 (96267 (15)267 (FOR6T
(3) Manpower
- Supervisor U i 1 1 1 2 2 2 2 2 2 2
- Driver person .4 9 ? 7 7 8 8 2 9 4 9 10 jU] 1¢
- Collection workers pasen 24 27 A 2 2 22 22 Fa 25 25 25 26 26 26
Di3da tol. manpower poson 3337 29 3B 3 )| 35 5 35 kL] i3 3 33

Nie- Figures in parerthesis { ) indicate equipment pumter purchased in thal year
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6.5  Related Improvement Plans

6.5.1 Street Sweeping Plan

The street network is usually classified into categories based on the street function and
conditions. Class I streets (the main streets) are usually swept daily, while the lower
categories of secondary and branch streets are swept with lesser frequencies. It is
necessary to know this information in order to estimate the required length to be swept and
calculate the manpower accordingly. This information was available for the urban
communes of Boudheb and Biada, and assumptions were made for Zaouia. The sirect
sweeping improvement plan was prepared, as shown in Table 6.5-1.

This plan does not inctude introduction of mechanical sweepers, which are expensive and

difficult to maintain. Rather the plan is based on manual street sweeping with each sweeper
using a hand cart. Sweeping waste is collected daily by dump trucks and taken to the
disposal site. The required dump trucks have been included in the collection and transport
plan. :

6.5.2 Recycling Plan

In the year 2000 the new disposal site will come into operation. Under the plan to operate
the site as a sanitary landfill, scavenging activity there should not be allowed. As explained
in Chapter 4, about 1% of the waste is now recycled by the scavengers and the collection
crew workers. The plan virtually eliminates this activity. An alternative must, therefore be
considered. '

Any new recycling plan will depend on the cooperation of the residents in separating the
recyclable waste items, such as paper, newspapers, plastic botlles, and glass bottles, at the
source. These items should be collected at suitable frequencies (at least once a week}) in
order to avoid creating space problems for the residents.

Collection can be done either by the urban commune or else by private firms. Surely the
recycler presently buying the separated waste items from the scavengers at the disposal site
and collection crews would like to maintain his source of supply, after the site closure. The
urban communes may collect and transport the recyclable waste to the recyclers provnded
the recyclers cover the expenses.

‘Based on the waste composition analysis it is estimated that each houschold generates

about 1.4 kg/week of recyclable plastic, paper and glass. A pilot study could be set up to
cover 1,000 households using a pick-up of capacity 1.5 tons, with its box divided into three
compariments. The problem is how to motivate the residents to assist in this project. It
would be diflicult to provide monetary motivation for each household as that would raise
the cost very much. One possibility is to work through a social group, such as school,
social club, religious society, etc. and provide some money or present to that group in
return for their assistance in motivating the residents within their areas.
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Therefore each urban commune is recommended to implement a pilot recycling project

within its area, using the following steps;

o selecting an area of about 1,000 households of middle or high income in which there is
a strong social fabric and social organizations exist

o securing the long-term commitment of a private recycler to buy the sorted waste items

s conducting a public education campaign for at least one month before implementation

6.5.3 Maintenance Improvement

Presently there are four workshops for each of the three urban communes and the urban
community. Biada operates a temporary workshop and is expected to move into a larger
facility once it is ready. Presently large repairs of Biada trucks are done at the urban
community workshop. Each workshop has its own staft and facilities as explained in

- Chapter 4.

Maintenance records showing repair details {type of repair, parts used, manpower hours
spent, costs involved, etc.) are kept. Daily operation sheets showing truck usage and fuel
consumed are also maintained.

Issues that should be considered in improving operation at the workshops are as follows;
¢ Insufficient working space at the present workshops

» Lack of daily truck checking

o Lack of preventive maintenance

It is difficult to increase workshop floor area through purchase of new land in the case of
Boudheb and the urban community workshops. It is more practical to remove irreparable
equipment. Another proposal would be to construct new workshops for equipment other
than that for cleansing.

Trucks should be checked daily before leaving the garage in the morning by the drivers,
using daily check sheets. The sheets format should be prepared to provide a basic and
speedy check. Check items should cover;

Main clutch & transmission

Instrument panel & steering

Hydraulic oil (for compactor tiuck)

Electrical system

Tires

Brake system

Engine system

Chassis and body

Daily checks will facilitate implementation of preventive maintenance. Washing of trucks is
a minor but important item to prevent damage to the truck box.
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CHAPTER 7 DISPOSAL PLAN
7.1 Disposal Optiens and Selection
7.1.1  Introduction

The following three major options shall be considered for waste disposal method in Safi
cily.

¢ Landfill (Controlled landfill)
e [Incineration
s Compost

Taking into consideration the environmental affects, budget allocation of Safi Urban
Community, technical aspects, the introduction of controlled landfill is recommended
for waste disposal. Details is described in the following Section 7.1.2.

7;1.2 f)isposal Optiens

i) Final Disposal (Landfilt)

a. Levels of Waste Disposal System

The existing municipal disposal site, which is an open dumping operation, should be
improved as controlled landfill (Level-1), and the new Lahmidate disposat site should be
constructed as controlled landfill (Level-3). Defirition of both levels of waste disposal
system are described in the following Section. : :

b. Level-1 : Controlled Landfill-1

The existing open dumping site should be transformed/improved into a controlled
landfill site, based on the following concepts:

(1) Environmental impacts to be counter-measured

o  Waste scattering — : : .
¢  Offensive odor, breeding of harmful insects, waste self-burning

(2) Facilities to be provided
Establishment of praper access to the landfill site

Establishment of operational roads to maintain good operating conditions and
smooth waste dumping. '

»  Introduction of periodical soil covering in order to minimize adverse environmental

effects on the surroundings. Frequency of soil covering should not be less than
 twice aweek. | : o
o Introduction of safety facilities, such as enclosing fences and gates.
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C.

The new Lahmidate disposal site should be constructed as controlled landﬂil based on

Introduction of landfill equipment for landfill work and soil covering, such as

bulldozer, excavator, dump truck etc.

Level-3 : Controlled Landfill-3

the following concepts:

Q)

©
L
®

(2)

Environmental impacts to be counter-measured

Waste scattering
Offensive odor, breeding of harmful insects, waste self-burning
Ground-water and runoff contamination

Facilities to be provided

Exccution of daily soil covering, by adopting the cell methed, in order to minimize
adverse environmental effects on the surroundings, such as scattering of solid
waste, diffusion of offensive odors, breeding of harmfil insects, fire caused by
spontaneous combustion, etc.

Establishment of proper access to the disposal site

Establishment of operational roads to maintain good operating conditions and
smooth waste dumping.

Procurement of landfill equipment for landfill work and soil covermg, such as

bulldozer, excavator, dump truck etc.
Introduction of an inspection, conirol and operauonal recordmg system for
incoming waste and trucks by using a truck scale.

Establishment of an enclosing bund and/or on-site roads in order to distinguish the

landfill site area and to maintain a proper landfill embankment.

Set up litter contro! facitities and/or buffer zones. ,

Set up safety facilities, such as enclosures, gates, site oftices, lighting facilities, etc.
in order to perform proper landfill operation and to control scavenging activity and
animal grazing etc.

Establishment of a drainage system in order to divert storm-water and seepage, in
order to reduce leachate.

Installation of clay soﬂ its thickness is approx. 0.5m, to keep proper leachate
collection.

Installation of leachate collecuon facilities, made of packed gravel in order to keep
smooth landfill operation by collecting leachate from landfill area.

