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EXECUTNE SUMMARY 

General- The eXIstmg dumpmg sItes m Oulad Telma and Guerdane are uncontrolled SItes and the 
potentIal source of sIgmficant enVIronmental damage The Landfill Development and Operations 
Plan has been prepared to give these murucipaltties the opporturuty to upgrade theIr waste 
dISpOSal to a controlled landfill as defined by the new National Waste Management Guldehnes 

Waste generation - The combmed populatIOn of the two MuruCIpalIties IS esttmated at 63,500 m 
1998 At assumed waste generatIon and collectIon levels, It IS estunated that 20 tonnes per day 
WIll be collected and WIll requIre dISpOSal PopulatIOn IS expected to grow to approxunately 
182,000 at the end of the 20 year planrung penod, mcreasIng waste collectIOn and dISposal to 73 
tonnes per day 

EXisting dumpmg Areas - PreVIOUS evaluatIons conducted m June 199t, Identtfied a senous 
enVIronmental threat to the lower Sous RIver valley due to uncontrolled waste dumpmg along the 
northern bank of the nyer The January 1998 mspectIOn found thIs SItuatIOn to be sigruficantly 
worse, WIth dumpmg occumng on the southern nver bank, dIrectly m the actIve nyer channel and 
the dumpIng ofhqUId rmlk waste m the nver channel Dunng thIs past ramy season, the nver 
flowed on two OCCasIOns, washing waste In to lower nver valley The contInued dumpmg of bqUId 
mIlk waste m the nyer channel could Impact the water qualIty of the ONEP wells wluch are 
approXlmately 300 meters from the dumpmg SIte 

The exlstlng situatlon calls/or emergency actIOns, whIch are outlmed m the 
Implementation Plan Measures should be taken to return dumpmg to the northern 
bank 0/ the nver, out 0/ the actzve nver channel and termmatlOn 0/ the milk waste 
dumpmg 

New Landfill Site - The preVIOUS report evaluated 4 SItes selected by the Mumclpallty The 
selected SIte IS approXimately rmd-way between the Mumcipalities of Oulad Tetma and Guerdane 
It IS m an agncultural area on pubhc land, approXimately 1,000 meters south ofHtghway 32 
Hyrogeologtcal features of the SIte, mcludmg low ramfall, clay soils and a deep groundwater, 
favor the locatIOn ofa landfill SIte The first year of landfill aCtiVIty WIll reqUIre only 25 ha, but as 
the regIOn contmues to grow, a 1028 ha SIte wtll be needed for a 20-year landfill 

Landfill DeSign and Construction - Due to the flat topography and strong summer wmds, the 
landfill deSIgn mcludes a low profile, mcludmg a 1 5 meter excavatIon depth and a maXImum fill ~ 
height of 4 meters An earth penmeter berm WIll enclose the landfill and reduce the effects of the 
strong summer WInds 

A new access road, through eXIstmg agncultural land, WIll be the largest component of the new 
landfill Other components of the Irutlal constructIOn mclude a guard house and excavatIOn for the 
first 3 years of operatIOn The soll from the excavatIOn WIll be used to build approXimately 50% of 
the penmeter berm The remamder of the berm WIll be built gradually as new areas of the landfill 
are excavated and filled 
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EnvIronmental Impacts - The landfill sIte IS located approXImately 2 kllometers from three small 
VIllages, EI Bled, Bou Asslda and Am BeIda The vtllages obtam theIr dnnkmg water from very 
deep wells, 150 meters (492) feet below the surface The soli between the surface and 
groundwater IS clay Leachate and landfill gas are the major pollutants released from landfill and 
are drrectly related the amount of ramwater flowmg through the landfilled waste With an average 
annual ramfall of less than 200 mm and the large depth to groundwater, enVlfonmentallmpacts 
from leachate and landfill gas should be rrurumal to non-eXistent 

Due to hmtted resources, the operatmg plan Wlll mclude only penodIc compactIOn and covenng of 
the waste Tills may result m mcreased Insect and odors at the landfill Although these are 
expected to be sigruficant at the landfill, the unpacts to nelghbonng vtllages should be mmImal due 
to the 2 kIlometer buffer dIstance 

Landfill OperatIon - The operatmg plan has been prepared, follOWIng National GUIdelInes for a 
Levell, Controlled Landfill A Tills classIficatIOn reqUIres only penodlc covenng of the waste 
Due to severe finanCIal constramts, the plan recommends compactIon and covenng of the landfill 
once per month, usmg eqUIpment contracts Wlth pnvate comparues The plan further recommends 
a full time staff of three Wlth speCIfic operatmg and reportIng responslbIhtIes The full time staff 
would be supplemented Wlth part tlme stafffor penodlc clean-up ofwmd-blown debns 

FmancIng - The Landfill Plan Includes a cost estimate willch IS summanzed as follows 

Emergency ActIOns 
Close EXlstmg Dump SIte 
Landfill ConstructIOn 

TOTAL CAPITAL COSTS 

10,000 dh 
105,000 dh 
842000 dh 

9~ - '100 dh 

ANNUAL OPERATING COSTS )0 dh 

Oulad Telma has a current budget of600,000 dh deSIgnated for constructIOn ofa wall 
surroundmg the new landfill SIte Tills wallIS ofhttle practIcal use to the landfill and the 600,000 
dh should be used to construct the access road PrelImmary dIScussIons Wlth Guerdane mdlcate 
that they could contnbute an addItIonal 100,000 dh for the landfill for a total avaIlable fundmg of 
700,000 wruch IS approXimately 247,000 short of the reqUIred estlmated funds 

ImplementatIOn Plan - The ImplementatIOn Plan presented In SectIon 10 mcludes a strong 
emphasiS to perform the Emergency ActIOns as soon as pOSSIble, followed by negotiatIOns ana 
agreements between the two muruclpahtles and for the site Once the financmg IS secured the 
landfill constructIOn should begm 
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SECTION1-BACKGROUND 

11 Intent of ThiS Plan 

Thts report has been prepared by the Uruted States Agency for IntematlOnal Development 
(USAID) as part of ItS efforts to promote the effective development and operatlOn ofsohd 
waste landfills throughout Morocco Thts USAID solId waste management effort IS part 
the Urban and EnVlronmental SefVlces Project (U&ES) Through thts program, sohd 
waste management systems were evaluated were m 

• Meknes 

• Sefrou 

• Azrou 

• Oulad Telma & Guerdane 

Tills landfill development and operatIons plan has been prepared for the MuruclpalItles of 
Oulad Telma and Guerdane (Muruclpahty) by a project team consIstmg of a local engmeer 
and a Uruted States solId waste management consultant It IS mtended to define the 
phYSICal charactenstIcs, development and operatlOn of the new Oulad Telma landfill and 
closure of the eXlstmg landfill Through the progressIve ImplementatlOn of the 
recommendatIOns and procedures outhned m tills report, the Murucipahty of Oulad Telma 
wIll contmue the progress that has been made through the USAID project m acrueVlng 
long term effective solId waste management 

In many countnes, mcreasmg populatIOn and urbaruzatlOn has caused sigruficant problems 
m most envrronmental sectors mcludmg 1) potable water supply, 2) wastewater dIsposal, 
3) groundwater pollutIOn, 4) deforestatIOn and 5) sohd waste management Many 
countnes, Wee Morocco, are Just begmrung to deal WIth enVlronmental problems that have 
been years m the makmg In Morocco, the abIlIty to acilleve effectIve enVlronmental 
management IS mfluenced by a number of factors, not the least of willch IS the lack of 
finanCIal resources to pay for new facIhties and eqUlpment, and to operate at a new, illgher 
envrronmental standard EffectIve enVlronmental management can be relatIvely costly 
when new systems and procedures are reqUired TYPICally, countnes WIth luruted resources 
have been faced With competing pnonties that have often Impeded thelf progress m 
envIronmental management WIth a recogrutIOn of tills fundamental fact, the landfill plan 
defined In tills report has been developed to achIeve reasonable practical results In the 
development and operatIOn of the Oulad Tetma landfill willIe USIng a mmImum of 
resources 

1 1 1 Problem Statement - The baSIC problem to be addressed through thts landfill plan 
can be defined by the followmg facts 

• Oulad Tetma must now take full control of the landfill, but, m general, there are llfllited 
finanCIal resources to do so 

• PreVlous sohd waste dISpOSal methods (random dumpmg, etc) contmue to eXIst 
proVldmg unhealthy but low cost dISpOSal alternatIves to controlled landfilhng 
Currently, sohd waste IS bemg dumped at an uncontrolled SIte Wltilln the nver banks of 
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the RIver Sous Tills IS obvIOusly a sIgmficant threat to surface water resources 10 the 
lower nver valley 

Currently, not all solId waste 10 Oulad Telma and Guerdane IS collected Some dISpOSal IS 
accomplIshed through random dump 109 or burmng near the locatIons where the waste IS 
generated or stored for collection In addItion, some of the waste that IS collected may not 
reach the landfill but may be dIsposed ofm other locations TYPICally. the desIgn basIS for 
an effectIve sohd waste management system separates the sources of pollutIOn from the 
people and places waste matenals 10 controlled facIlItIes such as landfills If tills general 
goal IS mamtamed, more waste should reach the landfill 10 the future so long as the 
finanCIal resources eXIst to do tills The project team's proJectlOns oflandfill capaCIty 
requrrements 10 Oulad T elma are based on the assumptIon that more waste matenal wIll be 
collected 10 the future and that most of the collected waste WIll be brought to the landfill 
Tills, m additlOn to other factors such as mcreasmg populatIOn, etc, forms the baSIS for 
landfill capaCIty proJectlOns and deSign rec, .illllendatIons contamed 10 tills report 

11 2 ObjectIves - Tills mtent of tills report IS to define procedures for landfill 
development and operatIons for the MUruCtpality of Oulad Telma The objectIves of the 
plan are as follows 

• Sustam the progress that has been made by USAID and the MumcipalIty 10 developmg 
the Mumcipallty'S new landfill and elImmate the envtronmental threat of the eXIstmg 
landfill 

• Estabhsh procedures for effectIve operatIOn of the landfill at a reasonable 
enVlfonmental standard that can be acilleved WIth mmImum finanCIal resources 

