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PREFACE v
 PREFACE
 The Environmental Protection Agency was established in 1993. The functions of the Agency are set down in theEnvironmental Protection Agency Act 1992. They include the licensing and regulation of significant industrialactivities, the monitoring of the quality of the environment, the provision of support to local authorities in respectof environmental protection activities and the promotion of environmental research. These powers weresupplemented in 1996 with the passing of the Waste Management Act. The latter makes the Agency responsiblefor the licensing and control of the majority of Ireland’s waste management infrastructure.
 Under Section 62 of the 1992 Act the Agency is required to specify and publish criteria and procedures for theselection, management, operation and termination of use of landfill sites. These criteria and procedures are beingpublished in a number of manuals under the general heading of “Landfill Manuals”. Two manuals have alreadybeen published: Investigations for Landfills and Landfill Monitoring.
 The purpose of this manual is to provide guidance on operational practices on landfill sites. It is aimed at operatorsof new and existing landfills involved in the acceptance of biodegradable wastes. The guidance is intended toensure that site operations will, in the future, be conducted to a satisfactory standard, with an associatedminimisation of the impacts of such sites on human health and the environment. The Waste Management Act 1996will have a significant impact on the manner by which landfills will be developed, managed, monitored andsubjected to aftercare procedures. This manual also is intended to assist operators meet the standard required by waste licences. Improvements are needed for environmental and public healthreasons, but also to provide reassurance that waste management can be undertaken in a competent andprofessional manner.
 It is envisaged that further manuals will be available in due course and, at the time of writing, manuals on landfillsite selection and waste acceptance are in preparation. Given that this Operational Practices Manual is one of aseries, it is important that this manual is read in conjunction with the other published documents.
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1 INTRODUCTION 1
 1.1 EU AND NATIONAL POLICY
 A comprehensive waste management frameworkfor Ireland is being developed by the Departmentof the Environment, in conjunction with theAgency and local authorities. This frameworkincludes policy, legislation, infrastructure andother management measures. The WasteManagement Section (Section 9) of theOperational Programme for EnvironmentalServices 1994-1999 states that particular emphasiswill be placed on waste management planning,arrangements for waste disposal and recoveryfacilities and associated services.
 These developments parallel initiatives at EU level.The objectives of EU policy on waste managementcan be summarised by programmes aimed at:
 • the prevention of waste;
 • reducing the quantity of non-recoverablewaste;
 • recycling and re-using waste to the maximumextent for raw material and energy; and
 • disposing safely of any remaining wasteswhich cannot be recovered.
 The means by which these objectives are to bepursued are set out in the EU Fifth EnvironmentalAction Programme “Towards Sustainability”. Underthe Programme, particular attention is to be given tothe prevention of waste, the use of cleantechnologies, the encouragement of re-use andrecycling, the provision of facilities for recycling andthe development of infrastructure for the safedisposal of waste. In recent years the EU has adopteda Waste Strategy and a revised Directive on Waste. ADirective on Packaging and Packaging of Waste(94/62/EEC) also has been adopted. The standardsand requirements set out in the national regulationsimplementing these Directives will have a directbearing on the approaches taken to waste prevention,reduction and secure ultimate disposal.
 A proposal for a Directive on the Landfilling of Wasteis at present under negotiation, although an earlierversion was rejected by the European Parliament.That version of the Directive had passed through aconsiderable number of drafts, each containingvarying degrees of detail required to be imposed bythe Directive on Member States. If agreed byMember States and implemented, the Directive’sprimary purpose will be to upgrade EU landfills to a
 satisfactory standard by setting down requirementsaimed at the reduction of adverse environmentalimpacts of landfill and risks to human health.
 The Waste Management Act 1996 designates theAgency as the licensing authority for significantwaste management facilities. This will include alllandfills taking significant quantities ofbiodegradable wastes. The Act sets down criteriawhich must be adhered to for a waste licence to beissued and retained. Overall, it is expected that theserequirements will stimulate an already observabletrend towards large engineered sites. Many existinglandfills in Ireland will require upgrading to meethigher standards.
 1.2 THE ROLE OF LANDFILL
 In Ireland, landfill is the primary method for thedisposal of household, commercial and industrialwastes, accepting a total of at least two milliontonnes of waste per year. The extensive use oflandfill is likely to continue in the future, despiteconsiderable efforts in the direction of recyclingand waste minimisation. Currently, approximately92% of household and commercial waste inIreland is disposed of to landfill sites. Even whenthe current target of 20% recycling of householdand commercial waste is achieved, it is likely thatmuch of the remaining 80% will pass to landfill.Within this context, it should also be noted that, inthe past decade, the quantity of waste delivered tolocal authority landfills has increased on anannual basis.
 Whilst there are other non-landfill disposal optionsavailable, it is unlikely that their adoption over thenext ten years will displace landfill as the majordisposal route for Ireland’s wastes. Althoughincineration remains a possibility, this technology issubject to significant constraints. Other options, suchas composting and waste derived fuel manufacture,may have a role at diverting wastes away fromlandfill sites. But in the short to medium term landfillwill continue to contribute significantly towards thedisposal of waste.
 In the past, landfill sites were rarely engineered tocontainment status. The absence of environmentalmonitoring programmes at many older sites meantthat the impact of the landfill on the surroundingenvironment could not be assessed in advance ofproblems developing. When badly managed, thelandfilling of waste can have significantenvironmental impacts. Often problems associated
 1. INTRODUCTION
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2 LANDFILL OPERATIONAL PRACTICES
 with poor standards may have long term, inter-generational effects. They include possiblecontamination of the groundwater and surface waterregimes and the uncontrolled migration of landfillgas. Shorter term impacts include the generation ofodour, noise, litter and visual nuisance.
 Over the past decade, standards and practices atlandfills have been subject to a slow, but steady,improvement. An example is the role of liningtechnology. In addition, it is now generallyacknowledged that landfill construction andoperation is a significant and demanding sub-discipline of civil engineering. The use of landfill asa source of energy also has been actively pursued ata number of existing sites.
 It is important therefore that landfills are located,designed, operated and monitored to ensure that theydo not, to any significant extent:
 • harm the environment;
 • endanger human health;
 • create an unacceptable risk to water, soil,atmosphere, plants or animals;
 • create unacceptable nuisances through noise or odours; and
 • adversely affect the countryside or places ofspecial interest.
 Experience with the more modern landfills in thecountry, and also elsewhere in Europe, indicates thatwell managed and adequately resourced landfill sitescan attain these criteria on a long term basis.
 1.3 THE OPERATIONAL PRACTICESMANUAL
 The objective of this manual is to contribute to theimproved management of existing biodegradablelandfill sites, whilst providing guidance on how newsites are to be operated. The manual should thus beseen as contributing to the process of improvingnational landfill standards which will accelerate withthe implementation of the Waste Management Act. Itsets down the basic requirements for effective day-to-day operations, covering such matters as wasteemplacement, cover, cell design, site management,leachate and gas control. However, effective sitemanagement cannot be based solely on howoperations on a landfill site are conducted. It isequally important that the interface between the siteand its neighbours is considered carefully. Asimportant as it is to improve the physical operations
 on a site, it is equally important to address the contextwithin which a landfill operates, especially thenegative public perception of landfill as a wastedisposal concept. This is crucial both to those personsliving or working in proximity to a site and also tosite users. Hence there are sections within thismanual on such matters as site appearance, nuisanceand liaison with the general public.
 The manual is, as noted, one of a series and henceshould be read in conjunction with the two publishedmanuals and with future manuals when they areavailable. Whilst landfill gas and leachate productionare considered, the monitoring requirements for suchsubstances are set out in the manual LandfillMonitoring. Similarly, the design of new sites, andthose existing sites undergoing significantextensions, will be addressed in a forthcomingmanual entitled Landfill Site Design.
 The statutory basis of this manual is s62 of the 1992Environmental Protection Agency Act. That sectionrequires the Agency to specify and publish criteriaand procedures for landfills. These criteria relate not only to domestic wastes but also apply to thedisposal of other wastes in landfills. ThisOperational Practices Manual is addressed tooperators of landfill sites accepting biodegradablewaste, be they local authorities or from the privatesector. Under s62(5) of the 1992 Act, localauthorities are required to take steps as soon aspracticable to ensure that any landfill site managedor operated by them complies with any specifiedcriteria or procedures published by the Agency.
 Landfill science and practices are dynamic by theirnature, in the sense that the whole discipline oflandfill management is evolving on a continuousbasis. Accordingly, the Agency intends toperiodically update the Landfill Manual series toreflect advances in landfill management.
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2.1 INTRODUCTION
 Daily operations on a landfill site involve theapplication of manpower, plant and materials, withincreased demands being placed on all of these.Site management is required to have a much betterunderstanding and control of the site and,particularly, over its biodegradation process andassociated impacts. This is a consequence of theincreased sophistication of the technology used inlandfill operations and the highly biodegradablenature of many of the wastes being accepted.These developments indicate a need forcomprehensive forward planning, so that theremaining life of the site is managed in anorganised, structured manner. Such forwardplanning will also go hand-in-hand with therequirements for compliance with waste licencesunder the Waste Management Act 1996.
 2.2 THE ENVIRONMENTAL MANAGEMENTPLAN
 All sites should be subject to a detailedEnvironmental Management Plan. Operators oflandfills which do not have the benefit of such adocument should have one developed as a matter ofpriority. The Plan is not only necessary for competentsite management, but will provide essentialinformation for any application for a waste licenceunder the Waste Management Act.
 The Environmental Management Plan can be brokendown into a number of sections and associateddrawings. Table 1 shows the basic details which needto be included within such a document, and furtherdetailed guidance will be given by the Agency inconjunction with the waste licence application form.In certain cases, information on older, and alreadyfilled, parts of the site may not be readily available tothe operator. However, as much information aspossible should be given, even where estimates haveto be made.
 It is essential that a detailed topographical survey ofeach landfill site is undertaken. This should be basedupon identified fixed datum points located in areas ofthe site which are not likely to be disturbed andwhich relate to ordnance datum. These will provide abenchmark for subsequent site surveys, so thatsurveys are comparable and the resultant plans can beused to overlay each other.
 The site survey and associated voidspace calculationshould be repeated annually, so that the rate of fill canbe assessed. The up-to-date survey can be used as the
 basis for other plans and for developments on the site.The survey should include filled areas so that theeffects of settlement can be assessed. All leachatepumping chambers and other leachate and landfill gasmonitoring points should be surveyed and accuratelyrecorded. Benchmarks on all leachate level monitoringpoints should be accurately surveyed so that leachatelevels can be assessed in respect of the fixed referencemonitoring points at the landfill periphery. Theaccuracy of these benchmarks should be checkedduring the annual survey to ensure that factors such assettlement and lateral movement within the fill aretaken into account.
 2.3 OTHER SITE RECORDS
 A comprehensive series of site records should bemaintained for all landfills. A full set of drawings ofthe site and structures on the site should be retained.As-built drawings of all lining, leachate drainage andcollection systems should be included, along withdrawings of all capping works. Plans should be accompanied by written descriptions ofdevelopment works undertaken, as well asphotographs of the site at various stages and detailsof particular capital projects. Site input recordsshould be maintained for all wastes entering the site,including inert materials for restoration and cover.
 The results and an interpretation of the results ofenvironmental monitoring should always be includedin the site records. Good record keeping is anessential component of the effective management ofa landfill. Monitoring records are needed in order toassess and manage the biodegradation process.
 The necessity for an organised system of recordkeeping should be borne in mind and introduced atthe earliest possible stage in the development of alandfill facility. Although older sites may have scantdata, the introduction of a record keeping system isstill necessary and should be considered a highpriority for the operator.
 Records should be retained throughout the life ofthe facility, and for the closure and aftercareperiods. Documents should be organised, legible,dated and signed by the appropriate personnel. Atleast one complete duplicate set of records shouldbe held at a location other than the site itself.
 2 SITE RECORD KEEPING AND MANAGEMENT 3
 2. SITE RECORD KEEPING AND MANAGEMENT
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4 LANDFILL OPERATIONAL PRACTICES
 Details of Operator
 Name and Address of Operator and Site. Included should be contact names in respect of person withmanagerial responsibility for site operations, including the site manager, site engineer. Relevanttelephone numbers should also be given.
 Site Description
 A description of the site should be provided which covers the following:
 • boundaries and topography
 • geological and hydrological characteristics of the area
 • local meteorology
 Types of Waste Accepted
 A detailed description of the procedures for acceptance and the types of waste that can be accepted onthe site should be given. This should clearly state whether household, commercial and industrial wastesare to be accepted. Hazardous wastes and other difficult wastes should be listed separately and a clearindication given, where appropriate, of the maximum permissible concentration or loading thresholdsfor particular substances. Consideration should be given to the procedures to be employed for theacceptance of other difficult wastes such as tyres, empty drums, sewage sludge, asbestos and so on.
 Quantity of Wastes Accepted
 Details should be given on the annual quantity of waste taken into the site. This should be sub-dividedinto major types (examples would be household waste, commercial waste, industrial waste – specifiedby type, source etc).
 Site Capacity
 An estimate should be provided of the original site capacity and remaining capacity. The latter shouldbe derived from the annual survey.
 Engineering Details
 Details of all significant site engineering works should be included. Where applicable the informationshould cover:
 • site preparation and provision of services
 • containment details
 • leachate drainage, collection and treatment
 • landfill gas abatement methods (e.g. passive trenches, active extraction) collection and flaring
 • monitoring points for landfill gas, leachate, surface water, groundwater etc.
 • fencing, gates and other security
 • site access roads and secondary site roads
 • offices, fuel stores etc
 • current landscaping and tree planting
 • wheel cleaning infrastructure, site weighbridge etc
 • surface water control measures, ditches, road drains, wheelwash water, etc.
 TABLE 1: LANDFILL SITE ENVIRONMENTAL MANAGEMENT PLAN
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Operational Matters
 These should include:
 • description of the operations
 • phasing of filling
 • water, leachate and gas control measures
 • measures for the control of environmental nuisances
 • site opening and operating times
 • access control and waste acceptance procedures
 • equipment to be utilised
 • waste placement procedures
 • cover requirements
 • site personnel, including qualifications, duties and responsibilities
 • monitoring and maintenance procedures
 • operational and safety rules (including safety statement) and emergency procedures
 • litter abatement methods and procedures
 • noise and dust abatement
 • wheel cleaning procedures
 • measures to deal with vermin and other pests
 • assessment of settlement in filled areas
 • assessment of compacted waste density
 Closure and Aftercare
 Closure and aftercare procedures should include:
 • final capacity and expected operational period of the facility
 • final contours and topography of the site
 • the restoration plan
 • phases for closure and restoration of completed areas
 • aftercare monitoring and other control measures
 • maintenance programme for aftercare phase.
 2 SITE RECORD KEEPING AND MANAGEMENT 5
 TABLE 1 (CONTINUED )
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6 LANDFILL OPERATIONAL PRACTICES
 Site records should include:
 • copies of all site appraisal and investigationdocuments, borehole logs etc;
 • information and plans on the landfill designand the design of other structures on the site;
 • copies of site rules for staff, visitors,contractors etc;
 • waste acceptance procedures;
 • documentation of inspection records, trainingand notification procedures;
 • a detailed scheme for restoration and aftercare;
 • site surveys and void space calculations;
 • locations of all landfill gas, ground and surfacewater and leachate monitoring points, alongwith sampling protocols;
 • environmental monitoring programmes;
 • results and interpretation of the results of allenvironment monitoring;
 • names, positions and qualifications of all staffinvolved in site design, management,engineering and environmental monitoring;
 • records kept of quantity, nature and origin ofthe waste accepted into the facility;
 • site inspection records;
 • in the case of a hazardous or difficult wastes,details of the types and quantities acceptedalong with a site plan indicating their location;
 • details of complaints and remedial actions;
 • procedures and records as required regardingsafety and health, accidents and fires;
 • a copy of the site’s planning permission (whererequired), environmental impact statement andMinisterial Certificate (if issued);
 • a copy of the application for a waste licence(when required), including informationsubmitted in support of the application;
 • a copy of the waste licence (when issued) andany amendments; and
 • copies of all other official documents relatingto the landfill including consents and othercertificates.