Introduction of leachate re-circulation facilities, in order to keep and reduce the

leachate at inside the disposal site.
Introduction of vertical gas removal facilities at several pomts of the site in order to
monitor the gas production.

Regarding the Lahmidate disposal site, in consideration of the budgetary constraints
faced by the Safi Urban Community, most facilities considered in this report should be
prepared and/or constructed by using domestic materials which are extracted or
produced in Morocco. However, each facility should fulfilt the basic functions as
reguired under controlled landfill Level-3.
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2) Intermediate Treatment

In recent years, securing landfill sites has been getting rather difficult especially for large
cities, not only in advanced countsies but also in developing countries. On the other
hand, morec than 85% of solid waste generated wotldwide is hauled to disposal sites.
Under these conditions, several kinds of intermediate treatment systems have been
developed and adopted by local governments of Furopean countries and Japan for the
purpose of volume reduction and resource recovery/recycling of solid waste.
Incineration is the most common method, but other methods, such as composting,
pyrolysis, RDF (refuse drive fuel), and methanization have been introduced on a very
limited scale. In this article, the feasibility of introducing incineration and composting
for Safi city will be discussed. : -

A Incineration

The primary purpose of incineration is to render wastes inert, which also reduces
volume and weight of the wastes, and may sometimes provide a source of energy.

The feasibility of incineration depends largely on the availability of land for a waste
disposal site and its price, also, technically, on characteristics of waste and its amount.
For the following reasons, incineration is not recommended at present for Safi.
nstead, the introduction of sanitary landfill is recommended. '

(1) Compared with Furopean and Japanese cities, large vacant and/or not highly used
lands exist in the surrounding area of Safi city. Therefore, it is not very difficult for
the Safi Urban Community to acquire land for waste disposal.

(2) Investment and operating costs for incineration are very high compared with
tandfill  Unit cost of incineration, to handle/dispose one ton of waste, is about 11
times higher than that of sanitary landfill. Cost comparison of incineration and
sanitary landfill is shown in the following Table 7.1-1.

Table 7.1-1  Comparison of Unit Costs of Incineration and Sanitary Landfill
- ' ' (Unit ; D1l/ton}

No | - : © Jtems - - Sanitarv Landfll Incinerator
1. | Construction and Equipment 60 - 800
2. | Operation and Maintenance 17 140
3. | Land Acquisition ' ' 2 - 0
4, | Sub-Total (=1+2+3) - - ' 7¢ 910
| 5. | Value of Heat Recovery o -- 30
6. | NetCost (=4-3} - 1 79 390
7. | Disposal of Incineration Ash — -] : : 10
8. |Total (=6+7) DH 7%/ton - DH 900/ton

(3) For self sustaining combustion of wastes, the Jowest calorific value of the waste
should be approx. 1,200 Kcal/kg. The value of wastes in Safi is estimated at 900 -
950 Kcal/kg, because of its high moisture content {66.2 %) and high content of
putrescible matters/kitchen waste (76.9 %). Theretore, for the proper operation of
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an incineration plant, a large amount of supplementary fuel is required, which
implies a higher operation cost.

(4) In general, a minimum furnace capacity of 200 ton/day may be required for
incineration plant in order to perform energy recovery to generate clectricity.
However, the total amount of generated waste in Safi in 1996 was only 105
ton/day. Therefore, energy recovery by incinerator is not economically feasible at
present.

b. Composting

Composting is the most commonly used biological process for the convers:on of
organic waste to a stable humus-like material called compost.

Waste generated in Safi is suitable for composting, because of its high content of
putrescible matter/kitchen waste, even though its C/N ratio {Carbon-Nitrogen factor to
determine the speed at which decomposition take place) is low. However, the following
two aspects, which are major conditions affecting the feasibility of composting, should
be carefully considered and examined for successful introduction of composting.

() Securing of compost market and sales soutes

Market condntons are an extremely important factor which af’fect the feasibility of
composting. Many compost plants in the world have failed due to insufficient demand
for compost. For farmers, the costs of using compost depend on the price of compost
products and transportation cost from the plant to its place of use. In general, if the
transport distance is within 20 km, it may be feasible for farmers to use compost
products. Meanwhile, compost demand is not constant, arising only in specific seasons
of the year,

(2) Waste quafity and composition
According to the result of the waste composition survey done by the JICA Study Team

in November 1996 at Safi, the wet base content of organic matter, comprised of kitchen
waste, paper, wood, leather and textiles, was 87.3% and kitchen waste itself was 76.9%.

The result shows that the waste in Safi is suitable for composting, except under the °

following conditions.

¢  The moisture content of kitchen waste was 78.4%. If however the moisture
content exceeds 55%, water begins to fill the interstices between the particles of
wastes, reducing interstitial oxygen and causing anaerobic conditions; this results
in a rapid fall in temperature and production of offensive odor. Therefore, it is
necessary (o reduce the amount of contained water before fermentation.

¢ The C/N ratio of waste of Safi was between 10-14 (repoited by Sofid Waste

Collection Study in Safi in 1987). However, the ideal C/N ratio for waste
composting is between 30 and 35. Therefore, some adjustment such as addmg
papers efc., will be requued for proper fermentation.

¢ The plasuc bag content is rather high in Safi waste, Therefore, care must be Iaken
to ensure that there is a proper waste separation system in the plant.
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It should be noted that at the compost plant in Rabat, which is the only plant operating
in Morocco at present, annual sales of compost products is estimated DH 562,000/ year,
which is about 38% of the operating cost of DH 1,462,000/year. The annual foss is
equivalent to the sum of DH 900,000/year, in addition to the amortization of the initial
investment plant construction.

7.2 Final Disposal Plan
7.2.1  Waste Type and Amount to be Accepted/Disposed
1) Type of Waste to be Accepted at Disposal Site

Waste types to be accepted at the Lahmidate new disposal site are domestic waste,
commercial waste (which is comprised of market waste, store/shop waste and office
waste), street/garden waste and demolition waste.

Regarding industrial waste, (which may include toxic substances), it should be treated
and disposed of under the producer’s own responsibility. In Europe and Japan,
industrial enterprises are responsible for management of industrial waste according to
law. Meanwhile, the Ministry of Environment in Morocco has a plan to draft a law
which requires industrial enterprises to be responsible for management of industrial
waste. From this point of view, it is recommended that industrial waste should not be
disposed of at Lahmidate disposal site.

On the other hand, in consideration of existing conditions in Safi; that is, all types of
waste are hauled in mixed form, it cannot help hauling the industrial waste at the
municipal disposal site for the time being. Therefore, during the operation of improved
municipal disposal site, designated blocks at landfill area for each type of wastes should
be installed, to prevent dangerous contact with potential hazardous wastes by operators
and scavengers. '

2) Qudline of Waste Disposal Plan and Wastc Amount
L ahmidate new disposal site is comprised of two zones; that is, Zone-I and Zone-1I. An
outline of the disposal site plan, related to the waste amount to be disposed of at the

sites, is shown in the following Table 7.2-1.