1 2 National GUidelines 

In September, 1996 the Mtrustry of the EnVIronment completed a comprehensIve study on 
NatIOnal GUIdelInes for Sohd Waste Management 10 Morocco Tills 7-volume document 
presents techmcal as well as mstitutIOnal guldelmes for the management of sohd waste In 
partIcular, Volume 6, Part 2, Techrucal GUIdelmes, mclude documentatlOn and techmcal 
data regardmg waste dIsposal Pertment sectIons of these gUidehnes Will be used In tills 
document and the entrre portIOn of the gUidelmes deahng With landfill constructIon and 
operatIon are presented m AppendIX B of tills plan for reference 

1 3 PrevIous Reports 

Several preVIOUS reports on sohd waste management have been prepared under the U&ES 
program mcludmg a Prehnnnary Assessment of Waste Management Systems m Oulad 
Tetma, June 1997 Tills report IdentIfied slgruficant problems With the waste dIsposal 
facilitIes In Oulad Telma and performed an evaluatIOn of several landfill SItes proposed by 
Mumcipal OffiCIalS Dunng the reView process of preVIOUS reports and theIr 
recommendatIOns, a final SIte was selected by local and prOVInCial government offiCIals that 
will serve Oulad Telma as well as the neighbonng muntClpality ofGuerdane Oulad Telma 
will have the pnmary responsIbIlIty of developmg and operatmg the new landfill, With 
Guerdane contnbutmg to the constructIon and operatmg costs Tills Landfill Development 
and OperatIOn Plan IS a recommendatIon of the preVIOUS report and Will mcorporate many 
portIons of preVIOUS reports for reference 
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SECTION 2 - PLANNING ISSUES 

21 General 

Oulad Te1ma IS approxunately ffildway between the coastal resort area of Agadlr and the 
proVInCIal capItal of Taroudant along national pnmary highway 32 The regIOn IS noted for 
ItS agnculture, where most of the regIOn's vegetables and CItruS are grown The 
muruclpaltty IS nearly totally dependent on agnculture IncludIng plantIng, harvestIng, 
processIng and shIppmg Over the past 10 years, Oulad Tenna has ellImnated most of Its 
1Oformal hous1Og (shanty towns) replac10g them With multi-story housmg uruts 

Guerdane IS a smaller muruclpallty located approXImately 20 ktlometers east of Oulad 
Telffia along HIghway 32 Like Oulad Telma, ItS economy IS totally dependent on 
agnculture 

2 2 Waste Generation 

2 2 1 PopulatIOn - Due to the changIng econOffilC condItIOns, It IS very dIfficult to 
detefffilne actual populatIOn 10 many areas of Morocco With a high degree of accuracy 
PreVlous estImates have placed the 1997 populatIOn of Oulad Te1ma at 54,000 Due to Its 
regIOnal nature, Oulad Telffia IS expected to grow at the rate of 6% per year for the 
foreseeable future, based on government planrung projectIons This relatively high 
estimated growth rate is based on the contmued urbaruzatlon of rural populations that has 
been expenenced dunng the last decade The eXIstmg (1998) populatIon of Guerdane was 
estImated by pubbc OffiCIalS to be approXImately 6,500 and future growth IS expected to be 
a relatIvely low 2% due to the lack of a central sewer collectIOn system and other publIc 
mfrastructure systems 

For the purposes of this report, we have assumed a 1998 populatIOn of 57,000 and a 
growth rate of 6% for Oulad Telma and 6,500 for Guerdane With growth rate of 2% 
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throughout the 20 year planrung penod The combmed populatIOn of the two 
mumclpalItles IS shown graprucally on FIgure 2 1 - Populanon Estimates As you can see, 
thIs projection estImates a populatIon ofapprmomately 182,000 at the end of the 20 year 
planrung penod 

2 2 2 Waste Generation - PreVIous studIes have estimated that the average dally waste 
generatIOn m Oulad Tetma IS 0 5 kg per person per day Actual waste generation will vary 
throughout the regIOn, based on SOCIo-eCOnOmIC COndItIOnS, and housmg denSIties On a 
per capIta basIS, waste generated m market areas and urban centers wtll exceed the 0 5 kg 
per capIta esttmate, whtle generatIon In the poorer areas wtll be slgmficantly less For the 
planrung purposes of trus report we will use the 0 5 kg per capIta per day waste generatIOn 
factor as an average, apphed to the entIre populatIOn 

The estimated waste generatIon IS shown graphIcally In FIgure 2 2 - Waste GeneratIon and 
CollectIon Waste generation m 1998 for Oulad Telma and Guerdane IS estImated at 32 
tonnes per day wruch Increases to 91 tonnes per day at the end of the 20 year planrung 
penod 

Based on mtervtews With murucipal OffiCIalS and observatIons of the collectIOn system, It IS 
estImated that only 60% of the generated waste IS actually collected In Oulad Telma and 
taken to the dISpOSal SIte Trus IS the result of IneffiCIent collectIon procedures, mformal 
dISpOSal, arumal feedIng and recyclIng In Guerdane the collectIOn percentage IS rugher 
because the smaller populatIOn and lack of any recyclIng Both collectIOn percentages are 
estimated to Increase by 1 percent per year through the planrung penod 
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The esttmated amount of waste collected and placed m the dISpOSal sIte IS shown on the 
lower half of FIgure 2 2 This dISpOSal estimate assumes an average 60% collectIOn 
percentage m 1997, mcreasmg through the planrung penod to 80% after 20 years This 
assumes that mformal dISpOSal m the frmge areas of the murucipality and arumal feedmg 
will contmue m the future It IS also antICIpated that mcreased recychng W111 occur once the 
new landfill begms operatIOn 

223 Waste Generation Database - Pnor to evaluatmg speCIfic aspects of the landfill, a 
waste generation database was prepared This database mcludes population estImates, 
waste generatlOn, collectIOn efficIency and landfill size estimates The database calculates 
these vanables throughout a twenty-year planrung penod This database IS mtended to be a 
planrung tool for the murucipabty as It proceeds to upgrade sohd waste management 
practIces It should be reVised penodically to adjust for actual condItIOns encountered that 
durer from the assumed values This database forms the basIs for FIgures 2 1 and 2 2, and 
many of the numencal values mentIOned m this report The data base IS mcluded as 
Appendrx A 

2 3 Waste Collection 

231 Oulad Telma - Waste IS collected m Oulad Telma usmg 6 and 8 m3 dump trucks and 
a multI-benne hOlst truck servmg 5 m3 contamers The preVlous evaluation Judged these 
vehicles to be adequate for eXlstmg conditIOns but recommended a planned converSIOn to 
compactor trucks sefVlng 750 hter contamers m the future 

2 3 2 Guerdane - One dump truck of 3 m3 capaCIty collects waste m the murucipality It 
makes two to three tnps per day to a dump SIte m an abandoned quarry located about 6 
ktlometers west of the muruclpallty 

2 4 Medical Waste 

The generatlOn and dIsposal of mfectIOus medIcal waste IS a sigruficant problem m all 
regIOns of Morocco At the present time, all hospital waste, mcludmg potentIally mfecnous 
medtcal waste, IS not separated and IS collected and dIsposed of With all other waste 
Considenng the amount of recyclmg and arumal feedmg that occurs at the dISpOSal SIte, 
this practice IS potentlally harmful 

Several programs have been proposed for a natIOnal program of medIcal waste 
Identlfication and dISpOSal but none have been Implemented nor are they hkely to be 
tmplemented m the near future This operatmg plan Will mclude mterun measures for 
disposmg medical waste untIl a more appropnate system IS Implemented 
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SECTION 3 - DESIGN AND CONSTRUCTION 

31 General 

311 PrevIOus Studies, Site SelectIOn - The preVIous evaluatIOn of waste management 
systems 10 Oulad Telma performed a conceptual desIgn of the landfill for sIzmg purposes 
only ThIs was used 10 the evaluatIon of four landfill SItes proVided by the murucipalIty 
Dunng the government reView of that report and final selectIon of the SIte, It was deCIded 
to combme Oulad T eIma With Guerdane and to construct one landfill for use by both 
muruclpalIties The follOWing landfill deSign mcludes both muruclpahtles 

The site selected by the government reVIew of the sltmg report IS shown on FIgure 3 1, 
LocatIon Map It IS located apprmamately 12 kIlometers east of Oulad Telma along 
Pflffiary HIghway 32 The travel distance to the center of Guerdane IS 10 blometers The 
SIte IS about 1 bIometer from the hIghway and located 10 an agncultural area The general 
area IS pubhcly owned but leased to pnvate farmers for grOWing vegetables The actual SIte 
selected for the landfill IS a rocky portIon of thIs area whIch IS not 10 current agncultural 
use 

Three small Villages, EI Bled, Bou AsSlda and Am EI BeIda are located approXimately 2 
kIlometers from the landfill SIte These Villages and theIr water supphes Will be dIscussed 
10 a later sectIOn of tills report 

312 Landfill SIZIng - The waste generatIOn database, presented 10 SectIOn 2 2 4, 
mcludes estImates landfill SIZes based on several varIables These mclude populatIOn, 
growth, per capIta waste generatIOn, collectIOn efficIency and landfill operation The most 
dIfficult varIable to estimate was collectIOn efficIency whIch Will have a dIrect Impact on 
landfill SIZe and capaCIty 

One of the ObjectIves of the database was to estImate the amount ofland needed for a 
landfill over a 20 year planrung penod The results of the database mdlcate that as-year 
landfill Will reqUlre a land area of 1 43 hectares dependmg on how effiCIent the collectIOn 
system becomes A lO-year landfill Will reqwre 3 44 hectares At the assumed vanables, 
the 20-year landfill would reqUlre a 10 28 hectare SIte The landfill SIZe estImates are 
shown graphIcally 10 FIgure 3 2 
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FIGURE32 
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3 1 3 EXlstmg Dumpmg Site - The dumpmg SIte IS WIthm the northern banks of the RIver 
SOUS and prevlOUS reports have Judged It to be a senous enVlronmental threat to surface 
water resources down stream DUflng the latest SIte mspectlOn conducted m January 1998, 
the preVlous entrance to the SIte had been blocked by reconstruction of the mam road from 
Oulad Telma ThIs has forced waste collectlOn trucks to use an alternate route located on 
the south sIde of the nver, closer to the ONEP wells Dunng thIs mspectlon, waste was 
observed bemg dumped dIrectly mto the actIve nver channel Waste recyclers at the SIte 
stated that standard practice was to leave the waste for three days, for sheep and goats to 
eat any food waste and to pemut recyclers to remove matenals After three days the plles 
are burned Two ramy penods m December produced flow m the nver whIch has washed 
away waste that had been dumped m the active flver channel The mumclpal engmeer 
stated that dumpmg waste m a flver channel IS a common practice m the region, mc1udmg 
the provmcIal capItal Taroudant 