 2.4 ANNUAL ENVIRONMENTAL REPORT
 All operators should audit their landfills at leastonce a year. The results of that audit, along withother site records, should be used to prepare anAnnual Report for the site. Table 11 of the Agency’sLandfill Monitoring Manual sets down theminimum requirements for the Annual Report. Thereport should describe the inputs of waste acceptedover the previous year, indicating such matters asthe location of cells and the phasing system used inthat period. Any deposits of difficult waste shouldbe clearly identified. A comprehensive account ofthe environmental monitoring should be included,with a clear assessment of the implications of theresults obtained and of the impact of the site on theenvironment. All complaints received should besummarised, along with the remedial actions taken.A programme of work should be included whichhighlights areas of priority work for theforthcoming year. In annual reports for subsequentyears, an account should be included of how thesepriorities have been addressed in the year.
 2.5 SITE MANAGEMENT AND STAFFING
 All landfill sites should be supervised by a suitablyqualified person who is designated as the sitemanager. Other persons should be designated ashaving responsibility for the site in the absence ofthat person. Whilst the site manager may not need tobe on site all the time, a significant proportion of thesite manager’s working week should be spent on thelandfill site supervising its operations.
 All landfill sites should have a named engineer assignedto the site. The engineer should be educated to degreestandard or equivalent and have appropriate experience.The duties of the engineer will include the carrying outof routine site visits, inspections/certifications andoverall supervision of developments at the site.
 In certain circumstances, the site manager and thesite engineer may be the same person. However, theoperator should be able to demonstrate that such aperson has adequate qualifications and experience inboth facets of the job.
 The construction of earthworks, such as liningsystems, and the installation of key environmentalprotection measures, such as landfill gas trenches,must be supervised by the engineer. Where necessary,third parties may be employed to undertake the qualityassurance of significant site engineering works,particularly lining and capping systems. Increasingly,Quality Assurance/Quality Control (QA/QC) orConstruction Quality Assurance (CQA) techniqueswill need to be implemented.
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QA/QC techniques cover the requirements forplanning and verification which ensure thatengineering works are subject to both high qualitydesign and that these designs are fully implementedwhen the works are carried out. CQAshould be seenas an essential tool in the development of keystructures on landfill sites, using a system ofcertification by way of the employment of anindependent engineer. The latter has the duty ofassessing matters such as the design, materials andworkmanship and whether these meet the requiredcriteria. Usually, the whole process is based on anagreed construction quality assurance methodstatement, which sets out in detail the manner bywhich the works are to be approved, along withrecord keeping procedures, test methods andfrequencies and mechanisms for addressing non-compliance. Many of the testing methods to beundertaken are set down as recognised internationalstandards (for example, British Standards (BS) orInternational Standards Organisation (ISO)), butothers may need to be developed and agreedbetween the site designer, operators and, if required,the Agency.
 Other specialist tasks such as the design andinstallation of leachate treatment plants, gas collectionsystems (especially gas flares), lining systems etcshould be undertaken by persons with significantpractical experience in these matters. They should notbe undertaken by the site operator directly, unless thatperson can demonstrate the requisite practicalexperience and technical competence.
 It is vital that all sites should have personnel capableof undertaking key tasks and acting responsibly onbehalf of the operator. Of particular importance is theneed for personnel assigned responsibility for wasteacceptance to be full time employees of the licenceholder/operator. Given the fact that many wastes canonly be checked at the time of deposit – in otherwords on the working face – it is crucial that plantoperators are aware of the relevant procedures and ina position to effectively implement them. Theoperation of the working face should be supervised atall times by members of the site’s permanent staff.Supervision of the working face and responsibilitiesfor checking materials being deposited should neverbe delegated to temporarily employed operatives.Hired-in staff cannot be expected to have theexperience and the personal responsibility/interestrequired for load checking at the face.
 Adequate back-up staff should be available tomanage and operate a site in the event of sickness,holidays and so on.
 It is not desirable that one individual, working aloneshould be left in charge of a landfill which is open forthe acceptance of waste. It is not possible toadequately check loads in these circumstances, andthis arrangement may be undesirable for health andsafety reasons.
 Professional development and training should beprovided so that staff are familiar with the requiredstandards of operation, statutory requirements and, inparticular, the need to verify the appropriateness ofincoming wastes. All operatives should be trained toa standard which will satisfy the requirements ofnational health and safety legislation, particularly inthe safe operation of equipment. They should beaware of the contents of the EnvironmentalManagement Plan for the site, the conditions of anywaste licence and the standards of operation required.The nature and types of wastes being handled, andthe difficulties involved in ensuring continuoussupervision make it essential that staff receive a highstandard of training.
 2.6 SITE INSPECTION
 During the operational phase, the landfill shouldreceive thorough and regular inspections by the sitemanager. Awritten record of each inspection shouldbe kept. This inspection should be carried out at leastweekly and should cover the area of currentoperations, as well as completed areas. Thisinspection should also include the site perimeter and site security arrangements.
 An example of a site inspection report form is shownin Table 2.
 2 SITE RECORD KEEPING AND MANAGEMENT 7
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IMMEDIATE ACTION IS REQUIRED ON:
 8 LANDFILL OPERATIONAL PRACTICES
 TABLE 2: SITE INSPECTION REPORT FORM
 SITE INSPECTION REPORT
 Site Name .................................................................................................................................................... Ref No ...............
 Date of Inspection .................................................. Time in ................ Inspector’s Name ..................................................
 Reason for Inspection ............................................ Time out .............. Weather .................................... Site: Open/Closed
 Status at Time Unsatisfactory Not Checked Comments
 of Inspection Satisfactory Inapplicable
 Environ. Man. Plan Compliance
 Types of Waste
 Layering/Compaction of Waste
 Covering of Waste
 Crushing Large Objects
 Litter Screens & Litter Control
 Liner/Protective Layer
 Condition of Site Roads
 Condition of Site Entrance
 Highway/Wheel Cleaning
 Site Tidiness
 Fires
 Insects/Vermin/Birds
 Surface Water Drainage
 Leachate Control (on-site)
 Landfill Gas
 Odour
 Noise
 Dust
 Gate/Fencing/Security
 Office/Site Notice Board
 Manning & Supervision
 Site Record Keeping
 Fuel & Equipment Storage
 Cover Stockpile
 Site Litter
 Environs Leachate
 Other Observations/Action Required:
 Site Operator’s Comments:
 Samples Taken: Yes/No Inspector’s Signature: Received by:
 Photographs Taken: Yes/No ...................................................................... .....................................................
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3.1 INTRODUCTION
 The negative public image of landfills is very much aresult of past experience with untidiness, litterproblems and poor or non-existent landscaping.These factors do not engender public confidence thata site is well managed. Accordingly, an essential pre-requisite to establishing a degree of communityacceptance is attention to a site’s physicalappearance. It is important that a positive impressionis gained by
 • the general public;
 • neighbouring residents; and
 • users of the landfill.
 To develop a positive image it is necessary for theoperator to address certain key elements. The mostimportant are that:
 • site management is in compliance with theEnvironmental Management Plan, publishedguidelines and waste licence conditions;
 • sympathetic design and landscaping isarranged, which blends the development inwith surroundings and topography; and
 • environmental protection policies andpractices are effectively implemented.
 In order to demonstrate to the public that the landfillis being operated effectively, the development mustwork and look well. The design should take accountof the characteristic topography and details of thesurrounding landscape. By definition, the newtopography created as the landfilling activityprogresses should merge with the existing landscapeat the common boundaries. Although existinglandfills will face constraints in this respect, attentionshould be given to improving site appearance. Forexample, at many existing sites it may be possible togreatly improve visual appearance by payingattention to the final landform to be created at therestoration stage. This may involve re-profiling andrevisions to older areas of the site, where poor qualityrestoration has occurred sometime in the past.
 It is important to pay attention to the visual impact ofthe perimeter zone of the landfill. The primaryfunction of this zone is to provide a screening barrieraround the site to minimise potential visual, noiseand odour impacts. Existing vegetation in theperimeter zone should be disturbed as little aspossible as it provides an immediate visual barrier.
 Existing planting should be supplemented bylandscaping works as appropriate. Again, it may bepossible to greatly improve the appearance ofexisting sites in these respects.
 For a new landfill, it is essential that a holisticapproach is taken, in the sense that thedevelopment, filling and after-care stages of thesite are all considered at the design stage. Whilstthis objective is clearly much more difficult toachieve at existing sites, it may nevertheless benecessary to make changes and improvementswhich build upon this principle. In particular, therestoration of the site should be arrangedprogressively as areas of the site are filled, andthese should blend in with the initial screeningworks undertaken prior to the commencement oflandfilling activities. Consideration of the eventuallandform and after-use of the site is necessary atthe design stage. For existing sites, considerationof the final topography and restoration of thelandfill should be a priority, with appropriateimprovements being enacted as soon as feasible.
 The following sections set down a number of matterswhich must be evaluated in the light of the need to diminish the impact of both new andexisting landfill sites on the local environment. The major elements are shown in Figure 1.
 3.2 SCREENING AND LANDSCAPING
 Screening in the perimeter zone and at divisionsbetween different phases in a landfill can beprovided by hard landscaping in the form of earthbunds. Earth bunds provide visual barriers andassist in the restriction of unauthorised access to thesite. They can also considerably dampen noiseimpact. Both permanent and temporary bunds canhave a role. Temporary bunds can provide screeningand are a useful way of storing large quantities ofmaterials that can be used for later restoration.Permanent bunds may be desirable to provide amaturing, long term screen. In either case, it isimportant that they are constructed, where possible,in a manner which complements existingtopography. Sudden changes of gradient andobviously artificial slopes should be avoided.
 Planting, either in conjunction with bunds or separateto them, can prevent undesirable views, restrict litter,dust and noise problems and generally “soften” anyhard landscaping. All planting needs maintenance,particularly in the early stages of growth. Weedremoval is desirable as it considerably reducescompetition for water and nutrients at plant roots and
 3 SITE APPEARANCE AND INFRASTRUCTURE 9
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10 LANDFILL OPERATIONAL PRACTICES
 FIGURE 1: TYPICAL LANDFILL
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hence encourages strong growth and associatedrooting systems. Ideally, planting should use nativespecies and should be designed to blend in with thesite’s surroundings. It should be noted that the use ofquick growing conifers around a landfill mayincrease the degree of visual intrusion rather thanreduce it. Accordingly, unless already existent in theenvirons of the site, the use of this type of screeningshould be avoided.
 Priority attention should be paid to areas which havethe greatest impact upon members of the public. Thisapplies particularly to the site entrance, boundariesadjacent to the public highway and at locations inproximity to residential dwellings. A well laid out siteentrance and access road gives a positive impressionto both users of the site and passers by. A curvingaccess road is preferable to one that is dead straight,both for reasons of visual affect and also to keepvehicle speeds low. It may be possible to arrange thesiting of the access road so that, in conjunction withplanting and landscaping, the site office and activecells are screened from the public highway. Well laidout site offices and waste reception area also providea positive impression.
 As noted, the final contours of the filled site should beconsidered at an early stage. This will assist earlyestablishment of the screening scheme and results inthe planting being in a mature state when landfillcompletion is near. It is important that the finalsurface of the landfill is designed with a view forenvironmental enhancement, taking into accountsettlement and the needs of capping. In all theserespects, the construction of flat horizontal surfacesare highly undesirable. These rapidly becomeconcave due to settlement. This attracts rather thanrepels water ingress into the site, negatively affectingleachate management. In addition, a flat surface isoften visually unattractive and does little to improvethe image of landfill.
 3.3 SITE INFRASTRUCTURE
 3.3.1 ACCESS
 The access road between the public highway and thesite should be of substantial construction, preferablybeing surfaced with concrete or tarmac. Unpavedroads at this key location should be avoided. Theydeteriorate quickly, generate dust in the summer andcannot be cleaned mechanically. Bitumen macadamor concrete roads, conversely, can be swept regularlyand hence serve to prevent mud tracking out of thesite onto the public highway. Maintenance is anessential pre-requisite of any of the options chosen, asa badly potholed, patched surface may cause
 inordinate vehicle wear, contribute to the noise effectof vehicles leaving the site and project a negativeimage.
 It is important that excessive vehicle speeds on theaccess roads are prevented. It is preferable that roadsare designed to ensure speed reduction. For example,a curving road will reduce speeds, whilst a deadstraight road will encourage fast driving. Whilstspeed control ramps can be used, these are generallyundesirable when other options are available. Theymay significantly add to noise effects from emptyvehicles leaving the site. In many cases, clearlymarked road signs, coupled with the vigorousapplication of site rules, should preclude excessivespeeding by site users.
 Secondary roads can be constructed to a lowerspecification, where they are temporary by nature anddue for replacement as filling proceeds. Hence quarrystone, construction waste or similar materials can beused in these locations. However, should such a road beintended for use over a period of some years, a moresubstantial surfacing should be installed. This will allowfor road sweeping and improved general maintenance.
 Figure 2 shows a typical cross section of both anaccess road and a temporary site road.
 For all roads constructed on a landfill, care should betaken to ensure that adequate drainage is provided.All roads should be constructed in a manner whichallows the unrestricted discharge of surface water.
 Roads should be laid out so that vehicles can passeasily, using passing places where applicable. Atlarger sites it may be possible to introduce a one waysystem, with the way out being sited in conjunctionwith wheel cleaning facilities.
 Careful layout of the entrance is also necessary. A badly designed entrance can attract nocturnal orweekend flytipping. In many cases, the realignmentof the entrance of an existing site can be a way ofaddressing this problem. For example, improvedsight lines at the entrance mean that it is much moreopen and hence flytipping activities are visible fromthe public highway. Such measures can besupplemented by large gates which close flush to thepublic highway, being either hinged or run laterallyacross the entrance on rollers. Finally, the use of avideo camera at the entrance may be necessary whereflytipping has become a major problem.
 In the case where a landfill shares an entrance andsite road with a civic amenity facility, it is importantthat private cars and heavy goods vehicles aresegregated for safety reasons. In addition, the civic
 3 SITE APPEARANCE AND INFRASTRUCTURE 11
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12 LANDFILL OPERATIONAL PRACTICES
 FIGURE 2: CROSSSECTION OF SITE ROADS
 3.3.2 SITE IDENTIFICATION ANDINFORMATION BOARD
 A site identification board of durable material andfinish should be displayed near the site entranceproviding the following information:
 • the site name;
 • the name, address and telephone number ofthe operator and/or owner;
 • the licence identification number;
 • the site opening hours; and
 • the contact and emergency telephone numbers.
 The site notice board must be maintained andupdated as required.
 3.3.3 SECURITY
 It is imperative that landfill sites are secure fromunauthorised access. This should be a priority at all landfills.
 The security provided should be based on anassessment of potential risks, taking into accountlocation (particularly proximity to the publichighway) and target populations. In areas whereunauthorised access is deemed likely, the site shouldbe enclosed by unclimbable palisade, chainlink orequivalent fencing. Alternatively at less sensitivelocations, stock-proof fencing may be adequate.
 It may be desirable for reasons of cost and on theassessment of likelihood of trespassing to have morethan one type of fencing. For example, highspecification security fencing may be restricted to theentrance and areas containing weighbridge,
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employees’amenity building, garage, stores, garageand fuel supplies.
 Access to the landfill should be restricted to thosetimes when the site staff are on duty and the gatesshould be locked at other times.
 3.3.4 PLANT AND BUILDINGS
 Buildings and structures for administration of the siteand for the checking of incoming loads should be ina convenient location adjacent to the entrance. Theyshould provide adequate accommodation for the siteworkforce. All landfill sites should have, at aminimum, a water supply and associated cleaningfacilities, toilet, telephone and electricity. Showerfacilities may need to be provided.
 All site buildings should be well maintained. A neat,clean and well maintained site office gives a positiveimpression to both the public and site users.
 3.3.5 WASTE INSPECTION AREAS
 All sites should be provided with a place wherewastes can be inspected prior to deposit. Often it willbe appropriate to locate this area in proximity to thesite offices so that wastes can be checked when avehicle driver checks in. At sites equipped withweighing facilities, inspection can be done whilst thevehicle is stationary on the weighbridge.
 In order to assist inspections, it is desirable that theinspection area is lit for the receipt of wastes late in awinter’s day.
 Whilst it is desirable that all wastes are checked at theinspection area, it is acknowledged that this may notbe always possible. Wastes are often delivered in closed containers. It is therefore essential thatmaterials delivered in this fashion, along with otherwastes already subjected to inspection on arrival, are checked on deposition at the landfill face.