Table 7.2-1  Outline of Waste Disposal Site Plan

Improved | Lahmidate New Disposal Site |~ Sub-total
Items Municipal Zone-1 Zone-1 (Lahmidate site)
Disposal ,
Site
Site area (ha) 11.3 15 25 40
Landfill area (ha) 9.5 12 23 35
Waste amount disposed of (ton) 477,000 790,000 1,330,000 2,120,000
| Operation period (vear) - 1959 2000 - 2011 2012 - more than 20 years
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A schedule of the improved municipal disposal site and Lahmidate disposal site,
indicating the accomutated waste amount to be disposed of , is shown in Fig. 7.2-1.
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7.2.2  Selection of New Disposal Site

Location of the new disposal site of Safi, at Lahmidate in Khatte Azakane Rural
Commune, has been selected by an official meeting which was organized by the
Governor of Safi Province, President of Safi Urban Community, President of Khatte
Azakane Rural Commune and Kaidat (local authority from Ministry of Interior), in
December 1996.

The JICA Study Team conducted site visits/inspections and data analysis for the
Lahmidate site ir order to evaluate its suitability as a waste disposal site, based on the
Guidetines which have been prepared by the JICA Team. The JICA Team concluded
that the Lahmidate site is suitable for the final disposal site of Safi. Major advantages
and disadvantages of the Lahmidate site are described in the following Table 7.2-2.

Table 7.2-2  Description of Lahmidate Site {Advantages and Disadvantages)

No Advantages - Disadvantages
1§ Land arca/capacity (46ha) is cnough for | Approx. 1.0km of access road should be
~ | more than 20vears usage for disposal improved ' '
2 | Residence area is far from the site No public water supply exists susrounding the
(approx. 1.0km), therefore, site :

environmental impacts arc very low

2

The site is far from water sources

4 | Groundwater level is rather deep
{approx. 50m)

Distance from city center is 8.0km,
which is suitable for waste collection

Lh

Existing conditions of Lahmidate site correspond to the evaluation items and suitability
criteria as shown in Table 7.2-3.

On the other hand, MCA Study Team visited at surrounding area of Safi city (5 to15 km
radius from city center), in order to find potential sites for waste disposal, and resulted
that several potential sites has found between Rond Marrakech and Sebt Gxoula,
including Lahmidate site, 7 to 12 km east from city center. -
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Table 7.2-3

Evaluation for the Location of New Disposal Site

Evaluation ltems

Lahmldah, site

Description E\'a!_w
[ Avaifability of Land N
I Land o“ncrship _____ B Privale B
2 Landuse restriction No restsiclion | A
3 Administration boundary Qutside of Sali B
4 Land capacity (life expeetancy of new dlsposal sate) 40 hoctare i A
- Other considerations L ~
11 Acceptability to Neighboring Citizens aml Relatcd Aulhonues
1 Proximity to the ncarest residential area ' Approx. 1.0km A
2 Achicvement of consensus {Provincial decision) B
3 Pm\'imity 0] slrategic public facilitics School/small (350 m) B
- Other considerations __"77” -
IIE Envivonmental Impacts and Disaster Prcx ention Measures
1 Proximity to public water supply sources 1.0 km (private weli) A
2 Rusk of dust, noisc and odor hazard Low risk A
3 Ground water level Approx. 50 m (Nov.1996) A
4 Permeability of base soil of lhé site (marl-limestone/gypsum) _ |(unknown) e
5 lmpacts on ecological system |Little impact A
6 Impacts on man-made assets of historical/religious \a!uu Some impact - B
7 Impacts on natural landscapes Partly visible from an road B
8 Impacts down-stream of pre\'aiting'\\ind Every direction {little impact) | A
9 Impacts on disaster pres‘émioh measures Little impact A
. Other considerations’
IV Economic Factors , _
1 Land acquisition price 70,000 DH/ha B
2 Compensation requirements _ |Not necessary A
3 Distance from wasle generation arcas (from El Jadida) 8.0 km (16 minutes) A
4 Topographic conditions _____|Flat ground at foot of hills B
5 Acoe'ssibiliiy to the sité {(w/ access road condition) ~|1.6 km {poor condilion) C
6 Availability of covering material ‘ Available at site A
7 Availability of public ulilities/services (water, cl&,lncu)_t_:_tc } |Watcr shall be ]ﬁrO\'idcd B
8 Present land-use o Agriculture (parily) A
- Qiher considerations
Synthetic evaluation B{A)
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7.2.3  Disposal Policy of Lahmidate New Disposal Site
1) Basic Principles

Regarding the necessary functions of the Lahmidate disposal site, as a waste Level-3
(Controlled Landfill-3), basic principles for the execution of the preliminary demgn have
been conceived of as follom

i.  The site plan and/or facility plan of Lahmidate disposal site should be appropriately
tailored to ils topographical and geological features, and the surrounding
environment.

ii. Lahmidate disposal site should be constructed as a sanitary landfill to minimize
adverse environmental effects on the surrounding areas.

iii. During and after completion of the landfill by waste, the Labmidate dispoéal site
should not to be a source of pollution, or threaten the safely of surrounding
residential areas. :

iv. The completed sites should be harmonious with the surrounding environment.

v. The layout of the facilities for the disposal site should take the need for <mooth
operation and maintenance into account. '

vi. Administrative facilities should be located at the entrance area of the disposal site
for the easy control and supervision of the waste collection vehicles and of the
operation flow of the landfill.

vii. Leachate should aiways be kept inside the disposal site by adopting a leachate re-
circutation system and eliminate the leachate by the function of cvaporation,
sedimentation and absorption.  In other words, leachate should not be dlscharged
outside of the dlsposai site, as a pollution prevention measure.

viii. Leachate re-circulation facilities should not necessarily be centralized The location

of this facility should be decided in light of the topographw features and re-
circulation pomts of the leachate in the landfill area.

In addition, Lahmidate disposal site shall also be fulfilled the requirements for the

disposat standard of “Basic Standard Type” which is under preparation by Ministry of -

Environment, at present.

' Fig. 7.2-2 shows the location of the Lahmidate disposal site and surrounding areas.
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2) Planning Conditions

It is proposed to construct the Lahmidate disposal site at the location of Village
Lahmidate, Rue Sebt Gxoula, Rural Commune of Khatte Azakane. The {otal area of the
Lahmidate disposal site is 40 hectares and it is expected to be used for more than 20
years. '

The outline of the Lahmidate disposal site is described as follows and the layout plan is
shown in Fig. 7.2-3.

e Site location :8 km from city center

e Total site area : 40 hectare (Zone I : 15 ha, Zone 11 ; 25 ha)
o Landfill height : 15 m (including covering soil)

¢ Total landfill capacity : 2,120,000 ton

¢ Daily waste amount : 215 ton/day in year 2000

¢ Period of use : 2000 - 2020's ( more than 20 years)

The Lahmidate disposal site will be developed in two (2) phases. The first project is
called “Zone-1”, which has an area of 15 hectares and can be used for 11 years. It will
be operated from the year 2000, after closure of the existing municipal disposal site.
Planning conditions for the Lahmidate disposal site Zone-1 are the followiﬁg;

Site area : 15 hectare

L]

e Landfill area . : : 12 hectare : :

e Landfiil height - i : 15 m (6 waste layers including covering soil)

e Landfill capacity - 790,000 ton ' ' '

e Period ofuse : 2000 - 2011 (eleven years)

¢ Landfill method : Controlled landfill

e Disposal standard - Bastc standard type

¢ Daily waste amount : 177 ton/day in year 2005

e Operation method : Cell method with waste push-up

¢ Service area - Safi Urban Community and Khatta Azakane Rural -
' : - Commune

o Waste to be disposed of : domestic waste, commercial waste, s!reet/garden
' waste, demolition waste

~ o Ultimate land-use : Agricultural land

The issues discussed below refer mainly to Zone-] of the Lahmidate disposal site.
3) Topographic and Hydro-geological Features

Lahmidate site is located on flat ground at the foot of two hills which are located east
and north of the site. The level of flat ground of the site is between EL+75.00m to
EL+77.00m and the higher level of susrounding hills is apprex. EL+115.00m. Flood
water occasionally flows from the east hill side - its catchment area is approx. 2.4km’,
through the north end of the site to the west, in the rainy season. Traces of two quarries
exist at the east and north cnds of the site. Total area of the site is 40 hectares and, from
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a topographical viewpoint, it could possibly be expanded another 20 to 25 hectares in a
nosth-west direction.