The latest mspectlOn m January, 1998 observed another new practIce at the nver bed slte 
Waste rrulk contamers, contammg out-of-date, spoded rmlk are bemg dumped at the SIte 
Tlus hqUld waste IS seepmg mto the sandy sod and may lead to groundwater 
contarmnation ThIs practice should be terminated ImmedIately 

When the new landfill IS completed, all waste m the flver bed should be excavated, loaded 
onto trucks and taken to the new landfill It IS estimated that the SIte contams 
approXlffiately 5,000 m3 of waste whIch must be removed 
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observed bemg dumped dIrectly mto the actIve nver channel Waste recyclers at the SIte 
stated that standard practice was to leave the waste for three days, for sheep and goats to 
eat any food waste and to pemut recyclers to remove matenals After three days the plles 
are burned Two ramy penods m December produced flow m the nver whIch has washed 
away waste that had been dumped m the active flver channel The mumclpal engmeer 
stated that dumpmg waste m a flver channel IS a common practice m the region, mc1udmg 
the provmcIal capItal Taroudant 

The latest mspectlOn m January, 1998 observed another new practIce at the nver bed slte 
Waste rrulk contamers, contammg out-of-date, spoded rmlk are bemg dumped at the SIte 
Tlus hqUld waste IS seepmg mto the sandy sod and may lead to groundwater 
contarmnation ThIs practice should be terminated ImmedIately 

When the new landfill IS completed, all waste m the flver bed should be excavated, loaded 
onto trucks and taken to the new landfill It IS estimated that the SIte contams 
approXlffiately 5,000 m3 of waste whIch must be removed 
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Immediate emergency actwn should mclude pushmg all waste out of the actlve nver 
channel and prepare a new access road and dumpmg area along the north bank of the 
nver unul the new landfill has been prepared The dumpmg of liquid milk waste 
should be termmated 

3 2 Site Access 

FIgure 3 1, LocatIOn Map, and FIgure 3 3, SIte Plan, show the proposed access road to 
the new landfill SIte The road passes through several leased agncultural fields whIch are 
rrngated Fmal alIgnment of the access road should accommodate rrngatIOn plpelmes and 
channels and proVlde a nurumum of mterruptIOn of the eXlstmg agnculturalland use The 
access road deSIgn should be suffiCIent for two-way heavy truck traffic 

33 Site Topography 

The selected SIte IS baSIcally flat, Without sigruficant change m topography Normally, thIs 
would create some deSIgn problems for surface draInage but due to the low annual ramfall 
thIs should not be an Issue The flat topography Will reqUlre conSIderatIOn of VlSlblhty from 
Highway 32 and the nelghbonng murucipalitles ofEI Bled and Bou Asslda FIgure 3 3, SIte 
Plan and FIgure 34, Constructlon Detruls, show an earth penmeter berm around the entIre 
landfill SIte The berm IS deSIgned With a height of 2 5 meters Combmed With an 
excavatIon depth of 1 5 meters, normal landfill actIVlty should be screened from Vlew from 
the hIghway and nelghbonng murucipahties AddItIOnal tree plantmgs m front of the 
penmeter berm will further screen the landfill from View 

On a regIOnal baSIS, the RIver Sous valley IS located between two mountaIn ranges, whIch 
are approXimately perpendIcular to the sea These mountaIn ranges channel normal Winds 
mto the valley floor through Oulad Tetma These Winds are strong and consIstent, 
especIally dunng summer days, May through November These WInds are a sigruficant 
problem for landfill operatIOn due to wmd blown debns The landfill deSIgn mcludes a 
relatIvely low profile (4 meters) and a penmeter berm to reduce the wmd effects on dady 
landfill operatIons 

3 4 Hydrogeology 

The SIte IS located m a dry plaIn m heavy SIlt and sdty clay SOlIs Potable water for Oulad 
Telma and other muruclpahttes and villages m the regIOn comes from deep wells The 
ONE P wells servmg Oulad Tetma are located adjacent to the RIver Sous, and the 
eXIstmg dumpmg SIte, and were dtscussed m preVlous reports PotentIal contanunatIOn of 
the 0 N E P wells was an lssue m the final selectIOn of the landfill SIte 

Water suppbes ofEI Bled, Bou Assida and Am El BeIda were dISCUSSed With local 
muruclpal OffiCIalS, the provmclal representative and a local well dnller All three VIllages 
obtam water from deep dnlled wells, With steel casmgs The water table IS located at a 
depth of 100 to 120 meters (330 to 396 feet) below the surface, but the qualIty and yteld 
of the water at that depth IS poor for potable use Good, hIgher qUalIty water comes from 
a lower aqUlfer located approXlffiately 150 meters (495 feet) below the surface The 
general sod type between the surface and nearest groundwater level IS clay It IS assumed 
that the recharge sources of the deep 150 meter aqUIfer are m the mount am ranges whIch 
form the Sous nver valley 

Accordmg to the NatIonal RaInfall Map mcluded m the Nattonal SolId Waste Guldehnes 
(see AppendIX B), average annual ramfall m Oulad Telma IS less than 200 mm per year 
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Thts IS compared to an estImated evapotranspiratlOn potential of over 1,000 mm per year 
Under these condItions, It IS not hkely that the landfill Will produce any slgruficant leachate 
or methane gas, and potentIal Impacts to groundwater are mIrumal to non-eXIstent Based 
on the NatIonal GUIdehnes, the proposed Oulad Telma landfill would be classIfied as Level 
1 Controlled Landfill A Thts landfill classificatlOn does not requIre a hner for leachate 
collection or gas ventmg due to the low annual ramfall and mIrumalleachate/gas 
generation potentIal 

Although the hydrogeolOgIcal conditIons appear Ideal for the location of a landfill, 
condItIons at the Site, mcludmg depth to groundwater, should be venfied With an on-sIte 
test well Dunng mstallatIon of the test well, a log of subsurface soIls should be prepared, 
notIng the type of each soll encountered, ItS depth and thtckness Samples of each sol1 
should be collected for future evaluatlOn 

3 5 EnVironmental Issues 

35 1 General- The Oulad TeIma landfill site IS very well located to llffilt any 
enVIronmental Impacts that may result from landfillmg actiVIty The SIte meets or exceeds 
all enVIronmental sItmg cntena mcluded m Chapter 2, Volume 6, Part B of the NatIonal 
Guldehnes It IS well Isolated from reSIdentIal development and the very dry chmate 
VIrtually elImInates any potential leachate Impacts to water resources or air qualIty due to 
methane generatIon Mtrumallmpacts from msects, odors and fires are potentlalimpacts 
but, due to the SIte's remote locatIon, these Impacts Will be mIrumal and WIthtn a 
manageable range 

352 Leachate GeneratIon - Leachate generatlOn IS a result of the orgaruc decompositlon 
of orgaruc waste and Will be a functIon of many vanables The quahty of the leachate Will 
be determIned by the nature of the waste placed m the landfill Oulad Telma IS 
predommantly a residentiallagncultural area With mtnlffial commerCial and mdustnal waste 
Thts will result m a waste compositlOn whtch IS htgh m orgaruc matenal and low m 
mdustnallcommercial waste whtch can contain orgaruc pollutants and heavy metals 
Industnal solvents and other such wastes can create pollutants that WIll travel further m the 
solls under the landfill PreVIOUS studIes have estImated an orgaruc waste content from 60 
to 70 percent Leachate produced by the Oulad T elma landfill will have a relatlvely htgh 
orgaruc content (BOD) and low heavy metals as compared to typIcal leachate m more 
developed countnes 

The quantIty of leachate generated m a landfill Will be a factor of the Irutial mOIsture 
content of the waste (estImated at approXImately 50%), rainfall and evapotranspiratIOn 
EvapotranspiratIon IS the loss of water through evaporatIon and uptake by plants, and IS a 
factor of sunshIne, relatIve hUlrudIty and temperature The analysIs of ramfall and 
evapotransprratIOn IS called a water balance In addItIon to ratnfall and evapotranspIratIOn, 
waste In a landfill has a water storage capaCIty, wllich can be compared to a sponge The 
waste storage capaCity IS called the field water capaCIty The landfilled waste will not 
produce sIgruficant leachate, untllits water storage capaCIty IS nearly full Tllis storage 
potentlal also allows uncovered waste to absorb water dunng pen ods of rainfall and then 
release that water dunng non-ram pen ods through evapotranSpIratIOn The relatlOnshtp 
between cover matenal, rainfall, evapotranspiratlon and leachate generatIOn will be 
dIscussed In more detail m the operatlOns sectlon of thIs report 

On an average annual baSIS, leachate generatIon at the Oulad Tetma landfill Will be mIrumal 
due to the low annual rainfall, below 200 mm However, dunng the rainy season, heavy 
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rams of short duratlOn are common wruch may produce slgruficant amounts of leachate for 
short penods of tIme 

3 5 3 Leachate Management - The landfill IS located m excellent SOllS for natural leachate 
attenuatIOn AttenuatIOn IS a techrucal term used to descnbe the many phYSical and 
chemtcal treatment processes that occur as leachate flows through natural sod These 
attenuatIOn processes are very effective m removmg most, IT not all of the pollutants 
typically found m leachate Therefore, the pnmary leachate management objective will be 
to drrect leachate mto the SOlI Smce permeabIhty tests have not been performed on the 
base SOllS, we cannot accurately predict the amount of leachate that the base SOll can 
accept However, With the negatIve water balance, It IS not hkely that tills landfill Will 
produce any slgruficant long term leachate problem 

3 5.4 Landfill Gas GeneratIon - The same factors willch control leachate generatIOn also 
control landfill gas generatIon Landfill gas contams methane, whIch can be explosive If It 
IS permttted to accumulate m a confined space Both leachate and gas are products of the 
bIological decomposltlOn of orgaruc waste Without water tills decompOSItIon IS very slow 
and With less than 200 mm of ram fall per year, landfill gas Will not be a slgruficant Issue for 
the Oulad Tetma landfill 

3 5 5 EnVironmental Impact Assessment (EIA) 

The NatlOnal GUldehnes mclude a format for preparation ofEnVlronmental Impact 
Assessments for waste disposal faclhtles Key elements of the EIA process mclude 