 3.3.6 WHEELCLEANERS
 All sites must have some provision for the cleaningof vehicles, particularly with a view of the preventionof mud being deposited on a public highway. Figure3 shows three types of wheel cleaner. All of these canbe supplemented by built-in water sprays which areoperated by the contact of vehicles to a pressure pad.A further configuration is a combination of awheelwash/shaker bar system, whereby two sets ofshaker bars are separated by a wheelwash.
 In general, a wheelwash is preferable to a wheelcleaning arrangement based on shaker bars. Thelatter tends to deteriorate quickly, is often difficult to
 clean out and may be noisy in use. Similarly, wheelspinners are high maintenance items, as are systemsusing water sprays. Spinners have the significantdisadvantage that they only clean the driving wheelsof a vehicle. Many require the driver to dismount tooperate the spinning mechanism and henceencourage users of the site to avoid using thecleaning infrastructure for that reason.
 Clear instructions must be provided to ensure that all heavygoods vehicles use the wheel cleaning infrastructure. Thisrequirement can be supplemented by a one way system forvehicles entering and leaving the site.
 Contaminated water will emanate from any wheelcleaning equipment, either due to its operation orwhen it is cleaned out. This should not be allowed todischarge directly to watercourses or local ditches.An oil trap should be provided along with settlementponds to retain suspended solids. These ponds shouldbe inspected regularly and cleaned out as necessary.Monitoring for contaminants such as oil and dieselshould be undertaken.
 3.3.7 WEIGHBRIDGES
 It is becoming increasingly important that incomingwastes are recorded prior to deposition at landfills.There is a need to assess accurately the rate of fill at any site. Weighbridges retrofitted at existing siteshave resulted in the discovery of significant errors in input estimation methods.
 There is also the wider national requirement toprovide suitable statistics to inform the localauthority and Agency waste planning process.Accordingly, all of the larger existing landfills shouldbe equipped with weighbridges. As an indication ofthe appropriate threshold, weighbridges should beinstalled at all sites with annual inputs of greater than10,000 tonnes per year and should be considered atother sites where the life expectancy is in excess offive years.
 A weighbridge should be located so that traffic doesnot back up through the site gates and onto the publichighway. A number of different types of weighbridgeexist, but platform weighbridges are more desirablethan axle weighers. The raised type of platformweighbridge may be the preferred option as it isrelatively easy to move it to another location (forexample when the landfill site is finished).Whichever configuration of weighbridge is selected,care should be taken to ensure that landfill gas doesnot collect in the void under the weighing unit. Allweighbridges should be subject to regular calibrationin accordance with the manufacturer/installer’sinstructions.
 3 SITE APPEARANCE AND INFRASTRUCTURE 13
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14 LANDFILL OPERATIONAL PRACTICES
 3.3.8 QUARANTINE AREAS
 Provision should be made for an area for thetemporary storage of rejected loads or other materialswhich are deemed unsuitable. This storage areashould be secure, bunded and surfaced to deal withspillages of liquids (an example might be a damageddrum). This area should be located so that it can besupervised by the occupants of the site office, butshould not, for obvious reasons, be locatedimmediately adjacent to the office.
 3.3.9 FUEL STORAGE
 Other than that contained in the tanks of plant andequipment, all fuel should be stored only in tankslocated in bunded areas. The bunds should beconstructed to be of a capacity of 110% of thecontained tank (or 110% of the combined volumes inthe case where more than one tank is present) and notaps, gauges etc should project beyond the internalside of the bund. All bunds should be waterproof. No
 drainage taps should be permitted in the bund andany retained water should be pumped out fordisposal. Inevitably, when drainage taps areprovided, they are often left open, completelynegating the purpose of the bund itself. As a properlyconstructed bund will quickly fill with rainwater, itmay be desirable that the bunded area is roofed.
 All tank outlets should be adequately secured bylocking mechanisms with a view to the prevention ofvandalism.
 Mobile re-fuelling equipment such as fuel bowsersshould generally not be left out on the landfill atnight. Instead, they should be locked away in asurfaced and bunded area in either a site building or storage compound.
 Tank bunds and bowser storage areas are easilydamaged in the landfill environment. Hence theyshould be subject to regular inspection by the sitemanager and repaired as necessary.
 FIGURE 3: WHEEL CLEANERS
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4.1 INTRODUCTION
 This chapter addresses waste emplacement processesand sets out the basis by which areas of a landfill siteshould be delineated into cells and phases. Covermaterials and the installation of capping works arealso considered.
 The site’s Environmental Management Plan should,in conjunction with the conditions of the wastelicence, determine the nature of day-to-day and year-to-year operation so that landfill volume is efficientlyutilised, a safe working environment is created andenvironmental nuisances are minimised. For newsites, this plan should be developed during the designof the landfill. For existing sites, an important elementof the Plan is sections which address the fillingprocess, along with the completion, capping andrestoration of existing areas.
 4.2 METHOD OF FILLING
 Prior to landfilling activities starting at untippedareas of the site, such areas should be cleared ofstanding surface water, vegetation and othermaterials. All standing surface water should, afterenvironmental monitoring to ensure that it is free ofcontamination, be pumped out prior to thecommencement of landfill activities at new areas ofthe site. The disposal of biodegradable wastesdirectly into water should not occur.
 Where it is not proposed to construct new phases ofthe site by the use of artificial liner systems, the siteshould be engineered to ensure effective drainage toone or more selected leachate pumping or gravitydrainage points. A basal drainage system will alsoneed to be included. Landfill lining and drainageworks are covered separately on the Agency’sLandfill Site Design Manual.
 Deposited waste should generally be compacted intoshallow layers of up to two metres. The working faceshould be maintained at a slope no greater than 1 in 3 toensure the effectiveness of the compaction equipment.
 Unless permeable cover is available, considerationshould be given to scraping off any soil-based dailycover materials, prior to the commencing of eachday’s filling activities. Whilst it is difficult toguarantee effective removal of all of the cover, partialscraping off will facilitate the subsequent movementof leachate and landfill gas within the depositedwastes. The removal of cover material allows for itssubsequent re-use and prevents it significantlyconsuming void space. However, scraping off cover
 material may, in certain circumstances, cause theemission of undesirable odour. Where this occurs adecision may need to be taken to leave cover in situ.
 A number of landfilling techniques can bedistinguished. However in practice, operatingconditions may cause the distinctions between themto become blurred. The two main techniques areportrayed diagramatically as Figure 4 and can besummarised as follows:
 a) Face Tipping. In this method the wastes aretipped out and then compacted into a bench.The bench continues level across the cell orphase for a period of days or weeks until theother side is reached. Generally the height ofthe bench will be about two metres, with thecompactor working down the face, as well asalong the surface of the bench. This methodtends to find favour with machine drivers, butsupervision is needed to ensure that they run the compactor down the face. Otherwise,compaction may be poor in areas other than on the horizontal surface of the bench itself.Bulky objects which are difficult to bury can beplaced at the base of the face and then coveredfrom above. The disadvantages of this methodare that waste can become windblown whentipped over the edge and that the landfill surfacebecomes heavily compacted by the passage ofvehicles. This can lead to the possibility ofzones of perched leachate.
 b) Onion skin method. This has similarities to facetipping, but with the toe of the face extending ata much shallower gradient. The compactoroperates solely on the gradient of the moreshallow face, pushing thin layers of wastes andapplying compaction pressure to them. Whilstit is more difficult to bury bulky objects orother difficult waste, this method has theadvantage of having a lower probability ofwindborne litter. Perching may be lessened bythe lack of compacted flat surface. Higher liftsof refuse can occur with this method.
 A hybrid of these two methods would involveworking the compactor up the slope. Here the wastesare deposited on the lower surface and compacted inan upward direction.
 4.3 WASTE COMPACTION EQUIPMENT
 Wastes other than cover materials should not beallowed to remain in loose piles on a landfill. Therehas been a trend towards the use of steel wheeled
 4 WASTE EMPLACEMENT 15
 4. WASTE EMPLACEMENT

Page 24
                        

16 LANDFILL OPERATIONAL PRACTICES
 refuse compactors on many of the larger landfill sites.Whilst these are high capital cost items, they enablethe maximum quantity of waste to be placed inavailable space. This is particularly the case wherecells have been made up of pre-determineddimensions. Up to 1.0 tonnes per cubic metre wastedensity can be obtained from the efficient use ofcompaction equipment. Compaction also causes thedeposited waste to be pinned down and hence it isless likely to become windblown, whilst being lessattractive to vermin.
 Except at sites taking only baled wastes, mobilewheeled compactors should be used on all landfillsaccepting significant quantities of household andother similar wastes.
 The main parameters affecting compaction are:
 • the nature of the waste material;
 • the weight of the compactor;
 • the number of passes by the compactor; and
 • the depth of each layer of waste subject tocompaction.
 The operation of a refuse compactor is a skilled jobthat should be effectively supervised. If not undertakencorrectly, poor compaction can occur. Hence no morethat 0.5m in height of uncompacted waste should becompacted at any one time, with the compactor
 working down to the “toe” of the working face.Thinner layers will allow greater compaction densities.Besides poor compaction, inefficient operation mayresult in fuel being wasted, as well as causing the sub-optimal usage of a high capital cost machine.
 A range of different pattern compactor wheels areavailable. These will dictate the number of passesneeded over the waste to achieve the required refusedensity. For a small site, it may be possible to utilisea compactor for spreading material such as cover.However, compactors are not specifically designedfor that purpose and hence it would be usual for aseparate machine to be available for this purpose.
 In the minority of cases where tracked machines areused for waste emplacement, the operator shouldidentify measures to deal with uncompacted refuse,particularly in respect of cover, litter, verminprotection and so on. The design of many trackedexcavators is such as to be almost a mirror image ofa landfill compactor, in the sense that many types oftracks are specifically designed to minimise groundpressure. Consequently, compaction by way of atracked machine may be less than desirable. If thisoption is to be used, the machine should work uphillon a sloping working face as this arrangementmaximises the ground pressure. It is also possible topurchase track plates which will assist in the processof shredding the waste. However, waste is anaggressive material on vehicle tracks and hence their life may be significantly reduced.
 FIGURE 4: TIPPING METHODS
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In all cases, workforce health and safety must beconsidered. It is desirable that the cabs of machinesused on landfills are air conditioned and protected bydust filters. They must be fitted with roll-overprotected cabs, which should also have protectionagainst falling objects. Audible reversing signals arealso essential. A final pre-requisite is that staff areadequately trained and supervised.
 4.4 THE DISPOSAL OF DIFFICULT WASTES
 Certain wastes may not fall within the criteria of ahazardous waste under the Waste Management Act1996. However, they may fall into the category ofbeing a “difficult waste” for the reason that theirproperties require special arrangements for disposalto landfill. Usually, this means that they cannot beplaced with other materials on the working face andcompacted alongside other refuse. Wastes consistingwholly or mainly of animal or fish waste, condemnedfood, sewage sludge and other obnoxious materialsall fall within this category. Other examples ofdifficult waste include light materials such aspolystyrene and dusty wastes. Liquid wastes mayarise which can be disposed of to landfill, providedthat the quantities deposited are small and that theyare of a low hazard. Where necessary water balancecalculations can be used to determine the effect ofadditional liquid inputs on leachate generation.Examples of low hazard liquids include cement
 bearing liquids from concrete production facilitiesand out of specification foodstuffs such as fruit juice.
 Whether a site should take difficult wastes is mainly amatter for the operator, but will need to take in accountthe suitability of both the waste and the site and also bein compliance with any conditions of the wastelicence. Whilst certain landfills may be suitable for thedeposit of difficult wastes, this does not mean that thedisposal of such materials is acceptable at all landfills.
 Dif ficult wastes should not normally be depositeddirectly with other wastes in the working area.Instead they should be placed in front of the workingface and immediately covered with other waste. Anyobnoxious material should not be located within onemetre of the surface or two metres from the flanks orface. Alternatively, disposal in an area of alreadyfilled material may need to be considered. In thiscase, a disposal trench is dug into deposited wastewith the deposited difficult wastes being immediatelycovered over. However, care must be taken to ensurethat the sides are stable and that the trench is clearlymarked and cordoned off. Open trenches are mostsuited to the disposal of materials which do not havean inherent smell. Figure 5 shows two types ofdifficult waste trench.
 In the case of the disposal of smelly, pumpable liquidwastes, a trench excavated in old refuse can be back-filled with coarse rubble and covered (see Figure 5).
 4 WASTE EMPLACEMENT 17
 FIGURE 5: DIFFICULT WASTE DISPOSAL TRENCHES
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18 LANDFILL OPERATIONAL PRACTICES
 A length of pipe should be buried at one end, with theother end of the pipe being served by a tanker coupling.This arrangement ensures that any discharge of waste ismade beneath the landfill surface
 Whilst the deposit of empty drums may, dependingupon their contents, be acceptable, it is increasinglydesirable that such materials are recycled. If drums areto be disposed of at a landfill, they should bethoroughly crushed and compacted. They should bethoroughly inspected prior to deposition to ensure thatthey do not contain any hazardous residues. Samplingand analysis of residues or vapours in the drums maybe necessary.
 Dusty waste may need to be delivered in sealed bags.Alternatively, this waste should be sprayed with water.
 4.5 WATER BALANCE AND WASTEEMPLACEMENT
 As will be expanded upon in the Agency’s LandfillSite Design Manual, one of the principalconsiderations in relation to the design of any newlandfill is a comprehensive approach to leachatemanagement. In order to design an effective leachatemanagement system it is necessary to firstunderstand and predict the liquid inputs and outputsfrom a facility. This is the role of an assessmentinvolving water balance calculations. For newfacilities, water balance calculations are relativelystraightforward. However, at existing sites suchcalculations are an approximation and a largermargin of error must be assumed, given that certainvariables at existing sites cannot often be accuratelyassessed. Nevertheless, consideration must also begiven to water balance calculations at existing sitesas some useful information still can be obtained.This information can be used to significantlyimprove existing operational practices.
 As is explained further in the next chapter, the keyparameters of leachate management are:
 • the control over the manner by which water(rainfall, runoff, groundwater, etc) is allowedto come into contact with deposited wastes;and
 • the way in which the resultant leachate is to beremoved from the site.
 Very extensive groundwater and rainfall infiltrationover large areas of unlined, uncovered or uncappedwaste will create copious amounts of often diluteleachate. This material will require disposal. Forexample, one metre of annual rainfall falling on openwaste will rapidly saturate the deposited wastes.
 Once saturation occurs, leachate will be emitted. Ifany evaporation from the surface is ignored for thepurposes of this illustrative example, a one hectareexpanse of open saturated waste subject to one metreof rainfall infiltration might create as much as 10,000cubic metres of leachate per year. This material willrequire disposal and/or treatment.
 The above example is a very simple illustration of the effects of rainfall and the need to consider a site’s “water balance". A more detailed discussion ofthis topic will be found in the Landfill Site DesignManual. But the example clearly illustrates thecrucial influence of rainfall infiltration and explainsthe need to reduce open surfaces of refuse to aminimum area wherever possible. Additional benefitswill also accrue at older unlined sites where there islikely to be loss of leachate to groundwater. Anyefforts to reduce leachate production by the control ofinfiltration will have a beneficial effect on localgroundwater quality.
 Rainfall infiltration can be controlled by temporarycapping, by contouring the surface of completedareas and by the restriction of operational area tominimum dimensions. Leachate managementtechniques, including leachate abstraction anddrainage, along with such matters as the diversionaway from the site of uncontaminated run-off and theinterception of shallow groundwater inflows, areconsidered in the next chapter.
 4.5.1 PHASING PLAN
 A landfill site should be divided into a series ofphases and filled to final levels in succession. Hencea cycle of progressive filling across the site shouldoccur, with one phase being restored, a second filledand a third prepared for filling. Figure 6 illustratesthis process, with Figure 7 showing a cross sectionthrough Figure 6’s phases I-III.
 The nature of the phases should be set down in thesite’s Environmental Management Plan. The benefitsof phasing are that it:
 • allows site disposal operations to becometightly organised;
 • will diminish leachate generation;
 • may reduce noise and litter; and
 • provides a positive visual impression andhence encourages public confidence that thesite is well controlled and will be subject toadequate restoration.
