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AVANT-PROPOS 

Un certain nombre d'accidents dans Ic monde out conduil a redoubler d'at-
tention sur Ia nécessilé d'une bonne gestion des stériles. La Commission 
Internationale des Grands Barrages et le Programme des Nations Linies poor 
l'Environnerncnt se sont associés pour éditer Ic present Bulletin consacrC aux pro-
blèmcs de sécurité ci d'environnement poses par les retenues de stockage des ste-
riles. Le Bul]etin est destine aux rnaItres d'ouvrage, exploitants et autoritCs de 
controle concernCs par Ia misc on depOt de stCriles. 11 traite des prohlèmes gCnéra-
lemcrn rencontrés lors de Ia misc en depOt des stériles provenant de mines, car-
iières et autres industries, ci indique des méthodes sOres dc conception ci d'cx-
ploitation des barrages et retenues de stCriles. 

La conception des barrages de stCriles. dont Ia sCcuritC dod We garantie, eSI 
discutCe en detail ; les techniques et procedures de contrOle a mettre en wuvre au 
cours dc Ia longue pCriode dc construction des ouvrages son! décrites. Beaucoup 
de choses peuvent changer an cours de Ia période de construction c'est ainsi 
quon peut être amenC a poursuivre La construction du barrage au-dessus de Ia hau-
teur initialement prCvue au projct, par suite de I'excellent dCroulemcni des opéra-
tions. Par contre, des incidents peuvent survenir ; aussi un chapitre est-il consacrC 
aux mesures correctives destinCes a maintenir Ia stahilité. 

Le Bulletin examine également les proh]èmes rcncontrés it Ia fin des opéra-
lions, lorsqLCH devient souhaitable ne icrininer Ia construction du barrage de siC-
riles ci qu'il est nCcessaire de rChahiliter l'ouvrage ci sa retenuc dc stockage afin 
d'assurer leur sCcurité permanenle ci Icur parfaite integration thins l'environne 
uncut. Un chapitrc final décrii des iCglcnicuts gouvernementaux rclatifs an conlrô-
le des barrages de slCriles dans certains pays. 

Le Bulletin a Cté prCparC par Ic Sous-ComitC Britannique des Barrages dc 
StCriles, prCsidC par Ic Dr. A.D.M. Penman et comprenani Ic Dr. David Brook, Mr. 
P.J. Forbes. Mr. P.L. Martin et Mr. C.D. Routh. II a fait lobjet d'un examen an scm 
du ComilC des Barrages de StCrilcs Miniers ci Industriels ci du PNUE. 
D'iniCressantes observations out etC Cgalernent reçues de ComitCs Nationaux. 
Nous remercions vivement tous ceux qui out participé a Ia misc au point dCfiniti-
ye dri Bulletin. 

A.D.M. Penman 
Président du CornitC des Barrages 

de StCriles Miniers ci Industriels 
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FOREWORD 

Following a number of well-publicized incidents around the world, renewed 
attention has been focused on the need for correct management of tailings. The 
International Commission on Large Dams and the United Nations Environnicnt 
Programme have joined to produce this new Bulletin (hat addresses both the safe-
ty and the environmental issues of tailings impoundments. The Bulletin is inten-
ded as a guide to mine owners and operators, as well as government agencies who 
are concerned with the disposal of tailings. It discusses Common problems in the 
disposal of tailings at mines, quarries and other industries, and identities safe 
methods of designing and operating darns and impoundments. 

The design of sate tailings dams is discussed in detail and the control and ope-
rational procedures necessary during the protracted construction of tailings dams 
are described. Many things can change during the construction period, not least 
that of having to continue raising the dam above its initial design height due to the 
continuing success of the operation. Should things begin to go wrong, a Chapter is 
devoted to remedial works that can he carried out in order in maintain sahilit. 

The problenis encountered at the end of operations when it becomes desirable 
to end tailings dam construction and it is necessary to rehabilitate the darn and its 
impoundment to make it permanently safe and environmentally acceptable are dis-
cussed and a final Chapter describes sonio of the governmental regulations 
controlling tailings darns in some countries. 

The Bulletin was prepared by the British Sub-Conimittee on Tailings Dams 
comprising Dr David Brook, Mr P.J.Forhcs, Mr P.L.Martin. Mr C.D.Routh: 
Chaired by Dr Penman. It has been reviewed both by the IC'OLI) Committee on 
Mine and Industrial Tailings Dams and by lJNI-P. Valuable conimenis have also 
been received from the National Comuiittees. We are grateful to everyone involved 
for the [iiial form and content of this Bulletin. 

A. 1). M Pen man 
Chairman, Committee on Mine 

and Industrial Tailings Dams. 
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PREFACE 

Les ruptures du dépôt des stérilcs houi]lers d'Aberfan (Cialles du Siid, 
Royaumc-Uiii). en 1966, et du barrage de suriles houillers de Buffalo Creek 
(Viiginic ()rientale, Eta(s-Unis), on 1972, chacunc ayant cause la mart de plus de 
100 personncs, out attire i' attention sur les ii sques prCsentCs par les dépôts de stC-
riles nhiniers, en particulier dc stériles de consistance liquide ou semi-Jiquide. Des 
ruptures ultCrieures do barrages de stCriles a Bafokentz (1974), Doiowa (1981), 
Stava (1985) at Merriesptuit (1 994) ont montre que ces risques persistaient. 

La prise de conscience de ces risques et La nCccssité d'amCliorer Ia conception 
et hi construction des ouvrages de stockagc de stériles out conduit Ia CIGB t crCcr. 
en 1976, le ConiitC dcs Barrages do Stériles Miniers et Industriels deux Bulletins 
ant etC publiCs Bulletin n° 45 Manuel des Barrages et DCpâts des StCriles 
(1982). Bulletin n °  74 SécuritC des Barrages dc Stériles - Recommanilations 
(1989). Lcs productions uiinières Ct autres productions comportant des rCsidus 
coritinuant d'augmcnter, ainsi quc Jes problCmes de misc on dCpôt des rCsidus, Ic 
CamiEC Tcchnique sus-nommC a dCcidC de publier Ic present Bulletin destinC a 
reinplacer Ic Bulletin n 45 Cpuisé Ic nouveau document tient compte des progrCs 
rCalisCs au cours de ces derniCres annCes. dans Ia construction, 'exploitation et Ia 
rehabilitation des ouvragcs de stockage tic slériles. 

Cette misc a jour a éé réalisCe en vue de faire corinaItrc aux organismcs et 
personnes conccrnCs par lcs industries ininières Ct attires, lapplication des tech-
niques de genie civil et de Ia gCotcchniquc a Ia conception. C hi construction et C 
I 'utilisation des barrages de stérilcs, ainsi qu' C la rehabilitation de ces ouvragcs 
après fermeture, ahn que leur sCcurité et leur honne integral ion dans l'environne-
went soient assurCes. he Bulletin sadrcsse C un large public pour lequel des 
connaissances de base en matière tIe barrages de stCriles sont indispcnsables: per-
sonnel des campagnies miniCrcs, C divers nivcaux, autorites dc contrôle des mines, 
ainsi que toutes personnes n'appartcnant pasCi' industric minière mais intCressCcs 
par Ic sujet. Ce guide n'a done pas pour objet do dCcrire en detail Ics diverses tech-
niques spCciales. mais dexpliquer leur application aux travaux do wise en dépôt 
des stCriles. II nest pas conçu commc tin manuel destine aux etudes tic projet. II 
ne s'adresse pus non plus aux spCcialistcs tIe grande experience et doit Ctre consi-
dCrC comme un document de rCfCrenuc C consulter avce dautres publications tIe hi 
CIGB et ouvrages cites dans les RCfCrences figurant C Ia tin du present document. 
Ceux intéressCs par une documentation coiTlpletc sur ces divers sujets trouveront 
de nombreuses autres réfCrences clans le Bulletin n 44a << Bibliographic-Barrages 
et dépôts de stCrilcs miniers et indu.striels >>. 

Untie sa collaboration dans l'exarncn du texte du Bulletin, Ic PNUE a prCpa-
rC Ic message cl introduction ci-aprCs, concernant les prohlèmes dcnvironnemcnt 
associes aILX retenues de stockac tie stCri los. 
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PR EFACE 

The failures of the Aherfan coal waste dump in South Wales. UK, in 1966 and 
Buffalo Ci'eek coal waste tailings dam in West Virginia. USA. in 1972, focused 
attention on the potential hazard created by mining waste disposal. particularly of 
liquid or semi-liquid wastes, as both these failures caused more than 100 deaths. 
Subsequent failures of tailings dams at Bafokeng (1974), Dorowa (1981). Stava 
(1985), and Merriesptuit (1994), have demonstrated that this hazard still persists. 

Recognition of the potential hazard and the need for better design and 
construction of tailings impoundments led to the formation in 1976 of the ICOLD 
Committee on Mine and Industrial Tailings Dams and the preparation of Bulletin 
No.45. "Manual on tailings danis and dumps" (1983) and Bulletin No.74, 
"Tailings dams safety - guidelines" (1989). Now, a decade later, with continued 
demand for mineral production and other products with tailings residues combined 
with ever increasing problems of waste disposal, the TCOLD Committee has 
decided to issue this Bulletin asareplacernent for the now out of print Bulletin No 
45, to take account of the improved experience gained in the construction, opera-
tion and rehabilitation of tai Ii ngs impoundments. 

This revision has thus been prepared to acquaint those concerned with mining 
and other industries with the application ol' civil and geotechnical engineering 
technologies to the design, construction and use of tailings dams and to the need 
for rehabilitation of closed darns in a safe and environmentally acceptable manner. 
It is aimed at a wide readership for whom a basic understanding of tailings dams 
is appropriate. The readership may include di ftcrent levels of management in 
mines and mining companies and all those in regulatory authorities concerned with 
mining, as well as those outside the mining industry who have an interest in the 
subject. This guide does not attempt therefore to explain the details of the difl'ereni 
specialisms but aims to explain their application to tailings disposal. It is not 
meant as a design handbook. Nor is it addressed to senior specialists but it is inten-
ded as a rct'crence book and guide to he read in association with other ICOLD 
publications and various papers and textbooks, the details of which are given in the 
References to be found at the end of this Bulletin. Many other rel'crenccs on tai-
lings dams are to he bLind in Bulletin No. 44a 11989) "Bibliography-Mine and 
Industrial Tailings Dams and Dumps''. for those interested in further reading in 
this subject. 

In addition to assisting in the review of the text of this Bulletin. UNEP has 
prepared the l'ollowing introductory message concerning the environmental issues 
on tailings impoundments. 
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MESSAGE D'INTRODUCTION DU PNUE 

Introduction 

Aujourcl'hui, un haut niveau dc pi -oteclion de l'environnemcnt est exiO6 des 
socidtds rninières dans leurs activités. Traditionnellenient, 1examen des prohlèmes 
envionriernentaux a porte principaler lent sur Ic cycle de production, c'est-fi-dire, 
les phases de reconnaissance et dexploitation d'un gisemcnt. Mais aujourd'hui, 
on est plus conscieni des impacts des oprations annexes, et ]'on demande de plus 
en plus quc celles-ci soil gérées avec les nime.s soins que Ia production. 

Les barrages et le.s retenues de stëriles font panic de ces activités pen-
phCriques auxquel les unc priorite ties marquee na pas toujours etC accoidCc. 
Cependaiit, tin certain nombre d incidents récents 0111 conhrme que ces ouvrages 

rt ois un impact très loui -d sur Ic plan de I ' environnm eent et de Ia sCcuri-avaient pa
iC, ft tel point quc Ia gestion des slCriles constitue maintenant un des critères de 
jugemdnl de l'efficacitC des sociétés luinlCres on matière de protection de I 'envi-
ronnenient. 

La honne gestion des stériles (comme de tout autre ddchct minier) n'cst pas 
diffici Ic, moyen nant une technologie adaptec et tine surveillance adequate. Par 
contre, si lorganisation de cette gestion ii' intervient clu 'apres coup, ou se trouve 
conhee accessoirenient ft tin personnel de chantier peu expCrimentC, on lisque de 
se trouver confrontc ft tine situation clangereuse pour les populations ci l'environ-
neil en 1. 

De plus en plus, Ics organismes charges de Ia protection de I 'environnement 
nclCvent les dit'férents impacts des barrages de stCriles, Heureusement, Ics accidents 
niortels sont rares. Mais on ne petit se contenter de cette sittiation. Les mines (et 
leurs rerenues de stCrilcs) deviennent plus importantes Ct produiserit fréquemnient 
des matiCres dangereuses (effluents toxiques,...). Pour cellcs irnplantCcs on zone 
daccCs ditlicile ci ft relief accidenté. Le choix de 'emplacement du barrage de stC-
riles est IrCs limiié avec. pour rCsuliat, hi réalisation d'ouvragcs plus vulnCrables. 

Presentation des problèmes principaux 

Plusieurs cas rCcents de rupture de barrages de stCrilcs ont eu des impacts 
sCricux sur les milieux terrestre et aquatique, avec parfois perte de vies humaines. 
Ces ruptul -es surviennent sun tous Ics continents, et mCme dans les sociCtCs dotCcs 
de tirarids moyens humains et matCniels. La divulgation de ces CvCnenient.s conduit 
Ic public ft penser quc ce.s ouvrages sont dangereux. 

Actuellement, des incidents, certes moms dramatiques, mais plus nombreux 
sont connus. Les sociCids d'exploitation sont maintenant amenCes a réduire les 
impacts, tels que les percolations dans Ic sol, I'Cvacuation des effluents. Ia produc-
tion de poussiCrcs et les nuisances pour Ia faune sauvage. Les responsahies de l'Ctu-
de ci de I exploitation des mines sont confrontCs ft un nouveau dCil, celui de sur-
veiller ci de maItriser de tels inipacis. Par ailleurs. dans certains cas, les stCriles sont 
simplcmcnt leifichCs dans I 'environnenient. sans se preoccuper de leur stockagc. 
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INTRODUCTORY MESSAGE FROM UNEP 

introduction 

Mining companies are now expected to achieve a high environmental perfor-
mance in their operations. Traditionally the greatest environmental scrutiny has 
been on the production cycle of the mine, that is exploration and exploitation of an 
orebody. Today, ancillary operations are also seen to have a high environmental 
impact, and increasingly are being required to be managed with the same care as 
the production side. 

Tailings darns and tailings impoundments are part of this peripheral' activity 
that has not always received a high priority in the past. A number of recent inci-
dents have nevertheless reconhrrned that the environmental and safety impact from 
such structures can he quite severe. So much so that tailings management is now 
becoming one of the criteria by which conipanics' environmental performance is 
judged. 

Good tailings management, as indeed is the case for all aspects of mine waste 
management, is not difficult to achieve if sound technologies and satisfactory 
supervision is used. Conversely, tailings management as an afterthought, or as a 
part-time activity by inexperienced site personnel, can result in situations that may 
endanger human lives and the environment. 

Various ecological impacts of tailings impoundments are being increasingly 
remarked upon by environmental agencies. Serious accidents that result in loss of 
life are fortunately less frequent. There is no room for complacency, however. 
Mines, and their tailings impoundments. are becoming bigger, and frequentLy 
involve toxic effluents and other putentially hazardous materials. Where mines are 
located in remote areas with dilTicult terrain, options for tailings darns may he 
severely constrained, which can result in more vulnerable structures being built. 

Overview of the key issues 

Recent failures of tailings impoundments have led to serious impacts upon ter-
restrial and aquatic environments, and occasionally to loss of life. Major failures 
have been reported in all continents, including at sites run by companies with consi-
derable professional and material resources. The publicity surrounding these events 
has sometimes led to a public view that such structures are inherently unsafe. 

Less draniatic but more widespread incidents are now also being identified. 
Groundwater seepage, discharge of effluents, dust generation and interference 
with wildlife are common impacts that companies are now expected to mitigate. 
Monitoring and managing such effects places new challenges on mine designers 
and operators. Of course there are also situations where tailings are still being 
discharged into the environment without any attempt at retention whatsoever. 
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La destination finale des barrages et relenucs de stériles préoccupe aussi les 
collectivités locales et les élus. Si cc prohlémc a été moms étudié par les indus-
trick que celui de Ia rupture, ii importe cependant de cesscr de léguer aux généra-
tions futures Ic lourd prohlème du Iraiternent de nos déchets. 

La misc on place de plans dalerte et de secours en cas cl'accidents va de pair 
avec Ia reduction des risques. GCnCralement, les barrages, dont un nombre toujours 
croissant de barrages de stCriles, sont CtudiCs pour on niveau de risque donné 
(risque en cas de crue de pCriode de retour donnée ou de sCisme de projet). Par 
coritre, on se préoccupe nioins des mesures a prendre on cas de dépassenient de cc 
seuil ou de défauts constatés a posteriori dans Ia rnéthodologie appliquCe au pro-
jet. Qui a vu Ia ilotioli de harrièrc secoiidairc intégrée dans Ic projet d'un barrage 
de stCriles ? Combien de collectivitCs ont prCvu des mcsures d'action efficace en 
cas de rupture d'un ouvragc situé en arnont (Et de inême, combieri d'iudustriels 
ont préparé - ci cxpérimentC - des plans d'alerte et dc sceours en cas dc rupture 
d'ouvrages de stockage des stériles ?). 

l.a notion de risque est a placer daiis Ic contexte du nombre d'ouvrages 
concerriCs. Un niveau de risque, génCralernent adniis comme faible pour tin barra-
ge unique, pcut correspondre a unc prohahilitC glohale d'accident excessive pour 
on pays ayant plusieurs centaines dc tels ouvrages en exploitation. 

La rupture d'un barrage est parfois mis sur Ic conipte dun séisme, d'un 
typhon, ou d'une pluic intense. Mais ii serail plus jusre de dire que I'ouvrage est 
incapable de resister aux sollicitations naturel es de Ia region, par suite d' un dCfaut 
dc conception ou d' critretien. 

Pour un site donnC, on fait conliance a ceux charges dc I'Ctude et dc Ia réali-
sation. Mais, lorsquc l'administration recense on très grand nonibre de barrages dc 
stCriles clans so region, cue cst peut-Ctre en droit dc se demaiidcr s' us souL bus 
construits selun Ics mCnies nornies Cprouvées. Sinon, qucl.s ouvi -ages sont clou-
teux ? En elfet, comment avoir conhance dans un ouvrage construit sur un site 
lointain, hors dc Ia surveillance attentive de I' inspecteur ? I.e prohlCme dc 1 'assu-
rance qualitC se pose de plus on plus pour des ouvrages too ours plus importants 
et qui, en cas dc rupture, out des consequences nuisibles sur [envirounemeni CE 
prCsentent des risques pour Ia vie humainc. D autres secteurs industriels ont Lie 
plus en plus rccours a des normcs dc qualitC, idles ciuc  ISO 9000, etc. Quand une 
exploitation rninière, avec accreditation ISO. appliquera-t-elle des normes for-
mel les de qualitC a la rCalisation dc ses barrages de stériles ? Avec one campagne 
di nforination puhi ique concernant Ics travaux dc construction correspondants '? 

Ccs questions ne soot pas futuristcs. Elles sont déjà entrées damis IeS meurs 
thins Jes autres industries. Elles se concrCtiscront au coors tie Ia vie dc nomhreuses 
exploitations miniCies existantcs. L' adaplation douvrages existants conformC-
ment aux normes de qualitC les plus rCcentes cotite hien plus cher que Ia rCalisa-
Lion d'ouvrages nouveaux scion ces normes. Dc plus on plus, one conception qui 
tient compte des contraintes de I 'environnenient doit intCgrer one certaine son-
plesse. pernieliant l'adaptation aux normes actuelles ci a venir. 

II ne s'agit pas uniquenicnt des norrnes impos6cs par les rCglements. On 
demande mairitenant que les sociCtCs mettent on iruvie leurs propres normes. ci 
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After-use of tailings structures is also becoming a more important issue for 
local communilies and the regulators. Industry has given less attention to this issue 
than that of dramatic failure, and yet it is of vital interest to our shrinking world 
that we cease to hand over to future generations the costly responsibility of clea-
ning up our affairs. 

Emergency preparedness goes hand in hand with risk reduction. Most dams, 
and increasingly so also tailings dams, are designed to it particular risk standard 
such as it one in SC) many years flood or earthquake. However, little thought is 
given to what measures should he put in place to prepare for the day when this risk 
criterion is exceeded, or if the design philosophy is later found to have Some flaws. 
Where do we see secondary containment built into the concept of tailings reten-
tion? How many communities have been prepared to he able to act in an effective 
manner in case a structure upstream of their living space should fail? (How many 
companies for that matter have prepared and rehearsed emergency plans for a 
hypothetical failure of their tailings structures?). 

The concept of design risk itself has to he seen in the context of how many 
structures are involved. A commonly agreed low risk level for a single darn may 
still result in unacceptably high aggregate probability of an accident in a country 
with several hundred units in operation. 

There is also sometimes a claim that a dam failure was caused by an earth-
quake or a typhoon, or heavy rain. It would however he more accurate to say that 
the siructure was unable to cope with the natural forces of the region, either becau-
se We design or the maintenance were deficient. 

On any particular site we expect to have confidence in our designers and buil-
ders. However when the authorities are confronted with a large number of tailings 
dams in their domain, they perhaps are entitled to ask if all have been built to the 
same high standards. If not, which ones are suspect? how in fact do we have confi-
dence in a structure that has been built in a remote place away from the scrutini-
/ing gaze of an inspector? Questions of quality assurance are becoming ever more 
relevant For structures that are becoming larger, and that, if they should fail, result 
in environmental damage, and perhaps loss of life. Other industrial operations are 
increasingly taking recourse to quality standards such as ISO 9000 or equivalent. 
When will we see it as normal for an ISO accredited mine to apply formal quality 
standards to tailings dam construction'? Including maintaining public records rela-
ting to the construction? 

The above questions are not futuristic. They are already fact of life in other 
industrial sectors. They will become a reality within the lifetime of many existing 
mines. Retrofitting existing tailings structures to meet new quality standards is 
considerably more expensive than to design to the new standards iii the first place. 
Increasingly environmental design should incorporate flexibility to allow future as 
well as existing standards to he met. 

Standards arc not only those set by government. Companies are now expected 
to. and often do, have high standards of their own. And for good reason. A sinaI I 
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beaiicoup d'entre dies agissent déjà dans cc sens. Et cues ont raison. En effet. unc 
petite fuite de cyanure s'échappant dun barrage de stériles risque d'être aussi 
ddsasreuse pour to hilan de Ia société que la chute du cours des nidtaux. On a vu 
des exploitations minières fermdes pendant de longs mois en attendant les résul-
tats dune enquête interminable et conduisant a one réglenientation encore plus 
stricte. Les conclusions peuvent imposer des modifications très cotheuses, dans to 
seul but de rassurer un public peu convaincu quc sa protection cst maintenant, 
après I'dvdnement, convenahiement assurdc. On cornprend que Ce mdme public, 
faute de connaissances suffisantes clans Ic domaine de Ia chimie industrielle et des 
calculs complexes de risque, soit inquiet de vivre sous Ia menace d'un grand bar-
rage ou du risque d'empoisonnement par les cyanures polluant l'eau destindc a 
1' alimentation. 

Quels sont les impacts sur l'environnement? 

Traclitionnellement, en matidre de protection de l'environncment, I' attention 
des industriels s'est fixde sur les risqucs hurnains dus a Ia rupture des barrages de 
stockage. Dc tels incidents se sont en elet produits, en faisant parfois de noiii-
hrcux morEs. La cause on est parfois Un pro jet ou un choix d' implantation made-
quat, parfois l'eflet d'un phdnomdne naturel (crue, sCisme). On peut ohjecter que 
les personnes atteintes ou Ic barrage n'auraient pas dCi se Erouver là. En tout diat 
dc cause, ii y  aura t(ujours un risque lorsclue des populations se trouvent a proxi-
mild d'un barrage. 

Scion one definition plus large du risque, tenant comptc des problèmes envi-
ronnernentaux, on peut noter quc les retenues de stockage de stdriles presentent 
d'autres impacts nuisihics. On peut cilcr 

• Ia retenue risque de porter atteinte aux hiotopes et aux dcosystèmes se trou-
vant a proximite. 

• les Iâchures, programmées on accidentelles, risquent de polluer les caux (Ic 
so r lace, 

• en cas de làchure d'eaux de drainage acides, Ia pollution des caux qui en 
rdsulte peut durer trés longtcmps, 

• ies infiltrations deiTluents (cyanure. Cldments radioactifs) dans Ia fondation 
de i'ouvrage risqucnt de polluer les nappes phrCatiques, 

• Ics infiltrations peuveni provoqucr tine montCe Iocalisde de Ia nappe, cc qui 
pose des probiemes lids a Ia salinitd des sols des zones a proximitd (terres agri-
cole,s, hiotopes), 

• après sdchage, les stériles, transformds en poussières.risquenl d'être entraI-
nés par des vents forts vers les habitations on dcosystêmes a proximitd. Outre La 
nuisance qui en rdsulte, ces poussières peuvent contenir des matières toxiques pro-
venant des stCriles, 

• dans Ic cas de certaines mines d'or, les effluents stockds par Ic barrage peu-
vent génCrer des gaz toxiques (cyanure....) capables d'empoisonner les oiseaux 
attires par Ic plan d'eau dans les regions semi-andes, 

• Ia faunc risque d'être piégde on noyde dans certains ouvragcs annexes md 
conçus on rnal protdgds (puits de controle. chcnaux de mesure. etc.), 
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spill of cyanide effluent from a tailings dam can do as much damage to a corpora-
te balance sheet as a fall in metal prices. Mines have been shut down for months 
on end while official enquiries into a tailings spill take their long course to stron-
ger regulations. The recommendations may require costly changes for no other 
reason that to reassure a skeptical public that its welfare is now, after the event, 
finally being adequately safeguarded. In the absence of adequate knowledge and 
understanding of the hazards of industrial chemicals and the intricacies of risk cal-
culations, the same public is understandably apprehensive about living in the sha-
dow of a major darn, or being poisoned by cyanide in drinking water. 

What are the environmental impacts? 

'Iraditionally, environmental attention by companies has focussed on human 
risks associated with structural Failures in clams and impoundments. There have 
indeed been a number of such incidents, some with heavy loss of life. Some have 
been due to poor design or location, some were incidents triggered by natural plie-
noniena such as floods or earthquakes. It could he argued that either people should 
not have been where they were, or the darn should not have been there. Either way. 
the risk remains if we have darns and people close together. 

With a broader conception of environmental risk that includes ecological 
values, we Can note that tailings impoundments also cause other damaging 
impacts. These include: 

• the impoundment may damage or destroy locally valuable habitats and eco-
systems 

• release of effluent, whether planned or unplanned, from an impoundment 
may contaminate surface water; 

• where generation and release of acid mine drainage AMD) occurs, the 
water pollution effects may he quite long-lasting; 

• seepage of effluent through the base of the structure may contaminate 
groundwater with cyanide, or radioactive comliponents: 

• seepage may result in substantial moundi ng of the natural groundwater table 
and provoke soil salinity problems in nearby agricultural land or natural habitats; 

• dried tailings may he swept as dust by sti -ong winds into neighbouring habi-
tations or ecosystems. In addition to being a nuisance, the dust may contain toxic 
components from the tailings; 

• effluent in tailings impoundments at some gold mines generate toxic gases 
such as cyanide that may poison birds attracted by water in dry regions; 

• poorly designed and protected ancillary structures such as monitoring homes, 
flumes etc. may trap or drown wi ldl il; 
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• les modifications apportécs au paysage par Ics grandes retenucs de stériles 
sont parlois inacceptahle.s dans Ics zones d'intérêi scientifique on de grande heau 
té naturellc. 

En cas d'ahsence de stockage. Ics stériles auront, hien sOr, un impact direct 
sur to milieu récepteur. 

Etant rarement recensés dans les autorisations d'exploitation on les rapports 
d'activité, ces impacts sont diliicilement chiffrahles. Selon une réccnie enquéte 
mondiale sur les incidents survenus aux barrages de stériles, nienée par Ic 
PNUE/Industrie et Environnenlent ct Ic Départcment des Aflaires Human itaircs 
(DAH) des Nations Unies, les prublénies ci-dessus out été cites a di ilérentes 
rcpriscs en tant que sujeis de preoccupation des organismes dc surveillance, mais 
aucunc action de iéglemcntaiion n'a encore Cté Cntreprise. 

Aujourd'hui, les techniques d'Cvaluation (etudes d'impacts. etudes des 
risques) permcticnt d' avoir une estimation assez precise dc la possihilite de tels 
impacts pour on site donné. Lcs risques ayant etC identifies, les solutions OU les 
remèdes destinCs a rCdu ire les impacts pcuvent Ctre CtudiCs. 

Dans l'application de ces solutions. I' ingénieur dod non seulenient Sc conhr-
flier aux normes actuclicinent en vigueur, rnaisaussi songer a l'avcnir. En efTet, les 
coniraintes d'cnvironnement, ainsi quc les exigenccs techniques, Cvoluent rapide-
nicHE. Oil peut supposer que les performances demandées a tin ouvrage, actuelic-
ment en chantier, deviendront plus strides avaiit Ia fin de Ia vie utile de cclui-ci. 

un des pi'ohlCnies lies ii Ia gestion des stCri les esu ccliii du lessivage en las. II 
s'agit dune technique dc plus en plus rCpancluc qUi, si die est hien conçue, nc 
coniporte pas de danger pour I 'environncincni rnais ii existe neanrnoins un risque 
non nCgligeahle en cas d'opCratiuns nuti niaItrisCes on mal protCgCes. En In de 
Iessivagc, Ic las devient i.mn amas de dCcheis conime un attire, dont la réhahilitation 
on I 'Climinamion dod Cisc CtudiCc, rCal isCe ci survcil iCe, conime pour tout autrc site 
de stockage des smCriles. 

Comment rCpondre aux prohlèmes poses ? 

Lors dc I'Ciudc ci dc Ia gestion des retenues dc stockage de stCrilcs, it cst essen-
tiel de voir Ics clioses a long terine, car souvent ces ouvragcs cxistcront longteinps, 
hicn plus longicnips que la mine ellc-mCme, voire que la sociCtC d'cxploitation. 

II s'agit de savour, dc façon claire. qui sent responsahle de I 'cntrctien et dc Ia 
reparation de I a retenue dc stockagc. 

Bicn sür. en principe, aucune operation d'cntretien ou dc reparation nc devrait 
Ctre nCcessai rc. Dc par sa conception. I 'ou vragc doit Ctre stable. robusic Ct sans 
risque. capahle de resister aux intempCrics Ct aux autres conditions locales. Plutôt 
qLmc de conccvoir on ouv rage a vie limitde, it s'agit d amenager Ic paysagc de facon 
perinancnte. Par contre, it faut un dispositi I d'auscuitation ct d'inspcction aI n de 
conflrmer que cc but est reel lement aitcinl, 

Dans Ic court tcrmc, on doii conccvoir ct exploiter des oLmsragcs repondant a 
toutcs Jes coniraintes iVcnvironnement et de .sCcuritC citCes ci-dessus. Noi.is savons 
faire celum raisonnahlemcnt hien : Ic deli consistc a s' assurer clue  les precautions 
prises lois du projet soient mnaintenues en phases de construction et d'exploitaiion. 
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• landscape changes by major tailings impoundments may he unacceptable in 
areas of scientific or scenic significance. 

In the case wherc no impoundment is built, the direct discharge of tailings will 
of course have a direct impact on the receiving environment. 

As they are rarely included in site permits or reporting schedules, the true 
extent of these impacts is difficult to quantify. A recent survey by UNEP and the 
UN l)epartment of Humanitarian Affairs (DHA) of tailings dam incidents in coun-
tries around the world found that most of the above issues were quoted at some 
stage as being of concern to regulatory bodies, even if action had not yet been 
taken. 

Assessment techniques such as environmental impact assessment (EIA) and 
risk assessment can now give a reasonably good estimate of the possibility of such 
impacts occurring at a particular site. Once identified, risk-based design solutions 
or remedial measures can he utilized to avoid or minimize the impacts. 

In applying these solutions designers need to plan for the fulure as well as for 
compliance with current standards. Both the environmental agenda and technical 
standards are evolving rapidly. Performance expectations can be expected to chan-
ge over the lifetime of many structures being built today. 

One emerging issue that is related to tailings management is that of heap lea-
ching. This practice is becoming more widespread, and although well engineered 
leach processes can he environmentally safe, there is substantial risk from poorly 
managed or protected operations. At the end of the leaching operation, the heap 
becomes another disposal/rehabilitation operation that must he planned, executed 
and monitored, like any other tailings site. 

How should we respond to the issues? 

In designing and managing tailings impoundments, it is essential that we take a 
long view, for in many cases the impoundment structures will he there For a long time. 
Much longer than the life of the mine, and longer even than the life of the company. 

Taking a long view means being clear about who has responsibility for main 
tenance and repair. 

Ideally of course no maintenance and repair should he needed. This means 
designing a structure that is intrinsically stable, self-repairing, and risk-free, and 
able to stand up to weather and other local influences. The concept is more to de-
sign a permanent landscape feature rather than a short-term utility. In all cases 
however a monitoring and verification procedure is needed to confirm that this 
goal has truly been achieved. 

In the short term we have to design and operate structures that respond to all 
the immediate environmental and safety issues above. We know how to do this rea-
sonably well the challenge is to see that the design principles are carried over 
reliably into the construction and operational phases. 
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Un autre aspect important concernc Ics dispositions it prevoir cii cas d'acci-
dent. Malgré tous his soins apportés a la conception et au projet, une rupture n'cs( 
pas impossible, même pour les barrages de stériles. Pour cette raison, ii faut sys -
télnatiquement appliquer Ia notion de protection de deuxième degré et de prépara -
tion de plans d'alerte et de secours. Ceite notion d'étahlissement de plans d ' alerte 
ci de secours en cas d'accident est adoptée par les autres secteurs industriels, 
notaniment grace nu programme APELL de Vigilance et Prévoyance en cas 
d'Accidents au Niveau Local du PNUE/IE. 

Ii est essentic! d'accorder Ia manic attention a la gestion des stériles quaux 
autres aspects opérationnels des activités minièrcs. On ne pourra atteindre un 
nivcau defficacité toujours plus élevé que inoyennant un niveau comparable 
d'étude, d'évaluation, de contrôlc qualité, d'auscultation et de réexamen. 

Dans cc hut, ii est nécessaire que tous les exploitants miniers solent 
conscients de leurs responsahilites de maître d'ouvrage, a l'instar des sociétós les 
plus performantes. Le role des associations minières. nationales et internationales, 
reste un élément crucial en cc sens. 

En cc qul concerne les pouvoirs publics, il est nécessaire de porter une plus 
grande attention sur l'enscnihlc des eficts environneinentaux cites ci-dessus, slis-
ceptibles de se produire. II convient de fixer un niveau acceptable de risque on 
relation avec Ic risque potentiel local, on tenant coinpte des ruptures connues dans 
Ic pays. II faut adopter des recommandations bien Ctudiées pour Ics barrages de 
stCriles, an nivcau national, associCes a une assurance qualitC performante pour Ia 
rCalisation des ouvrages. 

Les industriels et les autoritCs doivent cotlahorer pour Ia misc en place dun 
plan dalerte et de secours pratique qui fait intervenir les pouvoirs publics et Ics 
collectivites lccalcs scion Ic cas. La procedure APELL peut constituer un hon 
modèle pour de tclles initiatives. 

Relation avec Ic present Bulletin 

line hoiine gestion repose sur nfl prOjCt hien étudiC. Ce Bulletin est consacré, 
entre autres, a l'amélioration des projets. en présentant les critères de conception. 
Ics techniques d'Ctude ci Ics ClCments principaux dont ii faut tcnir compte toys de 
l'Ctudc d'uri barrage dc stCrilcs. 

Certains chapitres trahent des Ctapes d'intCgration des critères relatifs 6 Ia 
protection de l'environnement, et de Ia méthodologie correspondante. D'autres 
chapitres concernent Ia rehabilitation éventuellement nécessaire. Un chapitre est 
consacré a Ia réglementation actuelle qui Cvoluc sans ccssc. 

Les reconimandations sont hasécs sur his lcçons tirCcs des experiences ante-
rieures - rCussites et erreurs -, conduisant a unc codification plus poussCc de Ia 
construction des barrages de stCriles. 

La situation continuera sans aucun (loLite 0 Cvoluer, des niveaux de sCcuritC plus 
ClcvCs devenant possibles 0 moindre cout. Peut-Ctre vcrra-t-on Cgalement apparaItrc 
d'atLtrcs critCres lies 0 l'environnement. Pour l'instant, on pent souligner que les 
principes ci les pratiqucs piCsentCs dans cc Bulletin scront trCs utiles dans Ia 
jecherche d'un comportcmcnl plus scir pour les futurs barrages de stériles. Le PNUE 
cst très honoré davuir pu collahorer 0 cci ouvrage ci en espère une large diffusion. 
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There is also the aspect of emergency preparedness and planning. No matter 
how well we design and plan, failures do occur, even at tailings dams. The concept 
of secondary security nieasures. and emergency preparation need to become the 
rule, not the exception, in taiLings dam management. Emergency preparedness 
concepts have been adopted by other industry sectors, as for example through the 
successful (JNEP-lcd programme on Awareness and Preparedness for Emergencies 
at the Local Level (APFLL). 

A key factor for tailings management is that it should he given a comparable 
degree of attention as other operational parts of a mining operation. It is only when 
tailings are subject to the same planning, evaluation, quality control, monitoring 
and review procedures that consistently high performance will he achieved. 

This requires a reinforced notion of owner responsibility on the part of all 
mine managers, not only a few good performing companies. Accordingly, the role 
of national and international mining associations remains a vital element. 

For the authorities, greater attention to assessing the potential impact of all 
the environmental effects outlined above is necessary. A level of acceptable risk 
needs to he set commensurate with the local hazard potential, taking into account 
the history of particular design failures in the country. Sound national guidelines 
for tailings dams should be adopted, with of course a high level of quality assu-
rance of actual construction of dam structures. 

Both the industry and the authorities should cooperate to set in place a prac-
tical emergency response plan that includes public authorities and local comniuni-
ties as appropriate. The APELL procedure can be useful model for such initiatives. 

Relationship with this Bulletin 

Good design is the basis of good management. This Bulletin is about good 
design. It outlines the design principles, the approaches and the key factors to be 
kept in mind when planning a tailings dam. 

Sonic sections indicate where environ menial criteria need to he incorporated 
into the design, and how this can he done. Others deal with rehabilitation and 
reinediation, should this become necessary. A section outlincs where we stand 
today in the constantly evolving regulatory system. 

The recommendations are based on what we have learnt during the past years 
of trial and error, resulting also in a gradually increasing codification of tailings 
dam construction. 

No doubt further evolution will occur, and higher levels of safety will heconie 
possible at lower cost. Perhaps, also, additional environmental criteria will come 
into play. For the moment, alt we can say is that the principles and practices outli-
ned in this Bulletin will go a long way to making tailings dams consistently perform 
more reliably than they do now. It has been a privilege for UNEP to become asso-
ciated with this work, and we look forward to its widespread application. 
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I. INTRODUCTION 

1.1. DEFiNITION DES STERILES 

Les stdriles sont les résidus constitués de particules lines, provenant du trai-
tement de divers matériaux dans l'industric. En majorite, us proviennent du traite-
ment de minerals en vue de l'extraciion des matériaux ayant une valeur marchan-
de. Leur granulom6trie peut être une granulomdtrie naturelle, mais le plus souvent 
cue résulte du concassage ci du broyage du minerai dcstinds a augmenter sa sur-
face ci a faciliter l'extraction do matériau souhaité. Celui-ci peut être récupéré par 
flouation ou par Lraitcrnent chiniique. Les rdsidus fins sont rejetés sous forme de 
houes n'ayant aucune valcur marchande - ces stdriles doivent étre dvacuds do l'usi-
ne de traitement, sans danger et aussi économiquemcnt que possible. En général, 
Ia teneur en eau des houes est suffisamment dlevde pour permettre leur evacuation 
par dcoulernent dans des canaux OU par pompage a travers des conduites. On peut 
ainsi transporter les boues sur de grandes distances jusqu'au site dc dCpôt. Bien 
enrendu, on doit cffectuer un bilan dconomiquc cofit du site - coüt du transport aim 
d'ohtenir la solution de misc en dépôt hi moms coUteuse. 

1.2. PROVENANCE DES STERILES 

La plus grande quantitC des stCriles provient des industries minières, métalli-
fères et houillères, mais des quantitCs importantes peuvent Cgalement résulter 
d'opdrations idles que 

• Ia combustion de charhon hroyC (cendres volanies) 
• Ia transformation de bauxite en alumine (bouc rouge) 
• Ic lavagc de sables, de graviers ou de granulats de roche concassCe, pour 

l'climination des fines 
• l'entretien de rivièrcs, do poris, par dragage 
• l'cxploitation hydraulique de ddpôts de kaolin. 

Des matériaux comparables proviennent dgalement dautrcs traitements 
industriels, tels quo 

rejets de I'industrie chimiquc (par exemple, fraction insoluble de ddpôts de 
potasse OU de sd) 

• terres provenant du nettoyage dc vCgCtaux 
• traitenient des caux usCcs domestiques et industrielles, en vue d'éliminer los 

polluants avant evacuation ou recyclage. 
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* INTRODUCTION 

I.I. WHAT ARE TAILINGS? 