• PollutIOn Control 

• ConservatIOn of Natural Resources 

• Conservation of SOCial Resources 

Although the Oulad Telma landfill appears well sUlted for a landfill m respect to 
envrronmentallmpacts, an ErA IS recommended to msure comphance With NatIOnal 
GUldehnes Specmc elements of the EIA should concentrate on 

• ConstructIon Impacts 

• AgrIcultural Impacts 

• SpecIfic Impacts to Argana forest and number of trees removed 

• Traffic 

• Post Closure 

3 6 LandfIll Construction 

361 Configuration - Due to the flat topograpghy, the proposed 20-year landfill 
configuratIOn, shown m FIgure 3 3, IS a square At the assumed 4 meter depth, used In the 
waste generatIOn data base, the apprOXImate area of each year IS shown on the plan The 
SIZe of each successive annual landfill cell mcreases due to the estimated 6% populatIOn 
mcrease m Oulad Tetma 

As shown on the site plan, the landfill mcludes a penmeter berm to contam the landfill and 
reduce the effects ofwmd The construction of the berm Will requrre apprOXImately 20,000 
m3 of SOll It IS proposed to constructed the north and east portlOns of the penmeter berm 
dunng the lrutlal phase of constructIon 
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The proposed mitIal construction, shown m FIgure 3 4 mcludes the 1,000 meter access 
road from hIghway 32, a permanent guard house, mternal access road from the guard 
house to the actIve landfill area and trutIal excavatIOn for the first three years of operatlOn 
The sou excavated from the 160 m x 50 m excavatIOn Will be approXlIDately 12,000 m3 

whtch will be used to construct the north and east portIOns of the penmeter berm 

362 Lift and Cell ConstructIon - Each phase of the landfill WIll be constructed With 
mUltIple layers of waste and cover matenal called lIfts A cell IS defined as a volume of 
waste to be landfilled Wlthm a penod of hme The dnnenslons of each cell and hft are a 
functIon of how the landfill IS operated and the eqUipment avauable for spreadmg and 
compactmg the waste Thts will be dtscussed m more detail m a later sectIOn of thts report 

3 6.3 Surface Water Control - Due to the flat topograpghy and low annual raInfall, 
control of surface water should not be a slgruficant problem Dunng the raIny season, 
December to Apnl, the operator should dig dramage ditches to prohIbit surface water from 
flowmg mto the active landfill cell Temporary mternal mflltratlOn basms may be reqUired 
m excavated PIts to control pondmg of ramwater 

3 7 DeSign and ConstructIOn Summary 

• The eXlstmg SIte IS an enVironmental threat requmng emergency actlOn 

• The proposed SIte IS the best of 4 sites whtch were evaluated 

• 10 28 hectares are reqUired for 20-year lIfe 

• SIte has excellent hydrogeolOgical features 

• Leachate and gas Will be IDlmmal due to low annual raInfall 

Imtlal ConstructIon 

• Construct 1,000 meter access road 

• Construct permanent guard house 

• Internal access roads 

• 50 m x 160 m Imtlal excavation 

• Construct north and east portions of penmeter berm 
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Imtlal ConstructIon 
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SECTION 4 - MANAGEMENT, STAFFING AND EQUIPMENT 

41 General 

Any work assocIated With the landfill reqUlres that there be effectIve management and staff 
to operate the facIhty m the correct and cost efficIent way The basIc role of management 
IS to proVIde dIrectIOn for mruVIduals who Will be drrectIy responsIble for performance of 
all day to day tasks at the landfill The project team beheves that a clear hne of 
responsIbility must eXIst to assure that all operatIOn of the landfill IS done m the manner 
recommended m thIs report and adopted by the Murucipahty 

4 2 Management Structure 

Management of the landfill WIll be proVIded by the Mumcipality of Oulad T ema We 
recommend that the same IndIVIdual responsIble for sohd waste t...olIectIOn be gIven 
responsIbility for the landfill SInce thIs WIll help to coordInate actIVItIes m both sohd waste 
management processes 

4 3 Staffing Levels 

An adequate number of people IS reqUIred to perform the tasks outlmed In thIs report As 
will be descnbed m greater detatllater m thIs report, we recommend a modlfied area 
method oflandfill operatIOn ThIs IS compatIble WIth Natlonal Gutdehnes and WIth the fact 
that finanCIal resources avatlable to operate the landfill are hffilted Through thIs approach, 
some operatrng tasks Will only have to be done penodically and full time staff or 
eqIDpment wtll not be necessary to perform them All of the work tasks requrred to 
effectIvely operate the landfill may be accomphshed usmg a combmation of full tlffie and 
temporary staff and mumcipal eqUIpment or eqUIpment from outSIde contractors 

4.3 1 Permanent Staff - The project team recommends that three full ttme people be 
employed at the landfill m Imtlal operatlons Once the collectIOn system becomes more 
effectIve and more waste reaches the landfill, addItIonal staffing may be requrred The 
permanent landfill staff WIll be responSIble for the follOWIng actIVItIes at the landfill 

• Controllrng traffic at the landfill and drrectmg trucks to the correct locatIOn for 
dumpmg 

• Recordmg all solId waste dehvenes 

• InspectIon of waste loads 

• Lumted SIte clean-up 

• Regular commumcatIOn WIth the MumclpalIty's solId waste manager concernmg 
condItIOns at the landfill and coordmatlOn WIth the collectIOn staff 

4.3.2 Part Tlme/Temporary Staff - The project team IS also recommendmg that 
temporary staffbe penodlcally used for tasks that do not have to be performed every day 
Generally, temporary staffing WIll be used to accomplIsh labor mtenslve tasks such as 
penodlc SIte clean-up 

4.3 3 Staff Trammg - Fundamental tralmng should be prOVIded to all staff mvolved m the 
operatIOn of the landfill ThIs tratmng wtll be mportant m assunng the health and safety of 
landfill staff and to estabhsh the lffiportance of effectIve operatIOns Dunng Imtlal 
operatIons where only three full tIme staff WIll work at the landfill, tratmng should be 
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proVIded on the followmg subjects 

• General waste charactenzatlOn 

• Estunatmg of sohd waste quantItIes dehvered 

• Health and safety 

• Waste placement 

• Waste load mspectlOn 

• Waste receIpt recordmg 

Given the hffilted scope of temporary staff actiVitIes at the landfill, we recommend that 
only basIc health and safety 1OstructIon be given to those 10dIVIduals who Will have any 
dIrect contact With sohd waste matenals 

4 4 Mechamzed EqUipment 

Penodically, mecharuzed eqUipment will be reqUired for operation, mamtenance and 
expanSIon tasks at the landfill Common mecharuzed eqUipment work tasks mclude the 
follOWing 

• Access road mamtenance and Improvement 

• Storm water diverslOn mamtenance and Improvement 

• Landfill area preparatlOn 

• Waste dIstnbutlOn and compactlOn 

• PenodiC cover excavatlOn, transport and applIcatlOn 

At a mtrumum, the mecharuzed eqUipment to be reqUired will mclude 

• 1 Bulldozer (CaterpIllar D-4 or eqUivalent) 

• 1 Dump Truck (mrrumum 8 cm3 capaCIty) 

• 1 Front-end Loader 

Through the procedures outhned 10 tills operatlOns plan, the mecharuzed eqUipment will 
only be reqUITed penodically The frequency at willch mechamzed eqUipment tasks are 
performed Will be based on the amount of waste collected and transported to the landfill 
lrutIally, the project teams recommends that the mechamzed eqUipment tasks be performed 
at I-month mtervals However, tills should be reViewed at the end of SIX months to 
determme If the tune between mechamzed eqUipment tasks should be mcreased or 
decreased The factors that should be evaluated 10 lookmg at the tasks frequency mcludes 

• The amount of waste collected and dehvered to the landfill, 

• The extent of vectors (flIes, etc) at the Site, 

• The dtfficulty m controllIng waste dumpmg locatIOns at the Site, 

• The extent of fires, and 

• Recychng actIVIty 

The actual amount of waste receIved Will also determtne the frequency at willch new 
landfill cells must be constructed 
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In the future, some dedIcated mecharuzed eqUIpment may be reqrured for the landfill as the 
amount of waste brought to the landfill mcreases However, m the mnnedlate future, we 
are recommendmg that mecharuzed eqUIpment from the muruclpalIty and/or a pnvate 
contractor be utilized for mecharuzed work tasks 

It IS our understandmg that the muruclpalIty has ItS own dump trucks and a front end 
loader whIch could be made avatlable for pen OdIC use at the landfill, subject to other 
responslbtllt1es 

Gtven the pen OdIC nature of the tasks reqrurmg mecharuzed equipment, pnvately 
contracted eqUIpment should be consIdered Through contracted servIces, mecharuzed 
eqrupment would only be hIred at the tIme that It IS requrred to complete mechantzed 
eqrupment tasks 
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SECTION 5 - OPERATIONS 

51 General 

Effective landfill operatIOns reqUIre a sufficient level of defirutIOn and detatl to meet 
acceptable operatIOn gUldehnes The procedures also need to be defined suffiCiently so that 
those responsible for the overall function of the landfill can morutor the tasks assIgned to 
other mdlVlduals or pnvate contractors 

Accordmg to the National GUldehnes, the Oulad Telma landfill should be operated as a 
Levell, Controlled Landfill A, or a Level 2, Controlled Landfill B The baSIC differences 
between the two classrficatIOns are the Level 2, Controlled Landfill B mcludes a truck 
scale and datly landfill cover Based on the relative small size of the Oulad Telma landfill, 
ann hmlted finanCIal resources, a scale and datly cover are beyond current re<)ources 
Therefore, the followmg operational procedures follow Levell, Controlled Landfill A 
requrrements of the NatIOnal Gutdelmes As future resources permtt, the landfill should be 
converted to a Level 2, Controlled landfill B classificatIOn, With apphcatIOn of dallY cover 

5 2 Operations Procedures 

The follOWing are recommended procedures for the lruttal operatIOn of the Oulad T elma 
landfill These are based on an attempt to achIeve reasonable operatmg and enVIronmental 
standards through the applIcatIOn of a rmrumum of finanCIal resources 

5 2 1 Landfill Area Preparation - Penodically, mecharuzed eqUIpment Will be used to 
prepare new landfill areas as deSignated m Figure 3 3 and 3 4 for waste receipt 
Preparation work Will conSIst of removrng surface vegetatIOn, SOll excavatIOn and general 
gradmg for truck access 