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 FIGURE 6: PHASING PLAN
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The phasing plan shown in Figure 6 may have alimited practical application in certain contexts. It isbest utilised at shallow sites, as it is undesirable tohave high and steep banks between the filled andunfilled parts of the site. These may develop stabilityproblems, could cause unacceptable risks to site usersand are likely to result in a very small cell size whennear final levels. Accordingly, a series of phasesoverlaying each other would be normal for deepersites. This is shown schematically in Figure 8.Intermediate cover or temporary capping should beused over parts of the landfill surface which will beawaiting further filling activities. New phases arestarted on top of the lower phases after scraping offas much of the cover as is possible.
 Settlement is another reason why landfills may need tobe filled in a series of overlapping phases. Settlementcan account for up to 30% reduction of the height ofthe infilled material at deep sites. At shallower sites,settlement may be typically up to 20%. Accordingly, itmay be desirable to allow a completed phase to settleand to place additional waste material on topimmediately prior to final restoration and capping. Theresults of settlement will reduce this to the intendedlevel of the landform. However, neither the predictionof settlement nor the degree of over-filling is easy toestablish. Significant over-tipping may be unsightly incertain circumstances as it may temporarily exaggeratethe height of the site. All these reasons suggest thatfinal levels will need some, greater or lesser,adjustment with time.
 4.5.2 CELLS AND WORKING AREAS
 It is desirable that waste is deposited into cells whichare delineated by pre-constructed bund walls. Thesesub-divide the area of the site delineated as a phase.
 Operating a cellular method of filling enables wasteto be deposited in a tidy manner since the bundsserve to both conceal the tipping operation and to actas a windbreak.
 One potential disadvantage of the cell method,particularly where space is limited, is the amount ofvoid space which may be lost due to building the cellwalls. In addition, the delineation of the cell by thismethod may present barriers to leachate and gascirculation. These drawbacks may be overcome bysubsequently excavating the wall and using as muchof the reclaimed material for purposes such as cover.
 Where it is not possible to excavate away the cellwalls, they should normally be cut through in placeswhen landfilling activities move into theneighbouring cell. This action facilitates leachate andgas movement throughout the fill. If there is doubtthat a free flow of leachate will occur between cells,additional leachate drainage infrastructure may needto be installed as filling progresses.
 For larger sites, there is no reason why the structureof cell walls cannot be made up mainly of depositedwaste, with the external faces coated in cover
 20 LANDFILL OPERATIONAL PRACTICES
 FIGURE 7: TYPICAL LANDFILL FILLING SEQUENCE
 FIGURE 8: OVERLAYING PHASES
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material. The latter may have the advantage as it ismore economical on the use of the void space,avoiding the use of large amounts of inert wastes. In addition, it may allow leachate to move morereadily between areas on the site and hence preventleachate perching.
 4.5.3 CELL SIZES
 A key area to be addressed is the size of the cell. In this respect, it is crucial that cell size should bemaintained to the minimum practical dimensions.Minimising the cell sizes will:
 • provide the smallest surface area of exposedwaste;
 • assist in controlling windblown litter;
 • reduce the requirements for cover material;and
 • will lower contact with rainfall and henceminimise leachate generation.
 The major constraint on cell size is, however, createdby safety and operational considerations. Incomingvehicles will need room to manoeuvre and to unload.They must kept be well away from uncompactedwaste and from any compaction equipment.
 Overall, the site operator must balance thesecompeting objectives. Hence a busy site would havemore emphasis placed upon allowing adequate spacefor vehicle unloading and for turning. A small ruralsite, conversely, could have a much smaller cell size.
 4.5.4 EMERGENCY CELLS
 It is a desirable that part of a cell is reserved for thedisposal of wastes with high paper content at times ofhigh winds. Often this can be located at a shelteredlocation at the landfill, for example at the base of thesite in close proximity to filled phases.
 4.6 COVER MATERIALS
 4.6.1 “TRADITIONAL” COVER
 These materials are typically composed of subsoilsand other excavation wastes or construction industrywastes such as bricks and crushed broken concrete.
 The material selected for cover purposes ideallyshould be free draining and, preferably, of low claycontent. Highly impermeable cover materials mayencourage the perching of leachate. In addition, theremnants of cover material may adversely affectvehicle traction on wet days and may generate mudwhich will then track out onto site access roads.
 In the past, subsoils and other constructionindustry wastes have been used as cover, with atarget of 150 mm depth being applied towards theend of the working day. However, the use of soil-based cover materials has been recognised asleading to low permeability horizons in the filledmaterials and, consequently, leachate perching. Inaddition, this type of cover material utilisesvaluable void space. For example, it has beenestimated that the “traditional” forms of dailycover may occupy approximately 7% by volume ofthe total available void, when bunds are includedwithin this calculation. Increased recycling ofthese materials will mean that this type of covernot always available on a daily basis. Hencealternative cover systems will need to beconsidered. However, soil-based cover should bestockpiled as it has an essential function asintermediate cover.
 If soil-based cover materials are to be used, thefeasibility of their extraction from the site itselfshould be considered. This means that the size of thevoid is not affected by the emplacement of covermaterials and that transport costs and associatedimpacts are limited. However, the increasing trendfor landfills to be located in clay type geologicalstrata means that the resultant excavated materialsmay suffer from permeability problems. All thesereasons suggest that some of the more recentdevelopments in alternative cover systems should begiven serious consideration.
 Where cover is to be brought in, the quantities ofcover material should be calculated and suitablesources located well in advance of the materialactually being needed. To ensure that a supply ofmaterial is available to meet the requirements of dailycover, a stockpile of cover material should bemaintained on site for use. It is generallyrecommended that a stockpile of between 1-3months’supply is maintained.
 4.6.2 ALTERNATIVES TO “TRADITIONAL” COVER
 Given the difficulties inherent in obtaining“traditional” cover and the problems it may createat the landfill, other types of cover should beconsidered. Many of these alternatives are stillundergoing trials and experience will be necessaryto determine the operational effectiveness of thevarious available products. Hence operators willneed to undertake their own verification. Onlywhere sufficient evidence of practical effectivenessis available at the particular landfill should a longterm commitment be made to move away from soil-
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 based cover materials. Accordingly, substitutecover materials should be utilised when acomprehensive demonstration has been made oftheir ability to prevent vermin, odours, blowinglitter and other similar problems. If these criteriacan be satisfied, the use of such forms of covershould be seriously considered.
 It should be made clear that the materials fallingwithin this category are mostly for daily coverpurposes. It seems doubtful that such materials canbe expected to provide effective cover on completedareas which are left for periods of several weeks ormonths, awaiting further filling. Many types willnot act as a barrier to rainfall infiltration, and maybe susceptible to wind damage. For medium andlong term purposes, the more “traditional” methodsof covering should be utilised.
 Non-traditional cover materials include:
 • the use of heavy duty, reusable plastic sheets;
 • non-reusable plastic films;
 • geotextiles;
 • fibre matting;
 • foams;
 • shredded wood/green waste; and
 • composted wastes.
 4.6.3 DAILY AND INTERMEDIATE COVER
 Daily cover serves an essential function on alllandfills accepting municipal and otherbiodegradable wastes. In particular, daily coverimproves the appearance of working areas anddecreases the possibility of windblown debris (egpaper, plastics). It also significantly reduces access tothe waste by birds, insects and vermin and diminishesodours and fire risk.
 Intermediate cover is used when filled surfaces arelikely to be left for a period of weeks or monthsbefore additional lifts of waste are to be added. Thistype of cover significantly reduces rainfallinfiltration, whilst it binds the deposited wastes downand hence reduces litter. Intermediate cover materialswill be subsoils or similar wastes. Most of thealternatives to traditional daily cover detailed aboveare not robust enough for long term protectionpurposes of the landfill surface.
 Intermediate cover is usually spread to a greaterthickness than would be the norm with daily cover.Hence a reasonable target should be about 300 mm indepth. The area should be regularly inspected by sitestaff and any cover materials eroded by rainfallaction should be replenished.
 When the area subject to intermediate cover is to beused for further tipping, the cover should beextensively scraped off. Whilst there are practicallimitations on the degree to which all the material canbe removed, the removal process should ensure thatintermediate cover does not impede the flow oflandfill gas and leachate.
 4.7 CAPPING
 4.7.1 TEMPORARY CAPPING
 In the early years of biodegradation, settlement willbe quite rapid. This will be a function of the weightof the material deposited, along with thebiodegradation process. The latter will have themost significant long term effect, with thedecomposition of a proportion of the landfilledmaterials into landfill gas and leachate. This rapidrate of settlement is likely to affect the structuralintegrity of any permanent cap. Hence theinstallation of permanent capping works should bedelayed for this reason.
 Instead of installing a permanent cap early on, it ispreferable to place a temporary cap of lowpermeability material over the filled area. This shouldbe laid to a fall in order to shed water. Once the initialsettlement rate has slowed, usually within the firstfive years after completion of filling, the temporarycap can be removed. Low spots resultant fromsettlement should be rectified and the permanentcapping system can be installed. To allow for erosionand to provide a consistent depth over other wastes,it is recommended that temporary capping is laid to aminimum depth of about 0.5m.
 Unless areas are to be left awaiting final capping formany years, there is no necessity to engineer theinstallation of the temporary cap. Its main function isto prevent infiltration and to shed rainfall.
 The result of the effects of settlement is that apermanent capping system should not be installeduntil significant settlement has ceased. Accordingly,phased restoration may be desirable in many cases inthe interim. This is because it is undesirable to leavelarge expanses of filled and capped areas open andunseeded. Undesirable rainwater ingress may occuradding to the leachate management burden. Inaddition, unseeded areas will rapidly degenerate intoan unsightly mass of weeds and rough scrub, whilstunvegetated areas may suffer from erosion and causesurface waters elsewhere on the site and its environsto be polluted with suspended solids. Hence filledareas should be subject to intermediate capping andseeding in order to stabilise the bare surface andprovide a visually acceptable green sward.

Page 31
                        

Temporary capping should be undertaken on all of thephases of the site which are at final levels or wherelandfill activities will not return to a partially filledarea of the site for a number of years. The utilisationof temporary capping reduces exposed landfill areaand thus diminishes negative visual impacts andreduces leachate generation. A thin layer of topsoil orsoil conditioner should be applied to any area that itlikely to await final capping for a number of years.Coupled with appropriate seeding, this stabilises thearea and reduces negative visual impact. Seedingpermits water to be lost by transpiration and hencecontributes to the reduction of rainfall infiltration.
 4.7.2 FINAL CAPPING
 The final landform created by the infilling processshould be designed. It should not have slopessufficient to cause heavy and rapid run-off. Whilstrun-off in these circumstances can be mitigated bystep profiling and the provision of longitudinal opendrains, there remains a danger that it may causeerosion and hence affect the integrity of the cap in thelong term. Although steep gradients should beavoided, slopes should not be of such a shallowgradient as to result in water-logging and ponding.Hence the minimum gradient should be 1:20 and themaximum gradient should not exceed 1:3.
 Drainage channels constructed in an area of therestored site should be monitored for the effects ofsubsidence and be designed in the knowledge thatsubsidence is inevitable. They should also be able tocope with storm water conditions and should beconstructed in such a way that they do not cause anygradual leakage into the filled material.
 The type of capping and restoration materials andtheir depth of emplacement will be a function of thedesign requirements of the cap and the intended afteruse of the site. The restoration layer above the capshould be at least one metre thickness of soil/sub-soil. Otherwise the cap will not receive adequateprotection from after uses of the site. Further detailswill be set out in the Agency’s Manual onTermination of Use and Aftercare.
 The installation of a cap should be viewed as anengineering operation and treated as such. Sourcetesting of the capping material should always beundertaken. Post-constructional testing of the capshould also be carried out to confirm the designobjectives. Both field and laboratory testing shouldbe undertaken. These evaluations will ensure that thematerial is both suitable for use and has been put inplace in a manner which guarantees the requisitepermeability standard. Like the installation of liners
 (see the Agency’s Landfill Site Design Manual),QA/QC procedures should be followed. Furthermore,independent verification of the quality of the cap mayneed to be undertaken.
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5.1 THE NATURE OF LEACHATE
 The term “leachate” describes any liquid percolating through the deposited wastes and emittedfrom or contained within a landfill. The compositionand characteristics of leachate depends on factorssuch as:
 • the type of the wastes deposited;
 • rainfall and other climatic factors;
 • the degree of surface and groundwater ingress;
 • the age of deposited waste;
 • degree of compaction; and
 • cover, capping and restoration.
 Leachate generated in landfills is a potential threat toboth surface and groundwaters. An uncontrolleddischarge to surface waters may have a significanteffect on fish stocks and on the aquatic ecosystem in general. Table 3 shows a range of typical analyses for leachates, whilst Figure 9 shows asimplified flow chart of the various stages in thedecomposition of household waste. Figure 10 showshow these changes affect the composition of leachatebeing generated.
 It is essential to landfill operation that leachatemanagement is given due consideration throughoutthe life of the landfill. Factors of relevance relateprincipally to the generation, composition, control,treatment/disposal, and monitoring of leachate. They pertain as much to day-to-day site operationsas to the initial site selection, landfill design and development or site aftercare phases. The key to the understanding of these factors and theireffects is the comprehensive monitoring of thebiodegradation processes in the landfill andinterpretation of the results.
 The requirements for the monitoring of landfills areset down in the Agency’s Landfill MonitoringManual. It should be emphasised that these areminimum requirements. Accordingly, the frequencyand scope of monitoring may need to be increased:
 a) where further information is needed on thebiodegradation processes; and/or
 b) where site specific factors suggest thatadditional monitoring is required.
 5.2 LEACHATE GENERATION
 The quantity of leachate is dependant on the quantityof liquids entering the deposited wastes. Sources ofliquid include:
 • liquids within the wastes deposited;
 • rainfall;
 • surface water inflow; and
 • groundwater intrusion.
 All these factors influence the production of leachatefrom the site. Reductions in leachate generation mayalso have a favourable economic payback whereleachate is discharged to sewer or is tankered awayfor treatment at a sewage treatment plant.
 5.2.1 LIQUIDS IN WASTES DEPOSITED
 The amount of liquid contained within the wastedeposited may not be readily controllable by theoperator. For example, domestic refuse will alwayshave a significant moisture content. However, otherwaste sources can be controlled by way of wasteacceptance procedures. Sewage sludge and certainindustrial wastes can be significant sources of liquids.The desirability of additional liquid loadings shouldbe assessed on a site specific basis, particularly inrelation to the effect on the biodegradation processand upon leachate generation. Where possible,industrial wastes should be significantly dewatered,but even then many filter cakes can contain anaqueous phase in excess of 50% by weight. Sewagesludge will be usually much wetter with a typicaldewatered sludge solids content of 10% to 20% byweight. A cautious view should be taken of thecontinued disposal of liquids at existing sites whichare not containments and where the effects of leachateon the groundwater regime are not well understood.
 5.2.2 RAINFALL
 Rainfall on a landfill site is the single most significantsource of leachate generation. This source is highlyvariable, ranging from 900mm per annum on the eastcoast of Ireland to 2000 mm in the west. The quantityof liquid remaining after evapotranspiration is knownas effective rainfall. Effective rainfall averages about700 mm per annum in Ireland. This figure means that,out of an average rainfall figure of about 1 150 mm,700mm contributes towards leachate generation at atypical landfill site. The latter figure is very much anaverage and the quantity of annual rainfall across the
 5 LEACHATE 25
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 Overall Values Overall Range
 Determinand Median Mean Minimum Maximum
 pH-value 7.1 7.2 6.4 8.0conductivity (µS/cm) 7180 7789 503 19200alkalinity (as CaCO3) 3580 3438 176 8840
 COD 954 3078 <10 33700BOD20 360 >834 4.5 >4800BOD5 270 >798 <0.5 >4800TOC 306 717 2.8 <5690fatty acids (as C) 5 248 <5 3025
 Kjeldahl-N 510 518 1.0 1820ammmoniacal-N 453 491 <0.2 1700nitrate-N 0.7 2.4 <0.2 32.8nitrite-N <0.1 0.2 <0.1 1.4cyanide <0.05 <0.05 <0.05 0.16sulphate 70 136 <5 739phosphate 1.1 3.0 <0.1 15.8chloride 1140 1256 27 3410
 boron 2.80 7.0 <0.02 116sodium 688 904 12 3000magnesium 125 151 18 470potassium 492 491 2.7 1480calcium 155 250 43 1440vanadium 0.5 0.73 <0.1 2.9chromium 0.05 0.07 <0.04 0.56manganese 0.5 1.99 0.10 23.2iron 12.1 54.5 0.4 664nickel 0.07 0.10 <0.03 0.33copper 0.04 0.04 <0.02 0.16zinc 0.16 0.58 <0.01 6.7arsenic 0.007 0.008 <0.001 0.049cadmium <0.01 <0.01 <0.01 0.03tin 1.8 5.4 0.4 46.9mercury (µg/l) <0.1 0.1 <0.1 1.0lead 0.09 0.10 <0.04 0.28
 aluminium <0.1 <0.1 <0.1 <0.1silicon 11.53 11.90 3.42 22.85
 Notes:Results in mg/l except pH-value, conductivity (µS/cm) and mercury (µg/l).