Tailings are the fine particle residues which arise from the processing of 
various materials in industry. By far the majority are produced by the processing 
of minerals to recover the economically valuable material. Their fine particle size 
may be the natural size of the waste fraction, but more commonly it is caused by 
crushing and grinding of ore rock to fine sizes so as to increase the surface area 
and assist in the process of extraction of the desired material. The resulting mate-
rial of value may be removed by flotation or chemical processes and the remaining 
linc-grained materials rejected at the "tail end" of the process as a worthless slur-
ry - these tailings have to he removed from the processing plant safely and as 
cheaply as is feasible. In general the water content of the slurry is high enough to 
enable the tailings to flow away from the plant along channels or to be pumped 
through pipelines. In this way they can be transported over considerable distances 
to sites suitable for their disposal. Clearly, the cost of the site and the cost of trans-
portation have to be balanced to give the most economic solution to tailings dis-
posal. 

1.2. WHERE DO TAILINGS COME FROM? 

Tailings arise predominantly in the metalliferous mining and coal industries 
but significant amounts may also arise from, for example: 

• the burning of pulverised coal [pulveriscd fuel ash (pfa) or fly ash]; 
• the conversion of bauxite to alumina (red mud); 
• washing out of fines from sands and gravels or crushed rock aggregates; 

• waste product from maintenance dredging of rivers, ports and harbours; 
• from hydraulic mining of china clay deposits. 

Similar materials also arise from other industrial processes such as: 

• waste from the chemical industry, like the insoluble fraction of potash or 
salt deposits; 

• soil from cleaning vegetables; 
• treatment of domestic sewage or industrial effluents to remove pollutants 

prior to discharge or recycling of clean water. 
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1.3. PROPRIETES DES STERILES 

Les proprictcs des stdriles mis en dépôt dependent de leur origine ci de leur 
degrC de compactage, mais on peut faire quciques commentaires gCnCraux. Leur 
geochirnie doit tre examinCc avec attention. La majoritC des stCriles est constituée 
de particules doni Ia granulométrie se limite essentiellenient aux catcgorics:sahlc, 
silt ci argue (cest-à-dire, sable et houe). Les stCriles se caractdriscnt gdnCralernent 
piir 

• une forte teneur en eau 
• une perméabititd faible ii rnoddrCc 
• uric faible plasticile 
• uric résistance an cisaillement faihie i moderee 
• une compressibilitC torte a moderce. 

Beaucoup de stCriles mis en dCpôt présenteni une tendance a sc liquefier sous 
Felfet de contraintes dynarniques resultant de séisrnes on autres vibrations. Les 
propriCtCs chi miques dependent 

du niincrai originci 
• des alterations chimiques aprCs misc en dCpôt 
• des rCsidus des rCaciifs utilisés dans Ic traitement. 

Les stériles mCtalliiCrcs ci houil!ers sont souvent acides, lors de leur misc en 
cICpt, on après alteration, ci contienneilt une proportion non récupCrCe du rninerai 
initial. Le soulèvement dc poussicre par Ic vent ou I evacuation d'cau coniaminec 
peuvent provoquer de graves problemes de pollution. 

1.4. METHODES DE DEPOT DES STRILES 

Du fait de leni valeur econ{:)miquc faihie ou nulle, les stCrilcs doiveni étre 
considCrCs c.rnnie des dCchets i évacuer. Cette evacuation doit presenter toute 
sCcuritd, respecter I envi ronnenleni. ci Ctre aussi economique clue  possible. 
Plusieurs niCihodes existent 

• ufl Ii sation economique 
• dCcharge dans les riviCrcs on la mer 
• misc en ddpdt on souterrain 
• déchaige cxtdrieurc a see 
• ouvrages dc stockage des stCriles. 

1.5. DEFINITION DES BARRAGES DE STERILES 

Le stockage des stéri les au moyen dc barrages est Ia mdihode Ia plus couran-
te de misc on dCcharge des stCriles, Ic barrage étant gCnCralement constituC de rCsi-
dus de broyage, de déchets unifiers. de terre ou denrochement. I.e but est de rete- 
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1.3. WHAT ARE THE PROPERTIES OF TAILINGS? 

The properties of deposited tailings vary depending on their source and 
degree of compaction, but some general comments can he made. Attention should 
he paid to their geo-chemistry. The majority are a particulate material and the deli-
nitivc physical property is a particle size range restricted predominantly to the 
sand, silt and clay categories (i.e. sand and slimes). Tailings are generally charac-
tensed by: 

• a high water co 11 tent; 
• low to moderate permeability; 
• low plasticity; 
• low to moderate shear strength; and 
• high to moderate compressibility. 

Many stored tailings exhibit a tendency to liquefy under dynamic stress impo-
sed by earthquake or other vibrations. The chemical properties depend on: 

• the original mineral deposit; 
• chemical alterations due to weathering after deposition; 
• residual reagents used in processing. 

Metalliferous and coal tailings are often acid, either at discharge or after wea-
thering, and contain an unrecovcrcd proportion of the original mineral content. 
Dust blow or discharge of contaminated water may therefore give rise to serious 
pollution prohleni.s. 

1.4. HOW ARE TAILINGS DISPOSED? 

Because they have little or no economic value, tailings have to he disposed of 
as wastes. The objective of tailings disposal is to dispose of the tailings safely and 
in an environmentally acceptable manner as economically as possihtc. A number 
of methods are available, including: 

• economic utilisation; 
• discharge to rivers or he sea; 
• underground disposal; 
• dry disposal to land; and 
• tailings impoundment structures. 

1.5. WHAT ARE TAILINGS DAMS? 

Tailings impoundments retained by tailings dams are the most common form 
of tailings disposal and generally the dam is constructed of mill tailings, mine 
waste or earth or rock fill. The objective is to retain the slurry and allow the tai- 
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fir les boues et de permettre aux stériles de se déposer, cc qui rend possihies I'éva-
cuation ou Ia rdcupération (recyclage) de l'eau des houcs, ainsi que Ic stockage 
permanent (on dépôt a see) et Ia restauration éventuelle du dépôt. Les stérilcs pcu 
vent également être mis on dépôt sur Ic sol après elimination de Ieau (par 
exemple, au moyen de presses filtrantes), on par voie hydraulique dans des 
ouvrages qui ne retiennent ciuun  faible volume d'eau. 

1a conception des barrages et des dCpöts de stCriles a etC souvent empirique 
ci Icur comportement a été parfois peu satisfaisant. Le but final de tout dépôt de 
stCriles est que celui-ci ne nCcessite aucune intervention pour assurer sa stahilitC 
et qu'il puissc trc réhahilitC pour unc misc on valcur ultCricure des terres et une 
couvcrturc vCgCtaic. II faut sc rappeler cet objectif i'i toutes les étapes du projet et 
pendant La longue période de construction. 

Ies barrages de stériles et les barrages a retenue d'eau ont un certain nombre 
de caractCristiques communes, mais prCsentent des differences quant a leur exploi-
tation, aux techniques dc construction et aux caractCristiques des matCriaux des 
barrages et des stCriles stockCs. En particulier 

• les barrages de stCriles sont conçus pour Ctrc ahandonnés sans autre exploi-
tation 

• Icur construction a gCnCralement lieu en inCme temps que leur exploitation 
• le plus souvent, ils ne reticnncnt pas d'eau si cc n'est a des fins de sédi-

mentation, de rCcupCration et de traiternent par broyage 
• en gCnCral, la retenue d'eiii ne rCstilte qiie dii mode operatoire visant 	Ia 

misc en dCp& dc rdsidus solides toutefois, dans quelques schCmas << en circuit 
fermC a oi aucunc evacuation d'eau a l'aval n'est permise pour des raisons envi-
ronnementales, un certain stockagc d'eau peut Ctre nécessaire. 

1.6. IMPORTANCE DES STERILES ET DES BARRAGES DE STERILES 

Les stCriles constituent I'un des matCriaux de construction de barrages les 
plus ahondants dans Ic monde. Le volume ou Ic tonnage de rdsidus miniers traité 
chaque annde clans Ic monde dCpasse celui de toute autre industrie. 

1.6che1le du problCme dc Ia misc en dépôt des stériles pcut I'acilement Ctre 
estimée a partir de quciqucs donnCes. En 1986, la production mondiale de charhon 
Ctait Cvaluée a 4 545 000 000 tonnes, celle de minerais de fer a 916 000 000 
tonnes, et celle de mincrais de cuivre, de plornh et de zinc a 18 500 000 tonnes 
(teneur en metal). Depuis 1940, l'introduction de machines d'extraction en conti-
flu dans I'industrie minière, ainsi que I'exploiiation dc filons minces de charhon 
associCs a du schiste argilcux ou ii du grès, out contrihuc a augmenter La quantité 
des résidus miniers apportCs on surface et out ndcessitd l'implantation de stations 
de lavage du charbon sur le site de Ia mine. Au cours dc Ia mCrne période, le 
nonibre de centrales thcrrniques au charhon a augmentC et il y a eu un besoin Cnor-
me tie sites de stockage pour les rCsidus de lavage du charhon ci les cendres 
volantes. Dans I'industrie miniCrc de métaux non t'erreux, on peut maintenant 
exploiter econonliquement des minerais moms riches qu'auparavant (par exernple, 
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lings to settle, thus enabling discharge or reclamation (recycling) of the slurry 
water and permanent retention (or dry disposal) and eventual restoration of the tai-
lings. Tailings may also he disposed to land in dumps after dewatering (eg. by fil-
ter pressing) or as hydraulic fill in structures which do not impound signitcant 
quantities of water. 

Both tailings dams and tailings dunips have often been designed by empirical 
means and their performance has sometimes been less than satisfactory. The ulti-
mate aim of any tailings disposal scheme is that the tailings can safely be left in a 
condition that will require no maintenance to ensure their stability and thus are 
restored to a suitable subsequent land use and vegetation cover. This final objecti-
ve has to be borne in mind at all stages of design and throughout the prolonged 
construction. 

Tailings dams have a number of features in common with water retention 
dams but their operational needs are different, as are many of the construction 
techniques and material characteristics ol' the dams themselves and the tailings 
retained behind the danis. In particular: 

• tailings dams are designed to he abandoned and not operated: 

• construction is usually simultaneous with their operation; 

• they do not usually impound water for purposes other than sedimentation, 
reclamation and mill operation; and 

• in general, water retention is only incidental to their operation for the ulti-
mate purpose of solid waste disposal, although in some 'closed circuit' schemes, 
where no discharge of water downstream is permitted for environmental reasons, 
some water storage may he required. 

1.6. HOW EXTENSIVE ARE TAILINGS AND TAILINGS DAMS? 

Tailings are one of the most abundant dam-building materials in the world. 
The volume or tonnage of mine wastes handled throughout the world each year 
exceeds that of any other industry in the world, including non-mine construction. 

The scale of the tailings disposal problem can readily be envisaged from a few 
examples. In 1986. world produciion of coal was estimated at 4 545 000 000 
tomes, that of iron ore at 916 000 000 lonnes, and of copper, lead and zinc ai 
18 500 000 tonnes (metal content). Since the late 1940s, continuous mining machi-
nery has been introduced in the coal mining industry and the mining of thin layers 
of coal with shale or sandstone partings has increased the total amount of waste 
brought to the surface and has introduced the need for coal washing plants at the 
mine site. During the same period, coal fired power generation has increased and 
the need for impoundments for disposal of coal washery tailings and pulverised 
fuel ash has grown tremendously. In non-ferrous metal mining, the quality of 
metal ore which can he economically extracted has generally been lowered cunsi-
derably, e.g. from 34% copper in the 1900s to 0.2-0.3 17(. today, with a correspon-
ding increase in the amount of waste produced, it is likely that overall mine waste 
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pour Ic mineral de cuivre, teneur en metal de 34 (/ clans les années 1900, 0.2-
0.3 aujourd'hui. cc qui conduit a une augmentalion de La quantité de residus. El 
est probable qu'actuelleirient Ia production glohale de slCriles miniers équivaut a 
peu pies a Ia production totale minière de charhon et de mincrais industriels, et 
doit dCpasser 5 000 DOt) 000 tonnes par an. IJnc seule exploitation niiniCre peut 
produi me plus de 150 000 tonnes par jour. La misc en dCpôt des stCriles est donc 
une activitC coils dCrable. 

Les harragcs de stCriles peuvent être des ouvrages de grandes dinicnsions 
entrainant d' iinportants travaux d' ingCnierie certains figurent parmi les plus 
grands barrages du monde. Le Registie Mondial des Barrages de Stdrilcs Miniers 
Ct Industriels recensc 8 barrages de stériles de plus de 150 m de hautcur, 22 de plus 
de 100 m et 115 dc plus de 50 m. II laut y ajouter 6 retcnucs de stockage doni Ia 
surface a pILlS de 100 km 2  et dont Ic volume dCpasse 50 hrn 3 . Malheurcusernent, cc 
Registre est loin cFêhe complet et Ia situation rCcile n'est pas connue. 

1.7. CONTENU DU (;uIDE 

Apiès Ic chapitre 1 constituant one introduction. Ic guide compiend les cha-
pitres suivants : chapitre 2 techniques dc misc cii depOt des stCrilcs;c hapitre 3 
conception des barrages de stériles; chapitre 4:contr6le des travaux et exploita-
tion chapitre 5 : mesures correctives Cventuclles chapitre 6 rehabilitation et 
fermeture chapitre 7 : aspects rCglementaires (entre autres, exemple du 
Royaumc-Uni). 
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production, including tailings, is about equivalent to the total mined pioduction at 
coal and industrial minerals and almost certainly exceeds 5 000 000 0(X) tonnes per 
annum. One mining operation can pi -oduce in excess of 150 000 tons/day. Tailings 
disposal is, therefore, a massive operation. 

Tailings dams can he large and significant engineering works, some of which 
are amongst the world's major danis. The "Wor]d Register of mine and industrial 
tailings dams" lists g  tailings dams higher than 150 m, 22 higher than lOt) m and 
115 highe.r than 50 m. In addition, 6 impoundments have a surface area greater 
than 100 km 2  and a storage volume exceeding SOx l0 m. Unfortunately this 
World Register is far from complete and the true scale of operations is not known. 

1.7. HOW TO USE THIS GUIDE. 

Following an introduction to tailings disposal systems in Chapter 2, Chapter 
3 deals with design of tailings dams and Chapter 4 with construction control and 
operation. Chapter 5 deals with remedial works which may he necessary and 
Chapter 6 looks at rehabilitation and closure. Finally, Chapter 7 examines regula-
tory aspects of tailings disposal, using the example of the United Kingdom in par-
tic ul ar. 
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2. TECHNIQUES DE MISE EN DEPOT 
DES STERILES 

2.1. PRINCIPES GENERAUX 

Au cours des siècles écoulés. les strilcs provenant des exploitations minières 
et industriclics átaicnt en général déversés thins le coors d'cau le plus proche, et 
étaient transportés par I 'eau pour se déposer plus a I aval ou rnêmc dans Ia mcr - 
en tout ens, en dehors de la zone d'exploitation des insallations. Mais maintenant, 
ii est rare ciue  les stériles sojent sutfisaminent neutres, les effets physiques stir Ic 
milieu ou sur les activites humaines, le long des rives, suffisammcnt faihics. ci le 
controle réglementaire suffisamment laxiste, pour pcnniettre une telle misc en 
dépit econonhique. 

IJltérieurernent, tine modification de In méthode dc misc en depot sans conli-
nement consisla a remplacer Ic cours deau par une conduite acheminant jusquau 
rivage - et, généralenient, au-delà, jusqu aux caux profondes - les stériles devant 
être déchargés dans Ia flier. Les particules grossièrcs sc déposaient norimilement 
près do point dc décharge ci les particulcs lines étaient dispersécs pltLs ott moms, 
suivant leurs propriétés coagulantes, par les marécs et les courants. L'effet toxique 
imniétliat et les dégdts a long terme causes no fond tic Ia flier clant preoccupants, 
cette solution est Cgalcmcnt devenue inacceptahlc sauf en de rares circonstances. 

Four Ia grande majoritC des exploitations minières ci industricl Ics, la misc en 
dCpôt des stCriles doit se faire sur Ic sol. Cclii cntraInc Ic choix dune zone de ter-
rain oi les stériles seront stockés pendant Ia tongue periode d'cxploiiaion tic l'usi-
ne et, a moms qu' ils tie Soieffl rCcupCrCs pour tin auUc iraitenment, pendant une 
pCriode ultCricure indCterminCc. Le dCpôi doil presenter one grande sécurité vis-i-
vis des dégâts resultant d'écoulenients d'eau, et ne pas polluer Ia zone environ-
nante. les cours d'eau voisins, la nappe phrCatique ci I atmosphere. 

Les stériles étant transportés soLis lorme de boue depuis l'usinc ci pouvani 
rester ou redevenir I]uides, la masse dCposCe nCcessite un confinement approprie 
pour enipécher que les malCriaux lie s'écoulent en dehors de Ia zone prevue. La 
misc en dCpôt peut souvent Cire considCrCe comme un slockage se dCcomposant en 
deux parties principales : un remhlai de retenue (Ic barrage de slCriles) et on réser-
voir de stockage des stCriles. Dans Ia plupart des reservoirs de stockage, les solides 
qui sont en suspension se déposent dans Ia zone de dCcharge. celle-ci étant done 
constituCc tie matCriaux solides, dc consistance variable, ci dun fluide en surface 
- gCnCralement de l'eau - auquel peuvent s'ajouter des caux dc ruissellernent natu-
ret ou dc précipilations directes, lormant on Inc. Lc fluide peut Cire renvoyc a I'usi-
ne de trailernent pour rCutilisation, stockC tans Ia retenuc pour utilisation ultC-
rieum'e ou pour elimination par evaporation, ou hien, s'il est suffisamment inoffen-
sif, CvacuC thins les cours d'eau avoisinants. 
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2. TAILINGS DISPOSAL SYSTEMS 

2.1. GENERAL CONCEPTS 

In past centuries the tailings from mining and industrial operations were gene-
ral]y discharged into the nearest water course and were carried by the water to he 
deposited further downstream or out to sea at least out of the way of the plant ope-
rations. Only rarely now is the tailings product sufficiently innocuous, the physi 
cal effect on the shore line sufficiently harmless to the environment or to human 
activity and the statutory control sufficiently lax for such a cheap method of dis-
posal to he possible. 

A later development of the unconfined method of disposal was the replace-
ment of the water course by a pipeline leading to the shore and usually beyond to 
deeper waters for the tailings to he discharged freely out to sea. The coarser pai'-
tides normally settled near the discharge point and the liner particles were disper-
sed to a greater or lesser extent, according to their coagulating propenies, by the 
tides and currents. Widespread concern over the immediate toxic effect and the 
long terni damage to the sea bed, has led to this solution being similarly unaccep-
table except in rare circumstances. 

For the vast majority of mining and industrial enterprises disposal must he 
effected on land. This will entail the selection of a tract of land on which the tai-
lings will he stored for an extended period while the waste is being generated by 
the plant and, unless reclaimed for further treatment, for an indefinite period the-
reafter. The deposit must he secure against physical damage from outflow and 
musi not pollute the surrounding area, neighbouring water courses, the groundwa-
ter nor the atmosphere. 

Since the tailings are conveyed as a slurry from the plant and may remain as 
a tluid, or he capable of reverting to a fluid, the deposited mass requires confine-
nient to the extent necessary to prevent the how of the material out of the desi-
gnated area. The depusilory is consequently often described as an impoundment 
and its arrangement may he subdivided into two principal components a confining 
embankment (the tailings dam) and the impoundment of the deposited material. In 
most impoundments the solids settle out of suspension on discharge and it will 
thus he composed of settled solids of variable consistency and a supernatant fluid 
usually water which may he supplemented by natural runoff or direct precipilation 
forming a pond. The supernatant fluid may he returned to the processing plant for 
reuse, stored in the impoundment for future use or for removal by evaporation. oi 
if sufficiently innocuous, discharged into the neighbouring water courses. 
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I! cxiste une grancic variété de dispositions répondant a ces critères de base. 
Le choix du site et du type de dépôt icndra compte dc divers facteurs sécurité. 
coul, topographic, climat, séisniicité, effets sur l'environnement et facilité d'cx-
ploitation. 

En cc qui conccrnc Ic i'cmhlai de reteriue et Ic reservoir dc stockage, les dis-
positions priricipales peuvent Se classer comme suit 

Excavation existante 

Une excavation a ciel ouvert ou en souterrain dCsaflectCc, une carrière, une 
zone de sol eflondrCc au-dcssus d'une exploitation rninière ou une cuvette natu-
relic peuvent exister. Le principal avantage dun tel site cst que le confinement des 
rnatCriaux dCposCs depend en grande partie oU cntiCrcmcnt du so] existant. Ia misc 
en décliargc Ctant pcu coñteuse (Fig. 1). On devra protCger La zone environnante 
contre les inotidations. Par contre, ii y a des inconvCnients. Fe stockage dun maté-
riau fluide peut affecter Ia sCcuritC de [exploitation miniCre coniguë, du fait de 
I 'augmentation des pressions interstitiel les, d'infi Itrations ou du risque de rupture 
due a des rCsidus liquCliCsavec inondation des installations de Ia mine (comrne 
cela s'est produit. en 1970, a Ia mine de cuivre dc Multi] ira. en Zambie). 11 y a Cga-
lement un risque de pollution de La nappe phrCatique clans Ic cas d'un dCpôt sous 
Ic niveau du terrain nature]. si ]'intei -face n'est pas Ctanchc. 

Site dans une vallée 

Unc topographic val]onnCe ou dc pcnte raide peut conduire au choix d'un site 
en travers de vallCe. Cela entrainera Ia construction d'un renih]ai de rctcnuc a 
'ava] (ou, dans certains cas. a I' aval ct a I' amont) de Ia zone de dCpôt (Fig. 2). La 

38 



A wide variety of arrangements fulfilling these basic requirements is avai-
lable. The choice of site and arrangement type will be affected by considerations 
of safety, economy, prevailing topographical, clirnatological and seismic factors, 
environmental effect and operational convenience. 

The basic arrangements of storage facilities, with respect to the impoundment 
and confining embankment, may be classified as: 

Existing pit 

A disuscd open cast or underground working. quarry, subsided ground above 
mine workings or a natural pan may be available. The obvious principal advanta-
ge of,  such a site is that the confinement of the deposited material will he effected 
largely or entirely by the existing ground, making for cheap disposal (Fig. I ). 
Safety against inundation of the surrounding area will normally be well assured. 
Disadvantages may include the effect on the security of adjacent mine workings 
caused by the introduction of a fluid material into the impoundment, with conse-
quential increase in pore pressure, seepage or the risk of liquelled tailings breaking 
through and inundating the workings (as occurred in 1970 at the IVlufulira copper 
mine in Zambia). Severe groundwater pollution may also result from the introduc-
tion of tailings into a zone penetrating below the ground surface if the interface is 
not sealed. 

Fig. I 

Deposituiy in disuscd pit 

/)épôI thin c niie e.kcaYatiUn (/esafl'(tee 

Valley site 

An undulating or steeply sloping topography may lead to the selection of a 
site straddling a valley. This will entail the provision of a confining embankment 
on the downstream side (or in some cases, on both the upstream and downstream 

39 



plus grande valcur du rapport volume de stockage/volunie du rernblai de retenue, 
constituant un iridice 6c000mique, sera on général ohteiiue pour un site de vallée. 
Toutelois, Ia hauteur du remhlai aval est generalement plus grande que celle requi-
se thus d'autres solutions et une attention spéciale doit être portéc a La siabilité du 
rernhlai. Une telle solutioii << en vallée > entrave 1écoulement naturci du cours 
d'eau et ii sera done nécessaire de plévoir des aménagements appropriés:l' écou-
lenient total provenant du hassin versant amont scm dérivé a travers ou a côté de 
Ia zone de dépôt, ou scm adrnis dans Ic fluide de décantation. F)es ouvrages impol -
tants d'évacuation des crues peuvent être nécessaircs. 

C. Site en dehors d'une vallée 

Un site sur uii sol plot otu dc hiible pente, ou sur un versant de pente douce 
une vol fec. peut consti tuer Ia seule solution dispon i ble ou la solution préférCe. 

Unc telle zone de stockage nécessitera la construction de digucs de retenue on 
remhlai sur toute Ia périphérie ou sur les versants (Fig. 3). Le rapport volume de 
stockage/voluine de l'endiguemeni peut étre Laible, cc qui traduit un site moms 
cconornique. Les a'antagcs de cette solution sont : volume d'écoulement naturel a 
contruler généralcrncni foible, en particulier pour tine retenue de stockage consti-
tuCe par un endiguement pCriphCrique ; prohahilitC que In pollution de Ia nappe 
phrCatique scm plus facilement maItrisée que dans le cas d'une zone de stockage 
pénétrant SOUS Ic niveau du terrain naturel ou Si Wee (lalis une vallée. 

Rn pratique, une zone de stockage peut se rattacher ii plusieurs catéeories;par 
exemple, un site en dehors d'une vallée peut contenir des vallons, une excavation 
existante peut nécessiter des remblais d'endiguement dans les dernières étapes de 
misc en dCpôt, etc. Deux harrages peuvent être utilisés dans une vallée, avec une 
galerie pour acheminer les eaux de Ia rivière au-delà de Ia zone de stockage. I.e 
classement des sites senI principalernent a souligner l'inlluence des diverses condi-
tions topographiques. 
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sides) of the depository (Fig.2). The greatest ratio of storage volume to confining 
embankment volume, an indicator of economy, can normally he obtained in a Va!-
Icy site. The downstream confining embankment height, however, is normally 
greater than that required for other arrangements and particular attention to 
embankment stability may he needed. The use of a valley site interferes with the 
natural stream flow and it is thus necessary for the facility to he structured to 
manage the entire runoff from the catchrnent upstream by diversion through or 
around the depository or by acceptance within the reservoir and dissipation with 
the supernatant fluid. Substancial spillway facilities could be required. 

Fig. 2 

Valley site depository 

Site de 	en vol/ce 

C. Off valley site 

A site on flat or slightly sloping ground or gentle valley side slope may he the 
only available or the preferred option. An impoundment so located will require 
confining embankments around its lull periphery or on the downhill sides (Fig.3). 
The ratio ol' storage volume to confining embankment volume may he low, making 
for a less economic impoundment. The advantages of this arrangement lie in the 
generally small quantity of natural runoff to he controlled, particularly for an 
impoundment totally suri -ounded by confining embankments, and the likelihood 
that the control of ground water pollution will he more readily achieved than in an 
impoundnient penetrating helow the natural ground surface or in a valley. 

En practice an impoundment may fall into more than one category; an off-
valley site, for example, may contain minor valleys, an existing pit may require 
confining embanknients during later stages of deposition. etc. Two dams may he 
used in one valley, with a tunnel to carry the river past the confined impoundment. 
This categorisation serves mainly to emnphasise the effects of different topographic 
con d it i o ii s. 
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Le chui x do site pow -  Ic dépôt des stériles pent dépendrc dii droit de propric-
lé du sol, ci de ] utilisatiori aciuclic ci future do site ainsi ciue  de Ia zone avoisi-
nante 

Les facicurs suivants intcrvicnncnt dons Ic ehoix du site 

(i ) Proximilé. tin site proche de 1 us tie conduira a tie faibles coüts de transport. 

ii) Endigucnicnt. tin site avce uric valcur clevcc dLi rapport volume de slocka-
ge!volume d'endguernent est souhaitable toutefois, si Ics steriles sont utili-
sés pour Ia construction du barrage. cc  facicur est trioins liniitatif. 

lopogiaphie, Nonobstani le lacletir (ii). on évitera on site prdscnlant des 
pentes raides s' ii conduit a uric hauteur cxcessivc do rernhlai. a des difficultés 
d'acces, ou a des risques d insiahi ]ité, par exemple, Ok Ma, Papouasie 
Nouvelle-Guinée, oii Ia construction du barrage a déclenché tin important 
glisscnient de terrain, décrit par Fookes et al. (1991). 

iv) Ecoulemcnt naturel. On évitcra. Si possible, on site coniportant un grand bas-
sin versant. 

Altitude. Un site dont la1titucic est proche dc celle de l'usinc est favorable. 
Des sites au-dessus de 1' usine néecssitcront des pompages trés coutcux des 
sites a un niveau plus has entrauieront des l'rius de pompage si l'eau en excès 
est retournec a 1' usinc. 

Conditions do fondation. line fondation de mauvaise qualitd peut se révéler 
on éléinent défavorahle. Toutefois. Ia faible pente des talus de certains types 
de rcmhlai ct la tolerance hahituellcnient plus grande pour Ia permCahilité du 
terrain de fondation (Chapitre 22.2.) font quc Ics conditions tic fondation sont 
moms contraignantes que pour on barrage avee une letenue deau. 
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Fig. 3 

Off-valley depointory 

Site de depot en i/eli or.v d une in líéë 

The selection of the site for disposal may he governed by land owncrship and 
the current and future land use of both the site itself and the neighbouring areas. 
Where a choice of site is available the following factors are taken into account: 

Proximity. A site close to the plant will result in lower transportation costs 

Embankment Recovery. A site with a large ratio of storage volume to embank-
merit volume is generally desirable, although when tailings are used for dam 
construction, this is not Ii miting. 

Topography. Notwithstanding the aim of (ii) a site with very sleep slopes 
might he avoided if it would require an excessively high embankment, entail 
access difficulties or pose stability risks, e.g. Ok Ma, Papua New Guinea, 
where dam consiruclion triggered a large landslide, described by Fookes et al 
(l)I). 

Natural Runoff. A site with a large catchmcnt area is avoided where possible 

Elevation. A site at an elevation close to that of the plant is favourable .Sites 
much higher than the plant would entail high pumping costs; sites much lower 
than the plant would entail pumping costs if the surplus water is to he retur-
ned to the plant. 

Foundation Conditions. Poor foundation conditions may cause a site to he dis-
favoured although the shallow slopes of some types of embankment and the 
usually greater tolerance to foundation permeability (Section 2.2.2) make for 
a wider range of acceptable foundation conditions than is normally associaled 
with a dam for water storage. 
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(vii)Sites de ressources miniêres. Les sites conteriant prohahlemcnt des ressources 
flhiflièrCS Oxploitables no seront pas. Si possible, retenus. 

Presence hurnaine. Les zones hahitcies et les zones d'activitcis huniai nes 
seront, si possible, cicartCes. 

Visihilitci. Un site non visible, au nloins partiellement, est prCfcirahle. 

Effet sur l'environnerncnt. Des sites contenant des espCces iragilcs de flore ()U 

de faune seront, si possible. civilcis. 

Nappe phrCatiquc. On Ccartcra ics sites OU Ia nappe phrciatique risque d trc 
alimcntcie par de fortes percolations provcnant de hi retenue de stockage, en 
particulier lorsque cette nappe phréatique sell ci I alimentation on cau. Une 
solution consiste ci utiliser Un organc d'CtancliCutC pow empêcher tine tellc ali-
mentation. 

Erosion. Les sites sujetscil' Crosion par lean OLI Ic vent seront, si possible, 
e vI Cs - 

Quel qLie soit Ic type de stockagc adopte, intel -viennent les inCthodes 

d'achemineincnt des stcirilcs. 

de construction des rcmhlais ciendiguement. 

de derivation on dc passage des écou lements naturels. 

(ci) dc misc en d6p6t dans la retenue. 

d'Cvacuation tie I 'exeCs de fluide tie dCcantation et des apports naturels. 

de prevention tie Ia pollution au-delci ties limites tin dCpôt. 

Ces diverses mCthodes soilt exaniincies dans Ic sous-chapitre 2.2. et Ic cha-
pitrc 4. 

2.2. LES DIVERSES OPERATIONS 

La misc en dépôt des stéiiles comprend sept operations principales 

a) transport des stCriles jusqu'au site de dCpôt, 

h) construction tic remblais pour Ic confinement des stciriles dans le site, 

amenagement d'un ouvrage pour hi derivation des cicoulernents naturels 
autour on ci travers Ia ionic de stockae, 

opCration de misc on dCp(M propreillent dite clans Ia zone tic stockage, 

réalisation dun dispositif permettant d'évacuer I 'excès dean de Ia retenue, 

misc en etivre tie toutes mesures en vue tie proteger les environs de In pol-
lution. 
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(vii Potcntial Mining Sites. Sites likely to contain exploitable mineral resources 
are avoided where possible. 

(viii)l luman Presence. Populated centres and areas of human activity are avoided 
where possible. 

Visual Intrusion. A site at least partially hidden from public view is preferred. 

Fnvironmental Sensitivity. Sites containing endangered species of flora or 
fauna are avoided where possible. 

Groundwater Considerations. Sites whEch would result in excessive seepage 
from the impoundment into the groundwater are avoided, particularly where 
the groundwater is used for supply purposes. The alternative is complete sea-
Ii ng of the impoundment from the aquifer. 

(xii)Erosion. Sites which would he particularly prone to water or wind erosion 
should he avoided where possible. 

For whichever of the types of i nipoundmcnt is used for disposal, a number of 
systems of disposal is available in terms of the methods of: 

(a) delivery, 

(h) construction of the conlining emhankmcnts, 

diversion of, or passing the natural runoff. 

deposition in the i nipoundmcnt, 

evacuation of surplus supernatant liquor and natural runoff, and 

prevention of contamination beyond the confines of the depository. 

Typical methods of dealing with each of these components of a tailings dis-
posal system arc outlined in Section 2.2. and Chapter 4. 

2.2. SYSTEM COMPONENTS 

For each tailings disposal arrangement seven main components are required: 

a) a system for the delivery of the tailings to the disposal site, 

h) emhankmcnts to confine the tailings within the site. 

C) an arrangement for diverting natural runoff around or through the depo- 
si tory, 

a system for the deposition of the tailings within the impoundment, 

a facility for the evacuation of excess supernatant water from the 
i inpoundmcnt. and 

U whatever measures are required to protect the surrounds from pollution. 
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g dispositifs d'auscultation permettant dassurcr Un controle continu ci pré-
CiS (IC La stahilite des ouvrages, et cle la qualiré des lâchures ci de Icurs effets sin -
lenvironnement. Los ouvrages doivent être suffisarnmcnt johustes pour resister i 
La construction, d'exploitation simple. résistants aux aitaques chiniiqucs ci adaptCs 
i -i UL1C exploitation it long tcrrnc. 

Chaque opt ratit.)n et les dispositions généi -alement adoptCes soot dCcrites briC-
vement ci-après. 

2.2.1. Transport des stériles 

Le transport des houcs de stériles de l'usine au site de dCpôt cst Ic plus sou-
vent elfcctu(5 par cunduite, rnais on pcut Cgalenient uliliser un canal a ciel ouveri 
conduisani a tLn conE nioiris ClevC. Conipic tenu de sa fonetion teniporaire. Ia 
conduite est rarement entorrCc. 

Lcs matériaux le plus couramnient utilisCs potr La conduite sont l'acier (non 
rcvCtu) et Ic polyCthylCnc é haute densitC. Pour Ia plupart des stCriles, I'adoption 
do premier matériau, avec une conduite bien conçue ci des vitesses modCrCes, 
conduit a un dispositit de pCrennitC satislaisante et est souvent Ia solution Ia plus 
Cconomiquc, on pariicu lieu dans les pays producteurs dacier. Ccpondant, Ic po]y-
Cthvlène a haute densitd a I 'avantage do presenter tine plus grande résistance a 
l'usure resultant des ClCments solidcs des houes, ci cc inatCriau a etC heaucoup uti-
usC, au cours tic ces dorniCres années, principalement dans les pays industrialisés. 
La plus grande riidutC do Facier, son hon comportonient aux pressions Clevdcs. La 
facilitd tie misc en place do Ia conduite, et les caractCristiqucs dextension du poly-
éthylCnc a haute densité sont Cgalcmcni ties paramèti -cs intcie11an1 daris Ic choix 
du matériau. 

Lorsque les stCrilos soot paiticulièrement ahrasi Is. Ic trace tie Ia continue di 
ficile on Ic produit chiniiquernent agiessi I. on iloit examiner dautres matCriaux do 
fabrication on prevol r un revCtement. 

Lc Bulletin 101 (1995) traile. en detail, CILI transport, de la misc en place et tie 
Ia dCcantation tics stCrilcs. 

2.2.2. Remblais d'endiguement 

Le remhlai dendiguement, qui empCcho los rnatCriaux mis en dCpCt d'enva-
hir los zones avoisinantes, est lClCmont Ic plus important du dispositif tie misc on 
dCpôt, dti point tie vue tie Ia sécurité. Cest souvent aussi louvrage Ic plus cofltcux 
de l'amCnagemcnt. Ces deux facteurs nCcessitent La misc en euvre de techniques 
do très haul nivoau. 

Les matCriaux ci les inCthodes do construction des remblais d'endiguemcnt 
variont heaucoup suivant les partieLilarites tiLL site choisi. Ia disponihilitC do matC-
riaux, ci les plans de financement ot d'exploitati.)n de lensemble do l'installation. 
Le classement suivant peut Ctre propose 

Reinbia I de barrage c la.ssiqiu' 

Reimmblai cltrissiqtie COILS!tif ii par etape.c 
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g) instrumentation and monitoring systems to enable continuous accurate 
surveillance of the structural integrity of the impoundment and of the quality and 
effect of relcases on the environnicnt. Installations should he sufficiently robust to 
resist construction, simple in operation, resistant to chemical attack and suitable 
for long term operation. 

The required duty of each component and the arrangements coniriionly used 
to fuli'il the objectives are described briefly below. 

2.2.1. Delivery system 

Slurry transport from the plant to the site of disposal is most often undertaken 
by pipeline, hut opcn channel conveyance is also used as it is cheaper. Having 
regard to the temporary nature of its duty, the pipeline is seldom buried. 

The most commonly used pipeline materials are (unlined) steel and high dcii-
sity polyethylene. For most tailings products the use of the former, with caretul 
design and moderate velocity, results in a satislactorily long lasting system and 
may provide the most economic solution, particularly in countries where steel is 
produced internally. High density polyethylene has the advantage, however, of 
exhibiting greater resistance to wear from the solid content of the tailings and has 
been used extensively in recent years, particularly in the more developed coun-
tries. The greater rigidity of steel, its capabilities under high pressure, the relative 
simplicity of laying it and the expansion characteristics of high density polyethy-
lene are factors also affecting the choice of material. 

Where the tailings material is particularly abrasive, the pipeline layout parti-
cularly exacting or the product chemically aggressive, other materials of construc-
tion or the piovi sion of a 1 i iii ng may need to be considered. 

Details of transport, placement and decantation are dealt with in Rul leti n 
No.101 (1995). 

2.2.2. Confining emhankments 

The confining embankment, being the barrier against mass exodus of the 
material into the surrounds, is the most important component of the disposal svs-

tern in relation to the safety of the arrangement. It is also frequently the most 
expensive part of the system. The combination of these factors dictates the need 
for the highest level of engineering input. 

The construction materials and construction methods used in forming the 
confining emhankrnents vary widely to accommodate the particular needs of the 
selected site, the availability of materials and the financial and operating policies 
of the entire operation. For convenience they may be classified into the categories 
listed as: 

Concen lional 1)oni Einha;iknien t 

Staged Coiven I iona/ Embankinen t 
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Renihlai construit par élapes avec zone amoni impermeable 

Remblai avec zone imperiuob/e en .ctéri/e.c 

Corps du remblai d 'endiguement constitué de stéri/es 

Construction par Ia methode omont utilisa,it uric p/age on des cue/os 
(cu vettes) 

La repartition des remblais d'endiguernent suivan( ces categories traduit inc 
progression depuis Ic remblai c]asslqLic constitué de matCriaux d'empruntjusqu'à 
des types de remhlai ou it y a une utilisation croissante des stCriles devant Ctre 
s to c kC s. 

A. Re,nblai de barrage classique 

Ce type d'ouvrage est adopte lorsquori doit stocker, i In fois, les stCrilcs ci 
l'eau au cours dc toute Ia période allani du debut du dCpôt des stériles jusqu'a La 
fin dc l'exploitation du site. 

F 

A 

O 
ilal l, / 01 / 

F 

Le profil en travers du barrage esi conçu pour sadapter aux conditions de ton-
dation et aux rnaiériaux disponihies. I.es stCriles ne soni gCnCralcnicnt pas utilisés 
pour La construction. puisque le barrage est cornplètemcni cxCcuté avant in misc en 
dCpât des stCrifes sur le site. Le profil en travers rcprCsentC sur La Fig. 4 comporte 
un novau tradutioniie], mais it existe de nombreuses solutions identiques t celles 
adoptCes dans Ic ens des barrages dc retenuc d'eaLi. L.es tondations et Ia zone 
étanche du rernblai doivent rnaIlriscr les percolations pour perniettre Un bilan 
hydraulique équiiihré dans Ia retenue de stockage, respecter les contrai rites den-
vironnement et prCvenir in gCnCration de pressions intcrslil.ielles excessives pou-
vant rncnacer Ia stahilité du remblai. Les t'ondations ci les zones de reniblai dci-
vent Ctre capables de supporter les charges de La diguc proprement dite, de l'eau ci 
des stériles les stériles seront considCrCs sous une forme solide ou uric forinc 
liquCtiCe, lorsque leur poussCe horizontale contre Ic rcrnhiai est plus grande que 
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Staged Embankment wit/i Upstream Impermeable Zone 

Embankment with Tailings Impermeable Zone 

Embankment with Tailings in Structural Zone 

Upstream Construction using Beach or Paddock 

The arrangement of these categories is such that there is a progression from 
the more conventional type of embankment constructed of hon -owed liii, to forms 
of embankment where increasing usc is made of the tailings material to he confi-
ned. 