5 2 2 Site Access Control - SIte access should be controlled to prevent unauthonzed 
dumpmg, scavengmg and arumal feedmg However, as IS the case m many landfills m 
developmg countnes, the ablhty to control access may be lImited unless structures such as 
fencmg or natural bamers eXist to prevent access BUlldmg fences or other manmade 
bamers to control access IS costly and IS not recommended or requrred by the NatIOnal 
GutdelInes at thIs tIme If constructed as deSigned, the penmeter berm should be an 
effective control for truck access 

Truck access Will be controlled by proVldmg a full time landfill staff at all times that trucks 
are expected at the landfill All trucks must use the deSignated access road All other 
access pomts to the landfill must be blocked Trucks should only unload waste at 
locatIons deSIgnated by the landfill staff Uncontrolled truck access often leads to 
dumprng rn Improper locattons that may Impede effectIve operatIOns, reqUlrrng 
conSIderable clean-up effort or causrng envrronmental damage The hours of operatton of 
the landfill (defined as the hours that the full tIme staff works at the landfill) should be 
coordmated With the antiCipated tIme (hours per day, days per week) of collectIOn and 
delIvery of solId waste to the landfill 

5 2 3 Commencmg OperatIOns m New Landfill Areas - Waste placement m new 
landfill areas should begm With a back to front configuratIon Care must be taken to assure 
that the first matenal placed m the new area IS along and agamst the back boundary of the 
area furthest away from the access pomt so as to make effective use of the entire area 
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Once an area has been prepared and operatlOns are to begm, trucks WIll enter from the 
mternal access road and proceed to the dIscharge pomt where they are dIrected to dump 
Waste loads wIll be dumped m a row along the back boundary as close to the area 
penmeter as possIble As more loads are delIvered, progressIve rows will be accumulated 
along the preVIously placed rows As a result, the rows Will progress toward the mternal 
access road After sufficIent matenal has been accumulated, mecharuzed eqUipment will be 
used to spread the waste pdes, compact the matenal and cover the waste The IrutIal 
operatIons of the landfill are shown graphIcally and summanzed m FIgure 5 1, Lrft 1 
ConstructIon 

5 2 4 Waste ReceIpt and Placement - Waste will be placed only m 10catlOns deSIgnated 
by the landfill staff CollectIOn truck dnvers Will be dIrected to place each load as close as 
pOSSIble to allow for the maxImum number ofloads to be placed m each area ThIs Will 
help to decrease the frequency of penodic compactmg and covenng of the waste Once 
the entIre surface area of each area ha:; been covered and all matenal has been, compacted 
mto a cell and covered, the next area Will commence by repeatmg the same steps used m 
waste placement for the Irutial area 

Waste Will be placed Into each area of the landfill In two 2-meter hfts that Will accomplIsh 
the desIgn grade for each area As shown m FIgures 5 1 and 5 2, waste placement m each 
area will conSIst of two hfts 

5 2 5 Load Trackmg and Inspection - All trucks delIvenng waste to the landfill should 
be recorded by the landfill attendant to keep baSIC records of waste delIvery At a 
mtnlmum, the waste receIpt record should mclude the followmg mformatlOn 

• If publIc, truck number (lIcense plate, etc ) 

• MUruCIpalIty or sector of waste ongm 

• If pnvate, hauler name and truck number 

• TIme waste receIved 

• An estImate of the amount of waste delIvered m m3 

• Type of waste delIvered 

• Any unusual charactenstics or CIrcumstance assocIated With that partIcular load 

The mformatlon collected through the record Will be Important In overall landfill 
morutonng and planrung and may also aSSIst the MUruCIpalIty m determmmg the effiCIency 
and cost effectIveness of ItS collectlOn system In the future, more accurate InfOrmatlOn 
concermng waste delIvery may be reqUIred WhIle truck scales are often used m landfills 
to determme the exact quantIty of waste delIvered, tms IS not recommended for IrutIal 
operatIons at the Oulad Temta landfill because of the small sIZe of the landfill and the costs 
assocIated With mstallatlOn and operatlOn of a truck scale 

In addttIon to recordmg all trucks, a landfill attendant should also mspect all loads as the 
trucks are bemg emptIed to venfy that only matenals deSIgnated for landfillmg are 
reCeIved In partIcular, a landfill attendant should watch for large contamers that may 
contaIn hqUIds that could cause sigruficant groundwater or surface water pollutIon 

526 MechanIZed EqUIpment Procedures - Penodically, mecharuzed eqUIpment WIll be 
used to spread, compact and cover the waste that has been accumulated The mecharuzed 
eqUipment procedures are Illustrated In FIgures 5 1 and 5 2 whIch presents the general 
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STAGE 1 

STAGE 2 

L DUMP WASTE IN CLOSE PILES AT REAR OF ACTIVE LANDFILL AREA 
b PERMIT CONTROLLED RECYCLING OF MATERIALS. 
Co PROIfiBIT ANIMAL FEEDING 
d. EXTINGUISH ALL FIRES. 

~ -

a. AT PERIODIC INTERVALS PUSH AND COMPACT WASTE INTO A CELL 
b EXCAVATE COVER SOn. FROM ADJACENT AREA 
Co APPLY 30 em OF INTERMEDIATE COVER TO ALL WASTE SURFACES 

,--- 30 em INTERMEDIATE COVER 

STAGE 3 

a. REPEAT STAGE I, DUMP WASTE IN CLOSE Pll..ES 

COMPLETE LIFT 1 
a. ADD ADDmONAL SOu.. AND COMPACf AS NECESSARY 
b CONSTRUCT ACCESS ROAD TO SUPPORT PLACEMENT OF LIFT 2 

FIGURE 5.1 -z..1 
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sequence of accomphshmg the mecharuzed operatIons m each lIft m a landfill cell Dunng 
the mecharuzed eqUIpmeo.t work at the landfill, the followmg procedures are 
recommended 

• Mechamzed eqUIpment work at the landfill Will be coordmated With mumcipal 
eqUIpment and/or contracted With a pnvate contractor 

• A bulldozer WIll be used to push the accumulated plies of sohd waste mto a umform 
cell of waste 

• The bulldozer WIll compact the solId waste With a mImmum of 3 passes over the 
matenal after It has been spread 

• Once the waste has been compacted, an mtermemate cover layer of 30 cm of sad cover 
will be apphed All cover SOlI Will be excavated on-site m future landfill areas adjacent 
to the active area 

5 2 7 Cover ApplIcatIOn - Due to the lack of resources and eqUIpment, the project team 
IS not recommendmg the applIcatIOn of dally cover dunng the ImtIal operatIOn of the 
landfill The standard practice, as defined m the NatIOnal GUIdelmes, IS to proVIde three 
forms of waste cover, mcludmg dady, mtermedlate and final cover Generally, the 
applIcation of dally cover to sohd wastes can 

• Reduce htter, odors, vectors and other nUIsances 

• Reduce mfiltration of water and potential leachate generation 

• Mlmffilze fire danger 

• Improve the aesthetICS of the landfill, thereby Improvmg pubhc perceptIon of the 
operatIOn 

Intermediate cover IS normally apphed as landfill hfts are completed, to prOVIde tmproved 
storm water runoff, thereby reducmg the amount of leachate produced It IS also mtended 
to prOVIde a workmg area for trucks to bnng waste m the next hft of the landfill 

Fmal cover IS used once a landfill has been filled to capaCIty Generally, solls are used for 
final cover that will allow the growth of vegetatIOn that will stabdlZe the final landfill 
surface Fmal cover should be mstalled once mdIVldual areas WIthm the landfill have 
reached capacity 

Due to a lack of resources and equipment, dally cover may IS not feaSIble m the Imtlal 
operation of the Oulad Telma landfill It IS recommended that mtermedtate cover be placed 
on an accumulated hft of matenal after there are suffiCIent waste piles from dehvery 
velncles to JustrlY the use of mecharuzed eqUIpment to spread and compact the waste The 
lrutIaI penod IS recommended to be monthly After spreadmg the waste ptles, and forrmng 
a waste cell, 30 cm ofmtermedlate sod cover WIll be placed over the waste and 
compacted 

Tills mtermedlate cover Will serve the functIOns of both dally and mtermedlate cover as 
defined above 

Smce only penomc cover Will be apphed, the landfill will expenence some condItions that 
would otherWIse by ehmmated by dally cover For example, mcreased vectors and htter 
may result from the waste matenal that remams exposed between cover placement 
Procedures almed at controlhng vectors and other nUIsances are presented m Section 
5 2 lOAn mcreased number of vectors, such as flIes, should only be a problem at the v1 
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landfill site Itself Increased htter, however, may reqUire a greater effort to keep the landfill 
sIte clean The lack of druly cover may mcrease the potentIal for penodlc fires To the 
degree possIble, fires should be put out as they occur because of the dangerous effects of 
exposure to smoke from solId waste fires 

As discussed m SectlOn 3 72 - Leachate GeneratIon, the Oulad Telma landfill site WIll 
generally expenence more evapotransprrat1On than rrunfall ThIs WIll help to keep the 
amount of leachate generated to a mmlmum The penodlc covenng Will allow more tIme 
for mOIsture m the waste to evaporate, further reducmg the potentIal for leachate 
generat10n However, rrrespectIve of the amount of leachate generated, ItS effect should be 
mmtmal smce the SIte IS underlam With relatIvely unpermeable SlIt and clay SOlIs whIch 
should proVIde good attenuatlOn treatment to any leachate that IS produced 

Sou cover matenal may ongmate from a number of sources mcludmg 

• Sou.:-xcavated from an adjacent area of the landfill 

• Waste soIl, demoht1On or constructIon waste wruch IS brought to the landfill for 
dIsposal 

Dunng the first year of operatlOn, It IS estunated that the landfill WIll receIve 750 m3 of 
waste per month At an assumed hft depth of2 meters, 375 m2 of waste surface WIll 
reqUire covenng At a cover depth of 30 mm, the monthly volume of cover sOlI to be 
excavated and applIed IS approXimately 110m3 