 Source: Department of the Environment (1995b)
 TABLE 3: TYPICAL LEACHATE COMPOSITION OF 30 SAMPLES FROM UK/I RISH LANDFILLS
 ACCEPTING MAINLY DOMESTIC WASTE (1992 FIGURES)
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 FIGURE 9: MAJOR STAGES OF WASTE DEGRADATION
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 country varies with geographical location and otherfactors such as altitude.
 Given the significance of rainfall in the generation ofleachate, it is important that uncontrolled rainfallingress into the deposited materials is minimised.The most obvious control methods are the capping ofcompleted areas of a landfill and the use ofintermediate cover at areas where waste depositionceases for a number of months. Besides cappingworks, the selection of the minimum appropriate cellsize has a significant effect on leachate generation.
 5.2.3 SURFACE WATER INFLOW
 The uncontrolled inflow of surface water from landsurrounding a landfill can greatly contribute to thegeneration of leachate. This can be furthersupplemented by the discharge from surface waterditches into the landfill or from areas of the sitewhich are currently unfilled. Inflows from all of thesesources should be prevented and operators of existingsites should address these matters as a priority.
 In many cases, simple ditching and drainage diversionworks on existing unfilled areas can intercept run offfrom neighbouring land, whilst the diversion ofditches can mitigate direct discharges. Should pooledsurface water in unfilled areas be known to beuncontaminated, it can be pumped away fordischarge. However, monitoring for contaminants isan essential pre-requisite of such pumping operations.
 Areas of standing clean water should also be subjectto protection measures so that they do not becomecontaminated by leachate. This can be done by theconstruction of temporary bunds and other structures.
 5.2.4 GROUNDWATER INTRUSION
 Groundwater may add to the leachate burden,particularly at old sites where there was no sub-surface engineering or natural liner to prevent suchan intrusion. It is difficult to remedy this problem atolder sites, unless the groundwater ingress is fromnear-surface sources. In the latter case, it may bepossible to intercept it and drain it around the landfill.New sites should be specifically designed to preventgroundwater intrusion.
 However, where significant sources are diverted,care should be taken to ensure that other users arenot affected.
 5.3 THE NEED FOR LEACHATE CONTROL
 Modern landfill site design requires that leachate iscollected and treated. New phases of existing siteswhich are located on unfilled sub-strata should bedesigned on this basis. Filled areas of older sites mayhave more ad-hoc arrangements and these may need to be substantiated in order to decrease thelikelihood of leachate contamination. Much willdepend on the assessment of the location of the wastesaccepted and any requirements of the waste licence.
 FIGURE 10: CHANGES IN LEACHATE COMPOSITION
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Appropriate measures should be taken with respect tolandfill characteristics and meteorological conditions to:
 • control water from precipitation entering thelandfill body;
 • prevent surface and/or groundwater fromentering into the landfilled waste;
 • collect contaminated water and leachate; and
 • treat contaminated water and leachatecollected from the landfill to the appropriatestandard required for their discharge.
 One of the most significant environmental impacts ofan uncontrolled discharge of leachate through thebase of an unlined landfill is upon groundwater.Groundwater is protected by way of the EUGroundwater Directive (80/68/EEC), the LocalGovernment (Water Pollution) Act 1977 andregulations made thereunder.
 The Directive contains two catalogues of substances,Lists I and II, and sets down a series of environmentalprotection requirements in respect of substancespresent on these Lists. It also differentiates in itsrequirements between direct and indirectgroundwater discharges. Table 4 shows the range ofsubstances on the two Lists.
 In summary, the Directive requires Member States toprevent the introduction of List I substances intogroundwater and to limit List II discharges so thatgroundwater pollution is prevented. The need forcontrol applies irrespective of whether thegroundwater is currently being used, therebysafeguarding any future groundwater abstractionuses. However, exclusions are set down, which relateto discharges which are of such a small concentrationas not to effect groundwater quality and wheregroundwater is permanently unusable.
 Of fundamental importance to the requirements ofthe Directive are two principles. The first is a designinvolving containment at new landfills, along withthe lining of new phases or capping works at existingsites. The second is groundwater monitoring as setout in the Agency’s Landfill Monitoring Manual.
 5.4 LEACHATE COLLECTION
 An effective leachate collection and removal systemis a pre-requisite of new sites. For existing sites, theinstallation of an improved collection and removalsystem should be considered in the light of dataobtained by way of the environmental monitoring. Ofparticular importance is evidence of leachatemigration and/or high leachate levels within the filled
 areas. Unless controlled, the latter may continue torise with infiltration and eventually escape at thelowest point of weakness. An uncontrolled outflow ofleachate may have a significant effect on the localenvironment, particularly on the aquatic systems.
 Typically, leachate collection involves two stages.These are the installation of a system which directsleachate to a small number of collection points andthe abstraction of leachate from the collection pointsthemselves. Figure 11 illustrates a typical leachatecollection system.
 Whilst it is possible only to retrofit abstraction andpumping systems in completed areas, for new phasesor cells constructed in unfilled areas, the collectionsystem should be installed alongside comprehensivebasal leachate drainage blankets. These are alsoessential at new containment landfills. Basal leachatedrainage blankets are composed of a series of pipesacross the base of the site, which meet at one or moreleachate collection points. The collection pipeworkshould be surrounded by at least 0.5m depth ofgranular, low fines aggregate. This granular layerassists the migration of leachate towards thecollection system. This arrangement means thatlocalised blockages in the collection pipes are lesslikely to cause a problem to the operation of thedrainage system. The use of vehicle tyres as adrainage medium is not recommended. The base ofsite should be constructed so that at least a 1:50gradient is attained in the direction of the leachatecollection points.
 The drainage media selected should:
 • be structurally robust to withstand loading;
 • be sufficiently coarse to preclude blockage;
 • have a minimum permeability of 1 x 10-3 m/s;and
 • should not be susceptible to chemical attackby the leachate.
 Where the sides of a landfill are at a gradual slope, theblanket can be extended up the sides. This allows forthe installation of a rodding point at the surface so thatthe pipework can be cleared of blockages andfacilitates access for CCTVinspection.
 In the selection of collection pipes, an assessmentshould be made of their compressibility under loadfrom the filled materials above.
 As filling progresses, leachate collection pipeworkshould be extended upwards through the depositedwastes. This can be done by way of a continuous
 5 LEACHATE 29
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The following metalloids and metals and theircompounds:
 1. Zinc 2. Copper3. Nickel 4. Chrome5. Lead 6. Selenium7. Arsenic 8. Antimony9. Molybdenum 10. Titanium11. Tin 12. Barium13. Beryllium 14. Boron15. Uranium 16. Vanadium17. Cobalt 18. Thallium19. Tellurium 20. Silver.
 2. Biocides and their derivatives not appearing inList I
 3. Substances which have a deleterious effect on thetaste and / or odour of groundwater, andcompounds liable to cause the formation of suchsubstances in such water and to render it unfit forhuman consumption
 4. Toxic or persistent organic compounds of silicon,and substances which may cause the formation ofsuch compounds in water, excluding those whichare biologically harmless or are rapidly convertedin water into harmless substances
 5. Inorganic compounds of phosphorus andelemental phosphorus
 6. Fluorides
 7. Ammonia and Nitrites
 30 LANDFILL OPERATIONAL PRACTICES
 1. Organohalogen compounds and substances whichmay form such compounds in the aquaticenvironment
 2. Organophosphorus compounds
 3. Organotin compounds
 4. Substances which possess carcinogenic,mutagenic or teratogenic properties in or via theaquatic environment*
 * Where certain substances in list II arecarcinogenic, mutagenic or teratogenic, they areincluded in category 4 of List I
 5. Mercury and its compounds
 6. Cadmium and its compounds
 7. Mineral oils and hydrocarbons
 8. Cyanides
 List I List II
 “wall” of leachate drainage material extendingvertically though the site to the surface. Alternatively,leachate drains can be installed horizontally atdifferent levels, intersecting with the vertical leachatecollection points. Either of these options will assistthe migration of leachate to the collection pipeworkand will mean that blockages at lower levels will notcause the system as a whole to malfunction.
 In deep sites where leachate pumping is required,leachate collection has traditionally been undertakenby the construction of a leachate collection chamberout of manhole rings. The rings are usually cast of
 sulphate resistant concrete and should be drilled (orotherwise contain holes) in the sides to assistpercolation. They should not normally have accessladders within them, as this may encourageunauthorised entry. Care should be taken to ensurethat the chambers have suitable foundations whichwill not subside when a succession of rings areplaced on top of each other and that the weight of therings will not damage any liner system. This maylead to the substitution of the concrete rings byartificial materials such as plastics.
 TABLE 4 GROUNDWATER DIRECTIVE (80/68/EEC): LIST I AND II SUBSTANCES
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Vertical leachate collection chambers should besurrounded by a permeable drainage media – notdeposited wastes – to assist in vertical percolation ofleachate to the chamber. Figure 12 shows the generalarrangement for a leachate pumping chamber forillustrative purposes.
 A number of configurations of leachate collectionpoint are possible. The use of low angled leachaterisers which are laid parallel to the side of the siteshould be considered. These act as alternatives to thetraditional leachate chambers illustrated earlier.Although not suitable for sites with steep sides, thesystem exerts much lower pressures on the linersystem. A second advantage is that vertical chimneysoften suffer from sideways movement due tosettlement. The low angle riser system is less prone todamage from the filling process as they are located atthe perimeter of the phase. Pumps can be introducedby way of a skid system. When a site is suitable,gravity drainage systems should be considered.
 Besides leachate extraction using submersiblepumps, a number of leachate dewatering techniqueshave been developed, including some which utiliseeductor pumps. These have the advantage of beingsuitable for installation in small diameter boreholes(150mm). In addition, the eductors do not containmoveable parts. The only maintenance necessary isthe cleaning of slimes from the spray head. Figure 13shows an eductor pump leachate removal system.
 A primary objective of leachate removal is thatsignificant leachate heads should not be allowed tobuild up in any landfill in an uncontrolled fashion.Unless the surrounding land is equally saturated,leachate may escape from the site through the base or
 the sides. It could also cause significant pressures tooccur on the inside of temporary structures. Bundsused to separate the filled and unfilled phases of thesite are particularly vulnerable. Accordingly, it isdesirable that a leachate head of no more than onemetre should occur, and gravity drained sites canachieve a significantly lower leachate level.
 All landfills should be monitored for leachate levels atleast at the frequency set down in the Agency’s LandfillMonitoring Manual. Such monitoring points should beat locations which are independent of any leachatepumping chambers, with the locations and number ofmonitoring points being selected to give a representativepicture of the leachate levels within the filled material.
 Open chambers on the surface of the site areundesirable for health and safety reasons. Hence allleachate collection chambers should have lockablelids, which should be only left open when thepumping system is under maintenance.
 As is expanded upon in Chapter 6, methane levels inpumping chambers and collection pipes must bemonitored and venting should be provided wherenecessary. All pumps should be intrinsically safe,whilst any monitoring equipment should not be ableto cause sparks within any closed spaces. Forexample, it is undesirable that steel balers are used tosample in leachate chimneys.
 5.5 LEACHATE TREATMENT/DISPOSAL
 Once leachate has been removed from the depositedwaste, its storage and disposal are necessary. In manycases, leachate treatment is required to reduce theleachate strength.
 5 LEACHATE 31
 FIGURE 11: LEACHATE COLLECTION AND CONTROL MEASURES
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 A variety of leachate treatment methods areavailable, with the choice of technology being afunction of cost and the intended disposal method.They include :
 • recirculating the leachate through the landfill;
 • treatment at a sewage works; and
 • treatment on site.
 5.5.1 RECIRCULATION
 Recirculation of leachate through landfilled wasteprovides some reduction in leachate strength byanaerobic treatment within the landfill. The organicfraction of leachate can be reduced by the recirculationprocess but other constituents are not significantlyremoved (ammonia, chloride and metals in particular).Leachate recirculation may assist the biodegradationprocess and hence shorten the period required forstabilisation of a landfill in the short to medium term.However, eventually the chemical composition of theleachate will become affected, with a rising proportion
 of substances which do not respond to the action ofbacteria in the fill. The result will be an imbalancebetween these substances and the other, moretreatable, components of leachate. This may causebiodegradation to slow and hence extend the time overwhich landfill gas and leachate is produced.
 Recirculation on existing sites which were notdesigned with basal lining and leachate drainage isnot recommended. The recirculation of leachatewithout the monitoring of leachate levels in the site isalso undesirable and should not occur.
 Where recirculation is practised, the recycled leachateshould as far as possible be evenly distributedthroughout the body of the landfill. This can be doneby way of an irrigation system placed under the cap ofany completed phases. Optimum operating conditionsfor leachate recirculation are site specific. The rate ofapplication of the recirculated leachate is dictated bythe amount of leachate available. Recirculation shouldbe practised without causing hydraulic, surface orgroundwaterproblems.Care should be taken to
 FIGURE 12: LEACHATE COLLECTION CHAMBER – GENERAL ARRANGEMENT
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ensure that leachate is not becoming perched in thesite and that the recirculated leachate is reaching theleachate collection system.
 It should be recognised that recirculation is a leachatemanagement method, not a disposal solution. It hasthe short term attraction of making the leachatedisposal problem less acute for the early years of thesite’s life. However, unless infiltration of rain water isprevented, leachate levels in a containment site willbuild up as the wastes become increasingly saturated.This phenomenon demonstrates the need formonitoring and confirms that leachate disposal willstill require a solution in the long term.
 5.5.2 TANKERING AND SEWER DISCHARGE
 Where leachate generation is low, transport to asewage works may be a possibility. This is essentiallydependent upon cost and whether the operator of thesewage works wishes to accept the material.
 Sewer discharge is an option, but it is dependent on the ability of a sewage works to treat theleachate. The capacity of the sewerage network toreceive the additional flows may also be a criteria atcertain locations.
 In all cases where sewer discharge occurs, leachateshould be tested for dissolved methane. Methane isan explosive gas which may pass out of solution byprocesses such as aeration. The build up of methaneis not desirable and may result in unacceptable risksto other sewer users. For this reason, methane levelsin leachate discharges to sewer must be sampledregularly. If necessary, the leachate must be pre-treated and degassed. Methane degassing is generallyundertaken as part of leachate treatment as it involvesthe aeration of the leachate.
 All sites involved in off-site leachate disposal willneed some form of leachate storage. This is necessaryto ensure that levels do not rise above the maximumacceptable level within deposited waste. Storage alsoprovides essential back-up where problems arise withtransport or at the final disposal outlet. Accordingly,storage capacity of at least seven days leachateproduction will be necessary at most sites whereleachate is pumped directly to a sewer. However,larger capacity may be needed where reliance isplaced upon tankerage or gravity drainage.
 5.5.3 ON-SITE TREATMENT
 On-site treatment may be economical at larger sitesor where sewer disposal is not possible and tankeringto a sewage works prohibitively expensive. A numberof the more common treatment technologies include:
 • Air Stripping/Aeration;
 • Reed Beds;
 • Rotating Biological Contactors;
 • Reverse Osmosis; and
 • Oxidation and other Chemical Treatment.
 It should be appreciated that the treatment methodslisted above are possible responses aimed ataddressing problems that may arise in the practicalcontext. Indeed, certain techniques may need to beused in tandem or otherwise in combination toproduce the desired result. In the end, the choice willbe a function of the nature of the leachate to betreated, which in itself is dependent on thecomposition and volume of the leachate and theselected discharge medium and its location.