A. Conventional dam embankment 

This type of structure is constructed where the confinement is to he effected 
for both tailings and free water during the whole period, from the start of disposal 
of the tailings to the cessation of the use of the particular Site selected. 

Fig. 4 

Type A - Comci lion at em h anknie 01 dam 

Bormi(e en r(unblcii c faisiqu e - 7pe A 

(A) Shoulder 1)11 Reeliaryc en iemhioi 
B) Fiher drainage system I-ilire-ilriirii 

Ci ire (C) Novau 
Foundation cisutiiig (I)) Ru/eau 	iIn;ref ion 

F) Deposited tailings (F) Su)riies mis en 
(F) Watei iii reservoir (F) Fini dons Ia ,SIeJIUC 

The darn section is drawn up to suit the conditions of the foundations and the 
available materials. Tailings products are generally not used for construction, since 
the dam is built completely before disposal takes place at this site. A conventional 
central core section is illustrated in Fig. 4 but the range of options is very wide and 
similar to that for dams designed to confine water alone. The foundations and 
water batTier portion of the embankment must be capable of controlling the pas-
sage of water to the extent required by the impoundment water balance, the i mpo-
sitions of environmental control and the prevention of the buildup of pore pies-
sures such that the ernbankment stability could he threatened. The foundations and 
structural portions of the embankment must be capable of supporting the loads 
imposed by the dam structure and either the water or the tailings or both water and 
tailings in the impoundment the tailings may need to he considered either in solid 
forni or in a liquefied condition, when it would exert a greater horizontal thrust 
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eel le exercc par de I 'can seule. Le dispositif 11 Itrani doit permetre Ic passage de 
I eau de percolation, a i ' exclusion d'dlments sol ides. 

Cc type de iernhlai d'endigucment est essentiellement Un ouvrage de type 
conventionnel, créant tine retenue dans laquclle I 'earL est remplacde, au moms en 
partie. par les stériles au cours dc a periode de misc en dépôt. II convient specie-
lemeni lorsquun siockage dean, géndralement saisonnier, est necessairc pour 
l'usiiic on dautres usages, Porsqu'on doit stocker lean des shSrilcs stir une longtie 
periode on vuc de Ia degradation d' un éldnient toxiquc (par excniple, le cyanurc 
dens certaincs exploitations d'cxiraction d'or). ou Iorsque les apports naiurcls dens 
a retenue sont linportants OU slijets a des crues violentes. cc qui nCcessite leur 

amortissenient datis hi icICI1L1C. Un des principaux avantages de cc type d' amdtia-
gement est clue Ic barrage est conçu avcc soin et qiie sa construction est de courte 
durCc et parhtiienicnt conirôldc, cc qLLi est rassurant pour I 'exploitant ci allege Ic 
controle du coniportement du barrage ati cours de Ia periode dexploitation. Un 
autre avantagc est que I ouvraoe permet uiic protection contre In pollution par 
lean et I erosion par Ic vent, Par contre. I 'engagement de capitaux Clcvés avant Ia 
illiSC en service de I'ouvrage constitue Ic principal inconvellient Ic co(it petit Ctre 
éealement plus ClevC que celui des autres types de remblaj. en raison des lourdes 
Ionctinns denlandCcs au i'emhlai ci de Ia nCcessitá d' importer tolls les niateriaux de 
construction non constituCs par les stCriles. 

B. Re,nblai cla.r%ique construit j)at' élapcs 

Cc type tie remblai a les menies caractcristiques que Ic type A ci-dessus, mais 
'inconvenient de cc dernier, c'cs(-i-diie I' appcl a des capitaux initiaux élev& est 

rCduit do tait de Ia construction par etapes, les coits Ciant étalCs sur Ia periode de 
misc en dCpôt. Une noLivel Ic Ctape de construction dCivarrc lorsque Ia tolerance de 
revanche sur Ic parenient amont dii remhlai cst cntamCe par Ic ddpôt de stCriles, on 
que Ia eapacitd dc stockage des crucs on de stockage saisominier devient insufll-
sante. 
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against the embankment than would he exerted by water alone. The filtration sys-
tem must he capable of transmitting the seepage water effectively and without the 
passage of solids. 

This type of confining emhankincnt is essentially a structure built ftr the crea-
tion of a water reservoir in which water will he replaced, at least in tart, by tai-
lings during the deposition period. It is appropriate particularly where the 
impoundment is required for the storage of water, usually on a seasonal basis, for 
plant or other use, where the disposal site is in a remote and inaccessible location, 
where retention of the tailings water is needed over an extended period for the 
degradation of a toxic element (for example the cyanide discharged from some 
gold extraction operations) or where the natural inflow into the impoundment is 
large or subject to dramatic increase and water storage is needed for its control. 
One of the principal advantages of the arrangement lies in the opportunity it pro-
vides for a carefully designed darn with supervised construction in a relatively 
short time span, giving long term peace of mind for the operator and minimal need 
for ad hoc control of the development or supervision of the dam during the opera-
tional period. Another advantage is the protection afforded against pollution by 
water and wind erosion. The principal disadvantage is the need for high capital 
expenditure before the facility is operational; the cost utay also be high, by coni-
parison with that of other embankment types, in view of the onerous dtity expec-
ted of the embankment and of the need for all construction materials to he i mpor -
ted and not obtained from the tailings. 

B. Staged conventional embankment 

This type of embankment has similar characteristics to the Type A embank-
ment but the disadvantage of high initial capital cost is reduced by staging the 
construction so that the costs are spread more evenly over the period of deposition. 
The signal that a new stage of the embankment is to he constructed is given by the 
encroachment of the deposited tailings towards the freeboard allowance at the up-
stream face of the embankment or towards the reduction of the flood storage or 
seasonal storage capacity. 

Type B - Staged coilven)ioiial embankment 

Rembini (/i5 que eonS) tuft par eta/Its - Tv1e B 

Shoulder fill 
B) Filter cliiinaae system 

(C) Core 
Foundation grout in g 

(F) Deposited tailings 
F) Water in reservoir 

Current emhsmnknment profile 
Ft I Future cmnhan k men) prol lie 

A ) Re imaige en rtnnh/st i 
(B) I-i/teeslrsum; 
( () 
(I)) Ru/east si in jest loss 
U ) .Stces let slIms en 

(F) East dan.v (a retell sic 
C I'm/il en tea i a as toe s/u senthla I 

(H) Pro/il en Isa.sra fume s/sm rends/al 
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Ce type de remhlai coniporte souvent tin noyau incime permettant deffectuer 
I'extension côté aval ci tie ne pas se fonder snr ICS stériles cété arnont. Ii est néces-
saire d' implanter avec precision Ic noyan ci le drain de La dcux ième étapc, par rap-
port a La premiCre étape. 

C. Rcmblai construit par étapes, avec ZOHC oman! impermeable 

Si Ics stCriks nii en ddpi se trouvent prés ou au-dessus dtL fliveau de leau 
de dCcantation dans la retenue de stockage, on pent placer Ia zone impermeable clu 
remhlai sur Ic talus amont. Cela e.st possihic si des stériles ci de 1eau sont stockes 
dans hi retenue, alors que cela pelt ne pas Ctrc possible si de l'cau seule y esi sloe-
kCc ; en effel, les slCriles déposCs peuvcnt eontrihucr a hi stabilitC aiTlont ci es 
conditions de vidange sont moms sCvéres. La zone impermeable situCe sur Ic talus 
arnont intervient avec les stériles mis en dCpôt pour isoler ic barrage proprement 
cut Ct Ics fondations de toute cmi stockCe, Le role dc Ia fondation dans Ia coupure 
des percolations sotis hi base de Ia zone inipernieahle est alors allégC, et les dimen-
sions ci Ia qualitC tIe Ia zone inipernieahle elle-minie peuvent Cire rCduites. Un tel 
ouvi -age peut Ctrc iniplantC sur une londation relativement permeable puisque I 'oh-
jectil est de rCduire fortenient Ic gradient hvdraulique entre La relenue et hi zone 
aval du remhlai, thins les parties basses du barrage. 

Au debut de Ia construction du remblai, avant que les stCriles aticignent leur 
profil d'Cquilihrc. de leau sera susceptible d'Ctre au contact tie Ia partic basse du 
rembl ai stir une prolondeur i mportante. jusqu a cc clue Ia montee des stCri les 
contre le remblai contrihue a I 'étanchCitC. tin petit barrage, destine a retenir I cau 
sans participation des stCriles I CtanchCitC, doit clone itre construit (il est souvent 
appele < renihlai (iamorce p>).  Un tel barrage est toujours ndcessaire clans les sites 
en vallée ou stir Ic hord aval des sites en dehors de vallée, o6 les stériles mis en 
clCp(i participent a La constitution des reniblais dendiguement. 
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A sloping cole is often provided for this type of embankment to permit the 
extension to be effected on the downstream sidc and not founded on the deposited 
tailings on the upstream side. Accurate location of the second stage core and drain. 
related to the lirst stage, is required. 

C. Staged embankment with upstream impermeable zone 

If the deposited tailings lie close to or above the level of the supernatant water 
in the impoundment, the impermeable zone of the embankment may be conve-
niently located on its upstream face. This may he possible if both tailings and 
water are stored in the impoundment where it may not he possible if pure waler is 
stored since the deposited tailings may act in support of upstream stability and the 
drawdown condition is less severe. With the i mpernicahle zone on the upstream 
face it may act in conjunction with the deposited tailings to isolate the structural 
zone of the dam and foundations from any stored water. The duty of the founda-
lions in the prevention ol seepage across the footprint of the impermeable zone 
may in these circumstances he eased and the dimensions and quality of the imper-
nieahle zone itself may he reduced. Such a structure may be sited on relatively per-
meable foundations since the overall effect is to reduce substantially the hydraulic 
gradient between the reservoir and the downstream side of the embankment in the 
lower reaches of the darn. 

In the early stages of the life of the embankment, however, before the tailings 
disposal pattern has been established, water will he liable to lie against the Lower 
part of the embankment at a considerable depth until the deposited tailings level 
has risen against the embankment to assist in the provision of the seal. A small 
dam structure. capable of retaining water without the assistance of the tailings 
seal, has consequently to he constructed, normally termed a "starter dam". Such a 
darn is always required in valley sites or on the downstream sides of off-valley 
sites where the deposited tailings is intended to fulfil a functional role in the confi-
ning embankment. 

Fig. b 

Type C - Staged embank ment With U 1 1rn1  liii pernieable ,.one 

R en); (a) io sIruf I par eta/iC;. a er zone an urn I impermévble - ivpe C 

A) Shoulder fill 
l-ikcr drainaize systeiii 
Core 

(F) Deposited lading; 
F) Wa/cr in re;e voi r 

(U) Current enihankn;ciit prohlc 
H) Put ure embank flhttLit proll Ic 

(4) Ree/iaHe en , -eiub Iii 
(B) !i/Ire-i/rain 
) () Noyene  
( b) ,SitriIcs In (S C 	(///01 
(f:) !(III (1//i/S (CI IC/C/H/C 

(U) Piofi/ ell Ira ieui al/il el u//i rcmbhli 
(H) /i/Ø/(/  en Ira i', i Jw ii (/1/ //,// /i/aj 
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D. Remblai avec Zone impermeable en stérile 

Lorsquc La misc en depOt des stCriles scfl'ectue, en totalitC ou en panic, 
depuis le reinhlai, une plage de stCriLcs peut se former, celle-ci pouvant souvent, a 
elle scule, constituer Ia zone nioins permeable de I'ouvragc, en jouant Ic rOle d'un 
tapis horizontal. Par suite du faihlc gradient hydraulique qui en rCsulte, ii n'est pas 
nCcessaire d'effectuer un traitement important de La fondation sous Ia zone iniper-
inCahlc pariois mCrne, lorsque Ia fondation est sufhsammcnt ferniCe pour empC-
cher Ic passage d'ClCments solides. uric fondation relativement permeable est inté-
rcssante pour La dissipation rapide des pressions intcrstitie] es dans La zone du tapis 
et pour 1 amelioration de Ia stahilitC du rcmhlai. L'inconvCnient est quc Ic draina-
ge a travers Ic sol de fondation ne peut se faire s'il y a risque de pollution de J'cau 
souterraine. Dans cc cas, on peut empCcher un tel drainage en adoptant une couche 
iniperrnéahle recouverte dun dispc.siti I liltre-drain qui Cvacuera L'cau dc percola-
tion thins un hassin aval de récupCration, cette eau étant retournée dans La retenue 
par pompage ou acheminéc vcrs Fusine de traitement. L'Climination de La zone 
impermeable consiitui.e de niateriatix deniprunt peut entraIner une reduction 
appreciable de cout par contre, on doil gCnCralement mcnre en place unc zone de 
transition filtranic entre Les siCriLcs de La plage ci les nlatCriaux de remhlai du bar-
rage proprement dit. 

C'es dispositions sont seulernent possibLes lorsque les apports deau thins La 
retenuc de stockage ne conduisent pas 0 uric ClCvation dii flivCaLi de l'eau au-des-
sus du point Ic plus haut de La plage, cotitre les niatCriaux plus permCah]es du rem-
hlai. Les bassins versants de grande superficic peuvent entramner uric Idle élCa-
tiofl de Iliveau pour les hassins versants de superficic rnoyenne, il est nCcessaire 
d'adopter un procede de misc en depOt des stériles permcttant d'avoir Un fliveatl 
adéquat de pLagc m tout moment. Un o remhlai d'amorce >> identiquc 0 ceLui men-
tionne pour Ic barrage de type C scra nCcessaire. L' adoption d' tin tel schema 
nCcessite heaueoup d' aticntion Ct unc grtnde sOreld d'cxploitation. 
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D. Embankment with tailings impermeable zone 

Where all or a part of the tailings deposition into the impoundment is effec-
ted from the embankment a beach of tailings may he formed and it is then often 
possih]c for the tailings beach on its own to provide the less permeable zone of the 
system, adopting the role of a horizontal blanket. The low hydraulic gradient that 
results eliminates the need for extensive foundation treatment under the imper-
vious zone and indeed, provided the foundations are not so open as to permit the 
passage of solids, a more permeable foundation is in many instances advantageous 
in enabling the p01-c pressures in the blanket zone to he dissipated more rapidly 
and improving the stability of the embankment. There is a disadvantage that down-
ward drainage into the foundation soil may not he allowed if there is risk of po1-
11.16110 the ground water. In these cases, an impervious layer may be used to pre-
vent downward drainage, covered by a filter and drainage system that will dischar-
ge into a downstream reclai iii potd, to he pumped hack on to the impoundment or 
direct to the processing plant. The cost benefit of the elimination of the imper-
meable zone constructed of borrowed material may he appreciable hut i.t transitio-
nal filter system is normally needed between the beach tailings and the material in 
the structural zone of the embankment. 

This arrangement is only possible where the inflow of water into the 
impoundment will not allow the impoundment water level to rise above the upper -
most level of the beach and against the more pervious embankment material. At 
impoundments with large catchment areas it may not he practical to ensure this 
and at impoundments with more modest catchment arei.ls it is necessary to incor-
porate a tailings disposal strategy to provide an adequate beach height at all times, 
A 'starter dam", Similar to that described for dam type C. will he needed. Great 
care and operational certainty is required ( 7or the safe adoption ol this scheme. 

Fig. 7 

Type I) - lTmhanLruent v,illi liiilingi impermeable iunc 

Remblaia Inc Ciiru' ii ja'n,Iieu/Y/n en v rilvs - 7;'jie 1) 

A) F)arroyvcd ILlI (nyiriirally gracl 

(It) Filter drain (ii requned) 
C) Imperriie able harrie 

Depoiled la!llngs 
(F-') Vy'ater in  rcservoli- 

Cwri- nt cn)bariktlient lrut Ic 
Future en hacknien t proli le 

(J) Starlet ilani 

(4) Ronbloi (/ - en I/flu/I ( 	II (I'// it/fl/ni. 

•i,' en /nn I 
(B) F(/inr'-dj'ain (ii IICI'('i./(/II't) 

( ( ) Z'ne iinpt ,inéah )e 
(L') Steel/( , l / 111.1 1// 

(1- ) Lan i/an,v ía en anile 
( (J) i'ieiJi/ /'/l 1/CL 'C'L' C I Ii I//'I lii ieii:/iiai 

!F) Pro/il i'#i /,'l'i'a /ilian dif reniiilai 
(J) Ben i//al u/an (Hi e 
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E. Corps du re,nblai d'endiguement consiltué de stériles 

L)ans Ic remblai du type D, on utilise les stériles mis en dépôt pour constituer 
Un écran étanche. Une autre solution, souvent plus éconornique, consiste a utiliser 
les stëriles pour Ia construction du corps du remhlai d'endiguement. 

En se reportant a Ia Fig. 19, on peut constater que les stérilcs (achemins par 
voie hydraulique) sont en général constitués déléments dont une grande propor-
tion se classe dans Ia catdgorie < silt > La totalité des stériles ic convient donc pas 
généralenieni i Ia construction du corps du ieniblai d'endiguenient. Dc plus, Se 
pose le problèmc de Ia separation de l'excCs d'au avant que Ic produit puissc Ctre 
mis en place daiis Ic remhlai en tant quc rnatériau solide et dense. 

Cependant, il y a géndralement suffisamment d'élérncnts grossiers dans Ic 
produit pour quon puisse rCaliser une separation et utiliscr Lu fraction grossiere 
comme matCriau granuluire drainant (matCriau, en gCnéral, sableux). Cclii est obte-
nu traditionncllcment ati moyen d'une misc en dépôt sur une plage (voir chapitre 
3). La sépal -ation peut aussi We réalisée en utilisant des hydrocyclones dans les-
ciuels les niatCriaux sont introduits sous pression et suhissent une rotation hClicoI-
dale provoquant une sedimentation accelCrce. Le debit de fond (undcrtlow) 
contient les gros ClCmcnts et peu dcau, alors cjue Ic debit de surface ou debit en 
suspension (overflow) contierit les ClCnients tins avec unc forte proportion d'eau. 
Les rnéthodes de misc en place au moyen d'hydrocyclones sont traitées dans Ic 
Bulletin 101 (1995). Une classification granulometrique type est reprCsentCc dams 
Ia Fig. I. 
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E. Embankment with tailings in structural zone 

Embankment Type D makes use of the deposited tailings as a water barrier in 
the system. A further, and often even more cost effective arrangement. is 10 use the 
tailings as a constructional material in the structural zone of the embankment. 

By reference to Fig. 19 it may he observed that a tailings product (delivered 
hydraulically) is normally composed of an assembly of particles of which a large 
proportion are in the silt category and the total product would not usually be Consi-
dered to be suited to use in the structural zone of an embankment. Additionally 
there would he the problem of the separation of surplus watcr from the solids befo-
re the product could he placed as a dense material in the structural zone. 

There is usually, however, enough coarser material within the product for this 
to he separated out to be used as a more freely draining granular (normally sandy) 
material. This is achieved traditionally by deposition on a beach: a matter discus-
sed in Chapter 3. Separation can also he undertaken by the use of hydrocyclones 
into which the material is fed under pressure and undergoes spiral rotation causing 
accelerated sedimentation. The coarser particles are discharged as "underflow" at 
a moderately high percentage of solids, whilc the finer products ('overflow") are 
discharged separately with most of the water. Methods of placement with cyclones 
are discussed in Bulletin No.101 (1995). A typical classification is illustrated in 
Fig. l'. 

Fig. S 
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Le &hit de fond de 1' hydrocyc]one ayant unc lorte proportion d élémcnts 
solides et one résistance au cnsaillenient élevëe lorsquil est évacué par one 
condunte. I 'operation de separation dont normalement s'effectuer Ic pius près pos-
sible du pouni dc misc en dépôt. Cela cst généralement réalisé sur Ic remhlai liii-
nicmc mais. lorsquc les versants de Ia vallée. dans Ia zone de dépôt, sont raidcs. 
I'opération peut être executec sur Ic versant avec transport par condunte jusquau 
point de mie en depot. Uric autre sOltLtiOii conisiste Li utiliser des hydrocyclones 
plus penis, inohites, lonctionnani SUF ou a proxirnute dc Ia crete du harraic cii 
coors d'avanccment. Ceuc solution néccssitc plus de main-d'uuvre, mais pcLnt Ctre 
plus souple et niieux adaptec darns ceitaines circonstances. Lors do dCpôt, l'eau 
restante s'évacue do matériau iou, en défi nitive, torme on talus relativernent raide, 
dont la pente de I : 2 a 1 : 5 environ depend de La granulomeinc. de Ia icrieur en 
earn ci du debit de dCcharge Le debit de surface provenani de Fhydrocyclonc Cst 
dCcharré dir -eciement ilans Ia retenue de stockac contre Ic talus aniont. 

E. I C'ornviuiuiiorr par Ia mci/rode oral 

La fraction erossière des stériles, séparée par l'liydrocyclone. peut Ctre utili-
see pour consiutincr Ia toiali(c ou one grande iariic  du corps do rcmhlai d'cndigue-
ment. La tailic dc l'hydrocyclonc est choisic dc laçon qu' uric baitcric d' apparcils 
fonctionnant cii parallèle puisse traiter Ia totalitC des stCriles. La conduite d'apport 
ci Ia hattcric dc prises pour hydrocyclonc sont situCes. a Foriginc, stir Ia crete du 
remblui d' anuorce ; Ic debit de fond est decharge a I 'ava I poor construi re Ic rem-
hlai et Ic debit de surface est dCchargC darns Ia retenue ne stockage, comme mdi-
qué sur hi Fig. 9. Le talus aniont do rcmhlai ainsi constituc petit nCccssitcr tin 
rCglage dc forme avcc creation dune rishermc a un nivcau supdricur pour y ins-
taller Ia conduitc d'apport ci Ia hattcric dc prises pour hydrocyclonc, an lur et a 
mcsurc quc Ic nivcau du remhlai dcndigtiennent monte. Une autre solution consis-
te a installer de grands hydrocyclones sur Ic versant de Ia vallCe, au-dessus du 
nuveau maximal de Ia crete, Ic debit dc fond et Ic debit de surtnce étant acheminiCs 
par conduite jusqu'au rcmhlai. Cetic mCthodc dc misc en dCpôt cst appcldc 

niéthode aval >, din lait qu'au fur en. a nncsurc de Ia nnontCe du barrage Ia crete se 
déplacc vcrs I' aval. 

L 	 /H 

-'-=- 
/ 
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Since the underilow product of the hydrocyclone has a high solids content and 
high frictional resistance when discharged through a pipeline the separation pro-
cCss is normally undertaken as close as possible to the point of deposition. This is 
usually undertaken on the embankment itself but, where the valley sides of the 
depository are stee p. may he undertaken on the I] an k and piped to the point of 
deposition. Alternatively use may he made of smaller, portable hydrocycloncs, 
operated on or near the advancing crest of the dam. This method is more labour 
intensive, but may he more flexible and he better suited to certain circumstances. 
On deposition the remaining water drains from the material and it finally conies to 
rest to form a relatively steep slope varying from about 1:2 to 1:5, depending on 
the particle size distribution, water content and throughput. The 'overflow" from 
the hydrocyclonc is discharged directly into the impoundment against the up-
stream slope. 

E. / Do cn.r1!'('ain tol1,rrrllt 111)11. 

The coarse fraction of the tailings, separated by hydrocyclonc, may he used to 
form the complete structural portion of the embankment or a large part of it. The 
size of hydrocyclone is selected such that a hank of them acting in parallel can deal 
with the total tailings throughput. With the tailings delivery line and hank of 
hydrocylone olitakes located initially on the crest of the starter dam. the undcrflow 
is dicharged downstream to form the embankment, and the overflow is discharged 
into the impoundment, as illustrated in Fig.9. The upstream face of the embank-
ment Sc) created may need to he shaped and a berm formed at a higher level to 
enable the delivery pipeline and hydrocyclone hank to he raised, as the level of the 
impoundment rises. As an alternative, large hydrocyclones may he housed on the 
valley side, above maximum crest height, with both unclerflow and overflow piped 
down to the embankment. This method of deposition is termed the 'downstream' 
method because as the dam height rises, the crest moves downstream. 

Fig. P 
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L. 2 Consirieiion por io i étiiode Lie / ae LenirLil 

La construction par Ia methoLiC aval nccessitc Un volUme important de stériles 
grossCrs POLIF Ia Constitution du rcmhlai d'endigucmcnt, ainsi qu' utie grande 
superficie tic sol sous l'cinprise du barrage. Lorsque In proportion de stériles gros-
siers séparés pal l'hydrocyclone est irisuttisante pour permettrc a in construction 
(lii rcmhlai de se rnantcnir on avance par rapport a in montée do niveau de Ia rete-
nue de stockage des stériles. Ia zone de stériles du remhiai nécessite partois one 
zone supplénientaii -e constituee de maténaux d'emprunt pour accélérer in 
construction du remhiai. En vue d'éviter un tel apport de materiaux d'ernprunt. Ia 
zone arnont du rcnihlai peut éU'e Contituce de inatériaux de moms honne qualité 
mécankiuc, c'cst-i-dire par Ia plage Lie stériles (leposes. Cela est possible do fait 
quc Ic parement aniont do re.mblai est soutenu pal -  ies stéri les au fur et a mesure de 
leur niontee. I a Fig. 10 represente un tel ouvra cc ge. ]a methodc étant appcl  

eon struction par in méthode de I 'axe central . 

2 	- 	 - 	 -- -- - - - 
- 	 --- 	 - 
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E. 2 C'entreliii e 

The 'downstream' mcthod of construction entails the use c.f a considerable 
volume of coarse tailings for the embankment, and an area of land under the 'foot-
print' of the dam. Where the proportion of coarse tailings separated out by hydro-
cyclone is insufficient to permit the embankment construction to keep ahead of the 
rise of the impoundment level, the tailings zone may need to be supplemented by 
a zone of hotiowed fill material to speed up embankment construction. As an alter-
native to the supplementary use of borrowed material the upstream portion of the 
embankment may he composed of' less structurally competent materials and may 
be formed by the beach of the deposited tailings. This is possible because the up-
stream face of the embankment is being progressively supported by the rise of tai-
lings. The resultant structure is illustrated in Fig. I () and the method is generally 
termed the "ccntrclinc" method. 

Fig. tO 
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Dans cette methode, Ic remhlai d'aniorce est implanré près de Faxe vertical de 
Ia crete do remhlai final et le debit de fond (underilow) est dCchargC a lava1. 
Lorstue Ic dCpôt a atteint Ic niveau i partir duquel La conduite d'alirnentation et Ia 
hatterie d'hydrocyclones doivent Ctre reniontées. Ic debit de fond provenant de Ia 
nouvelle position est dCversC a I' amont de Ia ligne d'alimentation (Fig. 10 a)- La 
con liguration en zigzag sc maintient lout au long do Ia construction du rcmhlai. 

Une variarite de La construction par la mCthode de I 'axe central consiste a sup-
porter Ia ligne d'alirnentation, au moycn tiun échafaudagc. au-dcssus du nivcau du 
dép(t ci i La rcmontcr suivant la vcrticale, a dc courts intervalles. CofllrnC lindique 
Ia Fig. 10 b. 

E3 Con.ciriiction /)(IJ 1(1 ii'(Iiüd' 0/lion! (/1/ //IO'I('I/ (/ 'Iid roe -  V/in//CS 

La misc en dCpôt du debit de fond ainsi que do debit de surface It ianiont de 
Ia conduite d' al imentation est appelCc mCthode amont de construction >> ci a etC 
frCquemrncnt titiliscc pour construirc lii lotalite du rcmhlai dcndiguement. Dans 
cellO methode, I utilisation dc Ia fraction grossiCre des stCriles s' avère trés Ccono-
mique car seule une zone externe nii nce se forme. 

B 

Ia nidthode amont est reprCsentCc stir Ia Fig. 11. Le principal inconvenient de 
cette rnCthodc a concernC. dans Ic passC, les proh]Cines de stahililC ci de liquCfac-
lion. Lors de hi misc au point du projet. on dolt porter tine grande attention au 
contrOle do Ia lignc do saturation on prCvoyant un drainage etficace. L.es stCriles 
fins provenant du debit de surface prCsentent souvent une résistance plus faible 
quo colic des stériles grossiers et sont moiris dcnscs. Ctant dunnC qu'ils sont dCpo-
sCs aec une forte leneur en eau, on quils se drainent, se consolidont OU sc dcssC 
chent difficilement. Leur noins grande perméahilitC peut Cgalement conduirc a 
tine ligne de saturation ClevCe, traduisant Ic dCveloppement do pressions intersti-
tidies. En cc qui conccrnc La siahilitC du talus aval, ces matéi - iaux peuvent consti- 
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The starter darn is built inimediately below the position for the crest of the 
final embankment, and 'underflow' discharged downstream. When the deposition 
has rcaehcd the stage where the delivery pipeline and hydrocyclone bank are rai-
sed, the 'underflow' from the new position is now discharged on the upstream side 
of the delivery line, as indicated by Fig. lOa. This zigzag pattern of deposition is 
continued throughout the construction of the embankment. 

An alternative method of building up a 'centrelinc' method embankment is to 
support the delivery line on a staging above the deposition level and to raise it at 
short intervals in a vertical line, as illustrated by Fig. I Oh. 

1.3 (Jp.vieeoui coitv/i'ucilofl IfsiJtg cvcionec. 

The deposition of both 'underfiow' and 'overflow' Oil the upstream side of the 
delivery pipeline is termed the 'upstream' method of construction and has Ire-
qucntly been used to construct an entire embankment. It is very economical in the 
use of the coarser fraction of the tailings since only a thin outer zone of this mate-
rial may result. 

Fig. 1] 
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The 'upstream' method is illustrated in Fig. I I . The principal disadvantage of 
the system has in the past been associated with stability and its susceptible to 
]iquefaction. Care must he taken in design in order to control the phreatic surface, 
which can be achieved by correct drainage. The finer tailings discharged as "over -
flow" is often intrinsically weaker than the coarser fraction and less dense since it 
is either deposited under water or may not be able to drain, consolidate or desic-
cate. Its less permeable nature may also result in a high phreatie surface indicating 
the development of pore pressures. The material can form a weak zone with res-
pect to downstream slope stability and the 'upstieani' method is consequently only 
used where it can be demonstrated that the finer material is rendered strong 
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tuer une zone de faible résistance ; Ia rnéthodc amont no scra done utilisdc quc 
lorsqu'iI scra démontré que les matériaux fins deviennent suffisarnnient résistants 
par drainage et/ou dcssiccatioii pour fournir un support convcnahlc au talus. La 
stahilité revêt iine grandc importance dans les zones de forte séismicitd. 

F Méthode am out de construction utilisant une plage ou des en c/os (hassins) 

Le dernier type de remblai i examiner est Ic plus ancien et Ic plus classique 
les stériles sont tries cr1 utilisant rine plage au lieu d'un hydrocyclone. Cette 
mCthode permet une utilisation maxirnale des stCriles mis en ddcharge pour Ia 
construction de l'endigucmcnt dans ics regions oü les conditions dc clitnat. dc 
topographic et de coüt de La main-d'uvie sont favorables, cette inéthode peut 
s'avCrer Ia moms couteuse. Le succès de ce procede repose sur Ia formation d'une 
plagc satisfaisanie on cxcrçant un contrôlc de [implantation des dispositil's dc 
dCversement Ct un controle de Ia durCc de dCversement des maiCriaux en chaquc 
point. Autrefois. lorsqu'unc large plage Ctait constituCe, Ic sable Ctait pelletC 
manuellement, depuis son niveau supdricur près de La crete, pour surdlever Ic hord 
aval de la crete ct assurer ainsi quc Ics stCriles dCversCs s6cou1aient sur Ia plage 
vcrs Ia retenue. ci non sur le talus aval du barrage. L'angle de cc talus dépendait 
de Ia valeur du dCcrochement de I a crete vers I amont. par rapport au niveau sous-
,jacent. lors de chaque surelevation successive. A I 'épuquc ou Ia gdotechnique 
n'Ciait pas encore appliquée aux etudes de projet, ii y avail un risque de constituer 
un talus trop raide. Un barrage construit par cette méthode, dunc hautcur dc 92 rn, 
avcc unc pente aval de prés de 2 sur 1 (angle dc 60), a etC dCcrit par Casagrandc 
et Mc[ver (1970). 

Aujourd' hui, il est plus courant de cornrnencer par Ia construction dun rem-
blai d'amorce aLl moyen d'un engin de tcrrasscment, en utilisant de Ia terre prCle-
vCc localerncnt OU des dCchets d'enirochemcnt, comme indiquC dans la Fig. 12. Lc 
talus aval est ClcvC au moycn de digucttcs, construitcs par des engins lCgers tra-
vail lant sur La plage, en util i sarit Ic sable de cette plage, et implantCcs de facon a 
constituer [angle dni talus aval dCfini mrs du projet et parfaitemcnt controle. La 
formation de Ia plage est traitCe dans Ic chapitrc 3.9.1. 

/ mise ('11 (frf)()f 	 WI J11(VL'J! Lip /nI.se.v de déier.ceJnL'I!t (sp/gots) 

Un dispositif très simple, constituC de caniveaux et de canalisations en hois, 
permettait de transporter par gravitC les stCri les dc I usine de traitement jusqu'au 
barrage. Unc canal isation supportee par des chevalets Ic long de Ia crete avait de 
nombreuses ouverturcs latCrales par lcsquelles ics stCriles étaient déversés sur Ia 
plage, ces ouvertures pouvani Ctre fcrmCcs au inoyen de panneaux en hois. Plus 
rCcemment, avec des stCriles ponipCs en transportes par canalisation, Ic déverse-
ment s'effectue au moyen de branchcmcnts ou buses (spigots) ii partir de Ia cairn-
lisation principale. chaque branchernent etant contrôlC par une vanne. Les steriles 
sonl dCvcrsés sur La plage depuis plusieui's buses, Ics autres tronçons etant fcrmCs 
pour permettre Ic drainage de la plage et Ia construction de talus en vuc de Ia levee 
su ivan IC. 

La plage ainsi constituce par cc proccdc de misc on dCpôt doit Ctre relative-
ment plate pour permeure une honne separation granulomCtrique, cc qui nécessite 
une grande Iargcur de plage pour crCer une revanche satisfaisante au-dessus du 
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enough by drainage and/or desiccation to provide adequate support to the slope. 
Stability is of major concern in areas of high seismicity. 

F. Upstream construction using a beach or paddock 

The final embankment type to he discussed is the older, traditional one, in 
which the tailings material is size sorted by use of a beach instead of a cyclone. 
This method makes maximum use of the tailings product itself for confinement, 
and in areas with suitable climate, topography and labour costs, may provide the 
cheapest system of disposal. The system relies for its success on the formation of 
a satisfactory beach by control of the deployment of the discharge arrangements 
and the control of the length of time material is discharged from each point. Atone 
time, when a broad beach was established, the sand from its upper end near the 
crest was shovelled by hand to raise the downstream edge of the crest to ensure 
that the discharged tailings flowed down the beach, rather than down the develo-
ping downstream slope of the dam. The angle of this slope was comrolled by the 
amount that each successive hand raising of the crest edge was moved upstream in 
relation to the underlying ridge. In days before the principles of geomechanics 
were applied to design, there was a danger that the slope might he made too steep. 
A dam built by this method to a height of 92m with a downstream slope of almost 
2 on I (actually 60) has been described by Casagrande and Mclver (1970). 

Nowadays it is more usual to begin with a starter dam built by machine from 
local earthfill or waste rockfill, as indicated by Fig 12, and to raise the downstream 
slope with small dykes, built from the beach sand by light machines working on 
the beach, placed so as to form a designed and controlled downstream slope angle. 
Beach formation is discussed in Section 3.9.1. 

F I Spi,çoi lisposol ,uethod 

A very simple system brought tailings by gravity from the processing plant, 
along ditches and timber flumes (channels) on to the darn. A flume carried on 
stakes along the crest, had numerous side openings, that could he closed by timber 
flaps as required. to discharge the tailings on to the beach. More recently, with 
pumped tailings transported through pipes, offtakes are made through branches or 
spigots' from the main delivery pipe, each controlled by a valve. The tailings are 

poured on to the beach from several spigots, other sections being turned off to 
allow of beach drainage, and the construction of dykes, ready for the next lift. 

The beaches generated by this method have to be relatively flat to allow of 
best size separation, and it consequently requires an extended width of beach for 
an appreciable freeboard to he created above the supernatant pond level in the 
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niveau du iluidc de Ia retenue. CCIEc inetliode ne convient done ju'aux sites oü ics 
apports d'cau dans Ia retenuc de stockage sont pen importanis - sites en dehors de 
vallée, 00 sites en vallée comportant one derivation efficace de La rivière - ainsi 
quaux stCriles ayant one proportion importanic de particules grossiCres et unc 
teneur relativcrncnt forte en ClCrncnts solides. Bien que la conliguration gCnCrale 
Oit la presence de malCriaux grossiers dans les zones externes dii remhlai, 

quelqucs couches de matCriaux fins se formc.nt prCs de ces zones externes, par 
suite de variations daiis Ic mode opCratoire ci de la presence de zones << ulortes 
dans la plage, cc qui a des repercussions sur Ia stahilitd de I 'ouvragc. 

A 

/- 2 M iliode semi-aer/en,ie de iui.e cii dépói des .vtcriies 

Linc evolution rCceiuc dc Ia mCthode de misc en depcit type plage a conduit 
è la mCthode appelCc scrni-aérieriiie '> ou des couches minces >. Dans cette 
mCthode, on ulilise Cgalcmcnt le drainage ci Ia dcssiccation des stCriles pour obte-
nir Ia résistance. Ia misc en depOt devani Ctre particulièrcrnciit bien contrOlCe. Les 
stCrjles sont dCversCs cumme dans Ia inCthode des buses de dCversernent, mais on 
utilise ici. a la place des buses, tine rainpc d'aspersion pour rCaliser un depOt plus 
uniforme. Ce procédé condLiit a line nappe cfCcoulemen stir Ia plage dont Ia pcnte 
est pILls raide. La zone de dCverserncnt est pwgressivemcnt dCplacCe de façon (JUC 

I'Cpaisseur et lc tern ps de séchage dc chaque couche dCposCe puissent Ctrc rCglds 
en vuc dohtenir tin matCriau ayaiit la résistance souhaitCc. Un drainage sous-
jacent esl prCvu pour accClCrer Ic gain de résistance. 

Ccttc mnéthode ne se limite pas aux stCii les ayani tine lone proportion ne pan -
ticules grussiCres. mais des restrictions s'appliquent dgalernent quant Ii Ia possihi-
litC de stocker d' iniportants apports ci eatL iialurcls a 1' inténleur de I 'endiguement, 
cominc clans Ic cas des autres inCthodes type < p age >. 
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impoundment. The method is thus employed successfully only where the water 
inflow to the impoundment is modest in relation to the pond area, such as ott-
valley disposal sites or valley sites with adequate diversion of the river, and to tai-
lings products having a substantial proportion of coarse particles and relatively 
high solids content. Notwithstanding the general resulting pattern of coarser mate-
rial to the outer faces of the impoundment, some layers of finer material are also 
formed near the outer faces as a result of varying deposition practices and "dead" 
Lanes in the beach, giving rise to limitations on the stability of the structure. 

Fig. 12 
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A more recent development in heachtype deposition methods is termed the 
'sub-aerial' or 'thin layer' system. This method again makes usc of the drainage 
and desiccation of the tailings to achieve strength and involves a high degree of 
deposition conti -ol. The tailings are discharged as for the 'spigot method but a 
sprayhar is used to create a more uniform deposition. This results in a closer sinlu-
lation of sheet flow over the beach and a steeper beach angle. The deposition is 
progressively moved so that the depth and drying time of each deposited layer can 
he controlled to permit the material to gain the required strength. An under-
drainage system is providled to accelerate the strength gain by drainage. 

The method is not limited to lai hugs materials having a high proportion of 
coarser particles but similar limitations apply in respect of the ability of the 
impoundment to absorb Ii igh natural in flow rates, as in the case of other methods 
of beach disposal. 
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E3 Itlise en t/épôi des stériles au ,noven d 'enclos (boss/nc) 

Un aulrc système tic déversement contrOlé de Ia totalité tics stériles, en parti-
culier lorsque les éléments grossicrs sont déficitaires, nécessite La réaLisation dun 
enclos (bassin) ou d'un résean d'enclos pour le stockage des stériles, sur Ia pen-
phérie de I'endiguement. Cette mCthode repose sur Ic drainage et Ia dessiccation 
de Ia couche mince de stCriles, et convient parfaitemeni aux climats antics. Les 
encios soft constitues au moyen de petites digues construitcs i La main cii utihsant 
des stCniles dCposCs, avec un lCger compactage manuel. Lcs stériles sont déchargés 
tour àtour dans les hassins, de jour, et l'excès d'cati Ct tic sténiles est transférC dims 
La retenue de stockage. L'Cpaisseur du dCpôt dans chaque hassin est soigneusement 
contrôiée, et on laisse Ic drainage ci le sCchage s'effectuer dans Ic bassin jusqu' 
l'ohtcntion d'unc résistance minimale, pendant que les hassins adjacents soft en 
cours de rempLissage. Dc nuit, La totalitC des stCniles est dCchargéc dans Ia rctcnuc 
tie stockagc. 