A detailed geological profile of the Lahmidate site is not available at the moment
because the specific data have not been obtained. However, it may be estimated, taking
into consideration the neighboring soil conditions; that is, the site may be mainly
composed of marl fimestone/gypsum of superior Jurassic, and its top layer contains
roots and leaves of crops. Groundwater level is assumed to be GL-50m, taking into

consideration the conditions of surrounding dry wells and inspection of an existing wel!

which is Jacated 500m to the west of the site.

1724 Facility Plan

Fig. 7.2-4 shows the facility plan for the Lahmidate disposal site Zone-I, and Fig. 7.2-5
shows its sectional elevation.

An outline of the facilities, that is, main facilitics, environmental protection facilities and

‘others, for construction of the Lahmidate disposal site is shown in Table 7.2-4. Fig,.
7.2-6(1/2) & (2/2) show facilities of the Lahmidate disposal site.
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Table 7.2-4  Facility Outline of Lahmidate Disposal Site (Zone-1)
Facility Dimension Unit | Quanlity
L Main Facilities
I a Access road Road width : 9.0 m (asphalt paved) m 1,050
b. Onsite road Road width : 5.0 m, h=3.0m
(asphalt paved)
- with Dike m 530
- without Dike m 1,020
¢. Operational road Road width : 8.0 m, h=1.0m m 1,680
(gravel paved) _
d. Storm-water drainage U-shaped guiter m 1,550
Open cut m 2,160
H. Environinental Protection Facilitics
a. Siic arca Site levelling/compaciion ha 15
Eatth cut m’ 804,000
b. Liner Clay soil 1=0.5 m) m’ 126,500
¢. Leachate coliection faciities  |Packed gravel : 300 mm square m 1,700
{sub/branch)
Packed gravel : 400 mm square (main} n 980
d Gas removal facilities Packed gravel m 50
(w7 steel net and timber frame)
¢. Leachate recirculation facility [8.1 m*/ha/day (leachalc.amoum) | I8 1
' Re-circulation pump, ete,
f. Litter prevention facility Fence and teees m 650
/Buller zone Fence (only) 7m 1,020
1L Other facillics
a. Site office m? 60
b. Truck-scale Load cell fype, 30 ton capacity unil 1
¢. Washing {acilitics High pressure spray, pump ¢lc. LS 1
d. Liglting facilitics LS 1
e. Water supply LS 1
f. Surrounding wosks Gate, parking, otc. LS 1
g. Raim-water channel Open cut m 500
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1) Main Facilities
e Accessroad -

A local path, the tength of which is 1,050 m, should be improved in order to become the
access road for the Lahmidate disposal site. The function of this road should not only be
for access to the site but for the use of the surrounding inhabitants. In light of this
matter, design conditions of the access road should be as follows.

i The road should be wide enough for two-way traffic and shoulder (or side-walk). -

ii. The road should be asphalt paved.

iii. The road level should be 0.5 m higher than sutrounding ground levet.

iv. The width of the road is 9.0 m. : :

v. Stopping/waiting lane/area should be included along the access road for the
collection vehicles near the entcance of the site. :

e Onsite road (with dike)

The major functions of the onsite road (with dike) are as follows. -
i. To confine the waste which will accumulate to a height of I5m.
ii. Access for collection vehicles.

iii. To confine the flood water to prevent water penetrating inside the site.

The onsite road should also be used for operation of the landfill work and site
inspection. The design conditions of the onsite road are as follows. :

i The road width should be 5.0 m at its crest, and 4.0 m should be asphalt paved.
ii. - The height of the road should be 3.0 m. : '
iii. Stormwater drainage should be located on outside of the onsite road.

e  Operational road

To maintain good operating conditions and smooth waste dumping, an operational road
should be constructed in the landfill area. ' '

The design conditions for the operational road should be as follows.

i “The road width should be 8.0 m at ¢rest of the road, and 6.0 m of it should be

- gravel paved. a ' " ' :

ii. The height of the road should be 1.0 m from ground leve!.

ii. The slope on both sides of the road should be 1:4, for easy access of landfill
* equipment and collection vehicles. - '
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¢ Storm-water drainage

Especially during the rainy season, a stream of water occasionally originates in the
eastern hill-side region and flows info west through the northern part of the site, its
catchment area being approx. 2.1 km?.  To eliminate the rainwater which flows into
the landfill site from the outside, and to prevent disasters such as landslides caused by
dike erosion, storm-water drainage should be constructed along the outside of northern
onsite road.

In general, storm-water drainage can be divided into three types, based upon its location,

that is, surrounding drainage, onsite drainage and drainage of the reclaimed area. The
surrounding drainage should be installed along the outside of the onsite road. Rainwater
collected by this facility should be discharged to the existing drain. Onsite drainage
should be instalted inside the Iandfill site, that is, along inside of the onsite road. The
rainwater collected from the non-landfill area should be discharged outside of the
enclosing bund by using these facilities. Drainage for the reclaimed area should be
established afier completion of the finat soil covering. The rainwater collected from this
facitity should be discharged outside the enclosing bund. Therefore, storm-water
drainage should be constructed in several ways. -

2) Environmental Protection Facilities
e Liner

In order to keep proper leachate collection for smooth landfill operation, a liner should
be installed at the bottom of the whole landfill area. Based on the “Basic Standard
Type” concept, clay soil liner shall be selected and its thickness is 0.5 m or more.

Clay soit lmer is more economlcal than amﬁmal liner such as rubber, poiymer <heet etc.,
and enough cfliciency for leachate interception. It should also prevent much of the
decontamination caused by poltutants contained in leachate. At the construction stage
of the clay soil liner, it is important that proper materia should be selected and proper
soil compaction should be carried out.

e Leachate collection system

Gravity leachate collection facilitics should be installed in the landfill area, for the
purpose of collecting leachate and directing it to the leachate re-circulation facilities
which are located at the west end of the disposal site.  Given the topographical feature
of Lahmidate disposal site, the flow of leachate is basmally from east to west, so the
leachate re-circulation facilities should be located at the west end of the site.

Based on the “Basic Standard Type” concept, leachate coflection facility should be
made of packed gravel, which consists of steel net. timber frame and gravel, dimensions
of which are 400 mm square for main lines ard 300 mm for square sub/branch lines.
This facility should be arranged at the bottom of the landfill area; installation pitch of
packed gravel is approx. 50 m.
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e Gasremoval facilities

Generally, several kinds of gas will be produced by organic substances contained in the
reclaimed waste during the process of putrefaction and decomposition; these are caused
by microorganisms etc. which exist in the reclaimed waste layer. Main components of
the gas produced in the landill area are methane gas, carbonic acid gas and nitrogen,
which are colorless and odosless. In addition, although in small amouats, ammonia,
hydrogen sulfide, methyl mercaptane, methyl sulfide etc. which are malodorous gases,
are also produced. These gases cause fire andfor explosion hazards, the destruction of
ecological systems, and offensive odors to surrounding areas.