 One of the older methods of leachate treatment is thespray irrigation of leachate. This was done either onthe filled areas of the landfill site or off-site onneighbouring land. This techniques relies uponevaporation and aeration of the leachate, whilstevapotranspiration and some biodegradation couldoccur where off-site land treatment was practised. Inthe context of modern landfill operation, sprayirrigation has considerable disadvantages. Off-siteleachate irrigation may pollute local groundwaterand/or may be a contravention of the provisions ongroundwater protection, principally the LocalGovernment (Water Pollution) Regulations 1992 andthe EU Groundwater Directive. A particular problemresults from leachates containing an elevated heavymetal content. A second disadvantage is that theeffectiveness of the method is dependent upon theability of the recipient soil structure to accommodatethe additional liquid load. Often the soil structurebegins to break down or the iron content of theleachate causes the creation of a hard pan. Inaddition, aerial spraying may result in a significantodour nuisance. All these factors greatly diminish thedesirability of continuing this practice so that it isonly used in exceptional circumstances.
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 FIGURE 13: EDUCTOR PUMP LEACHATE REMOVAL SYSTEM
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6.1 THE NATURE OF LANDFILL GAS
 The biodegradation process in a landfill produces bothleachate and landfill gas. The latter is primarilycomposed of methane, carbon dioxide and watervapour and evolves on the commencement of theanaerobic decomposition of the filled material. Tracecomponents provide landfill gas’s characteristicvinegary smell. In certain circumstances, othergaseous compounds may be present in significantquantities, where large quantities of industrial wasteof particular types have been accepted for disposal.For example, a very large proportion of plasterboardin a site may cause the evolution of hydrogensulphide. The latter circumstance would be unusualand, normally, methane and carbon dioxide are theprimary constituents of environmental importance in landfill gas.
 Methane is flammable and explosive atconcentrations of 5-15% v/v in air. The gas is usuallysaturated with moisture and is corrosive. If not properly monitored and controlled, landfill gascan give rise to flammability, toxicity, asphyxiationand other hazards as well as vegetation dieback. Inaddition to its explosive properties, landfill gas is alsoan asphyxiant when found in a closed space insignificant quantities.
 Landfill gas is produced in significant quantities in thelandfill environment, with a typical annual emissionfigure being about 10m3 of gas per tonne of depositedwastes. The rate of landfill gas production is a functionof a number of factors including:
 • the physical dimensions of the landfill site;
 • the types of waste deposited and the associatedinput rate;
 • the age of the waste;
 • moisture content, pH, temperature and densityof wastes deposited; and
 • the application of cover, compaction andcapping.
 Leachate can also contain dissolved methane. Asmethane can emanate from solution, care should betaken to ensure that this does not occur either from anoff-site leachate plume at sub-surface level or fromleachate discharged to the sewerage network.
 It should be appreciated that methane emissions will occur naturally from some soils and that otherindustrial activity, such as the proximity of gas
 mains, coal workings etc, may also cause gasproduction. Although non-landfill gas emissions arebeyond the scope of this document, it is importantthat any public health risks from those other sourcesare addressed when they are discovered.
 6.2 GAS PRODUCTION AND MIGRATION
 The nature of operation of landfill sites makes itdifficult to predict the onset of landfill gas productionand also its cessation. These depend on both the rate ofbiodegradation and the by-products of thebiodegradation process. These are themselves relatedto such factors as moisture levels and types of wastesdeposited. It is usual for aerobic decomposition tocease within a few days of wastes being put in place,being followed by anaerobic processes which result ingas generation. Figures 9 (see Chapter 5) and 14schematically show how landfill gas compositionchanges with the different stages of wastedecomposition. As can be seen, enhanced carbondioxide levels from aerobic decomposition are aprecursor to the production of methane-bearing landfillgas in the anaerobic phase. Hence a steady rise incarbon dioxide is a good indicator that gas productionis commencing. Once anaerobic biodegradation hasstarted, the quantities of landfill gas will steadilyincrease over the following 12 months.
 Gas production will then continue for a number ofdecades, eventually declining due to the decrease inmicrobiological activity in the site. In certaincircumstances, gas evolution may step up again if thesite is disturbed, particularly in a manner whichaffects the moisture content of the filled material.Hence changes in the water table or in the efficiencyof capping may have a significant effect on gasgeneration. Accordingly, extreme care should betaken in making a decision to cease or significantlyreduce landfill gas monitoring when gas generationrates appear to be slowing or to have ceased.
 Landfill gas has approximately the same density asair, but some variations in density will occur due tovariabilities in the proportion of methane to carbondioxide in the gas. Natural convection from the raisedtemperatures within the filled material will cause gasto migrate to the surface. Changes in atmosphericpressure may result in significant alterations in thepattern of gas migration and its rate of emission fromthe site. In particular, a sudden drop in pressure mayresult in a differential pressure gradient occurringbetween the filled material and the atmosphereabove, tending to cause gas to be drawn from theground.
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36 LANDFILL OPERATIONAL PRACTICES
 As it rises, landfill gas will follow the path of leastresistance. It may therefore be emitted laterally whenupward movement is fully or partially obstructed, forexample by layers of low permeability materials.Besides convection, pressure build up of gas withinthe waste mass may cause migration at landfill sites.Figure 15 shows a variety of possible migrationpathways from a completed site.
 The settlement process of the filled materials mayaffect migration pathways in the long term and hencecause changes in patterns of emission. The installationof an impermeable cap on the completed areas of alandfill can have a significant impact on the pattern oflandfill gas migration. It is important that the need forthe gas to pass through the cap is addressed.Otherwise uncontrolled lateral migration is likely tobe an inevitable consequence of the presence of animpermeable cap. The design and installation of a capwhich, on the one hand, prevents significant wateringress and, on the other, permits landfill gasemissions is a challenging matter which may requirespecialist expertise, particularly at the design stage.
 Other factors which may cause changes in migrationpatterns include temporary sealing of open gas ventingtrenches by washed out materials or by snow or ice.
 Besides the on-site factors mentioned above, theimmediate geological and hydrogeologicalenvironment of the landfill will have a significanteffect on off-site migration. Of importance is the
 structure of the adjoining geological materials andtheir potential permeability. The existence of drainsand service ducts nearer the surface must also betaken into account, as must the presence of adits andother sub-surface structures.
 Uncontrolled off-site migration should not occur.Localised vegetation die-back may be the first sign ofenvironmental stress. Of greater significance is thepossibility that landfill gas will migrate into closedspaces and consequently build up. Basements andcellars, service ducts, under-floor spaces, cupboards,wall cavities, lighting columns and drains can all act asmigration pathways. Precautions must be taken to ensurethat landfill gas does not present a threat to properties inclose proximity to a landfill site or to buildings or otherenclosed spaces within the site perimeter.
 6.3 GAS CONTROL MEASURES
 All sites accepting biodegradable waste shouldundertake landfill gas monitoring. The nature of that monitoring is set out in the Agency’s LandfillMonitoring Manual. The monitoring frequencies setout in that document are minima and it would beusual for frequencies significantly in excess of theserequirements to be implemented at sites in closeproximity to other built development.
 Besides environmental monitoring, all landfilloperators should take appropriate measures to assesslandfill gas production and to control its
 FIGURE 14: CHANGES IN LANDFILL GAS COMPOSITION
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accumulation and migration. In general, allsignificant sites should have gas collection systems.Landfill gas generated at such sites should not beallowed to vent to atmosphere in an uncontrolled, ad-hoc fashion. Rather it should be contained within thesite boundary and collected.
 When collected in sufficient quantities to supportcombustion, landfill gas should be flared, rather thanpassively vented to the atmosphere. Methane isaggressive in the upper atmosphere and hence is asignificant contributor to the greenhouse effect.Ideally, landfill gas should be utilised for theproduction of energy or for space heating purposes.
 On all landfill sites where landfill gas is present insignificant quantities, the collection and treatment oflandfill gas should be carried out in a manner whichminimises damage to or deterioration of theenvironment and risk to human health. As has beennoted, methane concentrations of between 5% (thelower explosive limit: LEL) and 15% (the upperexplosive limit) are explosive. Whilst it is notpossible to establish hard-and-fast rules which applyin all cases, in general site operators should ensurethat the concentration of methane generated by thefacility does not exceed:
 • 20% of the LEL(1% v/v) in structures on thesite (excluding the gas control or recoverysystem) or
 • 20% of the LELin unfilled land around thesite or outside the area of influence of the gascontrol system.
 Applicable thresholds for carbon dioxide are 1.5% byvolume.
 If these trigger levels of methane or carbon dioxideare exceeded, the operator should take immediatesteps to mitigate the migration of landfill gas.
 Figure 16 shows a typical landfill layout where gascollection and monitoring have been installed, andwhere landfill gas is being extracted.
 6.4 GAS CONTROL SYSTEMS.
 The exact nature of the infrastructure used to controllandfill gas is site specific. The over-riding objectiveis to prevent landfill gas passing beyond theperimeter of the site, whilst safeguarding theworkforce and users of the landfill. Generally,effective landfill gas control requires specialistexpertise, particularly where the landfill operator hashad only limited experience in gas management.
 Gas control systems fall into two types: activesystems and passive systems. Often a combination ofthese is used. In either case, it is vital that the systemsselected are designed and protected against failureand damage. The landfill environment requiresrugged equipment and such equipment may wellbecome damaged at some time either by the siteoperations or by the settlement process itself. It mustalso function 24 hours a day for every day of the year.The possibility of failures occurring should beaddressed at the design stage, as should the provisionof back-up alarm systems. Regular inspection by sitepersonnel is essential. Otherwise passive systems canbecome inadvertently blocked or pumping systemsmay fail with potentially serious consequences.
 No single control mechanism will provide a panaceato the challenges resultant from gas emissions from
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 landfills. Usually, a number of systems will need tobe used in tandem. Only where a site is in a highlyrural location, well away from any residential orother development, will a single control measure beadequate. In this respect, it should be noted that thedemands on a gas management infrastructure willchange over the site’s life. For example, at the earlystages of biodegradation, gas management solely bypassive venting may be appropriate as gas productionlevels will be low. As gas production increases, a
 more sophisticated, active system may be required.When gas quality reaches a sufficient standard tosupport combustion, flaring or other energy recoverymethods may be required.
 Active Systems
 Active gas control systems usually abstract landfillgas by way of applying a negative pressure to the fillfrom selected boreholes or gas wells. This is achievedby pumping, with the gas being collected for flaringor utilisation.
 FIGURE 16: LANDFILL GAS ABSTRACTION SYSTEM
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It should be appreciated that the installation of a gasabstraction system can speed up the biodegradationprocess and hence will often stimulate enhanced ratesof settlement. This factor will need to be considered inthe design and maintenance of abstraction systems.The operation of the system will have particularlynoticeable effects in the year after it has been installed.
 Care must be taken to balance the pumping carriedout in various gas wells on the site. Otherwise certainareas may become over-pumped, with the result thatair is drawn through the refuse and into the gasextraction system. It may also increase the likelihoodof fires occurring. This may affect the combustion ofthe gas at the flaring stage and may diminish thebiodegradation process. Conversely, under-pumpingat other locations may result in only partial gasextraction and possible migration. Hence each wellshould have its own sampling point and controlvalve.
 The concentration of landfill gas being transmittedvia the wells to the abstraction system should bemonitored. In particular, transmission within theexplosive range for methane of 5-15% by volumeshould be avoided.
 Abstraction wells will vary between 0.25 to 1.0 metrein diameter. A typical cross section of a gas well isshown in Figure 17. The bulk of the well is composedof a drilled or slotted pipe, surrounded by an annulusof clean permeable stone of low fines content. Thehead of the well must be sealed so that no air can bedrawn in by the gas abstraction process. Otherwisegas yields for energy use and flaring purposes willdiminish and the aerobic conditions may createadditional risks of fire. Usually low permeability clayor other equivalent materials should be used to sealaround the top of the vent or abstraction pipes. Thepipe should be composed of a suitable compositionplastic, such as high density polyethylene (HDPE). Itis not appropriate to use metal pipes for the reasonthat trace constituents of landfill gas are corrosive.
 Generally, gas wells should not extend to the base ofthe site. This is particularly the case where wells areretrofitted to filled areas of existing sites. In the lattercase, a margin of about 25% of the total depth shouldbe allowed between the bottom of the well and thebase of the site. Otherwise, the vagaries of thedrilling process and settlement may cause the well tocome into contact with any liner.
 As an alternative to drilling, gas wells can beconstructed after wastes have been deposited by wayof excavation using an hydraulic excavator. Thistechnique may have a possible advantage over
 drilling as there is less likelihood of compaction inthe waste surrounding the well. Hence gas flow to thewell will be assisted. This technique is not suitablefor the construction of wells in deep sites.
 The location and spacing of the wells will be sitespecific and dependent on whether there is anyintention to use the landfill gas for energy generationand whether migration is already causing a problem.Again, it should be emphasised that assessments of this kind should only be done by suitablyexperienced organisations.
 Where landfill gas is detected in perimetermonitoring points around the site, monitoring pointdensity may need to be increased to pin-point theextent of the migration. Increased numbers ofmonitoring points may also be needed where veryhigh concentrations of gas are being produced.Abstraction wells may need to be installed in parallelto the sides of the site.
 Each gas well should be connected to a grid of pipes.Pipe diameters are dependent on gas flow rates butgenerally diameters of between 100mm to 200mmshould be utilised. Plastic pipework should beutilised and these should be selected for integrityagainst frost damage and sunlight. It is preferable thatpipes are buried, but this may prove difficult in siteswhich have yet to reach final levels or the cappingstage.
 The interconnections between the collection pipesthemselves, and between the collection pipes and thewellhead, will require careful design and monitoring.They may be subject to considerable pressures andlateral stresses resultant from the movement andsettlement of the filled material. It is important thatpipework is laid to a designed fall and thatcondensate traps are fitted at any low points. Thisprevents the pipework becoming blocked. Given thatcondensate is inevitable in landfill gas extraction, it isimportant that effects of settlement on pipework areregularly monitored. Otherwise, low spots maydevelop and attract condensate to them.
 The heart of an active gas management system is oneor more extractor pumps. These should be protectedby a moisture removal trap and, where a flare isinstalled, a flame arrestor. A wide variety of pumpsare available which are suitable for landfill gasabstraction. The selection of such pumps is a matter for those with specialist experience inlandfill gas monitoring and control. However, theymust be suitably rugged and able to operate reliablyfor long periods in a corrosive environment. Allpumps must be subject to planned maintenance
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 The selection and design of flare stacks should be amatter for specialist advice. They should be sited in araised area, with appropriate security. Care should betaken that the grounding of the flare does not providea hazard to site personnel on windy days. Alarmsystems must be included to indicate instances whencombustion is no longer occurring.
 All electrical equipment must be intrinsically safe,sparkproof and suitable for use in a potentiallyexplosive environment.
 In conclusion, gas abstraction and management is ahighly specialised area where expert advice isusually required. In particular, the utilisation onlandfills of makeshift equipment for gas collectionand flaring is unacceptable.
 Passive Systems
 Passive systems are generally made up of gas ventingsystems or gas barriers, albeit that these can be used
 in combination. Such control systems rely on naturalpressure and convection mechanisms to vent landfillgas to the atmosphere. They are less efficient thanactive systems, but are cheaper and have lowermaintenance requirements.
 The choice between a passive system or an activesystem will be dependent on a number of factors. A key decision criterion will be the results ofenvironmental monitoring carried out and whethergas migration may be presenting a problem.Notwithstanding these factors, odour nuisances from passive systems may increase the desirability ofestablishing an active gas management system andassociated flaring.
 Minimum landfill gas monitoring requirements are setout in the Landfill Monitoring Manual. More detailedmonitoring should be undertaken where passivelandfill gas barriers are used to protect sensitivetargets. In particular, monitoring should be undertaken
 FIGURE 17: TYPICAL LANDFILL GAS EXTRACTION WELL
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on both sides of any passive gas barrier in order toshow, firstly, whether gas is reaching the barrier and,secondly, to test the effectiveness (or otherwise) of thebarrier. It should be emphasised that it is not sufficientto rely on a gas barrier without undertaking therequisite environmental monitoring.
 At the very minimum, some type of passive systemshould be installed to control landfill gas emissions atall sites accepting biodegradable wastes. Figure 18illustrates a typical passive venting well installedwithin the filled material and Figure 19 shows aventing trench constructed at the edge of a landfill. Itcan be seen that a series of vertical pipes forms theheart of the venting system, being surrounded bygranular, no fines material. The pipework and thegranular material assist the migration of the landfillgas to the surface.
 6.4.1 GAS BARRIERS
 Artifi cial liner systems, such as clay, bentonite orHDPE, will give some degree of protection fromlandfill gas migration. However, the impermeabilityof these to gas migration has not been completelyevaluated and hence care must be taken to ensure thatan undue reliance is not placed upon them.