Cette mCthode a etC utilisCe avec succès, pendant plus d'un siècle, dims les 
exploitations miniCrcs classiques situCes dans ties regions oui Ic clirnat sec favori-
se un taux CLevC d'Cvaporation et oü es conditions Cconomiqucs perrncttent de 
faire appel a une ahondante main-d'auvre. Les restrictions de Ia rnCthode portent 
sur Iii limitation dc La vitcsse de moritCe du remblai pour s'adapter aux conditions 
climatiqucs, ci de La capacitC disponible pour Ic stockage d'eau, cc qui conduit a 
n'utiliser Ia mCthode que pour ics sites en dehors de vallée. 
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Fig. 13 
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1.3 Paddock disposal method 

Another system employing controlled discharge of the total product, particu-
larly when it is short of coarse material, involves the creation of a series of pad-
docks of tailings along the line of the dam. This method makes use of both the 
drainage and desiccation of the thin layer of tailings material, and is very success-
ful in more arid climates. The paddocks are enclosed by tow hunds constructed by 
hand from of the deposited material, with light hand compaction. The tailings 
material is discharged into them in turn during daylight and the surplus water and 
tailings are decanted from them into the interior impoundment. The depth of dis-
posal into each paddock is carefully controlled and the paddock then left to drain 
and dry out until a minimum strength has been achieved, while adjacent paddocks 
are being filled. At night the total tailings product is discharged into the interior of 
the impoundment. 

This system has been used successfully for over a century in traditional 
mining areas with dry climates and high evaporation rates and where the economic 
conditions permit the presence of a large labour force. The limitations on the 
method include an upper hound on the rate of rise of the embankment to suit cli-
rnatic conditions and the available water storage capacity, which normally dictates 
that the method is used only at off-valley sites. 
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2.2.3. Liniites d'application de Ia méthode amont de construction 

) La plupart des méthodes anioni poscnt de séricux problenies dc stubil itd 
clans tes zones de forte séisrnicité. a 1110illS ic des lilesurcs spéciales tie solent 
prises, idles que 

• drainage arnont an niveau dc londation. 

• dispositions permcttant de séparcr les lines des sables suu une distance deli-
nie, a I amont dn barrage. 

• talus aval dc penie relativenicni laihle. 

2) Certaines rnCthodes amont, idles que Ia méihode selni-aCrienne et Ia misc 
en depOt au inoyen d'enclos (hassins). ne soni pas applicablesaux grandes cxploi-
tatioris a ciel ouvert ou plus de 100 000 tonnes de stCriles sont produits par jour. 
La misc en depot an moycn dcnclos ne convicrit pas aux cliniats huntides. 

2.2.4. Derivation des riiissellements naturels 

La derivation des ruisscllemenls naturcis autour dThnc zone de depOt des stC-
rites peut s'avCrer nCCessaire 

pour maintenir Ia revanche nCcessaire entre Ic niveau des plus haues eaux 
et Ia crete du remhlai pour les barrages de type A on H 

• pour maintenir Ia revanche nCcessaire entre Ic niveau des plus hautes eaux 
ci ha plage de slCriles OLff Ics harrages de type I). E ou I - , ct dviter ainsi de 
fLlcheuses percolations ci dc Fortes pressions intcrsl itielles clans le corps du rem-
bI ai cl endiruenient 

• pour Cviter la ccniarnination des rnisscl lenients naturels par des produis 
chiniiques utilisCs lors des operations iflinières ou par d'autres substances toxiques 
présentes clans Ic depOt de stdriles, et reclurre ainsi les Couts de traiteineni avant 
l'Cvacuation dc l'eau dans Ic rCscau decoulcmeni. naturel 
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Fig. 14 
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2.2.3. Limitations of the upstream method 

U should he noted that: 

Most upsil -eam methods pose serious stability prof.']ems in areas of high 
scismicitv, unless special seps are taken which include: 

* tLpstrcaln underdrai nage 

means of scparating slimes from sands for a specified distance upstream of 
the dam 

• relative]y flat downstream slopes. 

Some upstream methods, such as sub-aerial and paddock dcposition, are 
not applicable to large open pits operations where in excess of 100 000 tons ptr  
day oh tailings are produced. Paddock deposition is not suitable for wet climates. 

2.2.4. Diversion of natural run-off 

[)ivcrsion of tint ural run -oil around a Liii ngs impou ndmcnt may he required: 

• to maintain the necessary freeboard between the highest waer level and the 
eniban k ment crest for Type A or B dams: 

• to maintain the necessary freeboard between the highest water level and the 
tailings beach for Types D. F or F dams, thus avoiding untoward seepage piitterns 
and high pore pressures in the structural zone; 

• to avoid contamination of the natural run-off with process chemicals or 
(tiller toxic substances in the impoundment, thus reducing the costs of any treat-
ment required before ciischarge into the natural water system; 
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• pour réduire Ic volume deau dans les retenues de stockage oii l'on compte 
sur [evaporation pour éliminer [eau en excès pIutôt que sur un iraitement OU UnC 
evacuation 

• pour satisfaire aux règlcments en vigueur dans certains pays. 

Dans les petits bassins versants, on peut purl ois absorber les ruissellements 
naturcls provenant de Ia vallée ou des versants dominant la retenue de stockage, 
sans prohlCmc majeur. Par contre, dans les grands bassins versants, ii est souvent 
nCcessaire ou plus economique de denver Ic coors d'eau naturel ou les ruisselle-
ments provenant des versants, autour ou sous Ia tone dc dCpôt des stériles. 

On utilise généralement trois meihodes de derivation. Ic choix de La solution 
dCpendant de Ia topographic du site et des debits r[Ccoulcment prévus 

aménagement de canaux autour ci au-dessus de Ia pCriphCrie de Ia retenue 
de stockage des stCriles. ces canaux Ctaiit prCvus pour une grande variation de 
debits et Ctant gCnCralement La solution Ia plus sore ci Ia plus Cconornique en ter-
rain relativement plat 

• pose d'une conduite sous les matCriaux mis en dCpôt CCttc solution 
convieni aux terrains Lie forte pente. niais on prClCre souvent d'autres solutions en 
raison des charges Cle"Ccs appliquCes sur Ia conduitc par les stCriles mis en dCpöt 
et en raison de conditions dilTiciles dc londation 

• construction d'unc galerie daris Ic versant de Ia relenuc de stockage. solu-
tion convenant Ic mieux aux terrains de pcnte raide prCsentant un sous-sol rocheux 
resistant. 

13 

I Peripheral Diversion Channels 
	

II Tunnel in Flank or Conduit in Val'ey 
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• to reduce the volume of water in those impoundments relying on evapora-
tion to remove excess water rather than treatment and discharge; 

• because in some countries it is a statutory requirement. 

In small catchment areas it may be possible to absorb the natural runoff from 
the valley or hill slope above the impoundment without significant impact. Where 
the catcEiment area is large, however, it is often necessary or more economical to 
arrange the diversion of the natural water course or hill-slope run-off, around or 
under the impoundment. 

Three standard methods of diversion are employed, the choice generally being 
related to site topography and expected flow rates: 

• the provision of channels around and above the periphery of the impound-
ment - channels are able to accommodate a wide range of discharge rates and are 
usually the most economical and safest solution in relatively flat terrain; 

• the provision of a conduit below the deposited material - this may he ap-
propriate to steeper terrains but other solutions arc otten preferred because the 
loads imposed on the conduit by he deposited tailings may be large and foundation 
conditions difficult; 

• the provision of a tunnel through the flank of the impoundment -generally 
the most appropriate solution in steeper terrains where bedrock material on the 
hank is sound. 

Fig. 15 
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Quel que soit Ic dispositit' adopté, Ics sitcs en vallée nécessitent un halTage de 
derivation, qui parfois est le remhlai d'cndiguernciit aniont pour Ia retenue. 

Le système de derivation jouc un rci]c important Wins Ia sécurité de I' anidna 
gcrne.nt de stockage des stdriles. Une rupture en tnht point de cc système Pont 
entraIncr dcs apports de Crue dans la retenue de stockage, pour lcsquels celle-ci n'a 
pas été conçue, et parfois tin ddversement stir le remhlai et sit rupture totale. 

Ja rupture dune conduite peut Cgalcnient provoquer un entramnement de sté-
rilcs dans le cours d'eau a l'aval, avec tine pollution de grande envergure, de mérne 
qu ' une erosion interne dans le dCpôt de stCniles et panfois dans Ic remhlai dendi-
guement. La technique des ouvragcs de derivation occupe done une place impor-
tantc dans Ia conception de l'aniénagemerii. I 

2.2.5. Misc en dCpôt dans Ia retenue 

Dans certaines installations, en particulier lorsqu'un rennblai de type A ou B 
est utilisC, Ia misc en depOt des stCriles dans Ia netenue peut se presenter sous Ia 
formc d' un dCversenient a gueule hée en un seul point. Ccpcndant, une solution 
plus Cconomique consiste 0 adopter une misc en dCpôt conti'OlCc. tenant compte 
des penles des depOts de stCriles au-dessus et au-dessous de l'eau, ainsi quc des 
diverses densités des matdniaux ddposCs correspondant aux diverses mCthodes de 
misc en depOt. 

Lorsque les stCri les sont utilisCs dans Ia construction du remblai d'endigue-
meni (types C a F), lcs dispositions de misc en depot dependent hcaueoup de Ia 
inCthode de construction du rcmhlai. Dc toute açon. on petit obtenir des écono-
mies substantiel les en rCpartissant judicieusement les points de dCversement des 
stdriles et on contrOlant Ic niveau d'eaLi. 

Fe dCverscmcnt global, en upi euI point. de stCniles composes de matdriaux 
rocheux finement hroyés, avec une teneur en élCnients solides variant de 25 0 
50 , conduil gCnéralernent a un depOt de forme conique ci aplatie. Les pentes au-
dessus de l'eau peuvent varier de I : 100 0 1 500 environ. en fonction Wi debit de 
dCversenient. de Ia teneur en ClCments solides et dc Ia granulométrie. D'autres 
maiCriaux sc dCposcnt sous des angles plus ou moms grands, dCpendant des pro-
priétés des matCriaux. I.orsque les matCriaux atleigncnt l'eau de Ia retenue, Ia 
pente du depOt sous 1 'eau tend 0 devenir plus raide ci depend, en grande panic, de 
la gnanulomCtnic ct du degré de floculation des ClCments fins. La prise en conipte 
des angles de depOt permet d'amCliorer l'efficacitC de In misc en depOt, cxprimCe 
en volume de rnaténiau stockC pour tine hauteur donnée de ncmblai. 

U augmentation de densitC des niaiCriaux dCposCs est accClCrCe pan ] 'action du 
drainage ci de Ia dessiccation par evaporation. L'augmcntation de densitC resultant 
etc La consolidation est on outrc accClCrCe par drainage. Pour ces raisons, Ia densi-
té et done Ic rendement du stockage. exprimC cii tonnage stockC dans un volume 
donnC et thins tin tcnips donnC, sont aniCliorCs Iorsque Ia misc en depOt s'effectue 
sur uric plagc, en particulici' Iorsque cclle-ci esi hien drainée. 

Rien que chaque disposition cloive Ctre jugCe stir ses inCnites. Ics avantagcs 
prCsentCs par fa misc en depOt utilisant une plage et permettant d'ohtcnir des den-
site plus ClevCcs scront gCnCralemeni acquis autoniatiquement si tin nemblai de 
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Whatever system is used, valley sites require a diversion dam which may or 
may not he the upstream conlining embankment for the impoundment. 

The diversion system is critical to the safety of a tailings disposal system. 
Failure of any part can lead to the impoundment receiving floods for which it was 
not designed and possibly to overtopping and total failure of the embankment. 

Failure of a conduit can also give rise to uncontrolled discharge of tailings 
into the water course downstream, leading to widespread pollution, as well as to 
internal erosion of the tailings deposit and possibly the confining embankment. 
[The engineering of diversion structures has thus to he given a high priority in 
planning the facility.] 

2.2.5. Deposition in the impoundment 

In some applications, particularly where embankment types A and B are 
employed, the disposal of tailings into the impoundment can take the form of 
single point open-ended discharge. However, a more controlled deposition system, 
taking account of the slopes formed by the deposited tailings above and below 
water and the different densities of the deposited material achieved by different 
methods of placement can give rise to economic benefits. 

Where the tailings product is used in the construction of the embankment, as 
in embankment types C to F, the disposal arrangements are largely dictated by the 
embankment construction method. Even with these systems, however, greater eco-
nomies can be achieved by judicial deployment of deposition points and control of 
water level. 

The hulk discharge of tailings composed of finely grotLnd rock materials at a 
solids content ranging between 25c/r  to 50 17c from a single point, generally results 
in a flat conically shaped deposit. Slopes above the water level may vary from 
about 1:10(1 to about 1:500, depending on the throughput rate, solids content and 
particle size distribution. Other materials settic at flatter or steeper angles as 
governed by their properties. When the niatcrial reaches the supernatant pool the 
deposition angle under water tends to steepen and is controlled largely by the par-
ticle size distribution and by the degree of coagulation which takes place in the 
finest material. Taking account of the deposition angles can result in greater dis-
posal efficiency in terms of the volume of material which can be stored for a given 
embankment height. 

The increase of density of deposited material is accelerated by the action of 
drainage and by desiccation caLised by evaporation. The scale of increase in den-
sity effected by consolidation is additionally accelerated by drainage. For these 
reasons the density and hence the storage efficiency, in terms of the tonnage which 
may he stored in a given volume, in a given time, is improved by deposition taking 
place on a beach, particularly when the beach is well drained. 

Although each situation will need to he judged on its merits, the benefits of 
beach deposition to the achievement of greater densities will generally he expe-
rienced automatically if a type F enihankment is constructed, particularly where 

75 



type F est construit cela se présente, en particulier, torsqu'on utilise Ia méthode 
scmi-aérienne oi Ia strategic de misc en depOt vise spCcifiquement a obtenir un 
depOt drainC et assCchC. 

Puisque Ia pente du depOt depend de Ia teneur en ClCments solides du produit 
déversé, on a pris des dispositions, sur certains sites, pour obtenir un produit 
dCvcrsC de consistance plus Cpaisse €iue  celle fournie par Ics dispositifs courants 
d'Cpaississement : des teneurs en ClCmcnts solides dCpassant 60 % ont été obte 
flues. Cela permet d'augmenter le renderncnt du stockage exprimC en volume de 
stCriles emmagasind pour une hauteur donnée de remhlai. Sur de tels depOts, ii est 
ndcessaire que les propriélds des matCrinux iie changent pas après leur misc en 
depOt, afin d'Cviter un adoucissement de Ia pente on un écouleinent des matCriaux. 
Dc fortes chutes de pluies, par exernple, peuvent provoquer des ruptures de talus. 

Dans certains cas (par exemple, lorsque i'oxydation produit des rnatériaux 
acides ou toxiques, OU lorsque Ia nature toxique des stériles conduit a prévenir tout 
risque de dCplacement de poussièrcs), II peut s'avérer nCcesairc de déposer tous 
les stCriles sous I'eau. II faut tenir compte de Ia tendance de certains stériles a 
dCvelopper une reaction chiinique lors de leur exposition it I'air, et de Ia nCcessitC 
d'éviter que les stériles particuliers ne soient transportCs vers in zone environrian-
te par i'action du vent. Dans ces conditions, on utilise généraleinent des conduites 
flottantes pour acheminer les stériles, et on est parfois amené a dCplacer frCquem-
meot Ic point de déversernent étant donnd que Ia pente relativement raide du depOt 
sons l'eau peut entraIner une rnontde rapide des matdrinux immédiatement sous Ic 
point de dCversemeni. 

La plupart des stCriles provenant d'exploitations miniëres, oh des roches rela-
tivement saines soot soumises a un broyage, ont une forte tendance a fioculer, cc 
qui conduit a une sédinientation assez rapidc. Cependant, d'autres stériles, icis 
ceux provenant de mines de phosphate, peuvent contenir des matériaux fins trés 
dispersifs, d'oh un allongement préjudiciable de in durCe de sedimentation. Dans 
cc cas, on petit utiliser des techniques spCciales, consistant a ajouter des ClCmcnts 
grossiers on a provoquer artiiicicllemciit one floculation, par procCdC chimique. a 
I'usine de traitcment ou dans La retenue d'eau. 

2.2.6. Evacuation de I'eau de surverse 

Tout an long des operations de misc en depOt, on doit veiller a maintenir Ia 
retenue d'eau aussi faihie quc possible, comme indiquC dans Ic prCcCdent sous-
chapitre. Deux dispositifs se prCsentent pour 1 evacuation de l'eau : conduite dont 
Ic niveau d'Cvacnation suit Ia montec progressive du niveau de Ia retenuc de sLoe-
kage, ou pompe. L'cau est retournCe a i'usine d'extraction pour rCutilisation et/ou, 
après traiternent. CvacuCe dans Ic cours d'eau naturel. 

I.'ouvrage d'Cvacuation, appelC gCnCraicinent ouvrage de décantation >>, est 
hahituellement constituC de dcux ClCments: une prise d'eau extensible ci unc 
conduitc pour achemincr I'cau au-delLi du remhlai. La prise d'cau pent We une 
totLr verticale ou LIfl coursier en pente tonde habituel lement sur Ic terrain naturel, 
ii flanc dc coteau de Ia retenue de stockage, ou occasionncllcrncnt sur ic talus 
amont du rcmhiai. 
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the sub-aerial method is used in which the deposition strategy is specifically inten-
ded to obtain a drained and desiccated deposit. 

Since the angle of deposition is related to the solids content of the tailings, 
arrangements have been made at some sites for the tailings to he given a greater 
degree of thickening than is normally achieved by standard thickeners and solids 
contents of over 60% have been obtained. This enables the storage efficiency in 
terms of storage volume to embankment height to he substantially increased. It is 
necessary at such deposits to establish that a change in the material properties will 
not occur after deposition which could flatten the slope or result in a flow of the 
material. Heavy rainfall, for example, can cause slope failures. 

In some disposal systems (e.g. when oxidation would produce acidic or toxic 
materials, or if the toxic nature of the tailings made it necessary to prevent migra-
tion of dust) it may he required that all the tailings are deposited under water. This 
may be influenced by the propensity of the tailings to undergo chemical action on 
exposure to the atmosphere or by the need to avoid the particular tailings being 
carried to the surrounds by wind action. In these circumstances floating pipelines 
are normally used to deliver the tailings and frequent movement ol' the discharge 
point may he needed since the steeper deposition angle under water may lead to a 
rapid rise of the deposited material directly under the discharge poiat. 

Most of the tailings products, emanating from mining operations in which 
relative]y unweathered rock is subjected to grinding, have a relatively strong ten-
dency to coagulate and sedimentation is consequently fairly rapid. Other tailings 
products, however, such as those derived from phosphate mining and manufactu-
ring plants. may contain highly dispersive fine materials and sedimentation is 
severely protracted. In such circumstances special techniques may be employed, 
involving the addition of coarser particles or artificially inducing coagulation, 
through chemical dosing at the process plant or in the supernatant pond. 

2.2.6. Removal of supernatant fluid 

The aim throughout the development of the impoundment is usually to keep 
the pool of supernatant water as low and as small as possible, as discussed in the 
preceding subsection. The main requirement for successful removal of the water is 
the provision of an outlet arrangement, the effective level of which can he adjus-
ted throughout the progressively increasing impoundment level, or of a pump, 
which can perform a similar function. The water is returned to the extraction plant 
for re-use and/or, after treatment, discharged into the natural water courses. 

The outlet structure, or 'decanting system" as it is nornially termed, is usual-
ly composed of two elements an extendible intake and a conduit to convey the 
discharge away from the embankment. The intake may take the form of a vertical 
tower, or a sloping chute founded usually on natural gi'ound on a flank of the 
impoundment and occasionally on the upstream face of the embankment. 
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Tour Lie deantotwn 

Si Ia liauteur finale du dépôt de slériles Cst importantc, Ia tour est génralc-
merit construile au fur et i mesure de Ia niontc du dépôt, afin d'éviter la réalisa-
tion coQteuse dun ouvrage élancé, sans appui lateral, avant Ic dCmarrage des opé-
rations de stockage. La tour pcut être une structure en bCton arnie, comportant des 
orifices dans La parol, a intervalles rapprochCs stir toute Ia hauteur. Au fur et a 
mesure que Ic niveau des stCriles monte, les orifices sont obturCs aim d'éviter Ic 
passage de stCriles. Pour Ia construction progressive do hi tour, nécessitCe par la 
surcicvation du seuil de prise d'eau, on petit adopter soit des éléments en acicr, soit 
des é!érnents en hCton armC, fixes au tronçon sous-jacent. La Fig. 16 dome Ic 
schema d'une tour de décantation. 

En cc qui concerne la construction de In tour, ii importe que Ics ClCments uti-
uses pour la surelevation progressive du nivcau d'évacuation soient lCgers 
plaques d'obturation des orifices on tampons dans Ic cas d'une tour construite on 
une seLile Ctape, tronçons unitaires dans Ic cas d'unc tour exCcutCe par Clapes. En 
cours cl'exploitation, La tour est entouree d'cau ci Ics ouvriers y accCdent hahituel-
lenient par bateau ou ponton pour les iravaux dc surClCvation. 

Lcs types de tour décrits imposent des limitations sur les debits d'Cvacuation. 
On no peut accepter qu'unc hauteur rCduite d'cau au-dessus de I'ori lice infCrieur 
d'unc tour monolithe pour permeitre son ohturation au cours do Ia rnontée du 
niveau de.s stériles en cc qui concerne une tour surCLevée par étapes, son dianiCtre 
doit êlrc petit pour faciliter les travaux de construction. 

Coursier Lie (/ecclfltatiO/t 

L'ouvragc dc dCcanlation type << cotirsicr >> est souvent adoptC lorsque les ver-
sants de Ia zone de dCpôt sont relativement raides et les londations rCsistantcs. 
L'avantage do cc dispositit est que l'accCs sc iait a sec. Des poulrcs constituant Ic 
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The (Jecaot loner 

If the ultimate depth of the impoundment is substantial the tower structure is 
normally constructed progressively as the deposition level rises to avoid the costs 
of a high unsupported structure before the impoundment is commissioned. The 
tower may he constructed of reinforced concrete as a solid structure with ports 
through the walls at close spacing throughout the height. As the tailings level rises 
the ports are scaled progressively to prevent tailings discharge through the system. 
The Lower may alternatively he constructed progressively using steel or reinforced 
concrete sections bolted in turn on to the sections below as the need arises for the 
sill to he raised. A typical system of this type is sketched in Fig. 16. 

Fi 	6 

Ter de irtluC System 

cJ,euo £/ une loup ,  ie eWcawalitm 

A) Ta iii ng beach 	 (A ) P/ae 00.0 iiue de .vi,ilr. 
Sllpenlathnt pond 	 (II) Retenue dean 
Tower 	 (C) Thur 

D) Oudel conduit 	 (I)) (anduf Ic d élaCuLEIinnn 

An essential requirement of a tower system is that the units used for the pro-
gressive raising of the effective discharge level the sealing plates or hungs for a 
solid tower or the sections for an extendible tower are light in construction. During 
operation the tower is surrounded by water and access has to be gained by the ope-
ralives usually by boat or pontoon for frequent raising. 

The types of towers described impose limitations on the outflow discharge 
rates which can he accommodated. Only a limited height of water can be accepled 
over the lowest port in a solid tower to permit closure as the tailings level rises: the 
annulus diameter in a progressively raised tower needs to he small to Facilitate 
handling and placement. 

The decant (15 ole 

The sloping chute type of structure is often used where the flanks of the depo-
sitory are relatively steep and the foundation conditions sound. The advantage of 
the arrangement is that access can be achieved on dry land. Weir boards are pro- 
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scull de ddversement sont progressivement ajoutées a Ia partie supéricure du cour-
sier pour contrôler Ic nivcau d'eau et empêchcr l'enirée de stériles (Fig. 17). 

A 

Les ruptures des ouvrages de décaniation Ont été lune des causcs principales 
des ruptures ou des mauvais comportements des barrages de stériles Ia concep-
lion de ces ouvrages exige done des tcchriiques trés éprouvécs. Lcs dispositions 
adoptées doivent étre tefles que Ia surélévation do niveau d'évacuat ion, susceptible 
dëtre réalisée par des ouvricrs non qualifies, soit une opéraiioii sans difficultds, t 
'épreuve des erreurs. 11 esl sOuvcii( judicieux de limiter Ia hauteur de fonctionne-

ment de l'ouvragc de dCcantation et de construire une sdrie d'ouvrages stir Ic ver-
sant de La rcicnue de sockagc, plutôt qu'un ouvrage unique capable de tonclion-
ncr sur toute Ia hauteur de Ia relcnue. 

Dispositt/s 1e /)oFJq.}(l'e 

L'utilisation de barges de pompage pour Cvacuer I'eau prCsentc one grandc 
sCcurilC et une grande souplesse, leur emplacement pouvant Ctre change pour 
s'adapter Ia conFiguration du dCpât et de Ia retenue d'cau. Des details soot don-
nés an paragraphe 4.2.4, La Fig. 18 donne on schema d'un dispositif de pompage. 
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gressively added to the open upper section of the chute to perform the function of 
controlling the water level and preventing the ingress of tailings, as illustrated in 
Figi7. 

FLg. 17 

Chute decwting oern sy 
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1)) Wejihuards 
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(B) Retenue /eui 
( (') (uu i.ier 
(0) 1' 1itre. i/u .rIUi 

I F) (unJuite d eliIel.IUliO!i 

Decanting system Failures have accounted for a large proportioll of the fai-
lurcs or unsatisfactory perlormances of lai]ings impoundments and a high level of 
engineering is required in their design. The arrangement has to be such that the rai-
sing of the cIfective level of discharge, which may he undertaken by unqualihed 
operatives, is a straight Forward and relatively error-proof opelalion. It may lie-
quenitly he appropriate to limit the hcight cit operation ot a decanting system and 
to construct a series of svsterns up the flank of the impoundment rather than a 
single system capable ol operation over the full height of the irnpoundmcnt. 

I'uiiijiied c/('((I/It 

The use of pump barges for water removal makes for greater safety and pro-
vides flexibility during operation in that its location may he altered to suit the cur-
rent deposition pattern and location of the pond of supernatant water. Further 
details are given in Section 4.2.4. A typical arrangenient is sketched in Fig. 18. 
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Un important facteur dans Ic prujet d'unc retenue dc stockalle de .stérilcs est 
I emplacement de I 'ouvragc de décantation ou de Ia pompe par rapport au renihlai 
d'endiguement. Si Ia panic hasse de Ia plage de stériles est utilisáe coilime Ia seule 
ione moms permeable dun remh!ai, cornine c'cst Ic cas dans les iei iblais types D 
t F. Uaecroisseuient de Ia distance entre le reinhlai ci l'ouvrage de dCcanlation on 
La pompe augnlcnte Ia revanehe et done La capacité du reservoir i absorber des 
crues. Cepcndani, lorsIuun ouvraee de dCcantatjon dvacue t'eau a Iaval du rem-
hlai. Ic coüt augniente avec Ia distance de ]'ouvragc de sortie par rapport an iem-
hlai. Les hénClices resultant d' une augmentation de La capacitC damortissement 
des crues doivcnt done Clue compares an cocit entralné par un conduit de décanta-
tion plus long 

2.2.7. /IaItrise de Ia pollution 

Les principales causes de pollution resultant de la misc en dCpôt des stériles 
sont dispersion de particules de stCri les dans La zone cnvironriante, appoi't d'eau 
polluée dans Ia nappe phréatique ou dans Ic cours d'eau naturel, emission de gui 
toxiqucs dans I atmosphere. Line attention particuliCrc scra portee ii Ia gCochiniic 
des mutériaux dc.vant Ctre siokés. 

(1) P i ri i ales volu/e.i 

Des particulcs solides peuvent Ctre dispersées par •suile de FCrosion des sur-
faces du dCpôt par 1 'cau ou Ic vent, cI Ctre transportCs par Feau décantCe ou l'Ccou- 
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Fig. I 
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An important factor in the design of the impoundment is the siting of the 
decanting outlet or pump in relation to the embankment. If the lower part of a tai-
lings beach is used as the sole less permeable zone of an embankment, as in 
embankment types 1) to F. then increasing the distance between the embankment 
and the decanting outlet or pump, increases the freeboard provided and hence the 
capacity of the reservoir to absorb floods. Where a decanting discharges down-
stream of the embankment, however, the cost increases with the distance of the 
outlet from the embankment. The benefits of increased flood dissipation capability 
have thus to he set against the cost implications of a longer decanting conduit. 

2.2.7. Pollution control 

The main causes of pollution from tailings depositories are the dispersal of 
solid particles of tailings to the surrounds. the seepage or flow of polluted water 
into the grottnd water or into natural water courses and the discharge of toxic gases 
into the atmosphere. Particular attention should he given to the geo-chemistry of 
the materials to he stored. 

(1) Solid.v 

Solid particles may he dispersed by water or wind erosion of the surfaces of 
the impoundment, removal with the decanted water or outflow as it result of failu- 
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lemeni provoqué par une rupture de l'ouvrage dc décantalion ou des talus du rem-
btai d'endiguenient. On peut prdvenir les risques lies a Ia rupture des ouvrages de 
dCcaritation ou des talus du rcrnhlai au moyen d'une parfaite conception de ces 
ouvragc.s, et ceux lies i l'Cvacuation d'eau au moyen d'une surveillance on cours 
d'exploitation. La prevention des risqucs associCs a l'drosion par l'eau ou le vent 
peut, toutefois, nCcessiter des dispositions spCciales. 

I.es stériles miniers ci industriels sont particulièrement sujets a erosion, 
conipte tenti de leur structure granulaire, avcc tine grande proportion d'éléments 
des categories < silt ci sable et l'ahsence << dargile >. Lors d'orages, le ruis-
sellernent sur les talus du dCp& cntralnera rapidemcnt des ClCrnents si Ia protection 
est insuffisante. On peut prCvcnir uric telle erosion on rccouvrant les talus du depOt 
d'une couche dc protection : couche de gravier ou de terre engazonnee, tapis de 
gCotextile et dherhe, revCternent synthétique. D'autres mCthodes consistent a 
imprégner Ia surface des stCriles avec on produit chimique qui assure une protec-
ticn hydrophohe ou uric liaison des particules de stériles (par exemple, Compose de 
silice, cimeni, hiturne OU bentonite). Stir d'autrcs depOts, les propriétés chirniques 
des stériles, tels ceux contenant des pyrites ou des sulfures, peuvent contrihuer a 
Ia liaison des particules. 

L'Crosion par Ic vent affecte spCcialement Ia crete du rcrnhlai, niais parfois 
Cgalement les talus de I'endiguemeni et Ia surface des plages. Pour faire face a 
cette erosion, on peut trailer Ia crete et les talus du rcmhlai conime dans Ic cas de 
l'Crosion par l'cau ; mais on doit appliquci' tin traitement special de surface a I'm-
tdrieur de Ia retenue de stockage : brise-vent, aspersion d'eau, application d'un 
liant chirnique. Comme exemple, on peut indiquer qu'une emulsion biturnincuse a 
etC pulverisee stir les plages ci les crCtes de barrage par un hC]icoptCre volant a 
basse altitude. Dans des cas exceptionnels, on peut Ctre amenC a dCposer Ics sté-
tiles sous l'eau. Une vCgCtation en surface, flottante ou sur des zones inactives, 
pent être efficace. 

b) Eou 

La fuite d'eau polluCe de Ia retenue de stockage est souvent le problème Ic 
plus important a rCsoudre. Cette eau peut provenir de trois sources can Cvacude 
par I ouvrage de dCcantation, percolation a travers Ic rernblai, alimcntation de Ia 
nappe phrCatique par de l'eau provcnant de Ia retenue de siockage. 

Si Ion nc peut évacuer directernent dans to cours dean naturel I'eau tie stir-
verse de la retenue. II sera nCcessaire de prcndrc des mesures de façon que toute 
I cau sOit rctournee a I' usine ou. dans les clirnats chauds et trés andes, évaporCe. 
Ieau décantée peut Ctre stockCc au moyen dun barrage dc rCcupCration situC a 
• aval de Ia zone tie depOt afin de Ia trader avant son dvacuaii on dans Ic cours d' cau 

naturel. 

I.e captage des percolations par pompage est tine solution perrnettant de mal-
Iriser Ia pollution de la nappe phrCatique, ii condition de prcndrc en consideration 
Ia periode suivani Ia fermeture dc Ia retenue de stockage. La nCccssitC du pomlia-
gc scra rCexaminCe dans Ic programme de rChahi litation et de fermeture. II scra lad 
mention du prohlème de Ia pollution de Ia nappe phrCatique, discuté au chapitre 
5.3.8.. ci du résumé des mesures de contrOlc de cette pollLition dcstinées a la pt -C-
venir ou I' attCnucr (Tableau 3). 
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re of the decanting system or of the slopes of the impoundment. Of these possible 
occurrences those associated with failure of the decanting system or impoundment 
slopes are prevented by adequate design of those structures and those associated 
with the removal of the water are prevented by operational control. The prevention 
of those associated with water or wind erosion, however, may require special pro-
visions. 

Tailings products are particularly prune to erosion, being usually particulate 
in character and having a large proportion of silt-sized and sand-sized particles and 
an absence of clay. Storm runoff on the slopes of the impoundment will quickly 
pick up the particles if there is inadequate protection. Prevention may he effected 
by covering the sloping surfaces of the impoundment with a protective layer, such 
as gravel, a soil and grass cover, geofabric and grass cover or some form of syn-
thetic coating. Other methods used have included the impregnation of the surface 
layer of the tailings with a chemical which will repel water or result in particle hin-
ding such as a silica compound, cement, bitumen or hentonite. At some impound-
ments the chemical properties of the tailings, such as those containing pyrite or 
sulphides, may assist particle binding. 

Wind erosion affects particularly the crest of the embankment but may also 
pick up material from the slopes of the impoundment or from the surface of the 
beaches. For prevention, the embankment crest and slopes may be treated as for 
water erosion but the surface within the impoundment may need special treatment, 
such as the provision of wind breaks, operational water spraying or the application 
of a binding chemical. As an example, a bituminous emulsion has been sprayed on 
to beaches and dam crests by low flying helicopter. In extreme cases it may he 
necessary for the tailings to he deposited under water. Surface vegetation, either 
Iloating or on inactive areas, can be effective. 

h) Water 

The escape of polluted water from the inipoundmcnt is often the most iinpor-
tant problem to be overcome. The water may emanate from any of three sourccr 
discharge through the decanting system, seepage through the embankment and 
seepage from the impoundment into the ground water. 

lithe supernatant water in the impoundment may not he discharged directly 
into the natural water courses, it will he necessary either to arrange the deposition 
such that all supernatani water is either returned to the piani or. in very arid, hot 
climates, evaporated. The decanted water may he stored by a reclaim dam down-
stream of the impoundment and treated before discharge into the natural water 
course. 

Seepage capture by pumping is an option for control of pollution in ground 
water, provided that it is recognised that there may he an ongoing conimitiiient 
after the tailings impoundment is closed. The necessity for pumping after closure 
should he reviewed in the rehahililation and closure plan. Reference should be 
made to the problem of groundwater pollution discussed in section 53.8, and the 
summary of seepage control measures to prevent or mitigate groundwater poi1u-
tion given by Table 3. 
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e) Ga: 

L'mission dc gaz, tel quc le radon dans fes exploitations c1uraniurn est gné-
ralement limitéc en déposant les. siriles sous leau et on mainteflailt continucile-
ment de ]'eau an-dessus des rnateriaux mis en d5p6t. Datitrcs techniques de misc 
en décharge, telle que Ia méthode semi-aérieiine, peuvent égalcment étre adoptées 
pour inaintenir les emissions de gaz thins des liniites acccptahles. ]a misc on cvuvre 
de ces techniques néccssitaiit un contrôle suivi. 

Lc gaz susceptible détrc dissous dans l'eau peut étre libéré lorsque Ieau est 
evacuee par les ouvrages de dCcantation. Mais des mesures, essentieflement effec 
tuées en Suede, ont rnontrC que les quantités Ctaicnt gCnCralcment faibles et infC 
rieures aux Ii mites admises. Lcs sEen les provcnant des mines d'or peuvent gCnérer 
des gaz de cyanure s'échappant de hr retenue d'cau. Des dispositions doivent Cue 
prises An d'Cviter fes impacts sur l'hornme et Ia faune, y comlris les oiseaux. 
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Gas emissions from the tailings, such as that of radon from uranium tailings, 
are normally limited by the deposition of the tailings under water and the retention 
at all times of water over the deposited niatcrial. With earelul control, however, 
other disposal arrangements, such as the sub-aerial method, may he programmed 
to keep gas emissions within acceptable limits. 

Gas which may have dissolved in the water. can he liberated as water 
discharges through decanl systems, but measurenients. made mainly in Sweden, 
have shown that amounts are usually small and within accepted guidelines. 
Tailings from gold mining may generate cyanide gas, released from the superna-
tant water. Provision needs to he made to avoid impact on humans and wildlife, 
including birds. 

87 



3. CONCEPTION DES BARRAGES 
DE STERTLES 

3.1. GENERALITES 

Le present chapitre porte sur Ia conception des barrages de stCriles ci ne 
s'Ctend pus it Ia conception de J'ensernhle de Ia retenue de stockage, bien que 
bLues deux suient Otroiternent liées it hien des Cgards. La conception dolt tecir 
compie dc a longuc vie prévue pour l'ouvrage, comprenant les pCriodes au cows 
desquelles it cst pen probable que les dispositifs d'cntretien ci d'auscultaiion 
devront encore Ctre en place. 

Commc indiquC dans Ic chapitre 2, les barrages peuvent Ctrc construits sur a 
peu prCs n' iniporte quel site, en utilisant uric grande variCtC de matCriaux remhlai 
d'cmprunl, terrain tie couverture/divers rCsidus industriels. déchets d'cnroche-
merE, les stéu - i les eux-mCrnes et diverses coriihinaisons. Quel Je que soit Ia corntii-
naisori de remhlai adoptCc, ics barrages doivent Ctre coruçus, conimc bus les bar-
rages on remhlai, suivant des critéres géotechniques CprouvCs afin d'assurer Ia 
sécurité ci on entretien minimal des ouvrages, 

Un avuntage i nhCrcnt it la conception et it It Construction des barrages de slé-
riles. et  rarenicuit olleut aux projeteurs de digucs en renihlai it retenuc d'cau, est 
quc Ia construction des premiers esi relativement lente et qu' 1 est possible d' adap-
tcr Ia methode de conception chcmun faisunt >'. I cs programmes miniers ci 
industriels changcnt sotuveni, cc qui conduit a niodifier Ia conception initiale des 
barrages de stCriles an Coors de Ia construction. l.a hauteur maximale do barrage 
prCvue ii Forigine sera souvent dCpassCe prur répondre it une augmentation du 
volume de stCrlics ii stocker. 

3.2. RECOMMANDATIONS CONCERNANT LA CONCEPTION 
ET LA CONSTRUCTION 

La 16oislation concernant to conlrole des rctenues dean en Grande-Bretagne 
exige que Ia rcsporusabilitc dc La conception ci do couutrôlc génCral des travaux de 
construction incombe a un ingénieur competent. La qualification d'un ingénieur 
susceptihic de prendre unc idle responsahilitC fait Vobjet d' on examen protes-
sionncl rigoureux. Les candidats admis soft dCsignCs pour uric pCriode dc cinq 
ans. Ic renouvellement de leur contrat faisant 1 'objet d one decision ultCricure. En 
outre. to contrôle continu dc 1 exploitation des barrages est confiC it ties ingCnicurs 
qualifiCs spCcialement choisis pour cette tâche. 

Bicn qu'iI n'y alt pus. duos Ic monde, de legislation ayant de tellcs clauses 
rigouucuses. ii y a beaucoup de choses a dire stir son application aux barrages tie 
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3. DESIGN CONSIDERATIONS 

3.1. GENERAL 

This Chapter considers the design of dams and does not extend to the design 
of the whole impoundment, although the two are interrelated in many ways. The 
design should take into consideration the expected long life of the structure, inclu-
ding periods when the maintenance and monitoring systems are unlikely still to he 
present - 

As stated in Chapter 2, the dams may he built on almost any site, from a wide 
variety of materials including borrowed fill, waste overburden/various wastes from 
industry, waste rockfill, the tailings themselves and various combinations. 
Whatever the combination of types of liii that are used, for safety and mininiurn 
maintenance, dams must he designed, as are all embankment dams, to sound geo-
technical principles. 

An advantage inherent in the design and construction of tailings dams that is 
seldom afforded to designers of water retaining embankment dams is that most are 
built slowly and it is possible to use a design-as-you-go approach. Initial mining 
or industrial programmes frequently change so initial designs of darns usually have 
to he modified as construction proceeds. Often the original planned maximum 
height of the dam will he exceeded as the requirement Ion increasing storage volu-
me continues. 

3.2. DESI(;N AND CONSTRUCTION RECOMMENDATIONS 

Legislation controlling water reservoirs in Britain requires design and super-
vision of construction to he the responsibility of one competent engineer. The 
competence of an engineer wishing to take this responsibility is assessed by a 
severe professional review. Successful candidates are appointed for a five year per-
iod, before being required to renew their application. In addition, the operation ol 
darns has to he supervised continuously by competent engineers specially chosen 
for this task. 