5 2 8 Compactton - In mitIal operations, the project team IS recommendIng hmtted 
compact1On only at the tune that accumulated waste plIes are spread for cover appltcatlOn 
In large landfills, speclaltzed eqmpment IS often used solely for the purpose of compactlOn 
However, the project team does not belIeve that trus IS feaSible for the Oulad Tetma 
landfill A baSIC level of compactIon Will be proVIded dunng penodlc mecharuzed 
eqUipment operatlOns through a rmrumum of 3 passes by a D4 bulldozer at the tIme waste 
pues are spread and formed mto cells 

5 2 9 ScavengmglRecyclmg - Scavengmg for recycle matenals IS common practIce at 
most Moroccan waste SItes The removal of recycle matenals, mcludmg paper, plastic, 
metal, glass, wood or reusable Items IS benefiCial to landfill operatIon by reducmg the 
amount of waste to be landfilled Unfortunately, the removal of these Items from the 
landfill exposes the scavengers to mJury and dIsease Long term programs should be 
InItIated to encourage removal of these matenals at the source of generat10n or dunng 
collect1On and eventually ehrmnate all scavengmg at the landfill Assurmng that scavengmg 
at the landfill Will contmue m the foreseeable future, landfill attendants Will take all 
precautIOns to prevent harm to scavengers from haul vehtc1es, mecharuzed eqUIpment 
operatIOns and exposure to dangerous matenals such as medIcal waste The scavengers 
must cooperate With the landfill attendants so they Will not mterfere With necessary landfill 
operatlOns 

5210 NUIsance Control- The pnmary nUisance conditlOns assOCiated With landfill 
operatIons are disease vectors dust blOWing lttter and odor Procedures that will be used 
m controllmg each are as follows -

DIsease Vectors - Typical landfill vectors can Include bIrds, rodents and msects 
Through contact With waste matenals placed m the landfill, these can all transrmt 
dIsease Vectors mclude birds, Insects, and rodents, whtch are capable of carrymg a 
pathogeruc disease-causmg bactena, VIruS, fungus, or orgarusm from one host to 
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another Expenence has shown that daIly sOlI cover (20 nun mmimum) IS the best 
means for achIevmg vector control (TypICally, It IS also the best means for 
controllmg odor and blowmg htter) However, smce dally cover will not be apphed 
m the lDltlal operatlOfl. the landfill attendant should morutor the general level of 
landfill vectors to determme llvector control techruques must be Implemented As 
a result, vector control may become a factor m determmmg the frequency of 
mecharuzed eqUlpment operatlOns at the sIte or may ultImately lead to a concluslOn 
that datly cover IS reqUlred 

• Insects - Based on our observatlOns at the eXlstmg dumpmg area, we 
beheve that msects Will be the most problematIc vector However, the 
locatIon of the SIte should help to keep the vector problem Isolated to the 
landfill Fhes and mosqUItoes are two types of msects that are of concern at 
landfills, because they both spread dIseases and are nUlsances Fhes can 
spread many food-Dome dIseases by carrymg bactena from the waste 
matenals to food Adult flIes, eggs, and larvae, often amve at a landfill m 
the solId waste There they contmue to develop and/or reproduce smce they 
are supphed With food, water, and shelter, as a result of the phYSIcal 
condItIons of the sohd waste 

MosqUltoes breed m water or m very wet waste and can carry dIseases 
from many sources to human bemgs Effective control mcludes ehmmatmg 
areas where water IS found and effectIve use of cover sod 

• Rodents - Rodents can spread dIseases such as rabIes, rat bIte fever, typhus 
and plague They can damage a landfill by burrOWing through cover or even 
gnawmg hner matenal, bUlldmgs, electncal WIres and msulatlOn Rodent 
populatlOns can be mtroduced to a landfill by bemg brought to the SIte m 
waste loads or by rrugratmg to the landfill from surroundmg areas They 
will remaIn at the facility If there IS avatlable food, water and shelter 
Shelter areas for rodents can mclude structures, as well as salvage storage 
areas and the open spaces that can occur between bulky matenals A rodent 
mfestatlOn can be IdentIfied by lookmg for droppmgs, eVIdence of gnawmg, 
burrows, holes m butldmgs or berms, rodent runs, or by phYSICally 
observmg them m the landfill Normally, rodents are not VISIble dunng 
working hours as most of theIr actiVIty takes place at rught 

Dust - Dust at landfill SItes IS normally caused by vehIcular traffic At landfill SItes 
where an appropnate source of water IS present, water IS often used to suppress 
dust along access roads and other areas where vehtcular traffic IS antiCIpated A 
truck or trader mounted tank can be used to wet down roads to keep dust levels 
down 

Litter - All wmdblown or dropped litter from waste delivery or waste plies m the 
landfill cells should be penodlcally collected and placed m the landfill cell Lttter 
should be penodtcally collected by the permanent or temporary staff on a regular 
basts Smce waste loads are to remaIn uncovered for extended penods, an effort 
should be made to collect htter at least weekly at the landfill and along the access 
road leadtng to It Thts IS Important for a number of reasons mcludmg 

• The murucipahty IS attemptmg to demonstrate that an effectIvely operated 
landfill IS Important m enVIronmentally sound sohd waste management 
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Uncontrolled htter defeats the purpose of tlus demonstratlOn 

• Staff attItudes concermng the envrronmental control aspects of the landfill 
WIll be enhanced by recogruzmg the Importance of a clean SIte 

• Uncontrolled lItter can proVlde breedmg areas for vectors away from the 
landfill cells 

Dependmg on the number of trucks that go to the landfill and the time reqUIre to 
dIrect them, the landfill attendant should work toward controllmg htter m the 
VlCIruty of the actIve dumpmg area Thts WIll help to prevent the accumulation of 
matenal and reduce the amount that WIll have to be penodIcally collected by 
temporary staff 

Litter control can be Improved by plantmg trees or cactus around the landfill m the 
dlrectlOn of the predorrunant WInd 

6 2 11 Medical Waste - At the present tIme medical waste IS not separated from general 
waste Staff at the landfill should receive tratrung on recogruzmg medical waste and aVOId 
any contact Scavengers should be prohtbited from recychng any medIcal waste Item, 
mc1udmg "IV' bottles whtch IS now a common practIce The NatlOnal GUIdehnes have 
devoted a separate volume to medIcal waste Thts volume presents medIcal waste 
defirutIOns, standards and an ImplementatlOn strategy If the strategy IS Implemented, the 
first component WIll be the separatlOn of mfectlous medical waste mto color coded or 
othefWlse marked contamers or bags, and separate collectIOn systems Dependmg on other 
dISpOSal alternatIves, the landfill should estabhsh a separate dIsposal area for medical waste 
whtch should be covered dally Future disposal optIOns should mclude an mcmerator at the 
hospital or landfill 

6 2 12 Ammal Feedmg - Sohd waste collected m Oulad Telma has a relatively htgh 
orgaruc content consIstmg pnmanly of food waste and vegetable tnmmmgs LIke most 
dumpmg areas m Morocco, the dumpmg site m Oulad Telffia IS used to feed a vanety of 
anlffials mcludmg goats, sheep and cattle Although thts practice proVldes a free source of 
food for the arumals, It also subjects them to harmful Items m the waste mcludIng 
mfectIOUS diseases These dIseases can be passed onto the reSidents of the area through 
direct contact WIth the arumals or through meat or milk from mfected arumals Another 
common hazard WIth arumal feedmg IS plastlc bags whtch are often eaten by goats and 
sheep In some mstances, the plastiC bUIlds up m the antmals stomach causmg death 

General arumal feedmg at the landfill should be prohtblted In addltlOn to the above 
hazards, the ammals Will cause many problems m the general area whtch mcludes many un
fenced vegetable farms 

The rrnmstry of agnculture collects food waste from the large wholesale market for use as 
anlffial feed This food waste IS not ffilxed WIth general domestIc waste and potentIal 
feedmg hazards are ffilmmal Thts practIce IS acceptable and should be expanded as an 
alternatIve to arumal feedmg at the new landfill 
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General arumal feedmg at the landfill should be prohtblted In addltlOn to the above 
hazards, the ammals Will cause many problems m the general area whtch mcludes many un
fenced vegetable farms 

The rrnmstry of agnculture collects food waste from the large wholesale market for use as 
anlffial feed This food waste IS not ffilxed WIth general domestIc waste and potentIal 
feedmg hazards are ffilmmal Thts practIce IS acceptable and should be expanded as an 
alternatIve to arumal feedmg at the new landfill 



Landfill Development and Operation In Oulad Telma Page 26 

SECTION 6 - MAINTENANCE 

61 General 

EffectIve operatIons can only be sustamed If there IS effective mamtenance of the systems 
and structures reqUIred for operatIons Mamtenance procedures must mc1ude all equIpment 
and structures whose functIon IS Important m the long term operatlOn of the landfill Thts 
will certamly mc1ude any mecharuzed eqUipment but Will also mc1ude fixed landfill sIte 
structures such as the completed landfill areas, dramage ditches/berms and access roads 

There are two c1assmcatIons of mamtenance used m the care of the above structures and 
eqUIpment These mc1ude 

• Repair Mamtenance - In this form of mamtenance, eqUIpment or structures are 
reparred when they breakdown or do not functlOn as antICIpated In some cases, repaIr 
mamtenance must occur ImmedIately smce an operatmg functIon cannot be 
accomphshed Without the completlOn of the reprur In some cases, the nature of the 
requITed reprur can allow the reprur to be deferred to a more converuent time Some 
care, however, must be taken to assure that deferred mamtenance does not lead to a 
more sigruficant breakdowns that reqUires more time and money to fix 

• Preventative Mamtenance - In this form of mruntenance, work IS done on the 
structures or eqUipment to try to keep breakdowns from occurrmg In the case of 
mecharuzed eqUipment, preventative mruntenance needs to be suffiCIent to assure that 
the eqUIpment Will be effectIve for the longest possIble trrne 

Generally, manufacturers of mecharuzed eqUipment speCIfy a nummum level of 
mruntenance that, through theIr expenence, Will glVe the most effectIve use of the 
eqUIpment over the longest tIme At a mtrumum, such recomrnendatlOns should be used as 
a baSIS for preventatIve mruntenance work done on any specmc Item of mechamzed 
eqUIpment Expenence has shown that a lack of effectIve preventative mamtenance often 
leads to an mcreased level of repaIrs and decrease hfe expectancy This can have a major 
rrnpact on the cost assocIated With operatmg mecharuzed eqUIpment through mcreased 
repaIr costs and premature replacement of the eqUipment so as to mamtam ItS function It 
IS Important to note that effectIve preventatIve mruntenance also mcludes the SImple tasks 
of makIng mspectIons to venfy that condItions eXist for contInued optrrnum performance 
EffectIve datly operatlOn of mecharuzed eqUIpment, for example, normally begms WIth an 
mspectlOn of the eqUipment and a check of operatmg flUIds and other cntIcal factors for 
the operatlOn of the eqUipment Regular preventatIve mamtenance mspectIOns can mclude 
mecharuzed equtpment as well as fixed structures such as drrunage dIverSIOn dItches and 
berms 