 In many cases, operational sites will require that gas barriers are installed in waste already deposited.Trenches can be dug in shallow sites usingappropriate equipment. In the case of deeper sites, orwhere the ground is difficult, barriers can be injectedinto the substrata surrounding the waste. The injectionof grout and other types of barrier should beundertaken only by experienced contractors.
 6.4.1.1 Barriers and Trenches
 Gas barriers can be installed in trenches of a width aslow as half a metre. They should be constructed onfirm ground outside the filled material. Generally, gasbarriers should be constructed to at least two metresbelow the deposited waste, unless keyed into verylow permeability natural substrate.
 A typical vent trench is illustrated in Figure 20. The side furthest away from the waste is lined withan artificial lining medium of low permeability.Perforated or slotted vent pipes should be utilised. Asthe trench is built up, further slotted collection pipesshould be introduced. The spacing of the vertical ventpipes will depend upon an assessment of the potentialmigration of the landfill gas, taking account of theeffects of later capping activities on the site. Thetrenches should be lined with geotextile at the surfaceand then capped with impermeable materials toprevent water and fines ingress. The vertical vent
 pipes should be proud of this surface and should notbe slotted at the point where they pass through thecapping materials.
 In the past a series of horizontal pipes have beensuggested which inter-connect with the vertical pipesjust described. Whilst this may be acceptable intrenches constructed in natural ground (such as thatillustrated in Figure 20), this practice is undesirablein the type of gas barrier sandwiched between wasteand natural ground shown in Figure 19. Settlementwill put considerable pressure on the matrix ofpipework. The horizontal cross connections and theinterconnections themselves will be areas ofweakness which may cause the pipework to pull apartunder load.
 It is not acceptable to rely on convection through theaggregate alone to achieve venting. Vent pipes mustbe used in all cases. The trench should be capped ina manner which does not disrupt the permeability ofthe aggregate. A gas trench constructed withoutpiping and capping may also create a path forrainwater infiltration.
 The construction of the trench should be supervisedto ensure that no short-cuts are taken. When inoperation, care should also be taken to ensure that thetrenches do not become blocked with fines or that badweather – particularly snow – does not adverselyaffect the operation of the venting pipes.
 6.4.1.2 Vertical Gas Drains
 A series of gas drains can be installed in the activeareas of the landfill as filling progresses. These assistthe evolution of gas in the direction of the abstractionsystem and/or away from peripheral gas trenches.
 These should be constructed of slotted pipessurrounded by clean and low fines aggregate. Thepipe/aggregate construction should be collectivelyabout 1 metre diameter. Gas drains can either beconstructed in recently deposited refuse or can be builtup proud of the deposited wastes and the depositedmaterials placed around them. Alternatively, gas drainscan be drilled or excavated into wastes already in situ.The latter may be preferable, as the on-goingconstruction of gas drains in parallel to waste disposalactivities can interfere with filling operations. Inaddition, the infrastructure itself may suffer damagefrom machinery operating on the site.
 Gas drains can be used in conjunction with leachatecollection points as shown in Figure 21.
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 FIGURE 18: PASSIVE VENTING WELL
 FIGURE 19: GAS VENT TRENCH AT EDGE OF
 CONTAINMENT (CROSSSECTION )FIGURE 20: GAS VENT TRENCH – SET IN NATURAL
 GROUND (CROSSSECTION )
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 FIGURE 21: TYPICAL COMBINED LEACHATE AND LANDFILL GAS COLLECTION WELL
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7.1 NUISANCE CONTROL
 A key item in the effective management and controlof landfill operations is the control of nuisances.Unless an operator effectively addresses nuisance-related matters on a daily basis, a landfill maybecome detrimental to local amenity. Factors such aslitter and odour have contributed to the poorreputation of landfill in the past.
 The potential impacts of landfill operations on localamenities should be considered at the planning stage.In the operating phase all complaints should belogged and investigated. It is good practice to contactcomplainants to ascertain the nature and source of theproblem so that corrective measures can be taken atthe site.
 Nuisances which may cause concerns include:
 • vehicle traffic;
 • litter;
 • odours;
 • noise;
 • birds;
 • vermin, insects and other pests;
 • fires; and
 • dust and mud.
 These potential impacts should be addressed by clearoperating procedures with a view to theirminimisation. The following sections set out a rangeof actions available to mitigate the above nuisances.
 7.1.1 TRAFFIC IMPACTS
 Traffic is inevitable at all landfills and can become asignificant problem at sites served by minor roads.This issue is best addressed at the site selectionstage. At existing sites only minor changes may bepossible to mitigate the impact; but in certaincircumstances even small alterations willsignificantly reduce the impact.
 Often sites may be served by alternative routes. Ifthis is the case, it may be possible to route trafficaway from the more sensitive areas, eitherpermanently or at particular times (an examplemight be school opening and closing hours). Themain method by which this can be achieved is by theoperator issuing strict instructions to thosedelivering wastes to the site.
 The queuing of vehicles on the public highway whilstawaiting access to the site is undesirable. Where this
 is a problem provision should be made for queuinglanes within the site.
 7.1.2 LITTER CONTROL
 The negative visual impact from inadequate littercontrol at landfills can be a major cause of complaintsand a significant nuisance to site neighbours. Littercontrol should therefore be a high priority. A range ofabatement techniques is available, with their usedepending on site specific factors such as the degreeof shelter of active tipping areas, proximity of otherland users and types of waste being deposited.
 7.1.2.1 Site Management
 On windy days the direction of tipping andcompaction should be influenced by the need toensure protection from the prevailing wind direction.At larger sites, an emergency tipping area should beprovided, sited in a protected location. If conditionsare exceptionally bad, the site should be closed untilthe wind has abated.
 A daily patrol of the site’s perimeter, accessroadways and adjacent public roadways, should beundertaken. Larger sites may require full time litterpickers. If litter has escaped from a site, a priorityshould be the clearance of gardens of domesticproperties, farmland where livestock are kept, andthe public highway.
 Strict enforcement of the requirement that allvehicles be properly enclosed or covered shouldprevent litter on access roadways. Vehicle driversshould be issued with warnings about inadequatecovering and should be precluded from using the siteif these are unheeded.
 7.1.2.2 Site infrastructure
 Movable screens or nets should be positioned nearthe working face to control wind blown litter.Screening bunds, fencing, and buffer zones enclosingthe site’s perimeter will provide protection foradjacent properties.
 Canopy nets or mobile nets attached to a frameworkon rails have been used to enclose the working areaand prevent wind blown litter. Enclosed nettingsystems have been successful at some locations, butat others they have resulted in operational problemsby obstructing the working area.
 All types of litter screens and nets should regularly becleaned of litter. Otherwise, effectiveness may bereduced and/or support structures may be damaged.
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 As noted earlier, cover material has a significant rolein litter abatement. Accordingly, it is desirable thatcover is stockpiled on the site. This can be done in theform of bunds around the working face or emergencytipping area, which themselves offer protection fromthe wind.
 The use of steel wheeled compactors can reduce thepotential sources of litter. However, other methodssuch as nets will usually be required.
 7.2 ODOUR CONTROL
 Offensive odours at landfills arise from:
 • previously deposited waste disturbed bydigging activities;
 • malodorous wastes, such as industrial oragricultural wastes and sewage sludges;
 • leachate treatment systems, particularly aerialspraying;
 • stagnant leachate in lagoons or other holdingcontainers; and
 • landfill gas.
 Odours from landfills can be reduced by good sitemanagement. The principal means of minimisinglandfill odours include:
 • effective compaction;
 • the provision of adequate cover;
 • rapid deposition of malodorous wastes, using covered trenches where necessary;
 • effective landfill gas collection and subsequentefficient combustion;
 • rapid burial of excavated wastes and theclosure of such excavations; and
 • prevention of stored leachate becominganaerobic.
 7.3 NOISE CONTROL
 Site personnel should be aware of the need tominimise noise and of the health hazards ofexposure to excessive noise. Vehicles or equipmentvisiting or in use on the site should conform to EUstandards in relation to noise performance. Specialattention should be given to fitting sound reductionequipment to power tools, machines and fixed plant.Acoustic screens may be necessary in proximity togenerators and pumps, particularly those used on a24 hour basis.
 Speed limits should reduce noise of vehiclesaccessing the site. High quality road surfacing willhave similar effects.
 Gas flares can be noise sources on occasion. Audiblebird scarers may cause irritation to residents, whenlocated in inappropriate locations or operated outsidethe hours of site working. Accordingly, they shouldnot be used after the hours of darkness or in the lateevening during summer months.
 In certain cases, bunds, vegetative screens and othernoise barriers can dampen the ability for noise totravel. These features should be provided to ensurethat adjacent properties are shielded from active areasof the landfill development. However, they should becarefully sited, designed to fit in with the topographyof the site and the surrounding landscape.
 7.4 PEST CONTROL
 When well run, the modern landfilling process will avoid many potentially adverse environmentalimpacts. The rigorous application of cover material,proper compaction of wastes, and general “goodhousekeeping” are the most effective means of pest control.
 Where it is proposed to use alternative types of coversuch as foam, increased vigilance should be taken to ensure the adequacy of pest controlmeasures used. Where pests are a continual problem,a reversion back to the more traditional types ofcover, such as sub-soils, may be the only option. If aninsect control problem appears to develop in thesummer months on sites using non-traditional covermaterials, it may be appropriate to temporarily switchto soil based cover materials until the breedingseason has finished. In addition, the prompt burial ofdifficult wastes containing meat and foodstuffsshould reduce insect infestation.
 Regular site inspection will indicate the prevalence ofpests. When significant numbers are identified, an experienced pest control specialist should beemployed to deal with the problem.
 7.5 BIRD CONTROL
 Scavenger birds such as starlings, crows, blackbirds,and gulls are most commonly associated with activelandfills. They can be a nuisance, transfer pathogens,litter and scraps to neighbouring areas and also be ahazard to aircraft.
 Landfill operations should all aim to reduce theattractiveness of the deposited wastes to birds.
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Mainly this involves decreasing the potential supplyof food by:
 • frequent covering of wastes;
 • baling or bagging waste containing foodsources and/or trench disposal; and
 • eliminating the acceptance of wastes thatrepresent food sources for birds.
 Many of the methods may have only a short termeffect as the birds adapt to the environment in whichthey find the food. Varying the control techniquesmay prevent birds becoming accustomed to a singlemethod. Examples include:
 • gas cannons to discourage birds from foodscavenging;
 • visual deterrents including realistic models ofthe bird’s natural predators;
 • distress calls of scavenger birds and any soundof its natural predators;
 • use of physical barriers such as nets aroundthe working face;
 • the utilisation of birds of prey such as falcons;and
 • the flying of kites over the landfill.
 Bird shooting should be a last resort and isgenerally undesirable. The activities of personsemployed to shoot birds must be effectivelysupervised. Some birds resident on landfills areprotected species and this protection must berespected at all times.
 The most consistently effective measure is the propercovering of all exposed waste as quickly as possible.
 7.6 FIRES
 No material should be burnt on or close to theboundaries of a landfill. On no account should litterpickers burn collected wastes on the site. Fires inlandfills should be regarded as emergencies and dealtwith immediately. Site personnel should notify theappropriate agencies and other emergency responsecontacts should smoke emissions from the filledmaterial be observed.
 Measures for fire prevention and control include:
 • training of employees in fire prevention andcontrol;
 • prominent posting of emergency response
 contact numbers (fire service, police,ambulance and other agencies);
 • fire extinguishers and two-way radios on allmobile equipment;
 • the provision of on-site water supply and, ifnecessary, water storage and portable watertanks; and
 • the provision of fire fighting equipment in thesite office.
 Fires in landfills are difficult to extinguish. Properlandfill control methods and operational practicesafford the best protection against the risk of fires. Themost effective fire prevention programme combines“good housekeeping” with constant vigilance by sitepersonnel. Fire prevention must start with advanceidentification of potentially hazardous areas andtrouble spots. Careful handling of fuels and routineclearing of equipment tracks are examples ofmethods to prevent fires from starting. Site personnelmust be alert for incoming loads that show evidenceof burning. Loads that are suspect should be deniedentry or immediately segregated and placed in adesignated quarantine area.
 Any waste containing hot ashes should be segregatedand quenched or covering material should beimmediately ploughed into it.
 If a deep-seated fire is discovered or suspected, theextent of the fire can be verified by measuringtemperatures in the area of the fire by means of atemperature probe inserted into pipes driven into thetipped material. Readings should start in theunaffected areas and progressively move towards thearea of the fire. The affected area should be markedoff by indicator boards.
 Attempts at smothering fires by the use ofimpermeable materials are generally ineffectual andmay cause the fire to become deep rooted.Accordingly, the recommended strategy is to dig outthe deposited waste and quench it with water. Thearea containing the fire may also need to besegregated by trenching. The trench should then beback-filled with inert material, such as sub-soils.Fires close to leachate chambers or gas extractionwells may have serious consequences. These mayprovide access points for oxygen and hence it may benecessary that they are sealed.
 Deep-seated fires can be dangerous to personnel andmachines as the fire may cause the surface of theaffected area to become unstable. Personnel ormachines should not move over the affected area inthese circumstances.
 7 NUISANCE 47

Page 56
                        

48 LANDFILL OPERATIONAL PRACTICES
 7.7 MUD AND DUST CONTROL
 Mud and dust generated by a landfill may be a majorlocal concern, particularly where such materials passoff-site. The deposition of significant quantities ofmud on the public highway is unacceptable andshould warrant immediate attention and rectification.Road sweeping equipment should be immediatelydispatched to correct the situation if mud is trackingout onto the public highway. Mud control should bepart of the routine site inspection program.
 The problem of the tracking out of depositedmaterials can be addressed by effective design andsite operation. Good quality temporary access roadsto the working face, a well designed site access road,wheel cleaning equipment and, where necessary, mudcollection and road sweeping all contribute toeffective mud abatement. In general, a wheelwashshould be sited a reasonable distance away from thepublic highway. Otherwise an undesirable skim ofmud may extend from it and this may freeze inwinter. In addition, it is insufficient to consider theinstallation of a wheelwash as a complete solution toa problem which may be a function of other factors,such as poor site road construction.
 In certain cases, it may be appropriate to arrange for thecleaning of the public highway, footways, walls etc iftraffic can be shown to have spattered these with mud.Often, other non-landfill traffic has created thisproblem. But it may be desirable to sweep the roadsand footways for public relations reasons.
 Dust may be a problem in summer months. Inaddition, localised difficulties may be created by the disposal of dusty wastes. The control of suchdifficult wastes has been addressed earlier in thisManual. The emission of dusts may be mitigated bythe damping down of site access roads, using watersprays. The surfacing of access roads with materialssuch as concrete and tarmac allows mechanicalsweeping, which in itself can be used to removeddeposited materials prior to the creation of dustproblems on drying.
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8.1 INTRODUCTION
 This section sets out the basic requirements of theeffective control of health and safety at landfill sites.It constitutes general guidance which should beconsidered and enacted by all site operators.However, readers should note two important matters:
 • site specific guidance relevant to an operator’sown safety requirements should be available in the organisation’s relevant health and safetystatements and working procedures; and
 • the operator of a site has an overlying legal dutyto ensure that each landfill is operated incompliance with the Safety, Health and Welfareat Work Act 1989 and associated Regulations.
 Accordingly, the following text should be viewed as general guidance and it should be appreciated thatthe fundamental requirement must be the compliancewith the above documents, particularly the 1989 Actand the Regulations. All operators of landfill facilitiesshould have read, understood and, where appropriateenacted, the requirements of the provisionsmentioned above.
 8.2 LANDFILL HAZARDS
 Like all industrial activities, there are inherenthazards associated with the operation of a landfill.Historically accidents at landfills have in the mainresulted from the temporary nature of much of thesite infrastructure – eg site roads, sharp bends andsteep gradients – and because vehicles and machineryare often operated in confined areas and in closeproximity to each other. Reversing vehicles are asignificant problem, particularly where staff arerequired to cross the working area on foot or directvehicles at the landfill face.
 Accidents can be minimized by the implementationof safety and training programmes and by effectivesite management. These programmes should includethe following
 • identification of potential sources of risk;
 • assessment of the degree of risk from thesesources;
 • determination of procedures for addressing the risks;
 • development of procedures to minimiseaccident/risks when they occur; and
 • on-going monitoring to ensure properimplementation of safe working procedures.