Although there is no legislation in the world that has such strict provisions, 
there is much to he said for its application to tailings dams. It is in the interests of 
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slériles. II est de I' intérét du nialtre ii ouvrage d employer un ingénieur competent 
pour Ia conception de ses barrages de stCriles et pour Ic contrile satisLaisant de 
[cur construction, 

3.3. RECONNA1SSANCES DU SIFE 

Le choix du site depend généraleinent de Vemplaccment et du type de lusine 
ou de a mine a laquelle doit servir La retenue tic stockage. La topographic dCtcr-
minera La situation Ct Ia hauteur inaxirnalc possible du barrage. Les aspects envi-
roflnementaux i'elatils a La toxicitC Cventtielle des stCi'iles stockés permettront de 
prCciser Iétenduc des recollnaissances nécessaires stir Ic site. Les recomnianda-
tions relatives aux reconnaissances sont nonihi'euses lClayton Ct aL. ( 1982)j. Un 
programme type petit Ctrc Ic suivant 

a) Étude prCliniinaire au bureau. I lle comprend Vétude de caries avec lignes 
de niveau, indiqLlant les maisons d' habitation. Ic's installations et les riviCres: de 
caries geologiques luontrant les couches et Ic's travaux souterrains des infornia-
tions sur ic's sondages existants et/ou des enregistrements effectuCs dans des puits 
des informations stir l'hydrologie ci Ia séisniicité. 

[ilterpreiation de photographies aCrienncs, en particulier si Ion ne dispose 
pas de eartes avec lignes de riiveau. en vue d' idenli flee Ic's lignes daffleurements. 
les zones instahics (glissernents de terrain). Ic's zones de dissolution, etc. 

c ) Obtention de renscignements sur I uti lisation de 1 cai ci Ic cli mat. 

ci) Prospection sur le site pour examiner ci conl'irmer les particularitCs mises 
en évi deuce par Ic's etudes au bureau ci par I' i nterprCtation des photos aCrienncs. 

e) Reconnaissanccs preliminaires dii soius-sol. Des tubes piezo1116trique 
seront instal lés dans dc's forages pour I 'observation de [a nappe phréatitue ci pour 
des prcicveinents d'cau a des fins d'analyse chiniique 

I) Classification des sols par description ci a parflr d'essais sur Cehanti lions. 

g) Reconnaissances dCiaillCes dii sous-sol avec prcicvement cI'eclianti I ions ci 
cssais in situ. Des tubes piezoilletriques scront installCs dans des forages de recon-
naissance i I aval de La zone ti' implantation du barrage. Le projeteur pourra 
demander I' installation tie quciques tubes piezoinetriques dans [a zone de Fonda-
tion elu barrage, les Lectures de ces tubes pony ant se laii'e a distance. Des piézo-
metres pourron( Ctre uti lisCs pour niesurer Ic's permeabi hités. 

h ) Essais en Jahoratoire sur des Cehantil Ions non rc'maniCs, de grandes clinien- 
SiOiis. 

Evaluation dc's don nCes. 

I: interpretation dc's rCsultats des sondages, en vite d'Ctahlir un modele iridi-
mensionnel du sol. pent Ctre faci litCc' en util isant Wi logiciel. 

Au cours tIe I 'Ctape dc pro jet. les rCsultats seront tili lisCs pour Ic barrage ci La 
retenue de stockage. Au debut des travaux de construction. I' ingénieur gCotechni-
cien responsable des recunnaissanecs du site col Laborera Ctroiic'ment avec I' ingC- 
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(he owner to employ a conipeteni engined' for the design of his tailings dams and 
to ensure that their construction is satisfactorily supervised. 

3.3. SITE INVESTICATION 

The choice of site is usually controlled by the position and type of industry or 
mine the impoundment is to serve. The topography will control the positions and 
possible maximum required heights for retaining dams. Environmental considera-
tions relating to the tailings impoundment will he revealed through a Systematic 
environmental base line study. Site investigation for geotechnical purposes will 
also have to he extensive. A typical sequence of events I e.g. see Clayton et al 
1982)] might he as follows: 

a) Preliminary desk study. This should include study of contoured maps sho-
wing dwellings, installations and streams: geological maps showing strata and 
underground workings; any existing borehole information and/or well records; 
information on hydrology and seism icily. 

h) Possihlc air photograph interpretation, particularly ii' contoured maps are 
not available, for the purpose ol' identifying spring lines, unstable areas land-
slides), dissolution features etc. 

Obtain information on water usage and climate. 

Site walkover survey to investigate and confi mi features noted from the 
desk study and air photography interpretation. 

c) Preliminary subsurface exploration. Standpipe piezonlctcrs installed and 
sealed into ccmipleted horeholes to record water table and to enable water samples 
to he taken for chemical analysis. 

1') Soil classification by description and sample testing. 

Detailed subsurface exploration with sampling and field tests. Standpipc 
piezometers should he installed in exploratory horeholes downstream of the dam 
area. The designer may require some to be installed under the dam area that can be 
converted to remote reading. Piezorneters can he used to measure permeability. 

I alxratory testing of undisturbed and hulk samples. 

i ) l-val Llation 0 f data. 

The interpretation of borehole findings, to produce a three (Ii niensional model 
of the ground. can he computer assisted by a suitable software programme. 

The results would be used during the design stage for the impoundment and 
clams. During the early stage ol' construction, the geotechnical engineer respon-
sible for site investigation would liaise closely with the design engineer and exa- 
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nicur de projct et examinera le sol décapé et Ics excavations pour constater toutes 
differences Cventuelles par rapport aux conditions étahlies a partir des reconnais-
s a nec s. 

3.4. MATERIAUX MIS EN DEPOT 

Les matériaux devant Ctrc stockCs peuvent coinprendre des solutions chi-
nhiques, parois chaudes (voir chapirre 4.1.2), et d'autres liqu ides, hieii que les stC-
riles dont 11 est question dans le present Guide soient acherninés sous forme de 
houe, la nature du matériau étant done gCndralement linhitCe aux ClCments solides 
transportables économiquernent clans I 'eau. La Fig. 19 prCscnte des courhes gra-
nulomCtriques caracteristiques dc stCriles mis en dépôt, Ia dimension maxinialc de 
particule se situant clans la categoric << sable moycn a grossier >>. 
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On doit ccpendant fluter quc, Lors dc La misc au point des dispositions de misc 
en dCpôt de stCriles, ii arrive quon ne porte pas une attention suffi.sante au choix 
du site, aux caractéristiques des niatCriaux de construction et aux conditions de 
fondation le proeteur sera souvent oblige de rectiercher la solution Ia plus éco-
nonllque, compatible avec les conditions de sécurité et d'environnement, en titili-
sant les matCriaux. Ia topographic et Ic climat existants. 

tine grande panic des stCniles devant Cisc mis en dCcharge provient dexploi-
tations in i niCrcs CL du traiement de roches relati vement inaltCrCcs. Dans ics iii i nes 
d or. de Cu ivrc. d Ctain. de plomh, de iinc ci d 'argent, les stCriles qui glohalernerit 
representent une très grande proportion de La production mondiale de stCniles ren-
trent généralernent dons cette categoric. Les stériles provenant de ces exploitations 
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mine stripped ground and excavations to record any variations from the conditions 
predicted by the site investigation. 

3.4. MATERIAL FOR I)ISPOSAL 

The materials to he stored can include chemical solutions which may he hot 
(see section 4. .2) and other liquids, although the main tailings product under 
consideration in this Guide is delivered as a slurry and the nature of the material 
is thus generally limited to particulate solids which are econoniically transported 
in water. A typical particle size distribution of tailings normally requiring disposal 
is shown on Fig. 19, with maximum particle size in the medium to coarse sand clas-
sification. 

Fig. 19 

Particle si.'.c distribution curves for tailings 

C'ou ibvs q ran 1110metrique.i i/c sieri/es 

Cl - Clay 
Si - Silt 
Sa - Sand 
(ir Gravel 
F - Fine 
NI - Medium 
C - Coarse 

A I Normal upper Ii lilt 
A2 Execplional upper hmit 

B - Normal envelope 

Cl - Argue 
Si Silt 
Na - .Sahie 
Cr - (;rol•icr 

41 - A-la ira 
C - (iross icr 
A I - Liiniir vuprir:I ic it aim i/c 
A 2 - Limiji vi prrir:i ic en ejo 1cm it el/i 
B - Encel.ojipc iuirinaic 

It must he noted, however, that in the development of a tailings disposal sche-
me, the luxury of choice of site, construction materials and foundation conditions 
may not he present; the designer will frequently he required to prepare a scheme 
to produce the most cost effective solution commenserate with safety and envi-
ronnicntal conditions, using only the materials, topography and climate available. 

A large proportion of tailings products for disposal result from the mining and 
processing of relatively unweathered rock. Tailings from gold, copper, primary tin, 
lead, zinc and silver mining, which collectively constitute a dominant proportion 
of the total world production of tailings, are normally in this category. The total 
product from these operations has a reasonably consistent grading curve shape and 
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ont des courhes granulonietriques rclativerneni uflulornies se Situant dans I'enve-
loppe indiquée dans Ia Fig. 19 Ia granulométrie fine ott grossièrc dun produit 
particulier dpend du nivcau de hroyagc adopté a l'usine. On peut noter que Ia 
fraction line coru -espond a Ia categoric 1< silt >> plutôt qu'à Ia categoric << argue >>, 
cc qui donnc au produit Ics caractCristiques principales dun silt. Les ClCments pro-
venant de roche inaltCrCe prCsentent, après broyage, une forme gCnCualernent angu-
lai re nu semi-aneulaire. 

Lorsque Ia roche mere du niincrai est altérCe. comrnc par exemple les maté-
riaux recouv rant les dCpôts de porphyre, une forte propotion de fines peut Ctre 
constituee délCuncnts d'argi!e, c'c.st-à-dirc infCrieurs a 0,002 nim. Dins cc cas, Ic 
iatCrui.u, bus de Ia misc en dCpôt, petit avoir des proprictcs identiquesà celles de 
• argi Ic, qui dCtermi lent son comporlcnicnt. I e uuatCriau finenent broye provcnani 

dune roche plus altCrCc contient tine pu -oportion plus ClevCe de parlicules de forme 
sCmi-iulTondic a seuBi-angulaire, mais les surfaces peuvent CIre piquCes ci irrégu-
liCres. 

Lorsque les uilineuais soOt exiraits de dépâts alfuviaux OU deplages, it iiy a 
sotivent aucun hroyage et Ia granulonietrie dCpeuid de celle de Ia gangue. I .es ClC-
ments grossiers pcuveuit avoir une forme arrondic et les ClCments rentrent dans Ia 
categoric argile nit << silt >, scion Forigine do matCu'iau. En gCnéral, Ia limite 
superieure de hi courhe granuloniCtrique suivra cellc ligurant sur Ic graphique prC-
cite cependant. dans cerraines exploitations minieres (par exemple, exploitation 
de dCpOls seconclaires dRiain), des particuies heaucoup plus grosses existent dans 
Ic maiCriau traité i I' usine ci les rCsidus peuveuut presenter one plus grandc Ii mite 
supCrieure darts Ia categoric grossiCre. 

flans certaines techniques dextraction, Ic matCriau petit Ctrc ide ct [es stCriles 
evacues i Ia décharge de nianiere iractionnec. Cela se pratique, en particuliei, 
lorsque Ic matériau est altCrC ou constitue de dépôts sccondaires -. tune installation 
de triage pcmiet de sCparer Ics materiaux fins correspondarit aux categories silt et 
argile. Ic mincrai Ctant seulement exuait dc Ia fraction grossièrc. Los rCsidus Ins 
soul souvent appeles < schlainm >> nu houe >> (slime) et Ics rCsidus grossicrs << siC-
tiles (tailings). (Toutelois, dans heaucoup dc mines metallileres, Ic ternie 

slime > est adoptC pour designer hi totahtc des residus). Parfois. Ic triage clu pin-
duit a lieu aprCs 1 'extraction en vue d'ohtenir un uuatCriau susceptible d'trc utili-
sC dans I 'exploitation miniCre (par exeinplc. rcnihlayage des souterrains d'ahatta-
ge). 

Ls stCriles provenant cLcxploitaiions rninièrcs ci d' abattagcs en carrièrcs sont 
constitues gCnCralemcnt do particules de roche ci de sol. ci Ic matCriau obeira aLux 
lois de la mécanique des .sols thins tie nomhrctix domaines. Toutefois, si Ics rCsi-
dus Cmanent d' on processus de transformation. Icur composition pcut Ctre diffé-
rente. Par exeniple. Ic uiiatCriau petit presenter uric structure non granulaire ci son 
comportement revCtira diverses formes. Alors qLuc les propriCtCs des stCriies 
uniniers pcuvcnt Clre estiunCcs avcc tune precision acceptable ii partir des donnCes 
conccrnant Ia geologic, Ia uninCralogie ci Ic procCdC de (raitement, celles des siC-
riles provcnant des industries de transtorniation soOt parlois cstimées de laçon 
approximative. Les ccndrcs volantes résultauit de Ia combustion do charhon clans 
Ics centrales therm iques se situcnt gCnCralcnient thins Ia categoric granuloniCtrique 
des silts, mais prcscnlenl habituelleinent on niveau inlCrieur de dcnsitCs des parti- 
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normally lies within the envelope shown, the coarseness or fineness of the parti 
cular product being related to the degree of grinding applied in the plant mill. It 
may be noted that the finer fractions of the product lie in the silt size category, 
rather than the clay size, giving to the product the principal characteristics of a silt. 
The particles from unweathered rock after grinding are generally angular to sub-
angular in shape. 

Where the host rock of the mineral is more extensively weathered, as for 
example in the capping material of porphyritic deposits, a larger proportion of the 
fines may he composed of clay particles, i.e. smaller than 0.002 mm. If' the clay 
proportion is high the material, on deposition, may exhibit clay-like properties, 
which may dominate the material behaviour. Finely ground material froni more 
weathered rock may contain a higher proportion of suh-i -ounded to sub-angular 
particles but the sui -faces of the particles may be pitted and irregular. 

Where minerals are extracted from alluvial or beach deposits. there may he no 
grinding involved and the particle size distribution will he governed by that of the 
host material. The coarser particles may he rounded and the finer particles may he 
clay or silt, according to the origin of the material. In general the upper hound of 
the particle size distribution curve will follow that shown in the diagram but in 
some mining activities, such as the exploitation of secondary tin deposits, consi-
derably larger particles are included in the material processed in the plant and the 
resulting tailings may have a coarser upper hound. 

In some extraction processes the material may be sorted and discharged to 
waste as separate tailings fractions. This is particularly common where the host 
material is weathered or composed of secondary deposits'iiid sorting is used to 
remove the fine silt and clay materials, the iii neral being extracted only ('rout the 
coarser particles. The fine discard is then often described as ''slime" and the coar-
ser discard as "tailings''. (In many metal liferous mines, however, the lerni 'slime" 
is used to describe the total tailings product.) Alternatively the sorting of the pro-
duct may take pltice after the extraction process for the derivation Of a product 
which may be useful to the miLling operation, such as the coarse fraction for under-
ground stope filling. 

The tailings product from mining and quarrying operations is generally corn-
posed of natural rock and soil pai -ticles and the properties of the material may in 
many respects conforni with the principles of soil mechanics. Where the waste 
maerial emanates from a manulacturing process, however, its corliposition may he 
quite different. It may, for example, not he particulate in the normal sense and its 
behaviour may follow correspondingly dil'f'erent patterns. Whereas the properties 
of mining tailings may be predicted with reasonable accuracy from a knowledge 
of the geological, mineralogical and processing background, those f'rom manufac-
turing processes may need to he determined from scratch. Putverised l'uel ash (ptt) 
that results from burning powered coal in power stations, generally lies in the silt 
size range. bLit usually exihits a lower range of particle densities and contains 
some cenospheres which are lighter than water. These particles, also of silt size, 
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cules et contienncnl quclques cdnosphères plus Iégères que l'eau. Ces particules, 
de Ia dimension des silts, sont des spheres creuses comme dcs blues de verre 
(matériau produit dans dcs fours a haute temperature) et sont rccherchCes par de 
nombreuses industries on lain que poudres et fillers non irritants. Los cénosphères 
peu vent poser des prohlCmes particutiers 'Je pro jet et d'expfoitation. commc on le 
verra ci-aprCs. 

La densitC des particules de stCriles depend de a nature de Ia roche mere thins 
le ens des exploitations minières. I)ans Ia plupart des ens, Ic gros dii rnatCriau pro-
vient de quartz et de fcldspath, et In densitC des particufes vane de 2,6 a 2,7. 
Lorsque, pour des raisons Cconorniques on tcchnologiques, seulc une partie du 
mmcmi est extmaite, Ia densitC des particules des stCriles retlCte Ia presence du 
mineral. Par excmplc, dans les exploitations minières de fer et de charhon, hi den-
site des particules peut Cire rcspectivement supCricure a 4,0 et inférieure a 2.0. Les 
denitcs des partieule.s des stCriles provcnant des usines de transformation peuvent 
presenter une grande plage de variation et Ia densitC dcvra Ctre dCterminCc spCci-
fiquemcnt pour chaque usine. 

Le fluide associC aux stCrites destiriCs a Ctre iiiis en dCpôt est gCiiéralement de 
l'eau d'origine termestre, hien qu'on utilisc parfois de t'eau do rrier. Dans quelqucs 
usines de transformation, en gCnCmal de petites dimensions, d'autres fluides pcu-
vent Ctre utilisds. La nature et Ia quantité de matCriaux solides dissous dans l'eau, 
qui déterminerit ses propriCtCs, dCpendront de soil origine et de hi technique d'cx-
traction utilisee. Ces proprietes, ainsi que I'eIict dii contact continu de l'cau avec 
les ClCments solides, sont d' irnportants facteurs intervenant dans l'étude des 
niesures preventives contre In pollution (IC I environnernent. Le pH do I 'cau vane 
par exemple. dans un milieu acide constitué de dépôts alluviatix orgalliques, II pent 
Ctre ~ 4: dans un milieu alcalin resultant dc I'adjonction de chaux pendant ou 
aprCs I operation d'extraclion, it petit CIre f~ 10. 

Le rapport solides/eau vane suivant Ia technique mi nière, hi méthode d'extra-
etion dii mineral ci Ic budget prévu pour Ic postc << eau . Dans Ies exploitations 
minières alhuviales. Ic pourcentage des ClCments solides pan rapport a hi houe tota-
Ic pout Ctre :5 tO % (en poids) Iorsque I exploitation de hi mine se Unit I Sec et que 
Ia flottatuon cst utilisée pour 'extraction (comme c'est souvent le ens dans les 
mines d'or et de cuivi -e), cc pourcentage peut Ctre de I'ordrc de 25 % lorsqu'on 
lécupère unc panic de I'eau avant d'acheminer les stériles a Ia zone de dCpôt, cc 
pourcentage pent atteindre 50 - 55 Iorsqu'une technique spCciale est dClihCrC-
ment prCvue pour augmenter In densitC des stéri es, cc pourcentage pent dCpasser 
60 %, he rapport ClCments solidcs/eau influence heaucoup Ics techniques de misc 
on dépét des sténiles. 

La quantité de stCriles depend de Ia taille do l'cxploitation minière. Par 
exeniplc. unc petite mine (br petit produire moms de 100 tonnes/jour, alors que 
thins Ics très grandes mines de euivre In production de stériles peut dCpasser 
150 000 tonnes/jour. Les pnineipes servant de bases a Ia misc en depOt des stCriles 
sont identiques quelle que soit Ia quantité de stCriles produite, une mCme attention 
devant Ctre portCc aux problCtnes de sCcuritC, do coOt et de lutte contre In pollu-
tion mais les inCthodes aduptées varient suivant I'Cchelle des travaux. 
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are hollow spheres of glass like material fornied in the intense heat of the furnaces, 
and in demand by many industries as non irritant powders and fillers. Cenosphercs 
may cause particular design and operational problems, as described later. 

The particle density of tailings particles is controlled by the nature of the host 
rock in the case of mining operations. For the great majority of operations the bulk 
of the material is derived from quartz and felspars and the particle density of the 
particles lies in the range 2.60 to 2.70. Where mining economics or the limitations 
of extraction technology dictate that only a proportion of the mineral is extracted, 
the particle density of the resulting tailings reflect the presence of the minera]. For 
example, in the tailings from iron and coal mining operations, the aggregate par-
ticle density may he respectively greater than 4.0 and less than 2.0. The particle 
density of tailings from manufacturing operations may again vary widely and will 
need to be determined specifically for each operation. 

The fluid phase of the tailings product for disposal is normally water derived 
from inland sources, although sea water is occasionally used. In a few, usually 
small scale, manufacturing processes other fluids may be part of or comprise the 
fluid medium. The nature and amount of dissolved solids in the water, determining 
its properties, will he controlled by its source and the extraction process used. 
These properties, together with the effect of its continued contact with the so]id 
phase of the tailings. are important factors in the planning of the measures to pre-
vent environ mental pollution. The p1-1 of the water may vary from being very acid, 
as may he experienced while mining organic alluvial deposits with a natural pH of 
4 or less, to very alkaline, as may result from the addition of lime during or after 
the extraction process to give a pH of 10 or more. 

The ratio of water to solids may vary according to the mining method, extrac-
tion process and the planned water budget for the project. In alluvial mining pro-
jects the percentage or solids may he 10 0/c or less by weight of the total slurry; 
where the ore is mined dry and the flotation process is used for extraction, com-
monly employed in gold and copper mining operations, the solids content of the 
tailings may he in the region of 25%; where a thickener is used to recover a pro-
portion of the water before the tailings are sent for disposal. the slurry may have a 
solids content of 50 to 55 11-r where a specially designed high performance thicke-
ner is used deliberately to increase the density of the tailings, the solids content 
may he as high as 60 17c or more. The ratio of solids to water hasa profound effect 
on the methods which may be used for disposal of the tailings. 

Production rates of tailings clearly vary with the size of the mining operation. 
For example. a small gold mining operation may produce less than 100 tons/day, 
whilst the largest copper mines may produce over 150 000 tpd.The principles of 
construction are similar for the full range of production rates, with similar atten-
tion having to he paid to safety, economy and the avoidance of pollution, but the 
methods adopted may vary to accord with the scale of the operation. 
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3.5. PROPRIETES DES MATERIAUX GRANULAIRES - 
PRINCIPES FON[)AMENTAUX 

La résistance au cisailiement d' Ut] materiau granulaire depend principalement 
de Ia force n]aintellanl les particuies ensemble. La facilitC avec laquelie on mani-
pule a Ia pelic ci on dCpiacc un sable sec cii surface ne Jaissc pas prCsagcr la iCsis-
lance an cisaillemeni très élevCc qu'il possCdc cn pr()tondeur, oü ii est conuind et 
sounuls aLL poids des matCriaux sus-jacents. 

La valeur de [angle de cisaillemeni, en terRies de contra iites effectives (o ' ). 
depend de Ia formc des grains, dU type nI'assemblage des grains (cxprinid en den-
site relative), ci de Ia force comprimant les grains entre eux. Cette force par unite 
dc surface du niatdriau grantulaire est dCsignCe soirs Ic nom de contrainte effective 
(cs'. car c'est die qui intervient elTectivement dans Ia determination de la résis-
tance et des deformations -. ci le est Cgale i Ia contrai nte iotale appliquce an maté-
riaU ((7F) riioins hi pJesson interstitiel Ic (U). soil 

ci 

On volt clone qUe La pression inierstitiel Ic joue un role capital darts Ia rCsis-
Lance au cisail iemcni (1). 

['influence dc Li brine des grains ci de a dcnsitC relative sera dCtermindc 
poLir Ic type de stCriles diudiCs. 0 partir de series d'essais. 

Dans Ic cas dune densitC assez ClevCe. Iorsque les grains sont etro tcment ser-
rCs. Les ddfarmations de cisaillcmenr les forcent 0 se sCparer de sorte qu'ii y a 
expansi on dii tnatdriau. En conditions non drai iCes. comiiie cela peut se presenter 
dans les LOI1CS saturCes des reniblais, ii y a diminution de Ia pression interstitielle. 
d 'oi une auimentation dc ' et dc Ia résistance au cisai ilemcnt T. 

Lnc situation inverse pew survcnir dans Ic cas d' UflC faible densitC, lorsque 
les grains prdscntent une structure Iiiche. [cs Cldments de Ia fraction fine des siC-
riles. sddimentant sous I 'cau. peLIVeIlI se deposer si doucemeni sur ics particules 
sous-pacentes qu' is constituent une structure très ouverte. La consolidation ulie-
rieure resultant de I augriientatron de Ia masse des stdri es déposds rCduit les vides 
interstitiels, mais Ia structure ouverte se maintient. I es delorriiations de cisail Ic-
went disloquent les contacts entre panticules, cc qul leur permet dc pCndtrer clans 
les vides i nterstitiels, entralnant amsi unc contraciance OIL, thins des conditions non 
draindes, uric augmentation de Ia pression interstitielle U. Cette augmentation de u 
rCduit (7' ci clone Ia résistance ati cisaiilcnicnt T. La densitC critique de Casagrande 
1936)   correspond 0 Ia situation ou les deformations ne causent aucun change-

in en t. 

Dans tin corps consiitué de stCri les dc laible densitd. Ia pression inerstitielle 
an cours du cisaillcment peut atteindre La valeur de . rdduisant ainsi 't 0 /dro. On 
appclIe cette situation liquefaction > Ia masse se comporte comme un liquide 
dense Ct. Si cUe peut s'dcouler (par excniple. dans Ic eas 'June brdche thins le bar'-
rage). eI Ic exerce uric force considdrahIe sur lout objet situe SLLI son parcours. C''est 
Ia raison pour laquelle uric lOchure de siCriles risque de causer heaucoup plus de 
ddgdts qu'uiie lflchure d'eau. 
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3.5. PROPERTIES OF PARTICULATE MATERIALS - BASIC CONCEPTS 

The shear strength of a particulate material depends mainly on the force hol-
ding the particles together. The ease with which a dry sand on the surface can be 
shovelled and moved belies the very considerable shear strength it possesses at 
depth, where it is confined and subject to forces caused by the weight of overlying 
in ate 11 al - 

The value of the angle of shearing resistance in terms of effective stresses (4)') 
depends on grain shape, the way the grains are packed together (measured in terms 
of relative density), and the force pressing them together. This force, per unit area 
of the particu late material, is referred to as the effective stress (a'), hecause it is 
effective in deterniining strength and deformations, and is defined as the total 
stress applied to the material ((3), less the pore pressure (U). ic. 

' — a-   -u et t=(—u)tang4)' 

From this it can he seen that pere pressure playsav ital role in the potential 
shear strength (t) that can he developed. 

The influence of grain shape and relative density must he determined for the 
particular tailings of concern Ironi series of tests. 

With a high enough density, when the grains are closely packed together, 
shearing strains force them apart so that the material expands. In undrained condi-
tions. such as may occur in the saturated parts of c mhankmen&s. this creates a tall 
of pore pressure, thereby increasing a' and hence shear strength t. 

An opposite condition can occur with low density, when the grains are very 
loosely packed. Particles of the liner fraction from tailings, settling under water. 
can land so gcntty on the lower particles that they build up a very open structure. 
Subsequent consolidation tinder the increasing weight of added material reduces 
pore space to some extent. but the delicate, open nature of the structure persists. 
Shearing strains dislodge the contacts between particles, allowing them to move 
into pore spaces, so causing contraction or, if undrained, a rise of pore pressure U. 

This rise reduces a' and hence the shear strength t. The critical density of 
Casagrancte (1936) gives the inhetween situation, when shear strains cause 110 

change. 

In a body of low density tailings, the 1)01-c  pressure during shearing may rise 
to equal a, so reducing t to zero. This situation is called liquefaction: the mass 
behaves as a dense liquid and if it is free to flow (dani breach) it can exert consi-
derable force on any object in its path. It is because of this that a release of tailings 
can cause so much more daniage than a corresponding release of water. 
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Lcs deformations dc cisai.11ernent resultant dc secousses sisliliques peuvcnt 
causer une liquefaction clans des stCriles de consi stance lâche tes delormations dc 
cisaillement Ic long d'une surface de glissement potentielle sont susceptihics den-
traIner une perte iniportante de résistance an cisaillenient. clont on doit tcriir conip-
te lors dc l'Ctude de stahilité du barrage. Les calculs dc stabilitC font'objet de 
]'Annexe A. 

3.6. PRISE EN COMPTE DES FONDATIONS 

La stahil itC peut être CtudiCe en tenant compte des pressions interstiticlies on 
des conditions de tondation dans les cas OIL Ic terrain naturel qui scra reconvert par 
Ic barrage a des caractCristiques dc résistance infCrieurcs é celles des matCriaux de 
construction du barrage. Cela sapplique, on particulier. aux solsargileux de Ion-
dation. La résistance non drainéc de la fonclation est parfois su Iiisante pour unc 
certainc hauteur du barrage mais I augnientation de hi résistance due a Ia con.so-
lidation sons I' augmentation du poids propre dii barrage de stCriles est parlois 
iisufl'i sante pour inaintenir Ia stahili (C au COLI rs de Ia montéc dii barrage. La caden-
ce prCvuc pour In construction du barrage, c'cst-i-dire la 'itessc dc cliargement de 
hi londatiori (en pariiculicr, si Ic sol est argi leux ). sera comliaree a Ia vitesse dc 
consolidation prévue. Les cadences de construction sont gencralenicnt assei lentcs 
pour clue  des couches relativernent minces puissdnt se consolider suffisainmcni 
Inais. clans Ic cas dc couches Cpaisses d'aigile plastique, on doit voiller a accélCrer 
cur consolidation en installant des drains verlicaux an cours de Ia preparation dc 

Ia fonclation. Lorsqu'une surface dc gli ssement protonde traverse une conche 
Cpaissc d' argi Ic, on considCrera. dans Ic calcul de stahilité. Ic risque dc rupture 
progressive (Potts et al. 1990) Si I 'argi Ic prCsente on comportement Fragile. Unc 
étude géo]ogique peut inchqucr 'existence probable dc surl'aces de cisaillemcnt, 
laissCes par d' ancicns glissenients dc terrain. I 'action glaeiaire (}U Liii Iluage veis 
to has clu versant. Le projet tic devra prendre on compte ciue  hi résistance rCsiduci-
Ic Ia plus faihie sur de Idles surfaces. Les contraintes dc cisaillement induites thins 
I 'argi Ic peuvent are rCduites en diminuant I 'angle du talus aval du barrage, ci Ia 
sthbilitC amCliorCe en acloptant (si des rnatCriaux sont disponihies) un reniblai 
d'amorce en enrochenient lourd. ancré irofondement dans Ia couche d'argi Ic dc 
londation pour constituer un pied rnassif. 

Lcs paramètrcs dc résistance relatifs aux fondationsargi leuses seroni deter-
mines lt partir d'essais in situ ou en laboratoire sur des échanti lIons non remaniCs 
prClevCs dans toute :CI,lissCtir de Li couche. Ces paramCtres varient souvent avec 
Ia profondeur et it conviendra parfois ne diviser Ia fondation en plusieurs couches. 
des caractéristiques dc résistance et dc consolidation Ctant attrihuCes a chactine dc 
ces couches. Les valeurs les plus l'aih]es de la résistance rCsiduelle seront deter-
minées Iorsqu'il y a vraisemhlablement des surfaces dc cisaillcnicnt préexistantes. 
La position dc Ia surface de glissernent Ia ilus critique depend des caractCristiqucs 
dc Ia fondation argileuse ainsi quc des pressions inerstiticllcs prcvues. 

La prevision des pressions intcrstitie] es dms unc t'ondaiic.m argilcuse est trés 
dil'Ficile. Le dCvcloppcnient des prcssions interstitielles dCpencira de Ia vitessc dc 
chargemeni, des caractCristiques dc consolidation, des permCahilitCs horiiontales 
ci verticaics. de Ia position des couches clrainanics et des pressions interstiticllcs 



The shearing strains produced by seismic shocks in loose tailings can cause 
liquefaction and the shearing strains along a potential slip surface can result in 
considerable loss of shear strength which must be taken into consideration when 
assessing dam stability. Stability analyses are discussed in Appendix A. 

3.6. FOUNDATION CONSIDERATIONS 

Stability may be controlled by considerations of pore water pressures or OtLfl-  - 
dation conditions in cases where the natural ground that will be covered by the 
dam has strength characteristics that are inferior to those of the darn construction 
materials. This applies particularly to clayey foundation soils. The existing u indra 
ned foundation strength may he sufficient for a certain height of darn, but the 
increase of strength caused by consolidation under the increasing weight of the tai-
lings dam may he insufficient to maintain stability as darn height incieases. The 
predicted rate of construction of the darn, i.e. the rate of loading of the foundation 
especially if clay, must he compared with its predicted rate of consolidation. 
Usually rates of construction are slow enough to give time for stLfficient consoli-
dation of relatively thin lasers. but with thick layers of fat clay, consideration may 
have to he given to accelerating their rate of consolidation by use of vertical 
drains, installed during foundation preparation. Stability analysis involving a deep 
seated slip surface passing through a thick clay layer should consider the risk of 
progressive failure (Potts et at 1990) if the clay exhibits brittle behaviour. A geo-
logical assessment may indicate the probability of existing slip surfaces, left by 
old landslips, glacial action or downslope creep. Design would have to al low for 
only the lowest residual strength on such surfaces. The shearing stresses induced 
in the clay can he reduced by icducing the angle of the downstream slope of the 
dam and stability can he improved by the use (if available materials exist) of a 
heavy rockfiLl starter dam keyed deep into the foundation clay layer to form a 
heavy toe. 

The strength parameters for foundations on clay should be determined from 
in silu tests or laboratory tests on undisturbed samples taken from the whole depth 
of the strata. There may he variations with depth and it may he convenient to divi-
de the foundation into several layers. each allocated specific strength and consoli-
dation characteristics. Lowest values of residual strength should he determined for 
use where pre-formed slip surfaces are expected to he present. The position of the 
most critical potential slip surface is likely to he controlled by the characteristics 
of the clay foundation, combined with the predicted pore pressures. 

The prediction of pore pressure in a clay foundation is very difficult. The 
developed pore pressures are controlled by rates of loading, consolidation charac-
tel -istics. permeahi I ities in horizontal and vertical directions, position of drainage 
layers and the pore pressure transmitted from the overlying tailings impoundment 
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provenani du barrage et de La zone de dépât des striles. Ii esi ccrtes indispensable 
de faire des previsions sur les pressions intersiitiellcs pour l'tahlissement do pro-
jet du barrage de stériles mais. on doit égaLement mesurer les prcssions intersti-
tidies réelles au cours de a construction afin de verifier Ia validitd des previsions 
et de pouvoir modifier, Ic cas échCani, Pa conception initia]e en vue dc garantir la 
sdeuritd et dassurcr un comporiement satisfaisant du barrage ci de hi retenue de 
stockagc des stériles. Les appareils de mnesurc des pressions interstitielles. etc. sont 
examines en detail par Dunnicliff (1988). 

Les sols sahicux et les sols contenant des couches de sable on de sable-gra-
vier facilitent Ic drainage de Ia base du remhlai et des stCriles stockds. Lorsque ces 
sols soot compacts, us COnstituent one fondation resistante. Cependant. si  I'eau 
drainCc provenant des stériles est idgCrcment toxiquc, ii est parfois ndcessaire de 
collecter Ics ecoulements horizontaux clans des puits filirants, espacCs de façon m 
capter tootes les percolations, ou de construire des murs paraloui lies dans Ic sol 
afin de couper l'dcouiement horizontal et Ic dirigcr vers un fossé OU on petit has-
sin aval, l'eau ain.si colleciCe dtant retOulnCe a Pa retenue de stoekage ou a i' usne 
dc traitement, par pornpage. 

Lorsque les fondations contiennent de fortes epaisseurs de gravier 00 qu'e lies 
sont constituCes de roches très fissurées ou karstiques. les murs paraiouilles ou le.s 
puits filtrants peuvent savérer insuflisants pour empCclier Ia pollution de Ia nappe 
phrCaliquc par l'eau draindc. Si Ic clegre dc toxicité qui en rCsulte pour la nappe 
plireatique est inacceptable, ii sera néeessaire dc rnettre en place un tapis irnper-
inCahle sur toute La surface devant Cire reeouverte par I a reteii me de stockage des 
stCriles (voir paragraphe 4.3.2). 

3.7. PRISE EN COMPTE DES SEISMES 

Le coneepteur d' on barrage de stéri ics devra prendre en consideration a) le 
niveau dc sCismicitC do site, h) Ia capacitC du barrage dc stCriles propose a rCsis-
icr aux charges sismiques prCvues. c) La situation de a retenue de stockage par rap-
port aux zones ci' habitation. d) 1 existence (1 LLI1 plan d' alerte ci de secours local. 
Le Bulletin 98 (1995) << Barrages de stéri Pes et sCisniicitC > trade tie ces problCnies 
ci présente one synthèse des connaissances aetuel les. 

3.8. CONCEPTION DES BARRAGES CONSTITUES 
PRINCIPALEMENT DE STERILES 

Lorsqiue hi retenue de siockage est situCe a quelque distance de Ia source de 
stCriles et aim d'Cviter des eoits ClevCs de transport par camnions, il sera souvent 
economique de construire Ia plus grande panic do barrage en utilisant des stdriles 
achenunCs par voie hvdraulique. Menlo s iL v a on surplus Lie dCblai a ILI mine ou a 

imsine de production. 

La convenance des sténiles comnie matCniau dc construction depend do type 
de roche dont ils sont issus. du degrC de broyage ndccssaim -e i I 'extraction des 
Indtaus, ct des effets du traitcment chimidlue utilisC clans Ic procCdé dextraction. 
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and darn. While it is essential to make predictions of expected pore pressure to 
enable design for the proposed tailings clam to evolve, the actual pore pi -essures 
developed must be measured during construction to check on the accuracy of the 
predicted values and to enable modifications to he made to the initial design to 
ensure safety and a satisfactory behaviour for the tailings darn and impoundment. 
Instrumentation to measure pore pressures, etc. are discussed in detail by 
Dunnicliff (1988). 

Sandy soil and ground containing layers of sand or sandy-gravel can he of 
benefit by improving drainage from the base of an emhankrnent and from the 
impounded tailings. When dense. this type of soil provides a strong boundation. If. 
however, the drained leachate from the tailings is slightly toxic, it may he neccs-
sai'y to collect horizontal flows into filter wells, spaced so as to trap all the lea-
chate, or build cut-oil walls in the ground to intercept the horizontal flow and 

bring it tip into a downstream collecting ditch or small reservoir, to he pumped 
back up on to the impoundment or directly to the processing plant. 

When there are great depths of gravel or the underlying rock is very fissured 
or kar stie, vertical cut-offs or filter wells may not he sufficient to prevent the pol-
lution Of ground water by draining leaehatc. If the degree of toxicity produced in 
the ground water is unacceptahie. it will be necessary to form an impervious laser 
over the whole area to he covered by the impoundment. (see Section 4.3.2.). 

3.7. EARTHQUAKE CONSIDERATIONS 

The designer ob a tailings darn will wish to take into consideration a) the level 
of seismic activity that may occur at the site, h) the ability of the proposed tailings 
darn to survive pi'edicted shock induced loadings, c) the proposed siting of the 
impoundment relative to areas o I' habitation and d) the cxi stance of a local errier-
gency plan. Bulletin No.98 (1 99) 'Tailings Dam: and Seismicity' deals with these 
problems and gives the current state-of-the-ai't on the subjcct. 

3.8. THE DESIGN OF DAMS coNs'rRUcTFI) MAINLY 
FROM TAiLINGS 

In situations where the storage lagoon has to he situated some distance from 
the source of the lailings it may he more economic to construct as much of the dam 
as possible from hydraulically transported laihings, even thoLigh thei'e may he a 
surplus of waste fills at the mine or production plant, to avoid haulage costs. 

The suitability of tailings as a construction material depends on the type of 
rock from which they were derived, the degree of grinding required for extraction 
of the metals and the effects of chemical treatment used in the extraction process. 
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C:omme indiqué au chapitre 3.4., Ia granuloinétrie des stériles niiniers est 
comprise généralement cure 2 mm Ct 0,0005 nun, c'est-à-dire qu'cIle recouvre les 
categories sable ou sable fin, silt et argue dans une certainc mesure. Les propriC-
tés mCcaniques des stériles dependent des dimensions, de Ia granulomCtrie et de La 
forme des grains. Les stériles qui prescnteront Ia plus grande résistance et Ia plus 
forte capacité de drainage (qui conviendront done Ic mieux a Ia Construction du 
barrage) sont his ClCments les plus grossiers : sable, sable fin et silt grossier. 

Un prohlèrne auquel est souvent confronté Ic conccptcur d'un nouveau projet 
cst hi connaissance des propriétés probables des stCriles devant Ctre produits. Pour 
l'Ctude prCliminaire, il pourra utiliser les propriCtCs de stCrilcs identiqucs produits 
ailleurs a partir de procCdCs comparahies. NCanmoins, comrne cela a déjà été mdi-
qué. La cadence relativement lenic dc construction des barrages de stdriles permet 
d'apporter des modifications a La conception initiale au Cours des travaux, en N ue 
d'améliorer Ia construction. 