6 2 Mamtenance Procedures 

The project team recommends the follOWing mtmmum mamtenance requIrements for the 
landfill 

6 2 1 Access Road Mamtenance - The SIte access road must be mruntamed so that there 
IS a mttumum of dIsruptIon m gettmg waste to the landfill If the landfill access road 
becomes dIfficult to use, waste Will be depOSIted m other areas away from the landfill SIte 
that are perceIved to be more convement 
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The level of mamtenance reqUlred for the access road WIll be a functIOn of the natural and 
man-made factors that can damage surface condItIOn of the road For example, traffic or 
wet weather may requrre penodlc gradtng of the roadway usmg a bulldozer or grader At a 
rrurumum, the project team recommends annual mamtenance of any area where conditIons 
could disrupt the travel of trucks to and from the landfill site The landfill manager should 
reVlew such locatIOns to determme the actual frequency at whIch access road mamtenance 
tasks must be performed At a mtrumum, folloWIng tasks should be used m access road 
mamtenance 

• Penodic gradmg usmg the bulldozer proVided for the landfill cover operation If 
requrred, tills may be hffilted to those areas needtng the greatest amount of work 

• Fdhng m any major holes that develop m the road ThIs may be done by mecharuzed 
eqUlpment when on SIte, temporary staff when aVaIlable or by the landfill attendant for 
those areas near the actIve landfill cell 

• MamtaInmg the functIOn of storm water ditches and culverts to prevent excessIve road 
floodmg or detenoratIOn This may reqUlre penodlcally clearung out the sod and sohd 
waste matenals that can accumulate 

The benefits that WIll be reahzed from effectIvely mamtammg the landfill access road 
mclude 

• Easy access to the landfill wtll prevent waste depOSit m other more convement 
locatIOns where there IS greater potentIal for envrronmental and pubhc harm 

• A well mamtamed access road wdl decrease the wear and tear on the vehIcles that 
must travel to the landfill As a result, vehIcle mamtenance cost will be decreased 

6 2 2 Site Maintenance - There are a number of mamtenance tasks that should be 
regularly performed by landfill staff At a ffilmmum, these mclude the follOWIng 

• Monthly, mspect all dramage diverSIOn dItches and berms to venfy that water cannot 
flow mto an active or completed waste cell 

• Weekly, collect all debns from areas outSide of the landfill cells and place thts matenal 
m the actIve disposal area The landfill attendant should be mstructed to keep the area 
near the landfill cells as clean as pOSSible 

• Annually, clean out all draInage diverSIOn ditches of any accumulated sediment to 
renew ItS dramage performance The frequency ofthts work may mcrease tfthe 
accumulatton of matenals m the dramage diverSIon dItches warrants It 

6 2 3 Site Clean-up - At a nummum, general SIte cleanup should occur on a weekly baSIS 
To the degree pOSSIble, the landfill's permanent staff should collect lItter at the tune that It 
occurs Thts wtll dlffilmsh the amount ofhtter that will need to be collected weekly 

6.2 4 EqUipment Mamtenance - In latter phases of the landfill development and 
operation, dedicated eqUlpment may become avatlable Iflandfill staff becomes responSible 
for that eqUlpment, an effective mamtenance program should be mcorporated mto the 
landfill's operatmg procedures Ifnew eqUlpment becomes avatlable, the mamtenance 
procedures should, at a rrurumum, conform to the program recommended by the 
manufacturer of the eqUlpment SpeCific asSIgnments should be made to assure that one 
mdlVldualls responSIble for perfofffilng all datly and penodlc tasks required m the 
preventattve maIntenance program 
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The use of used eqUlpment m the future does not dUlllIllSh the need for effectIve 
mamtenance If anythIng, there IS a greater need for effectIve maIntenance molder 
eqUlpment SInce parts are more apt to wear out faster In some cases, used eqUIpment IS 
not accomparued With any documentation presentIng the manufacturers recommendatton 
for mamtenance procedures However, Information can usually be obtamed from the 
manufacturers At the very least, a program can be estabhshed based on SImIlar eqUIpment 
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SECTION 7 - HEALTH AND SAFETY 

71 General 

Landfill workers are exposed to many potent1ally dangerous matenals and sltuatlOns as 
they supefV1se and drrect the dISpOSal of waste Landfill staff must be properly tramed and 
eqUIpped to safeguard themselves from the dangerous propertIes of the waste matenals 
placed m the landfill Uruversally, the most common baSIS for health and safety procedures 
IS to nunuruze the contact between the waste and the people whose health could be 
affected by contact This IS partIcularly the case for dangerous matenals such as medIcal or 
toXIC wastes 

In Morocco, where enVlronmental management IS Just evolvrng, all of the dIfferent forms 
of solId waste are apt to be receIved at the landfill This remforces the need for effecttve 
health and safety control at the landfill Ultlmately, laws and regulatlOns may eXIst m 
Morocco, as mother countnes, where partIcularly hazardous matenals are separated from 
the normal waste stream and dIsposed of m a more appropnate manner than stmply 
mcorporatmg It mto the waste gomg to the murucipallandfill However, m the near term 
future, the health and safety approach for the Oulad Tetma landfill must assume that all 
forms of tOXIC sohd waste are mc1uded m the sohd waste receIved at the landfill The 
landfill staff should be tramed to 1dentITy the vanous types of sohd waste that wtll be 
brought to the landfill so that they are cautIOUS when workmg around partIcularly 
dangerous matenals 

72 Health and Safety Plan 

The health and safety of landfill staff and others (waste dehvery vehicle dnvers, eqUIpment 
operators, scavengers) at the SIte can be affected by a number offactors, mcludmg 

• Vehicular OperatlOns 

• Exposure to waste matenals partIcularly dangerous matenals such as med1cal and tOXIC 
waste, etc 

• Exposure to rur emtSSIons from tOXIC wastes or fires at the landfill 

The followmg are baSIC health and safety procedures that are recommended to be adopted 
at the landfill to control the nsks assoc1ated With health and safety hazards 

72.1 Personnel ProtectIve Clothmg - Personnel protectIve c10thmg should be proVlded 
to the landfill staff At a mtrumum, this should mc1ude 

• High VlSIbIlIty vests for workmg around mobIle eqUlpment, 

• Leather work gloves, 

• Rubber boots 

Any temporary landfill staff who Will come mto contact With waste matenals by collectmg 
htter should be temporanly Issued leather work gloves and rubber boots for the penod of 
trrne that they work at the landfill 

The followmg work rules should apply to personal protectIve clothmg 

The landfill manager should be responsIble for mruntrunmg an mventory of personal 
protectlve clothmg so that 1t IS avatlable for permanent and temporary landfill staff 
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Permanent or temporary staff reqUired to handle any waste matenals Will be reqUired 
to use leather work gloves and rubber boots when handlmg or workmg around waste 
matenals Tlus Will mclude landfill area operatlOns as well as sIte htter clean-up 

The use of tlus personal protectIve clothmg should be made a prerequIsIte for work at 
the landfill and all staff who are Issued equIpment should be responsIble for ItS care 
wlule they have It (personal protecTIve clotlung Will wear out m tlffie As a result, 
leather work gloves may have to be Issued to the landfill full tlffie staff every SIX 
months Replacement rubber boots may need to be Issued once a year Temporary staff 
requrred to handle sohd waste matenals will be Issued gloves and boots that WIll be 
collected and stored upon the completlOn of therr work at the landfill 

All staff requrred to work around velucles dehvenng waste to the landfill or around 
mecharuzed eqUipment mvolved m waste spreadmg, compactIOn and cover should be 
requrred to wear lugh VISIbility safety vests to rud m preventmg veillcle/pedestnan 
accIdents 

722 Health Exposure Control- Long term exposure to certam elements of the waste 
can be harmful to the health of operatmg personnel As a result, landfill operatlOns should 
be orgaruzed so that there IS a ffilillmum of exposure and contact to waste matenals 
Personnel who must work m proXlffilty to the waste matenal placed m the landfill should 
be tramed as to the partIcular hazards of certam types of waste At a trurumum tills should 
mclude 

• Exposure to vanous forms of medIcal waste 

• Contamers With bqUlds 

• POSSlblhty of harm and mfectlOn from sharp objects 

• Long term danger from exposure to smoke from burrung waste 

To the degree poss~ble, fires should be preven.ted at tl)e landfill Exposure to sfIlolce-from 
landfill fires can have a damagmg affect to the staff exposed to It and to other people away 
from the landfill who are exposed to It If a fire does occur, an attempt should be made to 
put the fire out usmg soIl cover or water, If It IS avatlable However, tlus attempt should 
only be made where there IS no drrect danger to the personnel attemptmg to put out the 
fire 

The overall pnnciple of operatIons should be to prevent exposure and contact With sohd 
waste placed m the landfill Where contact cannot be aVOIded (SIte clean-up, etc) personal 
protectIve clothmg should be used 

7 2 3 EqUipment Safety - The landfill manager should work to make sure that all site 
staff (permanent and temporary) are aware of the dangers associated With workmg around 
the eqUIpment The landfill manager should also be responsible for makmg sure that all 
eqUipment operators operate their eqUipment m a manner that does not endanger other 
people (landfill staff, scavengers, etc) at the sIte 
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SECTION 8 - MONITORING 

81 General 

One of the keys to sustaInable effectIve operatIOns IS performance morutonng The 
folloWIng nnrumum morutonng program IS recommended for the landfill 

8 2 Environmental Control 

Page 31 

The landfill IS mtended to perform an Important envrronmental functIOn m the MUruClpaltty 
of Oulad Tetma The SImple fact of gettmg the waste to the landfill accompltshes an 
Important part of that functIOn However, the deslgn and operation of the landfill must 
attempt to control the envrronmental effects of the matenal after It IS placed m the landfill 
Often, landfill enVIronmental mOf\Jtonng Includes the placement and sampltng of 
groundwater morutonng wells to determIne that the landfill IS not damagmg groundwater 
In addItiOn, surface water accumulattons are also tested to venfy that surface water IS not 
bemg contammated through contact Wlth waste matenals 