For proper environmental countermeasures, gas removal facilities should thus be
installed in the landfill area.  Planning criteria for gas removal facilities are as follows.

Taking into consideration the foltowing conditions, and also, based on the “Basic
Standard Type” concept, gas removal facility shall be installed at several points of the
site for the monitoring purpose of produced gases only.

i. No housing exists surround the site. :
ii. Lower level landuse (agricultural land} is planned at the site.

A gas prevention facility should consist of steel net, timber frame and gravel, or PVC
perforated pipe rounded by gravel. It should be installed in parallel with the
reclamation operation. :

¢ Leachate re-circulation facility
Since the leachate, or polluted water produced in the landfill area may be the cause of

contamination to the surrounding bodies of water, it is necessary to prepare facilities to
treat the leachate, as a pollution prevention measure. In the Lahmidate disposat site,

based on “Basic Standard Type” concept, a leachate re-circutation system should be

adopted in order to keep or eliminate the leachate inside the disposal site.

a. Amount of Leachate

No reliable data regarding the amount of leachate are available in Morocco. The
leachate amount should therefore be estimated based on the monthly rainfail data shown

in the following Table 7.2-5, and cafculated as follows:

Table7.2-5  Monthly Rainfall

(unit : mm)

Year/Month [Jan | Feb | Mar | Apr | May 1 Jun | Jul | Aug | Sep | Oct | Nov | Dec

Total

1993 371 31| 59| 19 9 0 0 0 0f 121 106 7] 389
1994 491 69| 17 Iy 11 2 0 0 11 32| 15| 20| 217
1995 0] 34| 42| 20 0 0 0 0 31 13| 323 155 299
Average 291 451 39 13 7 i 0 0 11 55| 51| 61 302

(Source : Department of National Meteorology, Minisiry of Public Works)
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Q=10xC(I-B)A
where, Leachate amount (m’/day)
Seepage coeflicient (set to 0.7)
Average rainfall (mn/day)
Average evaporation {(mm/day)
. Landfill operation area (12 ha)

> o= O

Results of the leachate amount estimation/calculation are shown in the following Table
7.2-6. '

Table 7.2-6  Leachate Amount

Jan | Feb | Mar | Apr {May [Jun [Jul [Aug [ Sep | Oct [Nov | Dec

Ave
Rainfall 29 |45 |39 13 {7 1 0 0 i 55 |51 61
{mm) ' ) ' -

56

Leachate 65 161 | 87 29 16 2 0 0 2 1123 | 114 ¢ 137
amount : .
(m’/day)

b. Leachate re-circultation facilities
The facilities of the leachate re-circulation system are comprised of the following:

i. Leachate intake pipe
it. Leachate storage pond
iti. Re-circulation pump

The capacity of the storage pond should be decided taking in light of seasonal variation
in of rainfall amount. To be on the safe side, rainfall data for the rainy season, from
November to January, should be used to design the capacity of the lagoon which should
be sufficient to hold the amount of leachate produced in five days during this period. -

(114+137+65)/3 m’/day x 5 days = 530 m’

¢ Litter Prevention Facility/Buffer Zone

The wind tends to blow from the northeast in the summer/dry season and from the
southwest in the winter/rainy season, as shown in the foltowing Table 7.2-7. A litter
prevention facility should therefore be installed all around the disposal site.  In order to
shelter traflic on the Reoad Sebt Gxoula from the site, it is also recommended to install
bufter trees along the southern onsite road.
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Table 7.2-7  Wind Velocity and Direction in Safi

Year/Month | Jan | Feb | Mar | Apr { May |Jun | Jul | Aug | Sep | Oct | Nov | Dec

1993 20115 | w0l s 18| 19| 6| 16| 17 ] 23] 26| 14

SwW N W § NNE | SSW | NNE | NNE | NNE | NNE | 8W | 88W | NE

1994 26 | 23 { 15 19 | 16 | 351 30 ] 18 | 18 | 15 - .
SW | SswW | N | NNE|NNE | NNE | ENE | NE { NNE | NNE - -

1995 15120 | 26 | 18 | 17 | 13 16 17 | 17 | 22 | 22 | 26

NNE | NNW | S\ S |NNE{ N NE | NNE | NNE | S8W | SW | SW

Remarks, Upper row : Maximum wind velocity (m/scc)
Lower row: Average wind direction
(Source : Department of National Mcteorology, Ministry of Public Works)

e Rain-water channel

As described above, in Section 7.2.3, 3), a rain-water stream originates in the castern
hillside region and flows into the west through the northern part of the disposal site.
Therefore, it is recommended to construct a canal for rain-water along the northern part

of the onsite road in order to control and direct the stream.

By using Francou & Rodier formula; dimension of the channel is calculated that; height
is 1.5 m, bottom widthis 3.0m and side wall slope is 2:3.

3) Other Facilities
The following facilities should be constructed for the proper, smooth and safe operation
of the Lahmidate disposal site. The principal functions and planning conditions for each

facility are as follows.

¢ Site office

A site office should be constructed for the administrative work of the disposal site. It is

recommended that the floor area of the site office should be 50-100 m’ and the
structure RC (reinforced concrete).

e Truck-scale

Installation of a truck-scale is the first and basic requirement for Sohd Waste
Management (SWM). This facility is to ensure that the landfill waste meets the
requirement stiputated. The amount of hauled-in waste is also measured and recorded
by this facility. : '

All hauled-in waste should be weighed by using a truck-scale so as to obtain several
important data for SWM. The truck scale should be installed in a strategic position in
the disposal site where the collection vehicles will pass through whenever entering and
leaving the site. The entrance point of the site is recommended for the location of the
truck-scale. Meanwhile, to secure access for other vehicles; such as site construction,
site patrol, visitors vehicle, etc,, an access road should also be built next to the truck-
scale.
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Waste type and quality should also be checked periodically. By understanding the
type/quality of landfill waste, the type of gas production, leachate quality, and
subsidence of waste, etc. can be predicted, so these data are very important for ultimate
land-use planning of the site as well as for future disposal site planning. Meanwhile, if
toxic substances are contained in landfill waste, they will cause environmental pollution.
Therefore, hauled-in waste should be checked periodically. A waste sampling facility
should thus be installed.

Data which should be collected and analyzed regutarly by using a truck-scale are shown
in the following Table 7.2-8. Analyzed data should be reported on daily, weekly,
monthly and yearly, as required. These data are essential for the following control items
of SWM:

1. Understanding the amount of waste disposed of should be the basic factor for
future disposal site planning

ii. ~ Understanding the type and quality of waste provides basic data for the ultimate
land-use plan for the site '

iit. Understanding the working tine and the waste collected by each vehicle!truck are
necessary for planning effective collection routes and methods

iv. Checking hauled-in waste amounts are the basic data for collection of tipping fees

Table 7.2-8  Input Data of Truck Scale (example)

Qutgoing Vehicle Incoming Vehicle
(1) | Date ' (1) | Contractor’s Name o
(2) | Contractor’s Name . (2) | Vehicle Registration Number
(3) | Vehiclz Registration Number (3) | Driver’s Name '
{4) | Driver’s Name (4) | Waste Type
(3) | Waste Type (5) | Entry Time
{6) | Collection Route (6} | Gross Load (kg)
(7) | Departure Time (7} | Unloaded Weight (kg)
(8) | Gross Load (kg) (8) | Net Load (kg)
(9) | Unloaded Weight (kg)
(10) | Net Load (ke)

The landfilled waste volume waste type/quality, hauled-in place and time for each type
of waste, etc. should be reported with above mentioned monthly report. These data
are recommended to be prepared by using a plan and section drawing of disposal site. -

The specifications of the truck-scale are as follows.

i. Weighing capacity  : 30 ton / unit

it. Load-cell type and four-point support system

iii. Automatic digital counter :

iv. Control post with card reader : :

v. Connected with computer and printer to input and analyze the data
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° Washing facility

For the purpose of washing and cleaning landfill equipment and/or collection vehicles
periodically, a washing facility should be installed at the administration area of the site.
The facitities should contain a high pressure spray, pump etc.

e Fences and gates

To prevent the scattering of waste and free access by scavengers, suspicious persons
and animals, an enclosing fence should be installed surrounding the disposal site.