3.9. BARRA(ES CONSTRUITS PAR LA METHODE AMONU 

3.9.1. La plage 

La réalisation d'une plage est Ic procCdC traditionnel pour utiliser Ia fraction 
grossière dc stériles dans La construction du barrage. En théoric, la boue de stériles 
déversée au sornmet de La plage s'écoule. sous La forme dunc riappe mince uni-
forme. veis Ic has dc Ia plage Ia categoric < sable >> se depose stir la prenuièrc par-
tie de La plage, Ia categoric << silt grossier >> sur La deuxièinc partie. seules les catC 
gories << silt fin '> et << argite >> Ctant transportées au dclà de l'cxtrémité infCrieure 
de La plage et pCnCtrant dans Ia retenue d'eau. En pratiquc. Ic mouvcment deltaIque 
de La bone dCversCe par his buses (spigots) préscute une configuration cornplexc, 
se conlornuant largernerit a Ia thdorie, mais transportant quelques nlatCriaux gros 
sicrs dans Ia retdnue, cc qui pcut concluire a un depOt trés stratifiC en forme de 
feuillcts coinprimCs. Dc cette taçon. les Cléments solides constituent hi plage et 
.surélèvent son niveau, tandis que I caLl ayant servi au transport. contcnant encore 
les particules les plus lines. s'écoule dans La retenuc. En raison de Ia lente pro-
gression des particules fines Ic long de Ia retenuc, leur sedimentation esi suffisan-
tC poor constituer une mare d'eau relativcrncrit claire a lextrCmitC dc Ia retenuc. 
Cctte can qui pcut encore contenir des matières dispersives et autres produits chi-
miques sera avantageusenient retournCc, par pornpagc, ii l'usine dc traitement pour 
réutilisation. La sedimentation des fines .sous l'eau produit des vases. constituant 
une masse de matériaux de faible densité et de structure sans consistance. La for-
mation dc telles plages a été étucliCe en detail par Abadjiev (I 985a) et Blight 
(1987). 

Etant clonnC que La dimension des particules diminue a partir du talus aval en 
allant vers l'aniont. Ia perniCahilité diminue done. It en rCsulte un ahaissement el 
une modification de Ia forme de Ia ligne de saturation dans Ic remblai par rapport 
a celle correspondant a un remhlai de perméahilitC homogène. Cct effet amCliore 
La stahilitC et contrihue a cx p1 iquer Ia honne tenuc d'un grand nombre de barrages 
anciens construits par La mCthode amont. Cette question est cxaminée en detail 
dans Ic Bulletin 97 << Barrages de stCriles - Conception du drainage >>. Annexc A. 
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As described in Section 3.4, particle sizes found in mine tailings usually lie 
between 2 mm and 0.0005 mm. i.e, they have the sizes of sand or fine sand, silt 
and some clay. The mechanical properties of the tailings arc affected by the sizes, 
distribution of sizes and on the shape of the particles. Those tailings which will 
form fill with the greatest potential strength and greatest ability to drain (the most 
suitable for dam construction) arc those with the larger sizes: sand, fine sand and 
coarse silt. 

A problem frequently facing the designer of a new project is that of knowing 
the likely properties of the tailings that are to he produced. His initial design may 
he based on the properties of similar tailings produced frorn similar processes 
elsewhere. Nevertheless, as has already been mentioned, the relatively slow rate of 
construction of tailings dams provides the opportunity for changes to he made to 
the original design concept during development, to ensure the most suitable 
construct ion. 

3.9. DAMS CONSTRUCTED BY THE UPSTREAM METHOD. 

3.9.1. The beach 

The use of a beach is the traditional way for obtaining the coarsest fl -action 
from the tailings for dam building. In theory the tailings slurry released at the top 
of the beach spreads out as a unilormn thin sheet which flows down the beach at 
such a rate that the sand sizes r settle out over the first pat of the beach, the coarse 
si It over the second part and only the fine si It and clay are carried beyond the lower 
end into the liquid pool of the impoundment. In practice, the deltaic movement of 
the slurry, discharged from the pipe spigots. produces a complex pattern, confor-
ming largely to this theoretical principle but carrying some coarser material into 
the body of the impoundment producing eventually a highly strati lied deposit not 
dissimilar to a conipressed leaf like structure. In this way the solid particles build 
up the beach and raise its level, while the transportation water, still carrying the 
linest particles flows into the body of the impoundment. As it progresses slowly 
over the length of the impoundment the tines settle sufficiently to leave a poo] of 
relatively clear water at the far end of the impoundment. This may still contain dis-
persive and other chemicals and can, with advantage be pumped back to the plo-
cessing plant for reuse. The sedimentation of the fines under water produces the 
slimes, a mass of low density material with a very loose structure. Ahadjicv 
I 985a) and Blight (1987) have considered beach formation in detail. 

As the particle size decreases from the downstream slope with the distance 
upstream, so the permeability decreases. This has the effect of lowering and alte-
ring the shape of the phreatic surface in the embank ment from that which it would 
have had if the nialerial had been of a homogenous permeability. This effect 
improves stability and helps to explain the stability of many of the early upstream 
types ot dams. It is an aspect fully discussed in Bulletin No.97 (1994) 'Tailings 
Dams: Design ol Drainage'. Appendix A. 
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3.9.2. Paraniètrcs de résistance 

En règle générale, on peut s'attendrc ii une diminution des valeurs des para-
metres de résistance an cisaillement avcc Ia reduction des dimensions des parti-
cules et hi reduction de densitC. Parmi tous les matériaux intcrvcnant, Ic sable 
grossier constituant le paremcnt extéricur dLi bai -rage prCsentera Ics valeurs les plus 
ClevCcs pour les paraniCtres de résistance, en partie a cause de In presence de gros 
élCmcnts, en pai'tic i cause d'une densité plus Clevée qul pcut Ctre augmcntCe par 
conipactage mecanique. Les valeurs des parametres de résistance tendent a di mi-
nuer an fur et C mesure c]ue I on pCnCii -c dans Ic corps de Ia retenue de stockage, 
du Unit de a reduction de in mule des particuics et des densitCs plus I'aihles SOU-
vent trouvées C une certaine distance du point de dCversemcnt. 

Lamélioramion de Ia densitC. qLii permet d'amél iorer La stahii itC em d'augnien-
ter Ia capacimC de stockage de rCsidus dans un volume donnC, est done un aspect 
important La résistance aux séismes scra heaucoup ameliorec si Ia densitC peLit 
Cmre augmentCe au-dcssus de La valeur critique. Klohn et al. (1981)   ci Mitchell 
(1981)   ont examine i ' utilisation (lexplosits pour accroitre a densitC de stCriles 
]Cches. S i] cst intCressant damCliorer hi densitC des stCriles constituant un barra-
ge construit par Ia mCtUiode amont, les explosils, par contre, peuvenm dCtCriorer Ic 
dispositil de drainage. Pour Ic corps de hi retenuc de stockagc, ii sent cependant 
avanmageux dauginentcr Ia masse volumique des stériles stockes et rCduirc Ic 
risque de liquCfaction. 

Avant in construction, on Cvaluc. C partii' dcssais en lahoratoire, Ia valcur de 
' pour divcrses fractions granulomCtriques des stCriles. Les Cchantil]ons destinCs 

aux cssais seront prCparés C diverses densites relatives. par exemple de 20 % C 
80 hi, en vue d'ohtenir unc plage (IC valcurs pour '. Au stade de lCtude piClimi-
naire, on estimcra I'étendue des 7011es de matCriaux de diverses granuloniCtries Ct 
leurs densitCs relatives. Des mCthodcs destinCes C évaluer les caractCristiqucs phy-
siques des stCriles mis en depOt out etC donnCcs par Abadjiev (I 985a). 

II esi pen probable quc La stahilitC soil critique an cours des premieres Ctapes 
dc construction. Des essais in situ scront exCcutCs pour dCcrniiner les densitCs et 
les granulométries rCeilcs dans Ia panic hasse do barrage. et  ohtcnir une nouvelle 
eslimation des paramCtres de résistance. On petit utiliser des carottiers du type a 
piston >> pour prClever des echantillons relativcment non reman iés dans des forages 
que l'on maintient remplis dune houc de forage de densité lCgCrcment supCrieure 
C celle des houes de smCriles. A cc stade, uric nouvelie elude pent dCmontrer la 
nécessitC d'appormer dc !CgCres modilications C in conception iriitiale ci d'adapter 
les mCthodes de construction (voir cliapitre 4) en vue d'ohtenir les résultats requis. 

3.9.3. Pressions interstitielles et drainage 

Un contrOle adéquat ct cuLicace de I'eau est ohligatoire pour assurer Ia sécuni-
tC des barrages construits par la méthodc amont. La piupart des ruptures survenues 
sur des barrages de cc type ont etC dues C[eau provoquant des erosions ou des 
pressions interstitielles iriacceptahies. 

Un contrôLc est nCcessaire pour empCchcr La retenue d'eau d'empiCmcr sur In 
plage. Si i'évacuation de i'eau cst Limitée par une rupture du dispositif de dCcan-
tation, ou s'iI y a une augmentation excessive des apponms par suite d'unc 

106 



3.9.2. Strength parameters 

As a further generalisation, the values of the shear strength parameters may 
be expected to decrease with reduction of particle size and reduction of density. 
The strength paramcicrs for a coarse sand forming the outer face of a darn will he 
the highest in value of all the constituent materials partly because of the presence 
of larger particles and partly because of greater density, which may have been 
improved by mechanical compaction. Strength parameters tend to decrease with 
distance into the body of the impoundment due to the reduction in particle size and 
the lower densities often found distant from the point of deposition. 

Improving density is an important aspect both in improving stability and 
enabling more waste to he stored in a given volume. Resistance to earthquake 
would he greatly enhanced if density could be increased above the critical value. 
Klohn et a! (1981) and Mitchell (1981) have discussed the use of explosives to 
improve the density of loose tailings. While it would he valuable to improve the 
density of tailings forming a dam constructed by the upstream method, explosives 
could damage the drainage system. resulting in an adverse effect. For the body of 
the impoundment. however, it could he advantageous in giving increased weight of 
storage and reduced risk of liquefaction. 

Prior to construction. an assessment can he made of the value for ' for the 
various grain size fractions of the whole tailings from laboratory tests. These 
should he determined from samples prepared at varying relative densities to defi-
ne a range of 4' values for relative densities of, say, 20% to 80%. At the initial desi-
gn stage. estimates can he made of the expected extent of zones of materials of 
various grain sizes and of their relative densities. Methods for estimating the phy-
sical characteristics of deposited tailings have been given by Ahadjiev ( 1985a). 

Stability during the first stages of construction is unlikely to he critical. In situ 
tests can he carried out to determine the actual densities and grain sizes found in 
the lower part of the dam, and to obtain a further assessment of strength parame-
ters. Piston samplers may he used to obtain relatively undisturbed samples for 
laboratory testing from horeholes kept full of a drilling mud of density slightly 
greater than that of the slimes. Further analysis at this stage may show the need for 
slight alterations to the initial design and adjustments made to the methods of 
construction (considered in Chapter 4) to achieve the required results. 

3.9.3. Pore pressures and drainage 

Adequate and effective control of water is imperative to the safety of dams 
built by the upstream method. The majority of the failures of these type of dams 
has been due to water, causing erosion or undesirable pore pressures. 

Control is required to prevent the water pool from encroaching upon the 
beach. If the outflow is restricted by failure of a decant system, or inflow increases 
excessively due to failure of a diversion system or as a result of an exceptional 
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défaillance des ouvrages de derivation on a cause d'une crue exceptionnelle. ii 
pCut y avoir ruptLlre dLI barrage causCe par la montee du niveau dean et par des 
percolations excessives, avant que Ia crete soit elle-mCme suhmergée. 

La ligne de saturation qui, loin du remhlai, CSL an niveau de Ia retenue d'eau 
sera maintenue it l'intCrieur du corps du barrage, pour Cviter toute instabilitC pun-
vant sc manifester Si cette ligne atteini le talus aval. entraInant une erosion dc cc 
talus. Dans Ic passé, des barrages de faible hautcur ont etC construits sans disposi-
tif particulier de drainage fondCs sur Un sol sec. permeable, ces barrages ont en 
un comportement satisfaisant. Mais. sur des sols de faible permdahifitC ou sil est 
nCcessaire de surClever Ic barrage au-dessus de sa hautcur initiale de projet. Ia 
ligne tie saturation peut s'Clevcr et intersecter Ic talus aval. Dans ces conditions, 
l'eau interstitielle commencera it sortir snr Ic talus ci Ics contraintes effcctives ris-
qnent d'être suffisamrnent rCduites pour permettre Ic dCveloppement de petits 
cercics de glissement. Ces lignes de glissement pCnCti -ent en arrière dans des zones 
de pressions interstitielfes plus élevCes, favorisant ai nsi Ia naissance tie glisse-
ments plus Ctendus et plus profonds des mesures inimCdiates - misc en place tic 
couches de matériaux drainants et filtrants, char gement de pied - doivent Ctre 
prises pour Cviter une rupture progressive sCrieuse. La conception des nouveaux 
barrages, construits par Ia méthode aniont. dcvra coinprcndre des mesures appro-
priCes tie drainage. 

Le dispositilde drainage mis en place dans les stCriles au cours tie Ia construc-
tion est vital pour Ia stabilitC des barrages exCcutCs par Ia mCthodc amont. La 
conception dun dispositif très efficace nCcessite heaucoup de sum, de mCme que 
pendant les travaux aim d'Cviter des dCfauts tie construction ci Ic colmatage du 
dispositif. Un drainage efficace est tine assurance it has prix, car il est Lrès diffici-
Ic tie faire des reparations dans lcs Ctapes ultCrienres dc Ia vie du barrage. 

La conception dLi drainage est IraitCe en cICail dans Ic Bulletin 97 << Barrages 
de stCriles - Conception dLi drainage >> 	examine aussi Ia conception des filtres. 

Tine faiblesse petit rCsulter dc l'accurnulation de hones imniCdiaterncnt a 
l'umont clu rcrnblai d'amorce an cours des preniières Ciapes de Ia construction. En 
gCnCral. ces bones ont tine valcur ' infCrieure a celle de la fraction grossiCrc titi-
Ii sCc pour Ia construction du barrage et tendent a engendrer tics pressions i ntersti-
tidIes positives sons I 'diet des deformations tic cisaillenient. Dans cctte situation 
reprCsentCe par A dans Ia Fig. A.2. ces boucs peuvent se situer sur Ic trace d'une 
ligne de glissement profondc, lorsque Ic hai -rage s'approche de sa hauteur totale. 
11 y it egalement une reduction importante de Ia résistance du barrage vis-a-vis tics 
forces sismiques. L'adoption d'un tapis drainant prolongeant Ic remhlai damorcc, 
comme recomniandc dans Ic Bulletin 97, perrnet deviter cette situation. Plus Ia 
zone de matCrian grossier compactC ci bien drainC. Ic long du trace dune ligne tie 
g lisseinent potentielle, sera étendue. plus Ic barrage sera stable. 

En résumé, on pent i ndiqner qu' une honne construction par Ia niCthode arnoni 
nCcessile 

• des stCri Ics conlenant uric fraction grossicre adequate, 

tin reinhlai d'amorce prolongC par un tapis. 
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flood, the dam may fail as a result of rising water level and excessive seepage befo-
re the crest is itself overtopped. 

The phreatic surface, which remote from the embankment, is at pond level, 
should he contained within the body of the dam, to avoid the instability that can 
be caused should it reach the downstream slope and begin exit erosion. In the past, 
low dams have been built without special drainage measures and when on dry, per-
meable ground, have been successful. But on ground of low permeability or if the 
riced has arisen to raise the dam above its original design height, the phreatic sur-
face may rise and intersect the downstream slope. In these circumstances pore 
water will begin to drain from the face of the slope and effective stresses may he 
sLifficiently reduced to allow small rotational slips to develop. These cut hack into 
regLons of ever higher pore pressures, so that larger, deeper slips occur and imme-
diate remedial action of applying layers of lilter drainage material and toe weigh-
ting may become necessary to avoid progressive, serious failure. It is very impor-
tant that the design of new dams, if constructed using upstream methods, should 
incorporate adequate drainage measures. 

Drainage, built into the tailings during construction, is essential to the stabili-
ty of dams built by the upstream method. Careful design is required to produce a 
fully effective scheme, and the greatest care is needed during construction to pre-
vent faults and blinding from occurring. Effective drainage should he viewed as 
cheap insurance, because it is very difficult to do some form of remediation in the 
latter staes in the life of the dam. 

The design of suitable drainage is dealt with in greater detail in Bulletin 
No.97, 'Tailings dams: design of drainage', which also discusses the design of fil-
ters. 

Weakness can he caused by allowing the slimes to accumulate immediately 
upstream of the starter darn during the early stages of construction. In general this 
material has a lower value of ' than the coarser fraction used for dam construc-
tion and tends to develop positive pore pressures under shearing strains. In this 
position, shown by A in Fig. A.1 it can lie on the path of a deep seated slip surfa-
ce as the dam approaches full height. It also considerably reduces the resistance of 
the darn to seismic fi)rces. The use of an extended drained toe for the starter dam, 
as advocated by Bulletin No.97, can avoid this situation. Clearly the greater the 
extent of compacted. well drained coarser material along the path of any potential 
slip surface, the more stable the dam will be under any circumstances. 

In summary, it can he said that good upstream constuction requires: 

• tailings containing an adequate fraction of coarse sizes 

• starter dam with an extended toe 
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• l incorporation d' uii boo drainage. 

• l'adoption d'une plage de grandc largeur. 

3.10. BARRAGES CONSTRUITS PAR LA METHODE DES BASSINS 
(ENCLOS) (VO1R CI-LAPITRE 2.2.2. F3 ) 

Cette méthode tie Construction convient aux striles lie contenant pas de frac-
tion grossière, pour La constitution de retenues de stockage tie dimensions mode-
rees cue a été très uti1ise dans les mines d'or. en Afrique dii Sud. Elle est par-
laitement adaptec aux clirnats secs, avec un fort degrC d evaporation, et aux sites 
relativement plats. II n'est pas necessaire de sCparer les diverscs categories granu-
lornCtriqucs, de sorte que ni plagc ni cyclone ne sont requis. Les stCriles des mines 
dor soot gCnCralenient des silts de dimension assez unifornie Ic minerai est 
concasse et hroyC ii cette dimension potn -  obtenir I exUaction maximale d'or. La 
résistance dans Ic barrage sc dCvcloppe au fur ci mesure que l'eau ayant servi au 
transport sevapore des couches de hones, tie faihie Cpaisscur, exposees a lair dans 
les hassins (enclos). Les stCriles contenant une categoric grossière d'ClCments pen-
vent entralner tine stratification horizonta]e avec iisque de percolation dean 
depuis Ia retenuc de siockage, et d'érosion interne. comme cela s'cst produit a 
Bafokeng (Jennings. 1979). Du fait que La consolidation est influencCc par Ic 
séchage, des couches drainantes a l'intCrieur du rernhlai prCsentent tin inconvé-
nient, de [cau risquant de pénétrer dans dLL remhlai Sec. 

En vuc de maintenir Ia ligne (Ie saturation suffisammeni CloignCe dii talus 
aval, un large [apis filtrant-drainant sera mis cii place stir Ia fondation avant Ic 
debut de Ia construction du barrage. l.a conception dLl filire exige heaucoup dc Soil] 

afin dévitcr son colmatage par les ClCments fins des stCrilcs. Ce prohlème de 
conception esi traitC cn detail dans Ic Bulletin 97 Barrages tie stCriles - 
Conception tin drainage 

La plupart des premiers barrages construits par cene rnCihodc en Afrique do 
Sud n'avaient pits de tapis filtrant-drainant ci compluient sur Ic nivean très has de 
a nappe phréatique et Ia permCabilitC du terrain naturel pour assurer Ic drainage. 

A cette Cpoquc, des considerations environnementales n'ohligeaient pas a prendre 
des mesures pcur empCcher La petietralion dc Fcau de drainage dans le sol. 

Les talus extCi'icurs des harrages construits par Ia niCihode des hassins neces-
sitent unc protection contre I 'erosion par Feau ci le vent. Le ravinement sera réduit 
en prevoyant des risbermes sCparCcs par des talus relativeinent raides. Une pente 
moyenne de I sur 2, de stahilitC satislaisante, pourra Ctre ohienuc en plaçant des 
rishcrmes bus les 10 in de hauteur, séparCcs par des talus de pente I sur 1. Les ris-
bermes auront une petite transversalc de I 'ordre de I sur 60 vers I' intCrieur, avec 
un caniveau revêtu dispose Ic long dii hord interne et reliC a un Luyau du système 
de drainage. 

11 est nécessaire de prCvoir une protection supplCmentaire pour eunpCcher 
lCrosion par Ic vent et Ia pluic, risquant d'ohstruer les caniveaux, cc qui nécessi-
Icrait un nettoyage rCgulier. La rCalisation d tine couverture vCgCtaic cst Ia 
nieilleure solution, mais dIe ncst pas toujours possible an cours dc Ia construc-
tion : on petit donc envisager des mesures provisoires, telles qu'une LCgCre indura-
tion des niatCriaux par application tie produits chimiques. 
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• the incorporation of good drainage 

• use of a beach of considerable width 

3.10. DAMS CONSTRUCTED BY THE 'PADDOCK" METHOD 
(SEE SECTION 2.2.2 F3 ) 

This method of construction is suitable for tailings containing no coarse frac-
tiorl, to form impoundments of moderate sizc. and has been used extensively at 
gold mines in South Africa. It is well suited to a dry climate with high rates ol eva-
poration and relatively flat sites. It is not necessary to separate grain size fractions 
so neither beach nor cyclone are required. Gold mine tailings tend to he of a lair-
ly unilorni silt size: the ore is crushed and ground to this size to obtain the maxi-
mum exti -aclion of gold. Strength in the darri is developed by pore water suction as 
the transportation water evaporates from the thin layers of slurry exposed in the 

flat paddocks. Tailings containing a coarser fraction may cause horizontal layering 
that can conduct water from the i nipoundment and lead to piping, as occurred at 
Bafokeng, described by Jennings (1979). Because consolidation is influenced by 
drying, drainage layers within the fill can he a disadvantage and may carry water 
into the otherwise dry Ii II. 

In order to keep the phreatic surface some distance away from the downstream 
face, a wide filter drainage blanket should he placed on the foundation surface, 
before dam construction begins. The 1111cr requires the most careful design to pre-
vent it becoming clogged by the fine tailings. This aspect of design is fully cove-
red by Bulletin No.97 (1994) 'Tailings Dams: Design of Drainage'. 

Most of the earlier dams built by this method in Sotith Africa did not have fil-
ter drainage blankets and relied on the very low water table and permeability of the 
natural ground to provide downward drainage. Environmental considerations in 
those limes did not require measures to he taken to prevent the drainage of pore 
water into the ground. 

The outer slopes of paddock dams require protection againsi water and wind 
crosioFl. (iullying can he reduced by providing berms. with relativaly steep slopes 
between them. A safe average slope of say 1 on 2 can he constructed with berms 
typically every 10 iii vertical height. with slopes of I on 1 between them. The 
herms should have an inward slope of about I on 60 with a lined gutter along the 
inner edge connected to a piped drainage system. 

Additional protection is required to prevent wind erosion and erosion by rain-
fall, that tends to block the gutters, which require regular cleaning. The establish-
ment of vegetation cover is the best solution but this is not always feasible during 
construction, and temporary measures, such as chemical spraying to provide lighi 
cementing may he considered. 



Dii fait quc leur construction nécessite un gros travail, Ics barrages exécuts 
par Ia méthode des hassins, dii type sud-africain, n'ont pas Ia préldrence pour les 
nouveaux barrages. On dolt cependani fluter quc les hassins. réalisés au nloyen 
d'engins de terrassenient, oat éé incorpores dans La con stnuction d'autres types de 
barrages de stériles. conirne indique au chapitre 4.5.1. 

3.11. BARRAGES CONSTRUITS PAR LES METHODES AVAI, 
ET DE L'AXE CENTRAL (VOIR CHAI'ITRE 2.2.2. E 1 , E,) 

Ces mélhodes de construction conviennent aux stériles contenant tine propor-
tion élevée ile matériaux de Ia categoric grossierc. Les stCniles grossiers déversCs 
par les hydrocyclones acquièrent une densité relativenieiit élevéc. Ions de leur 
dépôl, sous I 'efiet du drainage de l'eau. I a densité relative vane suivant ki nature 
du produit er peut étre de l'ordrc de 50 5- .Sur centains amCnagements, cette den-
site, ainsi cjue Ic drainage de La Lone, permeltront das,urer Line protection satis-
laisante contre Ic risque de liquelaction. Sur dauties amCnagements oü Ic risque 
sismiquc est élcvé, Ia densité est foible ct/ott Ic drainage est ninins efficace, ii est 
parks nécessaire defiectLler un conipactage mCcaniquc des matériaux dCposCs, 

I.e drainage de L'eau a travcrs Ia tone de stCriles grossiers. till cours de lit misc 
en depat, ainsi quc les chutes de p1 uie ci lil perco]alion d'cau depuis I amont du 
remhlai, peuvent conduire ñ inc accumulation d'eau a Ia base de Ia zone. Un dis-
positif de drains-fl Itres est nCcessairc pour Cvacuer I cau afin dCviter In lorniation 
de pressions interstitielles. Dc plus, un massif dc pied en enrochenient ou gravier, 
séparé desstCriLes par Liii tapis filtrant. est souvent incorporC pour éviter que La 
base ne devicnne un hourhier. 

Lorsque Ia prop.rtion de stériles grossiers sCparés pir I' hydrocyclone esi 
insullisunte pour maintenir Ia construction du remblal en avance par rapport au 
niveau de Ia relenue de stuckage, ii est parfois nécessaire de completer In zone de 
stériles par line zone constiuée de remhlai d'cniprunt, atm dacc6IC1er La Construc-
tion dti rembLai. 

On peut utiliser les techniques ESA (effective stress analysis-ealcul en 
contrai nies elTectives) pour la déteriiination des angles des talus atnont et avid. 
L.orsque Ia londarion est de résistance trés laiblc. Ia ligne de glissemcnt Ia plus en-
tique pent traverser les fines de Ia retenuc et Ia tbnclation, mettant ainsi en danger 
tout Ic corps du barrage. La stahi lité sera alors aniclioree en adoptant des talus 
moms raides, en vue dClargir Ia base dti barrage, ou en charucant Ic pied cii vue 
daIIonger Ia ligne de rupture et augmenter Ia résistance dii barrage. 

Le talus amonr de ces barrages est soutenu par Ia pression appl iquee par 1,1 
retenue de stockage qui monte a peu prés a Ia niême vilesse que le barrage. I.e 
talus na pas it Ctre stable de lui-ménie ci, Wins Ic cas dune fondal ion résistanle, 
La Longueur d' tine I igne de rupture potenticlle traversant Ic barrage peut Cue faible 
tout en présentant un coefficient dc sCcuritC satisfaisant. Ce q permet un talus 
amont presque vertical. Des sccousses sismiques moycnnes it fortes peuvent 
entralner uric Liquefaction des I nes dans Ia rcicnue de stockage dans cc cas. Ic 
barrage doit Ctre capable de supporter Ia poussee horizontale supplémentaire 
iinposéc par Ic liquide dense dlui  scsi consl itué. A condition que les matériaux 
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Because of the nced for considerable labour for their construction, paddock 
darns of the South African style are not favoured for new dams. It should be noted, 
however, that paddocks, built with the aid of earthmoving machinery, have been 
incorporated in the construction of other types of tailings darns, as described in 
Section 4.5.1. 

3.11. DAMS CONSTRUCTED BY THE 'DOWNSTREAM' 
AND 'CENTREIJNE' METHODS (SEE SECTION 2.2.2. E 1 , E 2 ) 

This method of construction is suitable for taiIins containrng a considerable 
proportion of coarser fraction material. Coarse tailings dischare,cd from cyclones 
adopts a reasonably high density on deposition owing to the effect of the down-
ward waler drainage. The relative density varies with the product and may he in 
the region of 50 11c. In some projects this density, together with the drained condi-
tion of the zone, may he judged to provide adequate protection agai ist I ique Fac-
tion. In other projects, where the earthquake risk may he high, the density low 
and/or the drainage less e l'l'icicnt, it may be necessary to apply physical compac-
tion to the deposited product. 

The water draining through the ione of coarse tailings during deposition. 
together with direct rainfall and seepage water from upstream of the embankment, 
result in the accumulation of subsurface water at the base of the zone. A system of 
filter drains is needed to evacuate the water to prevent the build up of pore p's-
sures. Additionally a rocklill or gravel toe, with an interniediate Jilter blanket bet-
ween it and the tai Ii rigs, is frequently incorporated to ensure a secure base lice of 

slot i g Ii i n g. 

Where the proportion of coarse tailings which may he separated out by hydro-
cyclone is insufficient to pernhit the embankment construction to keep ahead of the 
rise of the impoundment level, the tailings zone may need to he supplemented by 
a zone of borrowed till material to speed up emuhanknient constrLmction. 

The angle of the upstream and downstream slopes can he designed using ESA 
(effective stress analysis) techniques. With a very weak Foundation, the worst slip 
surface may pass through the sl i mes of (lie i mupounduient and the lutrmidation, the-
reby endangering the whole body of the dam. Stability may then he improved by 
use of flatter slopes, to produce a wider dam base, or by toe weighting, to lengthen 
the path of a failure surface and increase the passive resistance of the clam. 

The upstream slope of these dams is supported by preu troni the i miipou nd-
ment, which rises at about the same rate as the darn. The slope does not have to be 
stable in its own right and. with a strong Foundation, the length ()i potentiil failu-
re surfaces passing through the dam to provide an adequate factor of' safet may 
he short enough to permit an almost vertical upstream slope. Moderate to severe 
seismic shocks can be expected to liquefy the slimes in the i nipoundment and the 
dam musl be able to withstand the additional horizontal thrust imposed by what 
becomes, in effect, a dense liquid. Provided the coarse material eomprisi rig the 
dam is sufficiently well drained and has been sufficiently compacted. shearing 
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grossiers coi1stivant Ic barrage soient suifisarnnicnt hien drainés ci conipactds, !es 
deformations de cisail lenient caus6es par Ic séisme provoqucront une diminution 
temporaire des pressioiis interstiticlles ci contribuei -ont ainsi a Ia stahilité vis-i-vis 
de ces forces transitoires. On peut avancer quc dcs secousses répétécs desserreront 
Ics ma(ériaux grossiers, de sorie qu aprés plusieurs séisrncs Ia stahi Fité do barrage 
sera réduite. Lc Bulletin 98 Barrages dc stériles et séismici(é > (1995) trade en 
(1etail de La conception sismique tie ces ouvragcs. 

3.12. BARRAGES CONSTRUITS AVEC t)ES REMBLAIS D'ENIPRUNT 
(VOIR CHAPITRE 2.2.2. A, B, C E1' D) 

Ces barrages sont ideniiqucs 1C CLIX créant one reicnuc dcau et les mdthodcs 
de conception appliquécs a ces barrages soot lraitées dans d'aulrcs documents. L.a 
plupart des kul lciins CIGB concerneni les clivcrscs questions Se rapporlant aux 
barrages avec retenue d'eau. Ct on pcui s'v référer aiisi qu aux nombreux manue]s 
coilsacres aces unvragcs. 
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strains caused by earthquake will cause temporary falls of pore pressure (suctions) 
and so assist stability against these transient forces. It can he argued that repeated 
shaking will loosen the coarse material so that after numerous earthquakes. the sta 
hili ty of the dam will he reduced. A fuller discussion of rlesigii against earthquake 
is given in Bulletin No.98 (1995) Tailings Dams and Seismici(y. 

3.12. DAMS BUILT FROM BORROWED FILL 
(SEE SECTION 2.2.2. A, B, C AND I)) 

These darns are essentially siniilar to the normal waler retaining type of darn 
and design methods used for these darns are adequately covered elsewhere. The 
majority of ICOLD Bulletins deal with various aspects of water retaining darns 
and can he referred to together with the many textbooks on the subject. 
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4. CONTROLE DES TRAVAUX 
ET EXPLOITATION 

4.1. POSITION L)U PROBIEME 

Les diverses industries dans Ic iiionde produisant UflC grandc variétd de si.d-
riles. et  deux sites n&ant pas absolument identiques. chaque I.arrage de stérdes 
con stitue un cas particulier. Aussi, nest-il possible que de discuter de géndralités 
ci dc donner des excinples caractéristiqucs. 

4.1.1. Conditions cliniatiques 

Un climat chaud Ci Line laibte humidité sonl très propices ü la construcliori du 
barrage. Les conditions climatiques étant irnposccs (cc soni celics existani a [cm-
placement du site industriel). dies liniitent Ic choix du type de Construction pos-
sible. Dons la mdthode de construction an moyen de hassins (enclos), ii est ndces-
saire que le climat soit see, avec, de prdfdrencc. un hon riiyonncmc.nt de la ehaleur 
solaic. Dans les clirnats I roids. huniides. lorsque les stériles sont uiilisi.s coinme 
lllotériau de construction. ii pcut étre nécessaire de prdvoir, dc tcmps en tenips, on 
remhlai stahilisatcur constitué de eravier on d'erirochcnient. 

4.1.2. Type de stériles 

II cxistc one giande varidtd de sldri Ecs cela va des solutions chimiqucs 
chaudes, qui se crislallisent en reiroidissant et nc conviennent pash Ia construc-
tion d'un harrae. a [a roche hroyée SOLIS torme ile sable anguleux préscntant dcx-
ccl lentes propridtés de résistance. de deformation et (IC drainage. (Tonipacte, cc 
sable constitue Un excellent Luatenau pour Ia construction do barrage. II exisic des 
barrages de retcitue deau. cOlislitliCs de rCsidus de sables provenanl des industries 
liii niCres, 

Le plus grand volume de slCriles est produit par lcs industries miniCies metal-
Ii lCres ct sc prCsenle génCralcmcnt sons Ia formc de roche concassCe qui a etC 
hroyéc jusqu'aux dimensions des categories sable ci silt. cousrant one plage de 
2 mm a 0,0005 mm. Du fait do broyage recent ci de Ia lbrnie anguleuse des parti-
citIes, le matcriau a des caracteiisiiqucs mecaniques superieures a celics des sables 
et des sills riaturels de mCme tzranuloinëtrie. Lorsquc Ic matériau est bien compac-
tC, il pent constituer un remblai très resistant. 

Des solutions chimidiLes CL autres stCrilcs tic cetle nature. de consistancc liqui-
de, soot parlois slockes derriere des barrages constituCs de remhlai d'emprunt, qui 
soot identiques otis harracs tradition nd s crCanl des retenues tleau. On examincra 
esseritiellenient [es barrages colislitucs principalement de stdriles dc Ia categoric 
granulométrique sable argileux-silicux. provcnanl d'une roche mere acceptable. 
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4. CONSTRUCTION CONTROL 
AND OPERATION 

4.1. GIVEN CONDITIONS 

Variations in the types of tailings produced by the wide variety of industries 
in the world and the fact that no two sites are exactly the same, makes every tai-
lings dam an individual. It is only possible, therefore, to discuss generalities and 
consider typical examples. 

4.1.1. Climatic conditions 

Warmth and low humidity can be a great assistance in dam construction. Since 
there is no choice (the climate iclating to the ]ocation of the industry) it can limit 
the type of construction that is practicable For successful paddock type construc-
tion, a dry climate, preferably with good radiant heat from the sun, is a prerequi-
site. In cold, wet climates, when the tailings are used as the construction material. 
some additional stabi using fill, such as gravel or rockfill may he required from 
time to time. 

4.1.2. Type of tailings 

The range of tailings produced is diverse from hot chemical solutions, which 
crystallize out on cooling and are of no use for dani construction, to crushed rock 
in the form of a sharp sand that has excellent strength. deforniation and thai rvage 
properties. When compacted it can form a very strong dam building material. 
There are examples of water retaining dams that have been built from waste sand 
from the mining industry. 

The greatest volume of ai hugs is produced by the metal mining industry and 
is usually in the form of crushed rock that has been ground down to the sand and 
silt sizCs, covering a range of about 2 mm to 0.0005 mm. The freshly broken, sharp 
nature of the particles gives the material strength characteristics superior to those 
of natural sands and silts of the same grading. When the material can be well com-
pacted, it can form a very strong fill - 

Chemical solutions and other liquid tailings of that nature may have to he 
retained by dams made from borrowed till that arc similar to traditional da nis used 
for water storage. Our main concern will he with dams built mainly from tailings 
composed of particles in the clayey-si ky sand size range derived from a competent 
parent rock. 
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4.2. OUVRAGES DE DECANTAT ION (VOIR CHAPITRE 2.2.6.) 

Parmi res pi'cmières tâches i accomplir sur un nouveau Site, ION de Ia prépa-
ration des fondations pour Ic barrage, figurent Ia preparation de hi fondaton et La 
construction de I'ouvrage de décantation on dii déversoir, (types d'ouvragc ddcrits 
au chapitre 2.2.6.). si Un tel dispositil cst nécessaire. Souvent, on préfère une sta-
tion de pornpage flottantc. 

4.2.1. Tour verticale et conduite sous rcmblai 

I.'emplaccnient de ILL tour Ct Ia longueur dc La condwie scront indiqués sur les 
plans de projet. La fondati on de La tour devra êtic é(udiée de façoii a réduire au 
minimum lcs tassenients sous Ic poids de Ia tour a .sa hautcLlr totale, on tenant 
Compic de Ia force resultant du frottcment négatif des stCriles sur La parol de Ia tour 
lors de leur tassement. Des tours speciales comipressibles reduiront les charges stir 
les londations. Lcs suls mis i jour ai cours des fouilles seront coniparCsavcc les 
rCsultats dCduits des reconnaissances sur Ic site, et toutes les differences seront 
signalCes au projetcur de façon a deli nir Ia prolondeur et les dimensions des 
fouulles avant misc on place du hCton. 

La conduite, qui frCqueniinent passe sous Ic barrage, sera instalide en turn-
chCc, souveut sur toutc sa hauteur, afin de rCduirc Ia pression cxercCe par les siC-
riles ci le barrage. Des joints seront prCvus sur Ia conduite afin de lui periTieltre, en 
toute sCcuritC. une lCgère ticxioni sous I 'efict des tasscinents dus aux charges ver-
ticales du barrage et dc Ia retenuc de stockage. ainsi c]u'uni allongcnient sons I 'cl-
fet des solticitations horizmtales. Coiume pour Ia fondation de Ia tour, les carac-
tCristiques du sol dCduites des iouilles de Ia tranchCe seront comparees avcc les 
rdsuliats fournis par les reconnaissanccs sur le site pour preciser hi protorideur des 
fouillcs. Lorsquunc roche dtire se trouvc pies de Ia surface, ii peut s'avérer Ceo-
nomiquc dc ne pas rCaliscr Ia tranchCe t Ia profondeur totale, mais, thins Ce cas, la 
conduite dcvra Ctrc calculCe pour supporter les charges supplCmcntaires. 

4.2.2. Coursier sur le versant de Ia vallée et conduite d'évacuation 

5' il existe 'i l'amont du barrage un versant de vallée parfaiteinent stable, on 
peut adopter un coursicr en penic au lieu dune tour vcrticale. Lc coursier est rCa-
lisC en tranchCc, clans un plan vertical, stir Ic versant naturel de a vallCe, avec Ia 
formc d' Liii U(Fig 17). 

II nest pas ndcessaire qtic I 'ouvrage de pied. assun -ant Ia liaison entre Ic cour-
sier et Ia conduite d'Cvacnation. soit massif conime clans Ic cas d' tine tour vertica-
Ic en effet. Ic coursier en penic, qLU sera solidemcnt fonde sur Ic vcrsant de Ia val-
lée, transmettra pCLI de charge a cci ouvrage de liaison. 

4.2.3. Conduite allongéc progressivernent 

Dans les petits aniCnagements ci vallée, on pent, a la place dune tour oh d'un 
coursier, faire remontcr Ia conduite sur Ic versaiit dc Ia vallée (ancicn lit de ruis- 
seati) et l'allonger an fur et fi mcsurc de Ia montcc dc la retenue dc stCriles. 

implantation ne Ia conduile clans tine tranchée prCscntc certes unc plus grande 
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4.2. DECANT ARRANGEMENTS (SEE SECTION 2.2.6.) 

Amongst the first tasks to he carried out on a new site, while preparing foun-
dations for the dam, is that of iou ndation preparation and construction of the 
dccant or overflow spillway systems, of the types dcscribecl in Section 2.2.6, if 
such a systems are to he used. Often a pump barge may he preferred. 

4.2.1. Vertical tower and culvert 

The position for the tower and length of culvert will he shown on the design 
drawings. The tower foundation must he designed to minimise settlements under 
the weight of' the future full height of tower, with an allowance for any downdrag 
caused by negative skin Inction under the action of the settling tailings. Special 
compressible towers will reduce Foundation loads. The soils revealed during the 
excavation must he compared with the type and depth obtained from the site inves-
tigation, and any variation discussed with the designer, to reach agreement about 
the depth and size of the excavation before any concrete is placed. 

The culvert, which frequently passes under the dam, should he placed in 
trench, often to its lull height to reduce the crushing pressure imposed by the 
tailings and the dam. Joints in the culvert should he designed to allow it to safely 
bend slightly due to settlements caused by the vertical loading from the dam and 
impoundment, and also to he elongated by horizontal strains. As for the tower 
foundation, the findings from the trench excavation must he comparcd with the 
assumptions made from the site investigation and agreement reached on the final 
depth. When hard rock is near the surface, it may not be economic to excavate the 
full depth of the culvert. but the culvert will have to he designed to withstand the 
additional loadings that will he imposed on it. 