 8.3 SAFETY, HEALTH AND WELFARE AT WORK
 The Safety, Health and Welfare at Work Act 1989 iscomposed of five principal elements. Firstly, the Actcontains the over-riding duty on all employers toensure “so far as is reasonably practicable” the safety,health and welfare of both employees and otheraffected persons. The criterion of “reasonablypracticable” is satisfied by way of compliance withthe relevant legislation and any available code ofpractice, as well as “good practice” within theparticular industrial sector as a whole. Secondly,there is a duty on all employers to compile SafetyStatements, with such statements being based on thecomprehensive written identification of hazards andan assessment of relevant risks. The third element isthe right of employees to be consulted on safety,health and welfare issues. Fourthly, all employees arealso given a duty to take reasonable care insafeguarding their own safety. Finally, the Health andSafety Authority was to be established to promoteand enforce safety issues.
 The Act is supplemented by way of Regulationswhich fill out the Act’s more general provisions. The Safety, Health Welfare at Work (Construction)Regulations 1995 (SI No 138 of 1995) haveparticular application to landfill sites. Under theRegulations a project supervisor must be appointedfor the design and development stages of allconstruction works. A safety and health plan will berequired. The purpose of the Plan is to co-ordinatehealth and safety requirements which may affect allpersons present on the site. As construction is an on-going process at a landfill, the requirements of theseRegulations need to be addressed throughout the lifeof the site.
 In the light of these provisions, the operator shouldensure the safety, health and welfare at work of allpersons employed on the landfill. This duty shouldinclude the following priorities:
 • the landfill should be constructed andmaintained in a safe condition;
 • a safe means of access to the site for staff andvehicles should be provided;
 • plant and machinery should be maintained in asafe condition;
 • risks should be appraised and safe systems ofwork planned, organised and performed;
 • suitable safety information, instruction,training and supervision should be provided;
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 • suitable protective clothing and equipmentshould be provided and maintained;
 • emergency plans should be prepared andrevised as necessary;
 • that the presence of any article or substance onthe site must not present unacceptable risks tohealth; and
 • adequate welfare facilities for staff must beprovided and maintained.
 A key requirement of the 1989 Act is preparation ofthe safety statement by all employers. This statementis fundamental in ensuring the safety, health andwelfare at work of employees in the workplace. Thesafety statement should be based on an identificationof the hazards at each landfill and an assessment ofthe risks posed by those hazards.
 It is a statutory requirement that the safety statement isup-dated in the light of changing circumstances at thesite, any new legal requirement and good practicewithin the industry. Risks to employees and othersshould be periodically re-assessed. Accordingly, thestatement should be seen as an evolving, rather thanstatic, document. The Health and Safety Authoritypublished a revised version of their Guidelines onSafety Statements in 1993. All employees should haveread the safety statement, with managers andsupervisors being fully aware of the statement’simplications.
 8.3.1 PERSONNEL
 One or more persons within any organisation mustbe formally designated in the Safety Statement withthe responsibility for safety and for theimplementation of the Act and Regulations.Precisely who should be so designated is left to thediscretion of any organisation. Individuals sodesignated should understand the statutoryrequirements, be able to act as competent personsunder the legislation and ensure the continuedmaintenance of a safe system of work. The lattertasks should include matters relating to training andsupervision. They should be responsible for theidentification of hazards and designated managersshould transmit such information by verbal orwritten instructions to the workforce, contractors,site users and site visitors. Designated personsshould also be responsible for ensuring that thesafety statement is applied and compliance with allstatutory requirement. An important task is ensuringthat all accidents are reported to the Health andSafety Authority if they involve an employee beingoff work for more than three consecutive days
 (excluding the day of the accident itself).
 Regular site safety inspections should be undertakenby a designated safety officer in accordance with thesafety statement. Written reports of inspectionsshould be maintained at the site or at the operator’sprincipal offices.
 8.4 LANDFILL HEALTH AND SAFETY
 8.4.1 TRAINING
 Operators should provide suitable training andinstruction to site employees, both full time and parttime. The operator should also ensure that anycontractor working on site is also informed of thehazards and the necessary precautions. There is also aresponsibility for persons employing contractors toensure that the latter are able to act as competent projectsupervisors in relation to the safety aspects of therelevant design and construction elements of their work.
 All site personnel should be familiar withcontingency procedures in the event of accident,injury, fire etc. The locations of emergencyequipment should be identified during routineemployee training. Phone numbers for local police,fire and ambulance services should be prominentlydisplayed for use in the event of an emergency. Table5 sets out an example emergency contact sheet. Otherinformation will need to be displayed on the site inaccordance with the requirements of the Safety,Health and Welfare at Work (Construction)Regulations 1995.
 8.4.2 STAFFING LEVELS
 All staff and users of the site should be effectivelysupervised. No site open to receive waste should bemanned by one member of staff working on theirown. Similarly no unloading of vehicles should occurin the absence of site staff or out of their immediateview.
 8.4.3 MEDICAL
 Good personal hygiene is essential to workers onlandfill sites and hence hot and cold washingfacilities must be provided. All workers at landfillsites, including those employed temporarily by theoperator or by contractors working on the site, shouldhave adequate protection against tetanus. Thisprotection must be kept up to date, with boostersgiven at 10 yearly intervals. The onus should be onthe employer to ensure that these injections havebeen received by employees and to requireappropriate assurances from contractors working onthe site.
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8.4.4 FIRST AID
 A first aid box should be available on site in a clearlymarked location. The contents of the box should bemonitored for use, so that supplies are checkedregularly by a named individual responsible for itsupkeep. Eye wash facilities also should be available:these should either employ running water or involvenon-reusable eye wash bottles. Any bottle with abroken seal must be disposed of immediately andreplaced. The operator should arrange for recognisedoccupational first aid training, with a minimum ofone person with a first aid qualification normallypresent on site. All staff should be familiar with thefirst aid facilities available on site. The Health andSafety Authority has published guidelines on first aid.
 8.4.5 PERSONAL PROTECTION EQUIPMENT
 High visibility clothing should be provided and wornby all site staff and visitors. Safety boots and/orwellingtons should be issued to all site workers. Theyshould have steel toecaps and have a steel insert in the sole to resist injury fromprojections of glass, metal or other items in thedeposited wastes. Gloves should be issued asrequired. The type of glove should be punctureresistant and should be suitable for the relevant task,eg litter collection, vehicle fuelling, cold weatherconditions. Safety helmets and eye protection shouldbe available as necessary. Ear defenders should beavailable for those driving site machinery or workingin high noise areas. Operatives at landfill sites workin all weather conditions and will need to be providedwith suitable windproof wet weather clothing.
 8.4.6 LANDFILL GAS
 All site staff should be made aware of the possiblehazards from landfill gas. Smoking on site should beforbidden except in designated areas in the sitecabins. Buildings and other enclosed structureslocated at the landfill should be designed to preventthe accumulation of flammable gas within them.Facilities to permit the free circulation of fresh airwill generally be required, particularly under floors.It is imperative that all cabins, other store rooms andvoids such as those below weighbridges and cabinsshould be regularly monitored for the presence offlammable gas. All service duct entries to buildingsshould be seen as possible gas pathways and henceappropriately monitored.
 Where it has been established that concentrationsof landfill gas are above 20% of the lowerexplosive limit (LEL), the relevant building shouldbe evacuated. Where this level has been observedwithin site buildings, the installation of continuouslandfill gas monitors and an audible alarm is
 essential. Extreme care should be taken when re-entering buildings which have been previouslyevacuated. Procedures for the evacuation and re-entry of buildings when significant amounts oflandfill gas have been observed should becontained in the operator’s safety statement.
 The unnecessary creation of enclosed spaces on site,such as by inversion of a skip for maintenance,should be avoided on all landfills. Lighting columnsmay permit the accumulation of landfill gas. Hencethey should be sealed at the base and should containintrinsically safe electrical equipment.
 Health and safety issues should have particularpriority where any site works involves thedisturbance of filled areas. In particular, drilling indeposited wastes may give rise to the evolution ofnoxious and/or combustible gases. Hence regularchecks on gas build-up should be made as drillingproceeds. Similarly, any trenches constructed for thepurposes of gas collection pipes will need to bephysically stable and also monitored for landfill gas.On no account should persons enter trenches or otherconfined spaces without gas monitoring, rescue andother appropriate safety measures. All contractorsshould be aware of the hazards of working onlandfill sites and be suitably experienced to addressthem.
 Instructions should be issued to all employees thatno-one should enter any confined space belowground level, such as culverts and manholes, unlessan appropriately authorised person has certified that itis safe to do so. Safety precautions for areas wheregas may accumulate require that:
 • only persons with appropriate experience andtraining should be involved in enteringconfined spaces or providing back-up on thesurface;
 • smoking should not be allowed;
 • persons entering a manhole should be equippedwith self-contained breathing apparatus;
 • persons entering a manhole should have asafety harness and appropriate line manned byat least two other employees;
 • other employees at the surface should havespare breathing apparatus and the requisitetraining in its use; and
 • lights or tools to be used in manholes should beintrinsically safe.
 If there is any doubt as to safety of an enclosed space,it should not be entered. The Health and Safety
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 NAME OF SITE: ............................................................
 LOCA TION: .................................................................. Grid Ref..............................
 OPERATOR: ................................................................ Phone ..................................
 Fax ......................................
 SAFETY OFFICER: ...................................................... Phone ..................................
 Fax......................................
 LICENSING AUTHORITY :........................................ Phone...................................
 Fax ......................................
 DOCTOR: ...................................................................... Phone..................................
 Fax......................................
 AMBULANCE: .............................................................. Phone ..................................
 HOSPITAL: .................................................................... Phone ..................................
 POLICE:.......................................................................... Phone ..................................
 FIRE SERVICE: ............................................................ Phone ..................................
 LOCATION MAP
 (showing site location and services as above)
 OTHER INFORMATION
 TABLE 5: HEALTH & SAFETY INFORMATION
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8.4.7 SITE INFRASTRUCTURE, SIGNS AND BARRIERS
 Steep gradients and sharp curves on site access roadsshould be avoided. If this is not possible warningsigns and crash barriers must be provided. Speedlimits should be displayed and enforced by the siteoperator. Vehicles should not travel over unstableareas on a landfill surface. Neither should they travelwith their vehicle bodies raised up or being lowered.
 Sites should be provided with adequate lighting toallow for safe and efficient operation at the tippingarea at dawn and dusk in the winter period.
 Trenches and lagoons used for liquid or sludge disposalshould be fenced or be clearly marked with poles andbunting and each trench should be labelled to indicatethe type of wastes allowed to be deposited. When filled,trenches should be covered immediately. After filling, itmay be desirable that the position of trenches remainsclearly marked. Their soft nature, particularly whensludges have been deposited, may make them a hazardto site workforce, users and trespassers. Hazard noticesshould be utilised on the site in relation to deep water,leachate lagoons or steep faces.
 Physical barriers should be in place to preventunauthorised access to culverts and other confinedspaces. Culverts on landfill sites may be attractive tochildren and must be subject to adequate securitymeasures to prevent entry.
 8.4.8 OTHER SITE OPERATIONS
 It must be emphasised that the working area at alandfill site is dangerous with vehicles regularlymanoeuvring in tight spaces. Totting or scavengingby site operatives should not be allowed. Anybanksman directing vehicles at the face should berequired to stand well clear of reversing vehicles andother machinery.
 Site personnel should be instructed to prevent theaccess of obviously unsafe vehicles. However, it maybe appropriate that these are unloaded and then areprevented from returning.
 8.4.9 HAZARDOUS SUBSTANxCES
 The operator should ensure that exposure ofpersons at a landfill to hazardous substances, isminimised or, where exposure cannot be avoided,adequately controlled. Employees should betrained regarding:
 • potential risks;
 • associated preventative measures andprecautions;
 • existence of occupational exposure limits;
 • actions to be taken;
 • hygiene requirements; and
 • personal protective equipment.
 Guidance to occupational exposure limits inrelation to chemical agents is given in a Code ofPractice for the Safety, Health and Welfare at Work(Chemical Agents) Regulations 1994. A schedule tothe Code gives exposure limits for substances listedand reference should be made to the requirementsof that schedule.
 Landfills represent working environments whereemployees could be potentially exposed to a varietyof different substances. Operators should assess thetypes of substances likely to be received at their sitesand identify the risks they pose. Where knownhazardous substances such as asbestos are deposited,clear procedures and supervision should beundertaken as part of the safety statement for the site.
 8.4.10 ELECTRICAL HAZARDS
 The electricity distribution system should beinspected annually by a qualified electrician.Residual current breakers should be fitted to allpower outlets. External contractors undertakingworks at the site must comply with the requirementsof the National Rules for Electrical Installations andshould preferably be members of the Register ofElectrical Contractors of Ireland (RECI).
 Electrical equipment located in areas whereaccumulations of flammable gas could occur shouldbe selected, installed, and maintained in accordancewith the requirements of BS 5345 Part 1. Portableequipment likely to be used in such areas should besimilarly treated, e.g. telephones, monitoringequipment, radios etc.
 Overhead power lines may cross the site. These shouldbe either diverted or measures should be taken toensure that the level of waste does not rise above a levelagreed with the electricity supply authority. At no timeshould vehicles or equipment be able to get withinarcing distance of any electrical cables. All power linesshould be signposted by protective barriers whichshould have cross members to prevent raised vehiclebodies passing in proximity to them. Any damage tothese barriers should be dealt with immediately. On noaccount should excavation equipment be operated inproximity to live power lines. The Health and SafetyAuthority and/or the Electricity Supply Board shouldbe contacted for advice in respect of landfill sites inclose proximity to overhead cables.
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 8.4.11 SCAVENGING
 Scavenging is the separation and removal for re-use of items such as scrap metal. In the past, it provided a means by which materials wererecovered and recycled.
 The practice is dangerous and interferes with theefficient operation of a landfill. Scavenging isperhaps the greatest single cause of accidents andfatalities at landfill sites, due to the partiallyobstructed view of drivers of vehicles when they arereversing. For these reasons, scavengers should beprohibited on all sites.
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A significant duty of any landfill operator iscommunication and liaison with the public. Mostoften this will be with neighbours of the site or siteusers, but this may also extend to the local ornational media.
 Contact with site neighbours will be made at somepoint, if only for the operator to explain to the natureof operations at a site. It is important that operatorsare pro-active in this respect and that the names ofresponsible persons have been passed to siteneighbours. The telephone number of the site and thenames of senior management should becommunicated to persons in proximity to the site.This should include an out-of-hours emergencycontact number where appropriate.
 All sites should be effectively resourced andmanaged so that regular nuisances are avoided. The long term occurrence of litter inside or outsidethe site fence, for example, does nothing to suggestthat the site is being operated in a competent manner.It also does not engender public confidence that thesite is managed effectively in respect of otherenvironmental risks. A similar comment would applyto mud tracking out on the public road, smells,vermin and so on.
 9.1 COMMUNICATION AND DEALING WITHCOMPLAINTS
 It is important that complainants have access to thesite’s local management, so that problems are dealtwith by the person directly responsible for the site.No complainant will feel that they are being takenseriously if they are passed from person to personaround an organisation. Local site managementshould be able to deal with complainants effectivelyand in a civil manner, both on the telephone andwhere a person visits the site to raise a problem. Staffshould be clearly aware of the procedures to be utilised when such a request is made.
 Where complaints have been received, they shouldbe logged, responded to rapidly and the details ofthe mitigating actions taken communicated to thecomplainant. In this way, neighbours of sites willbe aware that their complaints are being addressed.All remedial actions in respect of complaintsshould be recorded .
 Where significant site works in proximity toneighbours (such as those which affect matters suchas screening) are due to be undertaken it may bebeneficial to discuss the nature of these works withthe affected parties in advance. This may allay fearsabout the extent of the operation and allow a cogent
 explanation to be given of the purpose and impact ofwhat is intended.
 9.2 LOCAL LIAISON GROUPS
 The possibility of establishing a local liaison groupbetween the landfill operator and neighbours of thesite should be considered. These have the obviousbenefits that information can be communicatedquickly, efficiently and directly between parties,without the influence of third parties.
 When liaison groups have been set up, it is importantthat dates are set for regular meetings. Provisionshould also be made for the calling of meetings whenparticular issues arise. An agenda should becirculated in advance and minutes taken at themeeting of the main points of discussion.
 9 PUBLIC LIAISON 55
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