¢ Lighting facilitics

For safe night-time operation, lighting facilities should be installed at appropriate places
in the landfill area.

e Water supply

Water supply should be prowded at the site, in order to maintain sanitary and healthy
working conditions for personnel stationed at the site, as well as for landfill equipment
maintenance and washing.

7.2.5  Operation Plan

1) Landfill Operation Plan

Solid waste should bersufﬁciemly spread and compacted when landfilling, so as to
stabilize the landfill area and to prolong the lifetime of the disposal site. On the other
hand, cover soil should be placed systematically and periodicaily after landfilling of each
waste cell andfor waste layer, in order to prevent/minimize environmental impacts on
the surrounding areas and living environment.

a. Basic Concept of Landfill Operation

The basic concepts of landfill operation are as follows.

i.  Solid waste should be spread and compacted sufficiently

i, Scattering of solid waste should be minimized

iii. Diflusion of offensive odor should be minimized

iv. Breeding of vectors and insects should be minimized

v. Self-burning of the waste should be minimized

vi. Waste stabilization should be achieved as early as possible

b) Laadfill Method

In order to achieve sufficient spreading and compaction of the waste, the “cell method”
by adopting “waste push up method” should be adopted for landfill operation.
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The cell method requires that waste celis topped with a layer of cover soil should be
created, where the size of each cell basically consists of one day’s amount of waste.
Since ecach cell is implemented independently the applied cover soil can prevent
scaltering of solid waste, emission of bad odor, breeding of harmful vectors, and self
burning of the waste. : :

The push up method requires that when creating the waste cell, hauled waste should be
pushed up from low to high areas and spread/compacted by using landfill equipment
such as a bulldozer or wheel-loader. As a result, suflicient compacted waste cell/layer
can be created and landfill stabilization will be accomplished quickly.

The following items should be taken into consideration for waste spreading and
compaction work;

i.  Waste spreading should not be too thick. Normal waste thickness of one time
spreading is about 30 to 50 cm.

ii. Landfill cells and/or layers should be made as uniform as possible by the push up
method. Gradient of the waste slope should be 4: l or less, to ensure effectiveness
of landfill equipment.

iii. The height of each waste cell and/or layer should be approxnmately 2 m. When the
site is planned to be used as early as possible after complenon of landfilling, or
when technically advanced usage of the completed landfill site is cons:dered the
waste celllayer should be less than 2 m in height.

A conceptual drawing of fandfill operation is shown in Fig. 7.2-7, and detailed operating
procedures for landfilling are shown in Fig. 7.2-8(1/3), (2/3) & (3/3).
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c. Cover Soil

Together with the landfill operation by the push up method and cell method, cover soil,
which consists of daily covering and final covering, should be carried out at proper
times. The main purposes and thickness of each type of cover soit are shown in the
following Table 7.2-9.

Table 7.2-9  Cover Soil Classification

Type of cover sal Main purposes Thickness
Daily covering Prevent scattering of waste '
Prevent diffusion of offensive odor 50 cm
Prevent breeding of harmful vectors (tdp of waste cell)
Prevent self-buming of waste 25 ¢m
Reduction of lzachate amount {slope of waste cell)

Secure traflicability of landfill equipment &
collection vehicles

Final covering Ultimate land use
Landscaping 50 ¢m
Minimize the leachate amouat (total 100 cm)

Environmental prevention measures

The volume of cover soil required for landfili operation of the Lahmidate disposal site
(Zone I) is 339,000 m’. During the construction stage of this site, 804,000 m® of
surplus soil will be generated, and approx. 20,000 m® of it wiil be used as material for
site construction, such as the onsite road, operation road, etc. Therefore, all of the
cover soil required for the landfill operation will be obtained from surplus soil generated
during the stte construction work.

2) Landfill Equipment Plan
The landfill equipment listed in the following Table 7.2-10 should be pfépéred for the
purpose of waste landfilling, soit covering, and maintenance of site facilities such as the

enclosing dike, operational road, etc.

Table 7.2-30  Lanadfill Equipment

| No | Equipment ~ Specification - | Landfilling works etc. 1 Number
1 | Bulldozer 200HP, blade (w/trash | waste push-up, spread & compaction }
rack): 10m’ ' .
2 | Excavator 130HP, bucket:0.8m> | excavation of covering soil 1
3 | Wheel loader 150HP, bucket:2.0m® | loading cover soil on to dump trucks 1
4 {Dumpiruck | 10m° covering soil transport 1
5 1 Tank truck 6.000litre - - | sprinkle with water - 1
6 | Pickup 2.500cc site inspection, worker transport 2
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3) Personnel Plan

The disposal site should be managed and/or operated by the administrative, technical
and operational personnel, as shown in the following Table 7.2-11. Total manpower of
Lahmidate disposal site will be 15 persons in the year 2005.

Table 7.2-11 Personntel Plan

Peesonnel __ Numbgr of personnet

1 | Site manager H

2 | Civil engineer/supervisor 1

3 | Administrative staff |

4 | Truck-scale operator i

4 | Landfill equipment opetator/driver 5

5 | Worker/watchman ' 3
Total 12

4} Scavenging Activities

In principal, scavenging activity shall not be allowed at Lahmidate disposal site, because
of its sanitary conditions. However, in consideration of present social/economical
conditions of Safi, it cannot help accepting scavengers at the site for the next certain
period as recycling purpose. The following manner is recommended for temporary
scavenging activity at the site controlled by Safi Urban Community.

i, Waste hauling area and scavenging activity area shall be divided daily and cover
soil shall be carried out after completion of scavenging activity.
ii. Scavenging activity shall be contractig-out to contractors. Each scavenger shall

be registered. : :
ii. TIntroduction of measurement system of valuable materials collected by scavangers,

at the site.
7.2.6 Ultimate Land-use Plan
1) Basic Conditions for Ultimate Land-use

Generally, at the fandfill site, the following phenomena will be observed continuously
for a long period even after completion of reclamation. :

i, Land subsidence {(approx. 5 years after landfill completion)
ii. Production of gas (over 15 years after landfilt completion)
iii. Production of leachate

The above phenomena can sometimes be a hindrance to ultimate land-use. Therefore,
the following facilities should be installed and operated in the landfill area from the
beginning of the landfill. Also, these facilities can help to accelerate stabilization of the
site conditions. Monitoring of the stability of the ground, the generated amount of gas
and water, and quality of the leachate should be carried out continuously until the site
conditions are properly stabilized for the planned ultimate land-use.  The facilities are:
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i.  Drainage facilities for rainwater
it, Gas removal facitities
iti. Leachate re-circulation facilities

2) Ultimate land-use plan

Generally, in the early period after completion of the Iandﬁll, the land occupied by the
disposal site is suitable as farmland, or as a park, athletic field, play ground, golf links,
car parking, and so on.  After a longer period, the site can be used for a schoo, office,
housing complex and so on.