4.2.2. Valleyside chute and culvert 

When there is a valleyside upstream of the dam that is completely stable. it 
may have been decided to use a sloping chutc instead ol' a vertical tower. It is 
constructed in trcnch on a vertical plane, oil the natural slope of the valley, in the 
form of a U. as indicated in Fig. 17. 

The foundation structure, where the duct joins the culvert, does not need to he 
as massive as that for a vertical tower because very little weight should he traris-
ferred to it from the sloping chute, which should he securely founded in the valley 
side. 

4.2.3. Extended culvert 

With smaller schemes in a valley, in place of' a tower or duct, the culvert may 
he carried up the sloping floor of the valley (old strearnhed) and extended as the 
impoundment rises.. While it is safer to bury the culvert in trench, when the desi-
gned niax i mum height of the darn is not too great, a pipe may have been chosen. 
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scurité cependant. Forsque a hauleur du barrage n'est pas trop grande, on petit 
elioisir un tuyau (Fig. 20). Lc (uyau Cst genéralement implante en tranchée lors-
qu' ii passe sous Ic barrage. pour réduire Ia pression verlicale a laquelle ii est sou-
mis ainsi quc ics contraintes horizontales resultant des dCftwniatioris norrnales du 
barrage. 

Plus loin du barrage, Li oi Ia hauteur des SECriles stockes au-dessus du tuyau 
est plus faible. ii peut Ctrc moms enterrC, jusqu'i cc que les autres tronçons. mis 
en place avant Ia monice des stCriles, soient simplement poses SLir unc hande de 
terrain decape. 

Po1 

c 
—t 

4,2,4. Pompe flottante 

tin inconvenient de Ia tour et do coursier en pente est quc Ic poinl de dCcan-
tation rcstc a unc distance Ilxc do pied du barrage. Cela peut gCncr Ia misc en 
(CL1VIC des dispositions pieues pour Ic dCpôt initial des stCrilc, ainsi clue  les opé-
rat ions ul lCricures de constrLiction du barrage ci (IC stockage des stéri les dans Ia 
retenuc. Des poriipes fiottantes pour I evacuation ile I eau de Ia retenue prCscncnt 
i,ine plus grande souplessc. 

A I a di iférence des on vrages de dccantation fixes, Ia capaci Ic des ponipes pcut 
Clre niodi liCe pour s'adaptcr aux conditions rCelles, an fur ci a mesurc que Ic volu-
me de Ia retenuc de stockage ci Ia hauteur du barrage augineiltent. Le retour ne 
I 'can 'I 1 'usine nCcessite moms d'Cnergic que son ponipage depuis Ic pied dii bar-
rage. 

Les ponipes ci les tuyaux ci evacuation sont iou ours accessibles, de sorte Clue  
les diftcuItCs susceptihlcs de survenir par suite de I ecrasement ou de l'ohturation 
ci une conduite, on de fuite.s risultant dc dCgãls provoques rr des tassements dii-
tCrentiels. sont Cli ml riCes. Des dispositifs non flottants. de lonctionnement sr, 
sont necessaires pour Cviter tout dyslonctionncmcnt qui pourrail resulter II' nil 
cchouage de Ia barge. 

En outre, Ic lieu de dCcantation pent Ctre dCplacC it volontC. cc  CILLi perniet de 
situer Ia leteilLie d'cau an mci Ileur endroii pour Ic dépét des stCriles et Ia construe-
non dii barrage. 
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as indicated by Fig.20. It is usual to place the pipe in trench where it passes under 
the darn, to reduce both the vertical pressure that will act on it and horizontal 
strains that could he imposed by the normal movements of the darn. 

Further away from the dam, as the height of the impounded tailings above it 
will he less, the depth of the embedment may become less, until the additional 
pipes, positioned in advance of the rising tailings, may he laid on a simple hcdding 
on to a strip of cleared ground. 

Fig. 2() 

Eiaeridcd eulvert dccaniinii urrangemeilt 

Condililf,  de,  tMI II/?IOIU)F1 0/10) ) C! p!()grCsci rein nor 

Stream hcd 	 Lii do tujoinu 
Pool 	 Relepme d 'eon 
SI imes 

4.2.4. Pump barge 

A disadvantage olboth the tower and the sloping chute is that the decant point 
will remain at a fixed distance from the toe of the darn. This can inhibit the arran-
gements made for the initial deposition of tailings and subsequent management of 
darn construction and impoundment control. Much greater flexibility is affoi -ded 
by the use of barge mounted pumps to remove the supernatant water. 

Unlike fixed decanting arrangements, the rate of discharge, and the capacity 
of the pumps, can he altered to suit the conditions that are found in practice, as The 
impoundment increases in size and the dam is built higher. Returning supeinatant 
water to the plant requires less energy than if it was pumped from the dam toe. 

The pumps and pipework are always accessible, so that the potential difficul-
lies that can arise due to crushing or other blockage in a culvert, or leakages cail-
sed by differential settlement damage is eliminated. Fail-safe no float' arrange-
ments are required to avoid blockage that would he caused if the barge grounded. 

Furthermore, the decant position can be changed at will, so that the pool of 
supernatant water can he developed at the position most advantageous to the depo-
sition of tailings and construction of the dam. 
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4.3. DRAINAGE INTERNE 

Ce drainage pent revtr diverses lormcs. et  les principes de conception ont 
6t6 examines daiis ic Bulletin n 97 1994) << Barrages (Ic stCriles - Conception du 
drainage 

Em general. Ic uiilieu drainant doit etre protege centre Ic risque de eel matage 
par des materiatix tins, de façon que I 'can puisse s'Ccoulcr dans le chspositit de 
(Irainagc saiis transport dClCnients tins. I .a granulonietrie du niatériau filiriin[ ntis 
en place prCsentcra des pores sul'I'isamment penis pour empCcher l'entrCe des par-
ticulcs tines du maiCriau a protCgei. ci des ClCmenis sufl'isarnnient gros pour que 
ceux-ci lie puisscnt Ctre effli'aincs avcc I 'call daiis les drains on le tapis drainant. 
Un fi lire iIlUliiCOLicl]C cst partois flecessaire, Ia granulonictric de chaque couclie 
SUCCCSSiVc 11.10111CIltallt. 

Lorsquon tapis drainant dod Clre tiiis en place au niveati de a tondalion. Ic 
sol esi dCcapC jusqu'ii Ia prolondeur requise ci reconvert de hi pi -emiCre couche dc 
fi Inc d epaisseur adequate. 'lheoriquemcni, une couche mince so lit a prcvcnir Ia 
perte de iiiateriati tin, hullS, en pratique. Line cpaisseur nuinimale de 0.3 m sent 
adoptCe pour Ic ti lire mis en place par engins. On vci hera a assurer Ia continuutC 
de la couche si Ic terrain sous-jacdnt cst rclativernent rnou ci que les engins a 
roucs y torment des orniCres, ccl les-ci duivcni Ctrc coniblecs avcc des maleriaux 
filtrants jusquau ruiveau de Ia couche tiltrante adjaccnte. I .es surfaces Lie seront 
pas preparces trop CL] avarice par rapport a Ia misc en place du remhlai sus-jaccnt. 
car Ic passage répélC d'engins stir one couche dc litre peLli lit dctcriorei rapide-
merit. Une surveillance attentive esi nCccssaire pendant toutc Ia pCriode de misc en 
place de la couche de drainage. En eftet. des dCfauts de cofisiruction ne peuvent 
it5 Cite réparés Line lois hi couche enterrde par la construction dLi barrage et Ia 

misc en dCpôt des stCriles dans Ia reicnue. 

Lorsquc Ic drain esi constitud Lie iuyaux pertorCs nu avec lerites ci cjue Ic 
iiiateriau hltrani esi mis en place a Ia main. I 'Cpaisseur des couches elitotirant Ic 
uyau pelt Cire rédLute a 0,15 ni Lc niateriau ti h(rant grossier est place contre Ic 

tLiyau, avec des couches LIC filtre de plus: en plus tin iusciu ' ii la granulonietrie ap-
propree assLirani li protection dLi sol on des stCd cs an contact (iLl fi lire. 

La granulonictric d' Liii tiltre coniprend gcncralenient piLisicurs dimensioiis Je 
particules ci ii y  a risque Lie sCgrCgal ion an cou rs (In transport, dii dcchargemeii i c 
de I epandagc. La granuloinCtric scra ctudiee ,oLir mininhiser cc risque. celui-ci 
Ctant encore rCduit en adoptaiii pour le materiau lilirani tine teneur cr1 eaLi d'eiuvi-
ron 5 : (poids de I 'eau/poids dii sol see) ci en dCchargeant Ic inalCriau stir de 
faibles hauteurs. I_cs I orces de menisquc dans Ic matCriau granulaire lutnuide 
contribLient a rcduirc le niouvement Iihre des parlicules, ci donc Ia sCgrCgation. 

Apres dCchargemcni et Cpandage, les couches de filtre seront compactCes, au 
nioycn d'un roulcau lisse vihrant. ii Line densite relati'.e d'au moms 70 Yi. avant 
misc en place de Ia couchc drainantc constituCe de InatCriatLx grossicrs. Cetie dci-
Li iCre couche sera. a son tour. conupacice ati roiileau vibrant pour real iser uric sur-
face unie dcstinCe a recevoir les couches supCiieures de lilire, qui scront Cgalenient 
eompaciCes avant misc en place des premieres couches de remhlai do barrage ott 
de stCriles. Des géotextilcs ci des gCocomposites peovent. dans certains cas. Cire 
utilisCs coninic drinns, 
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4.3. UNDER DRAINAGE 

This can take many forms and principles have been discussed in Bulletin 
No.97 (1994) Tailings danis: Design of Drainage'. 

in reneral. the drainage medium has to he protected against clogging by fine 
materials so that water can flow into the drainage system without carrying par-
ticles of fine material with it. The grading of the filter niaterial is designed so that, 
when placed, its pore spaces will be small enough to prevent entry of particles of  
the fine material that it is to protect, while its own particle sizes are large enough 
not to be carried with the water into the drains or drainage layer. More than one 
thickness of lilter material may be required, each successive layer increasing in 
particle size. 

Where a drainage blanket is to he used at formation level, the ground is strip-
ped to the required depth and the first filter layer spread evenly over it to the requi-
red thickness. In theory a thin layer is sufficient to prevent loss of fine material, 
but in practice a minimum thickness of 0.3 in should he used for Filter material 
spread by machines. Great care must he used to ensure continuity of the layer and 
if the underlying ground is soft enough to permit ruts to he formed by any whee-
led machines, these must be completely filled with filter material and brought up 
to the level of the surface of the adjoining FiLter layer. Areas should not he prepa-
red too far in advance of the placement of overlying fill because a filter layer can 
easily be damaged by machines repeatedly passing over it. Detailed inspection is 
required during the whole operation of placing the drainage layer to ensure sati s-
factory pertornianec. Imperfections left during construction cannot be rectified 
once the layer has been buried by construction of the dam and impoundment. 

When drainage is to he achieved using perforated or slotted pipes and where 
the filter material is placed by hand, the thickness of surrounding layers can he 
reduced to 0. 15 m. The coarsest filter material is placed next to the pipe, with suc-
cessive layers of filler filter material until the appropriate size for the soil or tai-
lings protectioll is placed in contact with the soil or tailings. 

The designed grading of a filter material usually Contaitls several sizes of par-
ticles and there can be a risk of segregation during transportation, placing and 
spreading. The grading will have been designed 10 minimise this risk, but it can he 
further reduced by handling the filter material at a wiIer content of about 59 
wt.water/dry wt. ) and avoiding high falls when placing. The menisens forces in 

the danip granular material helps to reduce free movement of particles in relation 
to each other, thereby helping to reduce segregation. 

After placement and spreading, the filter layers should be compacted by a 
vibrating smooth roller to a relative density of at least 70 11e before the drainage 
layer of coarser material is placed. This. in turn, should he compacted by the vibra-
ting roller to produce a smooth surface to accept the upper layers of filter material, 
which are also compacted prior to placing the first layers of the dam btiildi ng fill 
or tailings. Drainage geotextiles and composite sheets caii he used in some cir- 
c LI 1115 tail CC S. 
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4.3.1. Nécessité de recucillir les eaux de percolation 

Lorsquc Ics percolations traversant Ic renihlai ne sont pas acceptables, on 
aménage gdnéraicnient Un bassin de recuperation. I eau retenue étant, soit traitéc, 
soil retournee, par ponipage, dans Ic reservoir par-dcssus le rernhlai. S'ii est abso-
lurnent exciu de laisser I eau associée aux stdriles s infiitrei' dans ie sol, les stériles 
ne seront pas utilisés comine rnatCriaux de construction (conimc dans les types D 
i F), a moiiis que n'existc OU ne soil constiluee unc fondation impermeable (et suf-
fisarnmient rCsistante). 

Un organe d'étanchCité associC a un drainage pcul Cue adoptC, si nCccssaire. 
pour empCclier cjue I 'eau dc percolation provenant dune rctcriue de stockage de 
di niensions moyen nes ne pcnetre dans hi nappe phrCaiiquc. tin tapi S Cianche 
unique, en argue ou niatériati synthdtique. coiliportant au-desstis un dispositif de 
clrai nage. cst parlois incorpore entre les stérilcs ci Ic terrain naturci. Dans certains 
cas, on adopte tin double tapis d'CianchCitC. avec un organe de drainage inteicalé 
entre Jes deux couches. Au cours tie I 'installation, Un lcstagc cst nécessaire pour 
empCcher que des hu]Ies d' air ne soulevent La membrane d'étanchCitC. L'eau tic 
drainage doit Ctre recuei]lie avec soin ci traitCe atn dc réduire sa ioxicitt3 a un 
niveau acceptable avant evacuation. he coit iic Eels disposiiil's pent Ctre prohihitul' 
pour dc grancles retenucs de stock ace. 

Lorsque les produits chimiqucs toxiques, dCvcrsCs dans La rctenue de siocka-
cc. soft dditradahles, hi mcii leure solution consisfe a stocker I 'eau dms hi retenue 
pendant Un temps suftisamment long pour clue Ia degradation puisse soperer. 
Dans cc cas, ii faudra Cvitei que des produits non dCgradCs tie sortent de Ia rete- 
ll U. 

4.3.2. RevCtenient arliticiel étanche 

Dans les rares cas o(n un revCtement total est nCcessaire pour empCcher des 
linites de liquide de la retenue de stockage, on adopic géndralement un barrage de 
type C. ics reconnaissanccs du site indiqucront si des pressions d'eau artCsiennc 
existent suns Ic site. Si c'est Ic cas, ii pent s'avCrcr nCcessaire tie prcvoir un drai-
nage sous Ic nevCtenient pour Cviter Ia formation de pressions cxcessives ultCricu-
rement. tin tel drainage contrihuera Cgalement a hi dissipation de I 'air, comme 
indiquC ci-après. 

Outrc Ia nlise en place. Ic ens CchCant, d'un dispositif drainarit, hi preparation 
du sol pour Ic rcvCtement ndccssitc l'enlèvement de Ia vCgCtation et Ic passage 
ci' tin roulcau Ii sse pour rCal iser une surface Lime. Il est recornmande qu'une entre-
prise spCeialisCe inteivienne pour hi lourniture et Ia pose du revCtemeni. La meni-
brane impermeable est labriquCe sous 'orme de handes dc largeur manipulable, qui 
sont IivrCes en rouleaux au site. Les handcs adjacenies sont soudCcs cntre cItes et 
les jO ills vCrifiCs lors dc Ia pose dIes sont ensuite chargCes pour Cvitcr leur son-
lCvernent liar  Ic vent, l'air et. parfois. Ic methane piégCs. tine mCthode d'essai con-
rante consiste a utiliser one machine a souder niohi Ic qui realise deux souclures 
côie if câtc. L'Ctroite < pochc formée entrc les soudures est soumise a une pies-
sion d'air pour verifier qu'il n'y a pas de 'nile de l'unc on I'autre souclure. La 
membrane misc en place sur Ia zone inf'érieure tie hi relenue esu gCnCralement 
recouverte d'eau pour hi maintenir en place jusqu'au dCvci'sement des houcs de 
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4.3.1. Need for seepage collection 

Where seepage waler from the embankment is unacceptable a reclaim reser-
voir is not -mally providcd and the detained water is either treated or pumped hack 
over the embankment into the impoundment. lithe water delivered with the tai-
lings is such that it can not be allowed to seep into the ground under any circum-
stances, the use of tailings as a construction material, as in types D to F. may need 
to he excluded unless impermeable (but sufficiently strong) foundations exist or 
can he created. 

When necessary, the prevent ion of seepage From an impoundment of modera-
te size into the ground water, can he effected by a combination of sealing and drai-
nage. A single sealing blanket of clay or synthetic material may be provided at the 
interlace between the tailings and the natural g round with a drainage system incor-
porated above the blanket. In some circumstances a double sealing layer is provi-
cled with a drainage system inserted between them. During installation, weighting 
is necessary to prevent air bubbles Ii iting the sealing membrane. The drainage 
effluent has to he carefully collected for treatment to remove toxicity to reduce it 
to acceptable levels before the liquid can he discharged. Such arrangemems can he 
prohibitively expensive for large impoundments. 

Where the toxic chemical discharged into the impoundment is degradable. the 
appropriate sol itti on may be the detention of the water in the i npoundment for a 
sufficient length of time for the material to break down. In this situation it will he 
necessary to ensure that the passage of water through the impoundment is control-
led to avoid short circuit lug of uiidcgradcd chemical. 

4.3.2. Impervious artificial liner 

In the rare cases where a complete lining is needed to prevent escape of liquid 
from the impoundment, a darn of type C is usuall required. lnformatic.m from the 
site investigation will have shown if artesian water pressure exists below the site. 
If this should occur (luring the yearly cycle, it may be necesary to provide draina-
ge under the lining to avoid excessive build up of Iressure  at later stages. Such 
draiage can help to remove air, as discussed below. 

1reparation for the liner requires stripping of vegetation and smooth rolling. 
in addition to placing any necessary drainage channels, to provide a smooth surfa-
ce. It is recommended that a specialist firm he engaged to supply and lay the sheet 
lining. The impervious sheet is usually manul'actured in strips of manageable 
width, which are delivered to site as rolls. Adjoining sheets have to he welded 
together and the joints tested as they are laid, then weighted to prevent li l'ting by 
wind, trapped air and possibly methane. A common testing method is by using a 
portable welding machine that pi'oduees two welds, side by side. The narrow 'poc -
ket' formed between the welds is tested by air pressure to cheek that there is no 
loss from either weld. Once a cover over the lower part of' the impoundment area 
has been completed, it is usually flooded to hold it in position until tailings slurry 
begins to he he discharged on to it. It is impossible to lay the sheets in complete 
contact with the ground and dtiring flooding, the trapped gas (air plus sometimes 
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stérilcs. I] cst impossihIc d'assurer on contact parfait des handes avec Ic sol et, 
pendant Ia submersion, le gaL piégé air, plus parlois methane) forme des domes, 
appelés couratnmcnt dos de haleino >, qui emergent de I'eau. II y a lieu de mar -
cher thins l'eau ou d'utiliser one harque pour alIcr percer ces d6mes afin que les 
gaz s'cn Cchappent. Les petits trous qui en rCsultent, lorsquiIs soot appliqués for-
tcincnt contre Ic sol, laissent passer tine quantite nCgligeahlc deau, en particulier 
lorsqu'ils scront reconverts de stCriles. Ce prohleme petit Ctre rCsolu on utilisant 
une couche drainanic soils toute Ia surface. permettant i I' air et aux ga de 
séchapper ; mais cest one solution asscz cotheuse, qoi csI cependant exigCe par 
ccrtai us concepleurs n' acceptant pas Ic perçage de Ia membrane. 

4.3.3. Puits filtrants 

Les Ccoulcnients soLiterrains peLivent Ctre interceptés au rnoycn dc lignes oo 
de groupes de puits fi Itrants. Ceux-ci 50111 gCnCralcnienl des lorages dans lesquel s 
on place des tubes crépinés, entourCs de ivatCriau liltrant de granulometrie appro-
priCe empCchant les matCriaux tin terrain naturel do pCnCtrer dans Ics puits. us 
contiennent nile pompe submersible, misc en marche automatiquemeni par on flot-
leur pour ulaintenir Ic niveau d'eau au-dessous d' tine hautcur donnée. La profon-
deur et I 'cspacenicnt de ces puits sont dCtenninés lors do projet, mais on petit aussi 
en installer coinme mesurcs correctives. 

Le projet Ct l'cxploitation des puis de dCcharge ou des poits avec p.nipage 
doivent Ctre CttidiCs avec 50111 pai' des hydro]ogues-cxperts, afin de mininiiser leurs 
effets stir les niveatix tIe Ia nappe phreatiquc. 

4.3.4. Mesure des debits de percolation 

I_es dCbits tic percolaliori pcuvcilt ehtuigei-  so ivant Ia cadence dc misc en 
dC1:0t des slCri les. les variations dLi riivcau d'eau dans I.i retenue. les ChLitCS do 
pluie et la fonte ties neiges rnais des changemenis inhahituels .sont souvent la pre-
iniCie indication dune niodilication do comportement do barrage. Les mesures 
prCcises et continues des debits de percolation font partie do dispositil d'atisculta-
lion dun barrage do stCriles et pernietteifi d' avertir de changements nCcessitant 
tine modification de hi mCthode do construction ou Ia misc en touvre tIe mesures 
correctives. 

Les debits sortant dnn tapis drainant OLi do polls liltraffis peuvent Cti -e ache-
mines vers ties hassins do collccic en hCton on ils soot mesures au moyen de dCver-
soir en V. Lorsqoe tics luyaux perforCs oo avec fentes sont titi uses. los debits soul 
recucillis dans plosicors hassins, do sorte que ditferentes zones do rcrnhlai peuvent 
Ctic controlces sCparCnicnt. 

Chaqoe dCversoir on V est parl'ois Cqoipé don disposilif de inesure atitoma-
tiqtie identiqtieacelLli represente stir Ia Fig. 2 1 . La variation du niveau d'eau 
modihe Ia charge sexerçant stir Ia console calibrCe. Les capteors Clectriqucs sont 
reliCs a one salle de contrOle üü totites les lectures ties appareils soft enregisirCes. 
I.es debits stir ICS seui Is en V scront enrcejstrCs a ties intervalles régtiliers et ftC-
q ticn t s. 
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methane) forms domes, comnion ly called "whale hacks" that risc out of the waler. 
It is usual to wade in or use a small boat and puncture these domes to let the gas 
escape. The resu Itina small holes, when pressed tightly against the ground, allow 
only neglegi ble amounts of liquid to pass, particularly when they are covered by 
tailings. This problem can be overcome by use of a drainage laycr under the whole 
area, to let air and gases oW, but it is a rallier expensive solution, although requi-
red by some planning authorities who will not accept piercing. 

4.3.3. Filter wells 

Ground water flows can he intercepted by lines or groups Of filter wells. These 
are usually placed in horeholes and consist of slonecl tubes surrounded by filter 
material of a grading suitable to prevent material from the natural ground from 
being carried into the wells. They contain submersible pumps, operated aLitomati-
cally by float switches to keep the water level below a designed depth. The depth 
and spacing of these wells may have been determined during desimzn, but they can 
also he installed as a remedial measure. 

The design and operation of relief wells or pumped dewatering wells must he 
carefully u ndertaken by hydrological experts to mi iii ui se the effect on regional 

groundwater levels. 

4.3,4. Seepage measurement 

Changes in seepage flow may be caused by variations in the rate ol deposition 
of tailings, variation in pool level. (he result of rainfall and snowmclL but unusual 

changes are olten the fi is! indication of a change of hehavo r ol' the dam. As part 

of the monitoring of the behaviour of a tailings darn and to obtain early warning 
of changes that may rcquii -e alteration to the method of construction or indicac he 

need for remedial measures accurate and coril i nuous measurement of seepage 

flow is reqLrired. 

Flows from a drainage blanket and be low ground filter wel Is can he channel-
led to concrete collecting basins and the flowx Irom the basins measured by We 
notch wcirs. When perforated or slotted pipes are used, the piped discharges can 
he grouped into several basins so that different sectrons of the embankment can he 

monitored separately. 

The how over each Vee notch weir can he measured autornatical 1) by an 
arrangement similar to that shown by Fig. 21. Change of water level changes the 
load on the calibrated cantilever. The electrical strain gauges are connected to a 

central control room where all instrument readings are recorded. The flow over the 
Vec notch weirs should he recorded at regular, frequent. intervals. 
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To remote recordioq St(tiOn 

4.4. REMBLAI D'AMORCE 

La qualit6 des matdriaux utilisés dans Ia construction d' un remblai d'aniorce. 
Ic niveau d 'execution requis et Ia preparation de Ia londation dependent Altype de 
barrage de stériles a construire. En gCnCral. Ic but principal dun i'ernhlai d' anior-
ce est de retenir les premiers stériles mis en dCpt. Sa hauteur, détertninCe au cours 
des etudes de projct, depend de Ia nature des stCriles et de Ia lornic de Ia retenue 
de stockage. Dans Ia construction par Ia mCthode des hassins (enclos), des 
diguettes sont sutfisantes pour retenir Ia premiere couche de stéi -iles qu'on laisse 
sCcher Ct qui constiluera Ia premiere couche ne construction du barrage. Dans Ia 
construction par Ia methotle anion!, duos une vaNce ciroite. ci particuliérenienl si 
les stériles contiennent LIOC quanhite liniitcc nic matCriaux grossiers COflveiianl a Ia 
construction du barrage, une hauteur importante est nécessal re pour obteni r unc 
capacitC suffisante de retenue permettant de stocker loutes les houes. Afin d'Cviter 
Ia toritiation dune poche de houes, consti tuant une zone de laible résistance sur 
une ligne de glissenient potentiel lorsque Ic barrage aura atteint une grande hau-
teur, et afin de rédLiire Ic risque d'ohstruction du tapis drainant de londation, on 
prolorigera Ic pied amont du remblai d'amorce vers I' amont, comme indiquC dans 
Ic Bulletin 97. La surface de cette 11 languc >1 a unc pcntc transversale de 1 .5 (4 
environ afin d'amorcer Ia plage. Les stdriles dCversés sur cette K, langue >> amont du 
rcmhlai d'amorcc s'dcOLiIeiiI en dCposant les materiaux grossiers, puis les maté-
riaux fins, les houcs trés lines s ecoulant au-delà pour se ddposer dans 101 hassin, 
amorçant ainsi Ia zone de dCpôt. (Tette conception du rernhlai d'amorce a lait I ob-
jet d'un brevet en Bulgaric (mais non ailleurs) et a etC décrite par Ahadjiev (I 955h). 

4. 5. CONSTRUCTION PAR LA METHODE AMONT 

4.5.1. Formation de Ia plage 

Les stériles dCversés par des buses ou des rampes d'aspersion au-dessus de la 
Iangue >> ainont dii renihlai d' amorce deposeront leur fraction grossicre au cours 
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Fig. 21 
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4.4. STARTER DAM 

The quality of materials used in the construction of a starter darn, the standard 
of workmanship required and the preparation of its foundation are dependent on 
the type of tailings darn to he built In general the maui purpose of a starter darn is 
to contain the initial placement of tailings. Its height, which will have been deter-
milled at the design stage, depends on the type of tailings and the shape of the 
impoundment. For paddock construction, relatively low mounds are sufficient to 
contain the first thin layer of tailings, which is allowed to dry and will form the 
first layer of darn construction. For upstream construction in a narrow valley, and 
particularly if the tailings contain a limited amount of the coarse material suitable 
for dani construction, a considerable height may he needed to obtain an irnpoLlnd-
mcnt of sufficient capacity to accept all the slimes. To avoid the lorrnation of a 
pocket of slimes, that would form a weak zone on the path of a potential slip sur - 
lace when the darn is high, and to reduce blinding 0f the foundation drainage blan- 

ket, the stalter darn should have an extended toe, as described in BuLletin No.97. 
The upper surface of this toe is sloped at about I .5% as a start for the beach. 
Tailings discharged on to it flow down, depositing coarse then finer material, the 
finest slimes liowing off it to settle in a poo1, so beginning the impoundinerit. This 
design of starter darn has been patented in Bulgaria (hut not elsewhere) and was 
described by Ahadjiev (I 985h). 

4.5. UPSTREAM CONSTRUCTION 

4.5.1. Development of the beach 

Tailings discharged through spigots or spray-bars on to the top of the exten-
(led toe of the starter darn, will deposit their coarse fraction as they spread down 
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de leur ccou lernerit vers La retenue de stockage des houcs, amorçant ai nsi Ia zone 
de matériaux grossiers constituant Ic barrage. 

LorsqLle les stëri Les contiennent tine grande quantité déléments grossiers, uric 
languc peLli être constituee on construisant uric banquctic de terre it quelque 

distance du remhLai d'amorce. formarit Ic debut de Ia zone dc dCpôt des houes. Des 
hydrocyclones mobiles soilt utilisCs pour obtenir les matCriaux grossiers dcs stC-
riles, ces matCriaux remplissant Ia zone entre les deux digues et forniant La 

Lunguc prolongeant Ic i -emhl ai d'amorcc. 

L'application de celte mCthodc depend de hi ti -me de La vallde, ainsi que du 
rapport matCriaux grossicrs/materiaux ins des stCri les. Si Ic fond de vallée a uric 
forte pente 3 l'amont. Ic VOILLIflC des malCriaux grossiers des stCriles est parfois 
insuffisant pow permettre uric niontee plus rapide de leur niveau clue  celle du 
niveau des houes, I orsqu' I y a ci' autres barrages de stéri es dans Ia zolic, oli peut 
faire des emprunts de matCriaux gross icrs pour cc debut dc construction. La digue 
en terre sera construile sur Un tapis drainant qui se piolongera sous Ia retcnue de 
stoekage des stCriles. 

Si I 'on permet aux buses, supportCcs par des chevalcis provisoires cii hois, de 
dCverser au-dessus dc Ia plagc sur mc hauteur importante, Ia cascade ereuse uric 
losse sur La piagc jusqu a hi constitution d' un petit hassin de dissipation dc l'Cner-
gie tin chcnal se lornic parl'ois sur La plage. acheminant La plus grandc partie les 
stCrifes vers Ia retenue de houcs - seuls quelques matériaux grossiers se dCposent 
sur Ic lond et les hords dri chenal, 

Une methode plus efficace consiste a utiliser des ranipes d'aspersion. Dans 
leur forme La plus simple, ii s'agit de tuyaux perlores ii xés a i ' extrCinitC des buses 
(Hg. 13), desquels sortcnl de nombreux jets de stCri les tout Ic long de la plage en 
cours die formation. En clisposant les rampes prCs de Ia plage. Ia hatitcur de chute 
des slCri les est faible et les rigolcs creusCcs sont Irès petites . il V a lormation d' tine 
nappe de stCriles qui s'Ccoule ]cnteinent stir Ia largeur de La plage, dormant aiiisi to 
tcmps aux particules grossiCres de se dCposer -, sculs les ClCmcnts très fins (catCgo-
ne << argile ) Ctant transportcs ]XV 1 'cati jusqu Ia retenue. lJn tel clispositi I riCccs-
site uric attention soutenue : surelevalion IrCqiicntc des rampcs d' aspeN ion par 
petits paliers, rCglage des Iongueurs de dCversement sur La plagc. On laisse aux 
tones ne recevant pus de déverseinent tilt teinps sullisant pour sécher, par draina-
ge et evaporation si les conditions ul ilnaliques sont favorables. ('cite niCthode 
conduisant ati dCpét maximal de niatCriatix grossiers stir hi plagc. I 'accCs stir celle-
ci, après un certain lemps de sCchage, est possible au moven d'engins dc terrasse-
merit stir larges clien i lies. 

Pour assurer tin acces stir Ia plage, on petit constitticr. au moyen d' un engin, 
des handcs de inatCriaux grossicrs - en torme dantenne - stir uric certaine distan-
ce. Ces bandes sonl parfois formCes Cgalcment en dCposant till rameau deptus Ia 
conduite principale d'alinientation, a travcrs La plage, ci on dCversant par Les buses 
et les rampes d'aspersion potir constituer des plagcs atixiliaires transversalcment a 
Ia plage principale. Dc telles handcs. 11011 seuLement perinettent I 'installation de 
materiel pour des essais in situ ct des prcicvcments d'Cchantillons, inais contri-
huent Cgalcmcnt au drainage. 

Dans certairis cas. Ia construction de Ia plage peut Ctre amCliorCc en utilisant 
La methode des hassins (enclos. Ccux-ci sont construits he long de la pla ge ati 
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towards the area in which the slimes pond will form. so  beginning the LOflC of 
coarser material that will form the dam. 

With tailings containing a large amount of coarse fraction, an cxtcndcd toe 
can he constructed by throwing up an earth hank, at a distance some way upstrcaiii 
of a simple starter darn, to retain the initial slinies pond. Portable hydrocyclones 
are used to obtain coarser material from the tailings, to fill the area between, the-
reby forming the extended toe from this coarse sand fraction from the tailings 
lie iii selves. 

The feasibility of this approach depends both on valley shape and the ratio of 
coarse to fine material forming the tailings. If the valley floor slopes steeply up-
stream, it may not he possible to obtain sufficient vol urne of coarse material from 
the tailings to raise their level faster than that of the slimes pond. When there are 
other tailings dams in the area, it may he possible to borrow coarse material for 
this initial construction. The earth mound should be built over any underdrainage 
that is to extend under the tailings impoundment. 

If spigots, supported on temporary wooden supports, are allowed to dischar -
ge trom a signilicant height on to a beach, the energy of the landing cascade erodes 
a pool into the beach surface until it forms a miniature stilling basin to absorb the 
energy, and a channel sometimes forms across the beach, carrying the whole tai-
lings toward the slimes pond. Some coarse material does settle out on the bed and 
sides of the channel, but much is carried into the slurry pond. 

A more effective method is to use spreader bars. In their simplest form thcsc 
are perforated tubes attached across the end of the spigots, as indicated in Fig. 13., 
so that tailin gs issue as numerous small tiows along the whole operational length 
of the beach. By positioning the bars close to the beach, the fall of tailings is 
small.so that any channels are very small and the tailings soon merge into a sheet 
that spreads slowly down the width of the beach, giving maximum time For all the 
coarscr fraction to settle out of the thin sheet, only the very f nest, clay like par -
ticles being carried by the transportation water into the pond. Such an arrangement 
requires regular attention, frequently to raise the spreader bars by small amounts 
and to regulate the operational lengths on the beach. Non discharging arcas are 
given niax i mull] time to dry, by downward drainage and evaporation it' the weather 
conditions are favourable. Because this method generates the maximum amount of 
coarsc niaterial on to the beach, after some drying. access on to the beach may he 
made by wide tracked earth moving machines. 

To gail] access over the width of the beach, fingers of coarse material may he 
pushed out by machine for a limited distance. Fingers can also he formed by laying 
a branch from the main delivery pipe. out across the beach and discharging from 
spigots and spreader bars to form stihsiduary beaches, normal to the main beach. 
Such fingers not only give access for equipment to make in sitti tests and takc 
samples, but also assist with drainage. 

In some circumstances, beach construction can he improved by use of pad-
docks. They are formed along the beach by small dykes, hui It from beach material 
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moycn dc digucttes constituCCs des malêriaux de Ia plagc its soul rcmplis, sur une 
laiblc prolondeur. (IC stirilcs dverss par les rampes d aspersion, I'cxcès dc houcs 
érant acheminé vers Ia retenue. Lorsqu tin hassin est p1cm, on passe an suivant. Cl 

ainsi de suite. 1I)e cette façon, un hassin a sutTisarTiment de temps pour Ia sédi-
mentation Ct Ic séchage par drainage et evaporation. La mi nec couchc qLI i en rCsul-
IC (Cpaisseur dCpendant de Ia taille prédominante tie particules; plus Ic niatCriau 
est glossier. plus I epaisscur utilisable cst grande) pent alors suhir un conipaclage 
par engins. 

4.5.2. Construction des petites digues ci des drains 

Dans Ic passé, avant luiilisation des engins tie terrassement, mainlenant cou-
rante, les crêtes des barrages construits par Ia méthode amont Ctaient surélevées i\ 
]a main. Au•-dessus dune zone (jUC on avail Iaissc scclier, des matériaux Ctaient 
prClevés a Ia pelle sur la plage pour consliluer tie petites digues Ic long tic Ia crete. 
L' un des talus de cetle petite digue lorniail Ic parement aval du barrage ct sa posi-
lion délerminail La pente tie cc parcmcnl. Dc Faulre côlC, La digue consliluail unc 
harrière contie les stériles déver -sCs et les dCviait vers Iamont de la plage, Cvitant 
ainsi qu us ddverseni sur Ic talus aval. Ces peliles digues avaient sculemerit une 
hautetir tie 0.30 ni environ et leur construction nécessitait Ia presence conlinue 
dune petite Cquipc douviiers. 

Aujourd' hui. des engins sur largcs chenilles peLivent travail Icr SUF Line 70flC tie 
plage non exploitéc. Ces engins creuscn line lranchCe peu prolondc (Fi( , . 221 et 
construisent une petite digue qui, dans les mci I curs conditions. atteint 1 z'i 2 ii de 
hauteur. Cette digue est positionnéc POUr reproduire Ia penle du talus aval ci petit 
étre ICgèrement compactee au moven du godet ou des cheni lies lie I 'excavateur, Si 
des dCchets d'enrochement ou d' autrcs rnatériaux granulaires sont utilisCs (de prC-
tCrence ii Ia vCgCtation) pour lutter contre I erosion par Ic vent ct to ravincrndnt, un 
parcmcnt constituc dc tcls inatCriaux pcul Ctrc rCalisC sur les digues lors de leur 
construction. Des tuyaux de drainage longitudinatix sont parfois installCs dans la 
lranchCe peu prolonde Pour Faire parlie du dispositil' de drainage principal lirCvu 
pour Ic barrage. Plusicurs sehCmas soul dCcrits dans Ic Bulletin 97. l.a construe-
lion des drains nCcessile heaucoup lie 50111 afin de garanhir Icur cFimcacilC, car ils 
jouenl un role capital dans Ia stabililC Luturc du barrage et lear reniplacement ulte-
rieur est très coUteux. 

. 	. ....... 

4.5.3. Mesure des caractéristiques 

Des Cchantillons des matCriaux grossicrs mis en depOt seront prClevCs sur 
toute Ia largeur de Ia plage, a ties intervalles tie 1 ordre de 50 m, taut qu' ii est pos-
sible de s'averiturer 0 pied vers La reteriue tie houes. 
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and filled to shallow dcpth with tailings applied through spreader bars, with sur-
plus slimes directed from the lower end into the lagoon. When one paddock is lull, 
tailings are supplied to the next and so on. In this way lime can he given for a pad-
dock to settle and dry by both downward drainage and evaporation. The resulting 
thin layer (thickncss depending on the predominant particle size: the coarser the 
material, the greater the (hickness that can he used) can then he compacted by 
machi ii es. 

4.5.2. Dyke and drain construction 

In the early clays, before the current general acceptance of earth placing 
machinery, the crests of dams built by the upstream method were raised by hand. 
Over a section that had been allowed to dry, material was shovelled up from the 
beach to form mounds alone the crest. This mound, on one side constituted the 
downstream face of the dam, and its position determined the slope of the face. On 
the other side it acted as a small harrier against the discharged tailings, to ensure 
that they spread down the beach in an upstream direction, and not over the edge on 
to the downstream slope. These mounds were only made about 0.3 m high and 
their construction required continuous attention by a stnall constrLlction gang. 

Nowadays, wide tracked machines can work on a non-operational stretch of 
beach. They can he used to dig a shallow trench, as indicated in Fig. 22, and build 
a dyke, which in favourable conditions, can he I to 2 m high. It can be positioned 
to produce the required downstream slope, and can he lightly compacted by use of 
the excavator bucket or tracks. If waste rockfill or other granular material is to he 
used (rather than vegetation) to avoid wind erosion and gullying. a face of this 
material can he constructed on the dykes as they are built. Longitudinal pipe drains 
can he installed in the shallow trench, when they can form part of the main drai-
nage system that has been designed for the dam. Several schemes are described in 
Bulletin No.97. The greatest care must he exercised in the construction of drains 
to ensure that they vi II he effective, because they play such a vital role in the futu-
re stability of the dam, and will he very expensive to replace at a later stage. 

Fig. 22 
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4.5.3. Measurement of properties 

Bulk samples of the coarse material deposited on the beach should he taken 
routinely at about 50 rn intervals across the whole width of the beach, as far as it 
is possible to venture on 'not, towards the slimes pond, wearing marsh pads. 
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A l'aide des engins travaillant sw Ia plage no sur ics handes d'accès, des 
essais. tels que des essais au penctrolnetre statique et au scissoinétre, peuvent étre 
effectués a Ia deniande do projetcur ou de l'ingénieur responsahic du coiilrOle des 
travaux. Ces essais perrnetrent d'estimer hi dcrisité relative et la résistance au 
cisailfement in situ, i différentes profondeurs sous Ia plagc. Des appareils de 
mesures seront aussi installés scion Ics nécessités. 

Des échanti Ions peuvent étrc oxtiaits, an moyen de carottiers it piston, dc 
i'oragcs i Ia houc exécutés dans Ic barrage depuis In plagc. Au fur et a mesure de 
Ia iiiontée du barrage. Ia plage se déplace vers I' amont au-dcssus des houes : de 
cette façon, on peut prélever des ecliantillons des houes rnises en dépôt précédem-
mont, cc qui permet de mesurer leur degré de consolidation, leur composition ci 
leurs paramètres de résistance. 