83 Vector MOnltonng 

The use of pen odic IntermedIate cover rather than dally cover may penrut vectors such as 
Insects and rodents to Increase above acceptable levels These vectors should be momtored 
datly to determme IT preventIve actIOn IS requITed More frequent covenng, espeCIally 
dunng the wet season, may be necessary to control these vectors 

84 Operations/Perfonnance MOnitOring 

The ttme for developmg cells and performmg mecharuzed eqUlpment tasks Will be a 
functIOn of how much waste IS actually receIved at the landfill Whlle the overall goal of 
sohd waste management m Oulad Telma should be the deltvery of as much waste as 
pOSSIble to the landfill, there are Issues (costs of collection, etc) that may keep waste from 
reachIng the landfill 

Close morutonng of the pace of receIpt Will deternnne the pace at which certatn actIVIties 
are undertaken For example, the frequency at wruch deposIted pIles ofmatenal are 
spread, compacted and covered will, more than ltkely, be based on how much waste needs 
to be covered Trus can be deternnned by summanzmg waste dehvenes by the day, week, 
month and year A yearly plot of waste dehvenes (TPD) WIllldenttfy trends In waste 
dehvenes that Will effect future operatIOns 

8 5 Site Operations 

Performance morutonng for tasks at the landfill IS SImply a conSCIOUS effort by the person 
responsIble for the landfill to regularly VISIt the landfill and make sure that tasks are bemg 
performed In the manner reqUlred It has been the project team's expenence that close 
morutonng In the form of a druly VISIt to the landfill by the person responsIble for ItS 
operatIOn IS Important In assunng that reasonable condItIOns and performance are 
matntatned 
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SECTION 9 - COST ESTIMATES 

It has been recogruzed that there are IUlrumal resources avadable to budd and operate the 
new landfill m Oulad Teuna The followmg cost estImates assume mmunallevels of effort 
to attam a reasonable level of operatIon In addltlOn to IUlrumal costs, optlOnal costs are 
presented m the event that addItIonal resources are obtamed 

Emergency ActIons 

Close EXlstmg Dump SIte. 

1 1 LoaderlBulldozer @ 3,000 dh/day = 
2 

3 

3 Dump trucks @ 2,000 ea per day = 

10 Laborers @ 150 dh/day = 
Subtotal = 

3,000 dh/ day 

6,000 dh/day 

1,500 dh/day 

10,500 dh/day 

10,000 db 

TOTAL ESTIMATE@ 10 days 105,000 db 

Mmlmal Landfill Capital Costs 

1 Access Road 1,000 meters @ 750 dh/m = 750,000 dh 

2 Guard House = 10,000 

3 lrutlal ExcavatlOn and Berm ConstructIon 

10 days @ 8,000 per day = 80,000 

4 Tools, protectIve c1othmg, supphes = 2,000 

Subtotal MIDImal Capital Costs 

Recommended OptIonal CapItal Costs 

1 Utdltles, (telephone & electnclty) = 
2 Office and todet facilitIes = 

TOTAL LANDFILL CAPITAL COSTS 

Operatmg Costs 

1 Staff 1 SIte SupefVlsor @ 36,000 dh/yr = 

= 

40,000 dh 

20,000 

36,000 dh/yr 

48,000 dhfyr 

842,000 db 

902,000 db 

2 Laborers @ 24,000 dh/yr 

Subtotal Staff 84,000 dh/yr 

2 Mecharuzed EqUlpment (pnvate Contract) 

1 Bulldozer @ 3,000 dh/day 

1 dump truck @ 2,000 dh/day 

4 Part ttme Staff@ 150 dh/day 

= 

= 

= 

3,000 dh/day 

2,000 dhf day 

600 dh/day 

Subtotal = 5,600 dh/day 

Subtotal EqUlpment @24 dayslyr 134,400 dh/yr 

TOTAL OPERATING BUDGET 218,400 db/yr 
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SECTION 10 -IMPLEMENTATION PLAN 

101 General 

The eXisting waste dumping sIte In Oulad Telma must be closed as soon as posslble to end 
the continued contammatIOn of the lower Sous RIver valley This WIll requrre the 
constructIon and lmplementatIOn of a new controlled landfill as soon as posslble The 
follOWIng tmplementatIOn plan IS recommended 

102 Emergency Actions 

Pnor to consldenng the new landfill SIte, several emergency actIons are necessary to 
reduce the senous enVlfonmental threat to the Sous RIver Valley They Include the 
followmg 

• Immediately termInate dumping of waste In the actlve nver channel 

• Improve the prevlOUS access road to the north bank dumping area of the nver 

• Prepare and supemse a dumping area on the north bank of the nver away 
from the actlve nver channel 

• ProhIblt dumping of mllk waste at the eXlstmg dump slte 

103 New Controlled Landfill 

The follOWIng steps are necessary to begm constructIOn and operatIOn of the new 
controlled landfill 

Construction 

• Obtain all permtts and authonzatIOns from governmental officlals to secure 
the slte and begm constructlOn 

• Complete the EnVIronmental Impact Assessment 

• Negotlate and execute an agreement between Oulad Tetma and Guerdane for 
shanng capItal and operating costs 

• Prepare tender documents for the constructIOn of the access road, guard house 
and Imtlal excavatlonlberm constructIon 

• Construct the landfill 

Operation 

• Tram the landfill attendant as to the procedures requrred to operate the landfill 

• Instruct all collectlon staff that they are to follow the drrectIOn of the landfill 
attendant In waste placement 

• Find and secure the source of mecharuzed eqUIpment to be used for penodic 

• 

tasks at the landfill -

Htre or asslgn temporary staff for performance of temporary staff tasks as 
outhned m thIs report 
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10 4 Fmanclal 

The muruclpahty of Oulad Telma has an eXIstmg budget Item for 600,000 dh to construct a 
closure, or wall around the new proposed landfill GIven the remote nature of the landfill 
site thIs wallis not necessary The wall will be of no benefit If there IS no access road to 
the new landfill It IS recommended that this amount be used to bUlld the access road and 
lrutlal excavatton In addltlon to the eXIstmg 600,000 dh budget, lDltlal diSCUSSions With 
Guerdane mdlcate that they Will contnbute an addItional 100,000 dh for landfill 
constructIon ThIs Wl11 bnng the total eXIstmg avaIlable funds to 700,000 dh Unfortunately 
the estImate for mtrumal constructIon costs and closure of the eXIstmg dump site IS 
957,000, leaVIng an estimate 257,000 dh which must be obtamed from other sources 
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Waste Generation Database 
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MUNICIPALITY OULADTEIMA GUERDANE 
POPULATION (1998) 57000 6500 
WASTE GENERATION (KGICAPIOAy) 05 05 
ANNUAL POPULATION INCREASE (%) 60% 2% 
WASTE DENSITY LOOSE (KGIM) 350 350 
WASTE DENSITY IN COMPACTORS (KG/M) 500 500 
LANDFILL DENSITY (KGIM) 800 800 
COVER SOIL (%) 10% 10% 

YEAR OULAD OULAD OUlAD OULAD GUERD GUERD GUERD GUERD TOTAL WASTE DAlLY ANNUAL ANNUAL TOTAL CUMULATIVE LFAREA LANDFILL 
POP WASTE PERCENT WASTE POP WASTE PERCENT WASTE WASTE COLLECT LANDFILL LANDFILL COVER LANDFILL LANDFILL @4METER AREA 

GEN COLLECT COLLECT GEN COLLECT COLLECT COLLECT (TfYR) VOLUME VOLUME VOLUME VOLUME VOlUME DEPTH (ha) 
(TPD) (%) (TPO) (TPD) (%) (TPO) (TPD) (MIOAy) (MfYR) (MfYR) (MlYR) (MlYR) (METERS) 

1 1998 57000 29 60% 17 6500 33 80% 26 20 7191 25 8988 899 9867 9867 2472 025 1 YR 
2 1999 60420 30 61% 18 6630 33 81% 27 21 7706 26 9633 963 10596 20483 5121 051 
3 2000 64045 32 62% 20 6763 34 82% 28 23 8259 28 10323 1032 11356 31839 7900 080 
4 2001 67886 34 63% 21 6898 34 83% 29 24 8850 30 11063 1106 12169 44008 11002 110 
5 2002 71961 36 64% 23 7036 35 64% 30 26 9484 32 11855 1165 13040 57048 14262 143 5YR 
6 2003 76279 38 65% 25 7117 36 85% 31 28 10 162 35 12702 1,270 13973 71021 17 755 178 
7 2004 80856 40 66% 27 7320 37 86% 31 30 10868 37 13610 1361 14971 65991 21488 215 
8 2005 85707 43 67% 28 7466 37 87% 32 32 11665 40 14582 1458 16040 102031 25508 255 
9 2006 90849 45 68% 31 7618 38 88% 34 34 12497 43 15622 1562 17184 119215 29804 298 

10 2007 96300 48 69% 33 7768 39 89% 35 37 13388 46 16735 1674 18409 137624 34406 344 10YR 
11 2008 102 078 51 70% 38 7923 40 90% 36 39 14342 49 17927 1793 19720 157344 39336 393 
12 2009 108203 54 71% 38 8082 40 91% 37 42 15363 53 19203 1920 21124 178468 44617 446 
13 2010 114695 57 72% 41 8244 41 92% 38 45 16455 56 20569 2057 22626 201094 50273 503 
14 2011 121577 61 73% 44 8408 42 93% 39 48 17624 60 22030 2,203 24233 225327 56332 563 
15 2012 128872 64 74% 48 8577 43 94% 40 52 18875 65 23594 2359 25954 251281 62820 628 15YR 
16 2013 136604 68 75% 51 8748 44 95% 42 55 20214 69 25268 2527 27795 279075 69769 698 
17 2014 144800 72 76% 55 8923 45 96% 43 59 21647 74 27059 2706 29765 308840 77210 772 
18 2015 153488 71 77% 59 9102 46 97% 44 64 23180 79 28975 2898 31873 340713 85178 852 
19 2016 162 697 81 78% 63 9284 46 98% 45 68 24820 85 31025 3103 34128 374841 93710 937 
20 2017 172459 88 79% 68 9469 47 99% 47 73 26575 91 33219 3322 36541 411382 102845 1028 20YR 

) 
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