In consideration of its value to the surrounding residents, harmony with the existing
landscape and financial aspect of Safi city, it is recommended that the ultimate land-use
for the Lahmidate disposal site should be as farmland for several kinds of crops.

73 Improvement Plan for Existing Municipal Disposal Site

7.3.1  Basic Principles

The basic principles for improvement of existing municipal disposal sites have been
developed as follows. :

i. The existing disposal site should be improved in light of the general need to
improve current poor environmental conditions.

it. Existing wastes; accumulated outside the municipal disposal site boundary, should
be conveyed to the newly improved existing disposal site.

7.3.2  Planning Conditions

Key aspects of the tmprovement plan for the existing municipal disposal site are as
follows;

o Sitearea . 1 11.34 hcctare

¢  Laadfill height C : 1im (3 waste layers including cover so:i)
e  Laundfili capacity : 477,100 ton of waste (= 632,000 m’)

e . Daily waste amount . 141 ton/day in year 2000

e Period of use : - 1998 - 2000 (two years)

e  Landfill method : - Controlled landfill

The site plan and sectional elevation are shown in Fig 73 1 and Fig. 73 2,
respecuvely

Necessary measuses mr improving the existing municipal disposal site are descnbed in
the following Secllons .
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1) Environmental Protection Measures

e Cover soil

Covering soil should be carried out periodically, at least twice a wecek, in order to
prevent the scattering of waste, diffusion of offensive odor, breeding of vectors &
insects and self-burning of waste.

e Enclosing fence and buffer zone

To prevent the scattering of waste and free access by scavengers, suspicious persons
and animals, an enclosing fence should be installed all around the disposal site.
Meanwhile, it is recommended to install bufter trees along the northern onsite road, in
order to prevent the site from being seen from the Sebt Gxoula Road. Fig. 7.3-3
shows conceptual section of buffer zone.

o Stripping top iéyer and earth compaction

The groundwater level is very deep, at approx. SO m.  Accordingly, it is estimated that

leachate will be adequately decontaminated during its infiltration process. In general,

the leachate produced from the waste which has been deposited a long time ago has not
indicated much BOD, COD, etc. (Approx. 60% of the waste expected to be hauled to
the improved municipal disposal site is old waste which has accumulated outside the
existing site.) Therefore, the contamination of underground water by the leachate is
expected to be very low.

However, to be on the safe side, it is recommended to strip the top layer of the site, and
compact it, in order to achieve lower permeability of the surface of the disposal site.

e Designated blocks for each type of waste

Designated blocks for each type of waste should be installed at landfilf area. Basically,
industrial waste (which may include toxic substances) should be treated and disposed of
under the producer’s own responsibility. But, in light of existing conditions in Safi, this
is not realistic at the moment. Therefore, it is necessary to dispose of industrial waste at
the municipal disposal site for the time being. Regarding hospital waste, the same issue
can be defined. From this point of view, and taking into consideration environmental
protection measures, such as dangerous contact with potential hazardous wastes by
operators and scavengers, industrial waste, hospital waste and municipal waste must be
disposed of separately at designated blocks in the landfilf area.

2) Site Facility

e  Access road, on-site roads and operational roads

The access road and on-site roads should be wide encugh and asphalt paved for easy
access of collection vehicles. Meanwhile, operational roads should be constructed in
consideration of efticient operation of the landfill, and it is recommended that it should

be paved by gravel. Clouds of sand dust can be reduced by road paving.
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e  Storm-water drainage

To prevent rainwater flowing into the landfill area, and thus to reduce the amount of
leachate, stormi-water drainage should be constructed a[ong the access road and on-site
roads.

3) Others

e Conveying the existing accumulated waste

Wastes which have been accumulated outside the existing disposal site, the total volume

of which had been estimated at approx. 390,000 m’, must be conveyed to the improved
municipal disposal site, in order not to disturb private fand surrounding the site.

Existing conditions of accumulated waste at the disposal site are shown in Fig. 7.3-4.

The period for required conveying existing accumulated waste to impraved municipal

disposal site, assuming the use of four units of 10 m® dump trucks, is estimated at about
2.0 years, as shown in the follomng

4 unils x lO m’ x 16 1r|psfumt/8hours x 1 shift/day x 300 days = 192,000 m’
390,000 m’ / 192, 000 m’ = approx. 2.0 year

Required heavy equipment for the above described waste—com’éying work is shown in
the following Table 7.3-1. '

Table 7.3-1  Required iIeaw Equipiﬁent

No Equipment Specification Works Units
1 | Wheel loader 150HP, bucket:2.0m’ | loading accumulated waste to dump I
| work cap. 87m’me) | trucks :
Dump truck 10m° waste¢ transport to umproved site 4
3 | Bulidozer 200HP waste push-up and compaction

7.4 Estimated Cost

Estimated costs of construction, procurement and operation and maintenance costs for
the existing municipal disposal site improvement and Lahmidate new disposal site are as
follows, and details are described in Table 7.4-1 and Table 7.4-2, respectively. '

i. Improvement of existing municipal disposal site

a. Site construction : - DHA49 mil!idns
b.  Unit disposal cost : - . DH18.4 /ton
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ii.

d)

Lahmidate new disposal site

Construction and procurement

a.  Site construction :

b. Procurement of equipment :
¢. Total (atb}:

Land purchase :

Annual operation and maintenance
Salary of personnet :

Fuels :

Maintenance of equipment :
Indirect and miscellancous costs :
Total (atbtctd) :

o0 o

Annualized costs including depreciation
a.  Annual depreciation of construction :

b. Annual depreciation of equipment purchase

¢.  Annual operation & maintenance :
é. Total (atbtc)

Unit disposal cost

a. Construction :

b. Procurement :

c. Operation & maintenance :
d. Land purchase :

e. Total (atbtctd):

DH 33.9 millions -
DH 8.5 millions
DH 42.4 millions

DH

DH
DH
DH
DH

1.5 nillions

409 thousand/year
281 thousand/year
351 thousand/year
104 thousand/year

DH 1,145 thousand/year

DH 2.9 million/year
DH 1.2 million/year
DH 1.1 million/year
DH 5.2 million/year

DH 42 9/ton
DH 17 3/ton
DH 17.0/ton

DH

1.8/ton

DH 79.0/ton

Investment, operation and maintenance cosis are estimated based on the following
assumplions:

1)
1.

i,

ili.

iv.

V.

Invesiment cost

Price level is that of November 1996.

Annualized capital cost is the construction cost divided by the life-time of the
disposal site which is 3.0 years for the improved municipal disposal site and 11.7

years for the Lahmidate disposat site Zone-1.

Land acquisition cost is based on counterpart/site hearing information

Depreciation cost: 7 years for bulldozers, excavators and whee! loaders, and 8
years for dump trucks, tank trucks and pick ups were used.
Cost per ton is calculated as total cost divided by waste capacity of the disposal
sites, which is 760,500ton for the improved municipal disposal site and 790,000ton

for the Lahmidate disposal site Zone-L.
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2)

it

iii.
iv.

Operation and maintenance cost

Annual equipment maintenance cost is 36% of depreciation cost.

Indirect cost is 10% of {personnel salary + fuel cost + equipment maintenance
cost} : : :
Cost per ton is calculated in the same manner as that for investment cost.

Site operation consists of one shift per day and 313 days per year.
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Table 7.4-1  Investment and O/M Cost of Improved Municipal Disposal Site
(Unit : DH)

items | Unit Quantity | Unit Price _ Cost |
1 ConstructionCost ~_~f o
1t Main Facifities | S AR U
& Access/Onsiteroad twithdtke | m | 630 I'BOO - 756 000
________ - ditto- - cwithoutdike | om |  545] 5000 272,500
b C_lperauonal road B ol m y s05) 500 __,,f,,._3_‘_).2 500
) 7”49 Storm water drainage :U- guuer ol 8sOf o 400p 340,000
T gitte- copemewt  f om | 328 8y 26000
~ _}-2 l:nwronmental Protecn_qn_ Fiuhtles R R O TR R
____a.Sitoarea :stripping/compaction | ha | - 95| 800001 760,000
:earhcut D I A X | I & | N 1,918,000
) b Litter prev. facmucszul‘fer zone | . m }  460) 450 739’_?__02(_)
, __tfence (only) . m_| 8o 200 160,000
B 13 OtherRelaled Facilities o . o i
__ aSioffce | w™ 30 20000 60,000
f. Surrounding works LS 1 50,000 . 50,000
' Sub-Total 4,852 GO0
Annualized Capital Cost (1) 1,617,333
Cost per Ton (DH/ton) - 6.4
2 Equipment Procurement Cost - _ ) o
- -Bulldozer B _nos 1 2,300,000 2,300,000
. +Excavator . nos _ -y 1,700,000 ___}_,10{)!@90
o 7777_:&’{1(:_01_ loader B ROS 0 2,000,000 0
_____ - Dump truck N nos | I 7000000 700,000
L Sub-Total - 3 4,700,000
Depreciation (2) : 658,929
Cost per Ton {DH/ton) } 2.6
3 Operation and MaintenanceCost _ R D
N N R A (T —
& Personnel N e o
_ -Site manager/Civil engmeer | _psn i 54,000 54 000
- Administrative staff - o |psn |1 360000 36,000
- Landfill equipment operator/driver o lpso | 8] 264001 gll 200
- Worker!\\alchman L L 22,800 21,200
. 32 Utlimes L N L o 1.
a. Fuel o N : 1. -
L _____-_B_Lﬂ_l Egzer o nos 2] - 106,160] ‘200 320
- Excavator L nos | 1 100,160) 160,160
- Wheel foader _ i | nos { 1 _100060] 100,160
¢ -Dumptewek - | nos ) 4 30018 120192{
___3-3 Equipment rental cost , . I I
. maMdozer  _ _fmes | 1 T il 394286
- Excavator | mos_ 0 2914291 0
 -Wheelloader mos | M 3428571 34_2__!}22
- Dumpnuck T ITmes | T3l T eseeo| 315,000
: Sub-Total (3) 1,965,375
Annual Equip. Maintenance Cost (4)=(2)x30% 196,138
indirect Cost (5)=(3+4)x10% ' 216,151
Sub-Total (6)=(3+4+5) 2,377,665
Cost per Ton (DH/ton) i | 9.4
Total 7 Annual Cost (1+246) ) 4,653,926
Cost per Ton (DH/ton) ) . . - 184
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Table 7.4-2  Investmeat and O/M Cost of Lahmidate Disposal Site {Zone-1)

~ {Unit: D)
ltems Unnt Quantity Unit Price Cost
1  Construction Cost B L |
11 Main Facilities
aAccess raad I 1,050 3,400 3,570,000
~ b.Onsitcroad wwith dike m 330 2,400 1,272,000
- ditto - without dike m | 1,023 1,800] 1,836,000
¢. Opesational 1oad m 1,080 800 864,000
C 7 a.Storm water drainsge U-putter m 1,550 600 ~ 930,000
T -dite- :open cut m | 2,160 100] 216000
1-2 Emvironmental Protection Facilities B .
T a. Site area : site levelling compaction B ha 15] 100,000 1,500,000
T earth cut m | - 804,000 14 11,256,000
b. Liner : clay soil (1=0.5m}) o 126,500 70 8,855,000
o ¢. Lzachale collection facilities:300sq. | m | 1,700 100] 170,000
-dito - A00sq.packedgravl | m | " " osol 150 147,000]
d. Gas remoral facilities " 750 250 187,500
|7 e Leachate re-circulation factlitics LS 1 550,000 550,000
- £ Litter prev. facilitics: Buffer zone m 650 500 325,000
B : fence (only) m 1,020 300 306,000
1-3 Other Related Facilities I
B a. Site office m’ 601 5,000 300,000
b. Truck scale unit 1 850,000 850,000
~c. Washing facilities s 1 100,000 100,000
d. Lighling facilities nos 14 © 7,000 98,000
¢. Water supply LS 1 250,000 250,000
f. Surrounding works LS 1 200,000 200,000
7 g Rain-watee channe m 500 150 75,000
Sub-Total 33,857,500
Annualized Capital Cost (1) 2,893,803
Cosy per Ton {DHton) 42.9
2 Fquipment Procurement Cost .
B - Bull dozer nos | 1 2,300,000 2,303,000
- Excavator, B nos 1 1,700,060 1,700,000
- Wheelloader - - nos ) 1] 2,000,000 ] 2,000,000
T - Dumptnxk B nos ] 700,000 T 700,000
- Tank truck nos 1 800,000 800,000
- Pick up nos 2 500,000 1,000,000
Sub-Total 7 8,500,000
Depreciation (2} 1,169,643
. Cost per Ton (DH%on) 17.3
3 Operation and Malntenance Cost
|31 Operation - _ -
a. Personnel ’ ] | -
- Site manager i e | T 60,000] 60,000
o - Civil engineer psa ] 54,000 54,000
- Adwinistrative staff’ ] pso ’ ] 35,000 35,600
T - Truck scale operater pso 1 35,000 36,000
- Landfifl equipment operator driver T psa | 3 26,400 132,000
T UWorker'n atchman psa 4| o 22,800 - N 91,200
" 732 Unilities
a. Fuel »
- Bull dozer _fomes | 1 100,160 100,160
- Excavatot nos i 62,600 62,600
- Wheel loader nos I 62,600 62,600
- Dump truck nos i 18,780 18,780
- Tank treck nos | 14,085 14,085
- Pick up : nos 2 11,258 22,536
Sub-Tetal (3) 659,961
Annval Fquip. Maintenaoce Cost (4)=(2)x30%% 350,893
Indirect Cost (5)=(3+4)x10% 104,085
Sub-Total (6)=(314+35) 1,144,939
Cost per Ten (Dl ton) 110
Totel f Annual Cost (142186) 5,208,386
Cost p<r Ten (DH ton) . A
4 Land Aquisition Cost (annuzl) | ha s 160,600 128,205
G. Total 7 Annual Cost $,336,591
[ Cost par Ten {Dit'lon} 790
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7.5  Implementation Schedule

Implementation schedule for the disposal sites is comprised of the following two
components.

i. Improved municipal disposal site
- Construction of improved municipal disposal site
- Procurement of landfilt equipment

ii. Lahmidate disposal site
- Construction of Lahmidate disposal site
- Procurement of fandfill equipment

Implementation schedules for disposal site construction and equipment procurement are
shown in Table 7.5-1.
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FIG. 7.2-3

Lﬁydﬁt Plan of _I_,_fﬁni_l’idafe Disptis_al Site
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Typical Facilities of Lahmidate Disposal Site (2/2)
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Landfill Operation Procedures  (2/3)
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FIG.7.3-1| - Improvement Plan of Existing Municipal Disposal Site
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