4.6. CONSTRUCtION PAR LA METHODE AVAI. 

4.6.1. Mise en dépôt sur le talus aval 

Lii i-enihlai damorcc, constitué de matëriaux domprunt, est exécuté au pied 
arnont du han -age construit par Ia metliodc aval I orsqu' une installation ti xe Lie 
cyclones sur Ic versant de la vallée 051 utiliséc. Ia traction grossiérc do slérilcs doit 
contenir suftisamment d'cau de transport pour perniettrc son ecoulcment dans hi 
concluite principale de distribution posec Ic tong dc Ia crete do remhlai d' arnorce. 
Des emhrartchcmcnts sous hrmc do buses écuipCes dc rampcs d'épandage, ou des 
cmhranchements perforés, out été utilisCs pour distrihuer le ,, matCriaux grossiers 
sur Ic talus aval du barrage. Un dispositi f tie drainage sur Ia fondation décapCe 
recueillera l'eau de transport provdnant des stérites qui se deposcront contre Ic 
taIusa at du rcmhlai daniorce et formeront un talus aval dont la petite dépondra 
tie Ia teneur en cai des matCriaux mis cii depot Si Ia pentc cst plus (ioucc quo cello 
prescrite an projet. Ia tencur en eau peut Ctre rCduite : niais si hi quantité minima-
to d'oau Lie transport assurant I ecoulement des stériles grossiers duns lii conduite 
conduit encore a iiii talus do polite trop douce, on ioit laisser Ics stéri les sécher et 
utiliscr des engins pour obtenir Ia pente plcscrite. L'utitisaion LI' hydrocycloncs 
mobiles pci -met dobtenir un debit tie fond plus sec, du lait qu it fl v a pas irans-
porl dos matCriaux grossicrs dans rine cnndwto. ct on petit aitisi consiruire des 
talus plus mules. 

Lc talus est genéralement Iraclionne en zones de travai t. lJno partie (hi niui-
tiC, Ic tiers ou Ic quart) tie Ia longueur totate dc Ia crete esl utilisée pour Ia misc en 
dCpöt des matériaux grossiers pendant one periodc dc tenips donnCe, tandis dILl Oh 
laisse Ia partie restante se drainer ot sCchcr avant to régiago et te conipactage. La 
wise en depOt passe ensuite sur Ia sect ion so ivante. Los matCriaux sont déposés 
suivaiit one epaisseur do I ordrc do (1.50 iii ot compactes en Line scole lois. 

4.6.2. Mesure des caractCristiques 

Los dcnsitcs relatives ohienues soront inesurees au rnoven dcssais do dcnsité 
in situ (substitution par tie I 'eau on do sable) cftectués a des e.spaccnlents de IOU ill 
environ. sur loute Ia surface, a chaque montCe ne 2 iii do remh]ai. Les Cchanti lions 
prélevés seront soumis a des essais cii lahoratoire (granulomCtrie CI dcnsité relati- 
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With the aid of machines working on the beach and on access fingers, tests 
such as cone penetration and vane boring can be made to the requirements of the 
designer or engineer responsible for the supervision of construction. These tests 
pernhi t an assessment to he made of the relative density and in situ shear strength 
that has developed at various depths below the beach. Instrumentation may also he 
installed as required. 

Samples may he obtained with piston samplers, from mud fi lied horcholes, 
made into the dam from the beach. As the dam height increases, so the beach 
moves upstream over the slinics and piston samplers can recover samples from the 
sli mes. deposited previously so that the degree of consolidation, composition and 
strength paraiieters can he measured. 

4.6. DOWNSTREAM CONSTRUCTION 

4.6.1. Deposition on the downstream slope 

A starter dam, constructed of borrowed fill, is built at the upstream toe for a 
proposed dam of downstream construction. When a permanent cycloning installa-
tion on the valley side is bein g  used, the coarse fraction must contain sufficient 
transportation water to ensure it flows through the main delivery pipe line, laid 
along the crest of the starter dani. Rranch connections in the form of spigots l'iited 
with spreader bars or Perforated branch connections have been used to distribute 
the coarse material on the downstream side of the dam. A drainage system cove-
ring the stripped foundation will absorb the transportation water draining froni the 
deposited material, which will settle against the downstream face of the starter 
dam and develop a downstream slope dependent largely on the wetness of the 
deposited material. II' the slope is flatter than the required design slope, the waler 
contcnt might he reduced, but if the minimum quantily of transportation water 
required to enable the coarse fraction to flow through the pipcwork, still causes the 
deposited slope to he too flat, it must he given time to dry. and the required slope 
obtaiiied by use of .  machines. The use of portable hydrocyclones allows a drier 
underllow to he used, because the coarse fraction is not transported through pipe-
work, enabling sleeper slopes to he constructed. 

The face is normally worked in sections. A proportion of the whole crest 
length. typically half, third or quarter, is used for deposition of the coarse material 
over a given time, while the remainder is allowed to drain and dry before being 
trimmed and com.iacted. Deposition is then moved along to the next section. 
Deposited thicknesses ot the order of 0.5 ni are placed and compacted at one time. 

4.6.2. Measurement of properties 

To cheek on the relative densities being achieved, a systematic routine of in 
situ sand, or water, replacement density tests should he made at about 100 in spa-
cings over the whole lace for every 2 m rise of fill. The bag samples obtained from 
each test are suhpected to laboratory tests for grain Si7e distribution and relative 
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ye). Le cas échéant, quelques échantillons leront [objet dessais en vue d'étahlir 
Ia relation eiitre clensité Ct angle de cisaiflement, et de comparer les résultats avec 
Ics hypotheses de projet. 

4.7. CONSTRUCTION LJTILISANT L'ASSECHEMENT DES STERILES 

Les stCriles de taille uniforme, par exernple les cendres volantes provenant des 
ccntrales thermiques au charbon, sont acceptahics comme matCriau dc Construc-
tion du barrage, lorsqu'ils peuvent Ctre mis en place a Ia teneur en Cau optimalc 
par des engins de terrassement. Les cendres volantes sent recueillics d [dtat corn-
plCtenient sec dan.s les centrales ihermiques et sont humidifidcs pour éviter les 
poussières ou pour leur transport par VOIC hvdraulique. 

On ajoute parfois de I eau uniquemeni pour ohienir Ia teneur en eau optima-
Ic Ic rnatdriau resultant est dCsignd SOUS Ic norn de cendres volantes cond i - 
tionnnées >>. II est transportC par camions jusquau site du barrage, o(i il cst ddchar-
gd, Cpandu en couches et compactd par engins comme dans Ic cas d'un barrage en 
terre. L'avantage d' un tel maidriau est que sa teneur en cau est parfaiternent 
controlée et qu' ii est foLirni, a tous moments, a Ia tencur en eau optirnale de coin-
pactage. 

Lorsque les cenirales thcrniiques sont CloignCes du site du barrage de stériles. 
et  particulidrcment lorsque les routes de liaison soft impraticables aux camions, 
les rdsidus de ceridres volantes peuvent (IC transportcs par conduitc jusqu'au site 
oii Ia teneur en can des houes est rCduite par des liltrcs. 

Un sCchage identique petit Ctre appliqué a tous stdriles afin de perrnettre Jeur 
conipactagc mdcanique pour Ia construction du barrage. Pour de petits amdnage-
menis, cette rnetli)de est Cgalement uli I kaNe aim de stocker une plus graridc 
masse de stdrilcs srur tin site de dimensions lirnildcs. 

4.7.1. Utilisation (I'autres rnatériaux 

L' utilisation dc stCriles a Ia teneur cii can optiniale, tels que les cendres 
volantes prCci(Ces, est souvcnt Iimitée a Ia recharge aval d'un barrage conçu avec 
un organe serni-Ctanche. pour rdduire Ic debit de percolation de l'cau de in retenue 
de stockage a travers Ic rcrnhlai aval. Les centraics ihermiques au charhon sont 
souvent situCes sur les hassins houillers ci les mines de cliarhon peuvent produire 
des résidus de sehiste houiller. II y a des exemples de barrages de stériles. 
construitsa partir de cendres volantes traitCcs ci dcstinCs a retenir des boues de 
cendres volantes, qui comportent uii pseudo-noyau central vertical constituC dc 
rdsidus de schisie houi]ler compactC. Le schiste houiller, mis en place Ct compac- 

en couches en mCme temps clue  les ccndres volantes traitécs, constitue Un orga-
ne dianche vcrtical a l'arnont de Ia recharge aval (Fig. 23). 11 s'appuie I'aiiiont 
sur Ia retenue de stockage au fur et a mesure dc sa rnontCe, de sorte quc cc << bar-
rage >>, d Ia difference d'un barrage conventionnel a retenue d'eau, n'a pas de 
recharge aniont. 
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density. Some samples. as may he required, are tested to establish a re]ationship 
between density and angle of shearing resistance, for comparison with design 
ass u in Pt iOflS. 

4.7. coNsTRuc'rIoN USING DE-WATERING TAILINGS 

Single SiZCCI tailings, such as those of pulverised fuel ash emanating from coal 
burning power stations, may form a perfectly satisfactory dam building material 
when they can he placed at an optirnum water content by earth moving machine-
ry. Fly-ash (pfa) is collected l'rorn the chimneys of coal burning power stations in 
a completely dry state and is wetted to avoid dust problems, or for hydraulic trans-
portation. 

It is possible to add only enough water to produce an optiniurn water content 
and the resulting material is referred to as "conditioned pfa". It is transported by 
Lorry to the dani site where it is placed, spread in layers and compacted by earth 
moving machinery exactly as for earthfi II construction. An advantage of this mate-
rial is that the water content is completely tinder control and can he delivered at 
the optimum value for best compaction at all ti nics. 

When the power stations arc some distance from the site for the tailings dam, 
and particularly when the roads between are considered to he unsuitable for the 
lorry traffic that would he required, the pfa tailings may have to he piped to the 
site. At the site, the slurry can he reduced in water content by suction filters. 

Similar dc-watering can he used with any tailings so that they can be machi-
lie compacted for dam building. For small schem n es, this approach ca also be used 
so that a greater weight of tailings can he stored on a site of limited Si7C. 

4.7.1. Introduction of other materials 

Use of tailings Lilaterial that has been prov ided at its optimum water content, 
such as the pfa discussed above, is often limited to the downstream shoulder of a 
darn that may he designed to have a scmi-walerproof element, to limit the amount 
oh water that can pass from the i mpodindfllent into the pores of the downstream fill. 
Coal burning power stations are often located on eoalfields and the coal mines may 
have shale as a waste product. There are cases of tailings danis built from condi-
tioned pfa. to retain impoundments of pia slurry. Ihat have used the equivalent of 
a central vertical core composed of compacted waste colliery shale. The shale, phi-
ced and compacted in layers at the same time as the conditioned pl'a. forms a v'er-
tical waterproof element on the upstream side of the downstream shoulder, as 
shown in Fig.23. It is supported on the upstream side by the rising impoundment 
as construction proceeds, so that this "dam''. unlike a dam for a water storage 
reservoir, has no upstream shoulder. 
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4.8. PROTECTION I)ES TALUS 

les talus aval des harrages de sltriles pcuvcii êtrc sujets i I'erosion par Ic 
vent ci I eau. II y a doiic lieu de les proteger, suivant ics condulioiis ciimaliques et 
Ic type de stériles. Unc couverturc vëgétale, tics debris dc roche ou des gCotcxtiles 
sont couramment titi ises. 

4.8.1. Debris de roche 

Lorsque les siCriles sont tuxiqucs vis-ji-vis tie la vegetation, on que Ic clinial 
no perniet pas a croissance dc hi vCgClation, les talus cxterieurs peuvent Ctrc pro-
légCs avec ties matCriaux granulaires grossiers, tels que des debris de roche, a 
condition qu' ils ne contiennent pas tie niinerais d'ou des métaux ]ouid.s et des 
acides pourraienr être lessivés par les eaux de pluie, causant one pollution. La 
meilleurc méthode consiste a incorporer ties niatériaux on cours tic construction 
pour iormcr Ics talus au maven de petites digues constituécs d curochement ou 
comporlant one ionc d'enrochemcrit sur Icur hard avid (voir chapitre 452.). En 
raison des cli Ilicultés tie metire en place, aprèsachCvcnieni, unc couche tienro-
chement stir on talus de stCrilcs existant, tie grande hauteur, il est mains couteux 
de l'exCcutcr an coors des travaux clu harrage. 

4.8.2. VégCtation 

La misc au point tie techniques speciarcs a pernis d ameliorer Ja croissance 
tic Ia vCgCtation sur les barrages dc stdriles. Diverses rnéthodes existent, par 
cxemple. Cpandage d'un paillis contenani tie Ia paille, ties enizrais et des graines de 
plantes. Dc in cliaux sera appliquCe si les materiaux dCposCs sont acides. La sur-
lace peul nCcessiter unc stabilisation provisoire au nioyeii d' un geotextiic lixC par 
des piquets pour éviter son soulevcmcnt par Ic vent. Un arrosage régulicr d'eau 
pulvérisCc scra effectuC jusqu'a cc c]uc In vegetation soit sul'iisamnient rCsistante 
pour survivre dli Cours des périodes tie climat sec. 

La terre végCtale disponihic est parlois utilisée, mais, 	mains de l'associcr a 
Un geotexiiic, cue est 5UjC1IC a erosion par I 'enu, comme les stdriles eux-mCmes. 
A partir d' un programme Ctahl i avec sam, on pent rccouvrir, chaque annCe. Ia 
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4.8. SLOPE PROTECTION 

The exposed downstrcam slopcs of tailings dams can he subject to wind and 
water erosion. It is usual to protect them in some way, depending on climatic 
conditions and the type of the tailings. Vegetation, waste rock or geotexties are 
commonly used. 

4.8.1. Waste rocktIll 

In cases where the tailings are toxic to vegetation or the climate is too extre-
me for the growth of vegetation to be successful, the outer slopes may he protected 
by coarse granular fill such as a waste rockfill, provided it does not contain ore 
from which heavy metals and acids could he leached out by rainwater, causing pol-
lution. This is best incorporated during construction by forming the slopes with 
dykes constructed from rockfi Il or built with a zone of rocklill at their downstream 
edge as suggested in Section 4.5.2. Because it is di liicult to place a layer of rock-
flll retrospectively over a high, existing. slope of tailings, it is more cost effective 
to huild it during the construction of the darn. 

4.8.2. Vegetation 

The development of specialist techniques has improved the success of esta-
hI ishing vegetative growth on tailings darns. Various methods can he used to 
encourage the establishment of a vegetation. including spraying the slope surlace 
with a mulch containing straw, fertilizer and plant seeds. Lime may have to he 
applied if the deposited materials are acidic. The surface may require temporary 
stahilisation by coverilig with a woven geomcrnhrane, pegged down to resist wind 
forces. It may also require regular watering by light sprays until the vegetation 
becomes strong enough to survive the natural climatic dry periods. 

Topsoil is occasionally used, where available, but unless used in conjunction 
with a form of geotextile, it will he as suscepiihle to water erosion as the tailings 
themselves. By careful timing it may he possible to cover each year, the lift that 
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couche qui vient détre misc cii place. Ia vegetation poussant lorsque les condi-
Lions chrnatiques sont favorahies. 

Dans certains cas, des arhustes provenant de pdpinières soni plantés sur des 
claies disposées sur ie talus exposé, Cette operation est très lourde, mais peut assu-
i-er unc protection efficace lorsquc les autres types de vegetation lie convienneni 
pas. Des essais de plantatioii et Ia determination prCalahle des cspCces appropriCes 
sont recommandes. Afin de i'éduire les prohldmes de poussiCre. les retenucs dc 
stockage de grande surface peuvent être divisées en deux bassins. L'un scra utili-
sé pour la misc en dépôt pendant plusicurs annCes, landis que 1 'autre est recouvert 
de vCgCtation, cc qui diminue Ia surface exposéc. Avant que les differences de hau-
teur deviennent dangereuses, Ic déchargement des stCriles sera transfCrC a i ' auire 
has sin - 

La toxicitC, l'aciditC. Ia faible teneur en substances nutritives et [absence de 
micro-organismes clans Ic sol peuvent s' associer aux conditions inhihitoires de 
teneur en eau ci de temperature en surface, a hi cirnentation ci a Ia cornpacitC en 
surface, pour empécher que La vCgCtation ne s'Ctahlissc sur les dépôis de stCriles. 

4.$.3. Contrôle des travaux et auscultation 

Un ingénieur sera dCsignC pour surveiller la construction do barrage de stC-
riles et s assurer qu ii est exCcutC suivant les plans ci specifications du projet. 11 
peut Ctre assistC d'agents charges de contrOler les travaux quotidiennement ci ne 
dCtecter les dillicultds Cvenuclles. Cet ingénieur recommandera les modifications 
a apporter an projet s' ii constaic quc a conception initiale n'est plus satisfaisante 
par suite de changement dans les conditions du site, les caractCristiques des siC-
riles, etc. Il s' agit là d une mCthode de conception cheniin faisant >>, niais les 
modifications pi'oposCcs devront Cisc discutCcs ci acceptées par Ic concepteur 
avant misc en wuvre. Un registre sera ienu a jour. consignant 1 'avancernent des tra-
vaux, Ics rCsultats des essais courants de densitC ci de granulorndtrie, ainsi que 
toutes modi lications de conception. 

Des relevés de piézomètres, des niesures de debits de percolation ci des icc-
tures d'autrcs apparcils d'auscultation seront elTcctuCs ci les rCsultats analyses par 
'ingénieur chargé de la surveillance des travaux afin de contrôler I 'evolution du 

comportenient do barrage et de Ia retenue de stockage. Le Bulletin 104 (1996) trai-
te de F auscultation des barrages de stCriles. 

4.9. ASSURANCE 1W IA QUALITE 

Afin de s' assurer que les reconimandations techniques et environnementales 
soni hien appliquées, un progranime d' assurance de hi qualitC sera défini pour 
chaque projet de construction et comprendra hi tenue dun dossier des activitCs sur 
Ic site. Le programme d'assurance de Ia qualitC de construction sera Ctahli paral-
Ièlement au Plan de Gestion de F Environnernent portant sur les aspects de contrô-
Ic (IC letivironnement au cours de la construction ci de [exploitation, y conipris Ia 
conception, ki réalisation et l'entretien des points de contrôle dc Ia qualitC de I 'eau 
et de lair, conformenient aux conditions d autorisation dCvacuation. 
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has just been built and begin vegetation growth while climatic conditions are 
favourahlc, 

In certain cases, individual shrubs that have been grown in a nursery may be 
planted on a grid pattern over the exposed slope. This is a labour intensive Opera-
tion, but can pi -oduce a successful protection when other types of vegetation would 
be found to he unsuitable. The use of planting trials and the early determination of 
appropriate species is to he encouraged. To reduce dust problems, impoundments 
with a large surface area may he divided into two basins. One would be used for 
deposition for several years, while the other is covered with vegetation, thereby 
reducing the exposed area. Before height differences became dangerous, tailings 
discharge would he ui.oved to the other basin. 

The toxicity, acidity, low nutrient status and absence of soil micro-organisms 
may combine with inhibitory surface temperature and water regimes, surface 
cenientation and compaction to inhibit the establishment of vegetation on tailings 
deposits. 

4.8.3. Inspection and monitoring 

A supervising engineer must be appointed to oversee construction of tailings 
dams to ensure that they are built according to their designs. He may require the 
assistance of inspectors to check the work on a daily basis and to detect di l'ficul-
ties that may arise. He may recommend alterations to the design if he sees that the 
original design has become unsatisfactory due to changes in site conditions, pro-
perties of the tailings etc. This is all part of the 'design as you go" approach, but 
proposed variations must he discussed and agreed by the designer before being 
implemented. A record must he kept of the progress of construction, the results of 
routine density and paiti dc size tests and any design modifications. 

Regular readings of piezometers. seepage flows and other instrumentation 
must also he recorded and analysed by the supervising engineer to check the on 
going behaviour of the dams and impoundments. Bulletin 104 (1996) deals with 
instrumentation and monitoring of tailings dams. 

4.9. QUALITY ASSURANCE 

In order to ensure the effective application of technical and environmental 
guidelines, for each construction project a system of quality assurance should be 
defined, and should include adequate record keeping of site activities. The 
construction quality assurance plan should he developed in parallel with an 
Environmental Management Plan which should address environmental monitoring 
aspects during construction and operation, including the design, construction and 
maintenance of water and air quality monitoring points in accordance with local 
discharge consents and licensing conditions. 
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5. MESURES CORRECTIVES 

5.1. INTROE)UCTION 

Ies mesures correctrves sont Ic plus souvent ndccssit6es par les barrages de 
stériles n'ayant pas éid conçus suivant les principcs ci praliquc indiquds au clia-
pure 3. Cc chapiire concernc spdcialement Ia stabilité des ouvrages a ]exclusion 
des prohldmcs denvironnement associes a leur exploitation normale. Ces pro-
blèmes riécessiterit des plans d'action spéci lques qui soft discutds ailleurs. En 
particulier, des problémes se posent souvent stir Ics barrages dc stdriles, de 
construction trés longue par suite dc modification do procédé de traiternent des 
slérllcs a i ' uine. ccs barrages pcuvcnt être surdlevds, leur pi -ofil en travers mcdi-
fié ou letLr conception initiale changée. Alors que Ie barrage, tel que conçu Li l'ori-
gine. aurait eu un comporteirient satislaisant, ccs modihcations conduiscnt parfois 

des proh]èmes irnprévus concernant Ics dispositifs de drainage ou autres éld-
ments de l'ouvrage. 

Certaines circonstances, telles que des précipitations exceptionnelles ou des 
séismes, nécessitent parfois égalerneni des nicsurcs correctives. C'est, en paiticu-
her. Ic cas des barrages de stériles dont les ci -itères hydrologiques ci sismiques de 
projet sont souvent mci ns sdvères que ceux appliques a d'autres barrages de sine-
kage. 

II faut souligncr I' importance d tine surveillance ci d tin entretien réguliers, 
exddutés avec competence cela peruicttra d idcnii tier, suffisammcnt iôi, toutes les 
nicsures correctives ci, ainsi, de les Ctudier ci de les mettre en euvre an moindre 
coLd. 

5.2. LES DIVERS PROBLEMES SUSCEPTIBLES DE SE PRESENTER 

5.2.1. Introduction 

Les chapitres suivants indiquent les divers problèriies pouvarit affecter Ic hon 
coniportenieni des barrages de stCriles. I.e chapitre 5.3. examinera les niesures cor-
rectives. Le Tableau I resume les types ci causes des défectuosités et indiquc les 
moyens de Jew' detection par inspection et auscultation. 

5.2.2. Déversement 

Un dCversement se produit lorsque l'eau surnageani dans Ia retenue on les siC-
riles fluides stockCs dCpassent Ic niveau de Ia crete du barrage et sCcoulent sur Ic 
talus aval. Suivant ]e caracére Crosif des inatdriaux du barrage et Ic volume du 
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5. REMEDIAL WORKS 

5.1. INTRODUCI'ION 

Remedial works are most likely to he recluired for tailing clams which have not 
been designcd in accordance with the principles and good practice set out in 
Chaptet-  3. This chapter relates particularly to structural inlegrety and does not 
cover more general env i ronmerital problems associated with their normal opera-
tion. These problems require speci1c environmental action plans that arc discus-
sed elsewhere. In particular, problems can often develop with tai]irlgs dams which 
are constructed over a long period of time and which, as a result of changes in the 
method of working of the process from which the tailings are derived, may he 
heightened or altered in cross section or otherwise changed From that origiially 
intended. Whereas, as originally conceived, the darn may have performed satisfac-
torily it can happen that changes can lead to unforeseen problems with drainage or 
other elements of the design. 

Remedial works may also he required in circumstances where an event 
occurs, such as exceptionally heavy rainfall or seismic shock. This is particularly 
the case for tailings danis. which are often designed to hood and earthquake crite-
ria somewhat less rigorous than those applied to other storage (larns. 

The importance of regular inspection and routine maintenance competently 
carried out cannot he over-emphasised, as this should enable the need for any 
remedial works to be identitied at an early stage, thus allowing them to he desi-
gned and carried out in a cost effective manner. 

5.2. REVIEW OF PROBLEMS WHICH CAN OCCUR 

5.2.1. introduction 

The following sections review the principal types of problem which can affect 
ihe engineering integrity of tailings dams. Section 5.3 discusses the remedial 
works necessary to rectify defects. Table I sumniarises the types and causes of 
defects and indicates the possibility of their detection by inspection and monito-
ring. 

5.2.2. Overtopping 

Overtopping occurs when the supernatant water or fluid waste retained by a 
darn rises above the crest level of the dam and flows down the downstream face. 
Depending on the erodibi lity of the material in the darn and the quantity of retai- 
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Iluide retenu, cc déversement pent avoir des colisequences ci sastreuses, avec de 
grandes quanlités de matiSriaux évacuécs a l'aval. 

Lc déversernent peut résultcr dc Fune - ou plusieurs - des causes suivantes 

I. Critèrcs hydrolc.giques de projet inappropriés par exempic, capacite de 
retcnue insuffisante pour Faire face aux apports provenant cm hassin vcrsant arnont. 

Mauvaise conception hydraulique par cxeiuple, capacite iisuffisantc de 
iouvrage de décantation ou de l'évacuatcur de crue. 

Perle de revanche causée par tin affaissement de Ia crete clu barrage résul-
tant, par exempic. d'un renard et d'une rupEure de Ia crete par suite dc I'eiivahis-
scrncn[ de Ia plage par I 'cam de La reteiiue, du tassenient dii rcmblai suns SOfl poids 
propre, de I 'entraInemenl de nlatCriaux du remhlai par erosion inlcrne, Al lasse-
ment de La Londation. dc I 'cifondreinent tie cavités dans Ic terrain sous-jacent 
rcsultant de I 'extraction de niincrais, de I 'effondrement de zones de dissolution 
dans les coLiches sous Ic tiarrage, diiii contrôlc insuitisant en exploitation, on de 
secousses sisliliqties. 

5.2.3. Instabilité des talus 

Le talus aval dUll barrage de sled les peril devenir instable pour I 'tine ou pin-
sieurs - des causes suivantes 

Contraintes excessiscs clans Ic sol dc tondation. 

Contraintcs excessjvcs dans les matCriaux tie construction ctu harrae 

JVlatvais controlc' des pressions d'eau 	c'est-ã-diie, pressions inlersti- 
dcl es excessives resultant ci' tin drainage inadCquat on ci' Un chargernent non (Inn-
iC, par exempic CICI Li on sCisnic. 

La inani lcstation d'un risque d'instabiiitC clU d ulic rupture par cisail lement 
apparait soLiveni avant que ne sc produisent cii lilportants mouvcmcnts en surface 
uiic ausculialion régLilicre cm barrage (piCzoniCtrc.s, inclinomètrcs. appareils dc 
inesurc des niouvements) sera done ellectuee. Parmi les signes d'instahiliiC, on 
perIl citcr : presence de lissures dc traction dans La partie supCriciLre Oil Sur Ia crete 
du barraie. hoursouflure clans la paflie infCrieure du talus 011 soulCvernent du sol 
prCs do pied. inouvenient de L]uage lie ralenlissant pas clans Ic temps. Ccpendant, 
il faut outer qu ' il y a parlous des siluations od aucun signe d' instabilitC ll'apparaIt 
avant Ia rupture. Lcs appareils dc mesure pcuvcnt indiquer une acceleration de 
petits mouvements non visihics Li l'ril. I es piCi.oniClres peuvent déceler line ligne 
dc saturation s approchant trop prCs dli talus aval, se traduisant par des pressions 
interstitielles nietlant en danger La stahi litC de I 'ouvrage. 

5.2.4. Erosion intcrnc due aux percolations 

Lcs percolations it travers les matCriaux d'un barrage de stCriies peuvent pro-
voquer cur erosion interne. Cela risque de se produire lorsquc Ic disposilif de drai-
nagc est insuft'isant 011 iorsqLle des deleetuosites survicnrient Li i ' intCrieur du har-
rage, par exempie, fissures de tassenient on inauvais compactagc cm renihiai (en 
particulier. Li proximitC dcs conduites). Lerosion des matCriaux fins conduit par-
fctis Li une rupture rapide ci catastrophiqLle dii han -age de stCriles. 
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ned fluid this could result in disastrous consequences, with large quantities of 
material released downstream. 

Ovcrtopping may occur for one or more of the following reasons: 

I. lnadcquatc hydrological design; e.g. insufficient lagoon capacity available 
to cope with flood run off from upstream catchnicnt area. 

Inadequate hydraulic design e.g. insufficient capacity of decant system or 
spill way. 

Loss of freeboard due to subsidence of dam crest due, for example. to 
piping and collapse of the crest, caused by pond water invading the beach, to 
self weight settlement of the embankment fill material, general loss of embank-
ment material due to internal erosion, settlement of the underlying natural ground, 
the collapse of below ground voids resulting from the extraction of minerals, the 
collapse of natural solution features in the strata beneath the dam, inadecluate 
control of operation. or seismic shaking. 

5.2.3. Slope instability 

The downstream slope of a tailings dam can become unstable for one or more 
of the following reasons: 

• ()vcrslrcssing of the foundation soils 

Overstressing of the dam construction materials 

Inadequate control of water pressures i.e. seepage pressures or excess pore 
pressures resulting from inadequate drainage or undrained loading cg. due to an 
earthquake event. 

Evidence of potential instability due to shear failure is often apparent before 
visible gi -oss surface movements occur and routine monitoring of a dam (piezo-
meters, inclinometers and movement gauges) should therefore he carried out. 
Signs of instability include the presence of tension cracks in the upper part or in 
the crest of the dam, bulging of the lower part of the slope or heaving of ground in 
front of the toe, and creep movements not reducing with time. However, it should 
be noted that there can he siwations where no obvious signs of distress are appa-
rent prior to failure. Movement gauges may show accelerating small movements 
not visible by eye. Piezometers may show a phieatic surface becoming too close 
to the downstream slope, indicating pore pressures that may endanger stability. 

5.2.4. Internal erosion by seepage 

Problems can arise due to internal erosion of material from the tailings dam 
resulting from seepage of leachate. These can occur when drainage measures pro-
vided to control the seepage are inadequate or when defects occur within the darn, 
for example settlement cracking or poor compaction of fill (particularly against 
conduits). Erosion of fine material can lead to catastrophic and rapid failure of the 
tailings dam. 
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Le risque d erosion interne a i' intérieur d'un F.arrace tie stériles esi di Iticile i 
déccter. II esi pen probable que 1iLiscu1Iaion piCLometriqllc deceic Ic dcvcioppc-
inent cl'une situation critique, hien qtielie fournisse dutilcs inforinations géné-
rales sw i'efficacité du dispositif de drainage. I. observation des debits de perco-
]aiion i travers Ic barrage, colicctds par Ics drains, prCviendra dun danger, mais 
pour Ctrc efficace, cue devra Ctre prcsquc CoiltinuC. ii cst trés di fficile de coflecter 
tonics ies percolations. mais Ia mesure dLl debit de percolation recucilli par Ic dis-
positi de drainage indiquera gCnCralcment toute augmentation dangereuse du 
debit une inspection rCgulière sera Cgalcment efTcctuCc pour dCtecter un change-
went de coo leur de I 'effluent. Une i mportante Crosioo produit des eaux houcuses. 
line augnlentation, par paliers, du debit de percolation, sails relation avec Ia inon-
iCe du niveau dean Lie la retenne on de [ones pluies, est le signe d'un danger reel. 
Maiheureusement, de nomhreux barrages tic stCriies no possCdcnt pas de disposi-
tifs de mesure des fLutes et ion essaiera de recueilhr Jes eaux de percolation clans 
des canaux, tuyanx ci losses, on le debit et Ia couleur seront controles. 

5.2.5. Erosion externe 

LCrosion externe est due a i action du vent on tie l'eau Si die n'cst pas mal-
trisée, cite pent affecter dangereusement la stabilite des barrages de stCriles, soit 
directement par moW tucation de Ia gConiCtrie du barrage. soit indirectement par 
obstruction des drains due aux illaiCfiaux erodes. En outrc, I erosion par le vent 
cause parfois des prohlènies d environneinent si les niatCriaux sont transportCs par 
Ic vent stir les proprietes voisilles. 

L'Crosion colienne pent constituer no probleme iillportant lorsqn 'ii existe de 
vastes surfaces de matCriaux granulaires fins exposCes an vent, tel les Line Ic talus 
aval d' LIII barrage de stCriles ou Ia plage de a retenue Lie stockage. 

L'Crosion externe 	i'cau rCsuite de diverscs causes. Snu' Ic talus aval, cue 
pent être due ti un deerseunent ( voir 5.2. I . ) uu a Ia pluie, et provoquer nii ravine-
ment prolonci clans le t'iis tie niatCrians grannlaircs fins. Elle pent se manifester 
egaleineni lorsqu no drainage instillisant ii 1' interi ur tin barrage permet a Ia ligne 
Lie saturation d atteindre le talus aval ci aux percolations de sortir sur cc talus. 
C'ette situation est exti -emeunent dangerense ( voir paragraphe 3.9.3.) et nCcessite 
des nuesnres correctives iminCdiates. Une niontCc du nivean de Ia rctcnne p'-
cinec par tine crue. tine obtnration dc I onvrage de dCcantation on d autres causes, 
peuvent conduire a une rupture avant dCversement, du fait tie l'ClCvation de Ia 
ligne Lie saturation. 11 y a anssi Ic cas on Un barrage tie stCniles est affectC par tine 
inondation du sol an pied aval du rcmhlai Ic passage du courant tie Ia crue stir le 
pied pent provoquer nn at'[ouillement et entrainer Ia rupture tlu talus aval, 

En cc qni concerne les barrages de stCriles dont Ia retenue est prCvue pour 
stocker tin volume important dean on pour stocker les stériles sons tine profon-
deur d'eau, cette can esi en contact avec Ic talus amont du barrage ii importe, 
clans cc cas, ci'assurer une protection de cc talus contre [action ties vagues. 

5.2.6. DCgãts d'origine si.smique 

Les dCgâts ti origine sisullique consistent gCnCralenient en clCf'orniations de Ia 
crete ci tin talus aval tiLl barrage, avec clislocalion tin dispositit de drainage ct 
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The potential for internal erosion wiihin a tailings darn is difficult to detect. 
Piezometer monitoring is unlikely to indicate the devclopnient of a critical condi-
tion, although it can provide useful general information on the adequacy or other-
wise of drainage systems installed. Observation of seepage Ilows through the darn 
into the drainage system will give warning of a potential problem, but to be effec-
tive. seepage flows must he monitored almost continuously. It is most difficult to 
collect all the seepage, but the measured discharge from the drainagc system will 
usually indicate any damaging risc in the rate of flow and regular inspection 
should also he made to assess discolouralion of the effluent Substantial erosion 
produces muddy flows. A stepped increase in seepage flow, without causative 
increase in impoundment water level or heavy rainfall, is a significant danger 
signal. Unfortunately, most existing tailings dams have no provision for monito-
ring seepage and attempts should he made to collect seepage into channels, pipes 
and manholes where colour and flow can he observed. 

5.2.5. External erosion 

External erosion can occur due to the action of wind or water and if not 
cuntrolled it can adversely affect the stability of tailings dams either directly. by 
modificanon of the geometry of the dam, or indirectly as a result of the eroded 
material blocking drains. Wind erosion can, in addition, cause environmental prc-
blenis if wind home material is carried on to adjacent property. 

Wind erosion may he a significant problem where there arc large exposed 
areas of fine grained material such as on the downstream face of a tailings dani or 
in beach areas of the impoundment. 

Extei'nal erosion by water can happen for several reasons. On the downstream 
face it can occur as a result of overtopping (see Section 5.2.1 .) or due to rainfall, 
which for fine grained materials can result in deep gullying. It can also occur in 
situations where inadequate internal drainage of the dam leads to the phreatic sur-
face reaching the downstream slope and seepage water exiting on the downstream 
facc. This is an cxtrc.mely dangerous situation, as has been pointed out in Section 
3.9.3, and requires immediate remedial action. Rising pool level caused by flood, 
blocked decant or othei' causes, can result in failure before overtopping because of 
the consequental rise of the phreatic surface. Another situation would he where a 
tailings darn is affected by flooding of the ground at the toe of the embankment. 
In this case erosion by the passage of floodwater across the toe could lead to 
undercutting and failure of the downstream lace. 

On the upstrearn ('ace of tailings darns retaining the type of impoundment 
designed to store considerable volumes of water or where the tailings have to be 
stored under a depth of water, such that the water reservoir is in contact with the 
upstreanl slope of' the dam, it is important to ensure that the face is protected from 
the effects of wave action. 

5.2.6. Earthquake damage 

Earthquake damage commonly consists of deformations of the crest and 
downstream slope with associated disruption of drai nagc and other elements of the 
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d'autres élénicnts do Fouvrage. Dans les cas extremes, le S(isrTle pcut provoquor 
lii rupture totale dtL barrage de stc.ri es (par excmple, s ii y a liqLIelaCtiofl des sEe-
ii les, dos matiriaux dti remhlai ou de La londation). Mais mCme si ny a pa de 
rupture grave an moment du séi smc. il iniporle de rCparer rapidement bus les 
dCgâts suhis par Ic barrage, par exemple, affaisscment do La crCie conduisant i unc 
submersion do Ia plage oti it un dCversement. Une inspection d6tai1he de [en-
semble do [ouvrage scra effcctuCe aprCs cliaque séisiic. 

5.2.7. l)Cglts causes aux ouvrages de dCcantatioti 

Les conduitos de dccaniation passant sons Ic remhlai peuvent Cue sCrieuse-
mont endonuiiagces par suite de lasscments excessifs do La fondation a rupture 
de La oonduite PIOVOqUC afors une inUndation aveo dCversement. ou Line erosion 
jfltorile dos nialériaux avec entrainenieni thins Ia conduite a travers tine cassure, 
tonics deux conduisan a Line rupture dii remhlai. If e.st donc essentiel tie verifier 
que La conception do I ou vrage do decantation est satisfaisanre compuc ten ii ties 
conditions do fondation ci de La hauteur maximale prCvue pour La retenuo de sloc-
kage. Si une hauteur plus grancic est envisagCc, on examinera si I ouvrage de 
décantation cst appropriC. Lorsqu'un ruisseau passe a travcrs La rotenuc et esi eva-
cue par I 'ouvrage do dCcantation, colui-ci doit Ctre capable d'évacuor La crue maxi-
male dCtcrminCe en tenant coinpie de La dimension et tie Ia nature du hassin ver-
sanE, ainsi clue do La presence de comnlunautés et d'hahitations près do la relenuc. 
Les ouvrages de dCcantation peuvent egalement Ctrc encloniniages par attaquc chi-
mique (lcssivage des niatCriaux ayant servi i leur construction). 

Lorsqu' nil barrage comportant Lic conduite sur sa base ci ayaiit atteint sa 
hauteur dc projot doit We nutahLomoiit urélcvC, on iisialLcra uii nouvel oLIvrage 
do JCcanuation a Un nivoau plus ClevC. 

5.2.. Pollution de Ia nappe phrCatique 

Au onurs tIn projet, une grande attention est maintonant pollee a L'C!iminaIion 
ties riscues do pollution do La nappo phrcatique Sons ci i proximite des silos do 
dépôt tie stCriles. loutelois, de nombreux ancions améiiagcments ont etC exécutés 

11110 Cpoquo nu I 'on so prCoccupait moms do La protection de I onvironnemont ci 
on La Legislation ooncernanu I onvironnement elait moms rmgoureu.so qLie nlamnto -
nail. Des pi'ohlemes tie pollution do Ia nappe phreatique sont done apparu Ct 
colitinueront i se preset (Cr. Memo pour los ouvrages Oct Ic souci tie la protection 
do I 'environnement n 'Clait pas absent Lors do la conception, des prohLèmcs de pol-
lution de La nappe souterraine peU vent survenir, resultant, par exeniple, de La dCtC-
rioration des i'evCtecncnts svnthétiques. tIe I inadaptation dos revCtements on ai -gi-
Ic an lur et a mesure quo les travaux avaiiccnt et quo lo niveau do La reuentic de stoc-
kage augmente, ou de I 'alteration chimique des stCriles. 

Le conlrOLc de la qualite d'échantillons d'eau souterraine, prCLevés dans des 
pLilus d'ohservation SibuCs a [oval de La rolenuc do stockage, permet tie dCtecter 
une pollution Cventuel Ic tie La nappe phreauique. 
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design. in the extreme, earthquakes can cause total failure of a (ailings dam. (frr 
example if liquefaction of the tailings, embankment or foundation soils occurs). 
However, even if a serious failure does not occur at the time Of the event, it is 
important to take action quickly to repair any damage sustained by the dam e.g. 
Crest subsidence that could result in immersion of the beach or overtopping. The 
whole structure should he inspected and investigated lollowing any earthquake 
event. 

5.2.7. Damage to decant systems 

Decant conduits passing under the embankment can be severeLy damaged by 
excessive foundation settlement, and collapse of the conduit can result in flooding 
causing overtulipi ng or internal erosion of material into a break ill the culvert, both 
resulting in embankment failure. It is important, ihei -eforc. to ensure that the dc-
sign of the decant system is satisfactory related to the ground conditions and the 
maximum height of the impoundment to be achieved. If at any stage a greater 
height is contemplated the adequacy of the decant system should be reviewed. In 
cases where a stream passes into the water pond and out through the decant sys-
tern, it must be capable of discharging the MaXiMI-1111 appropriate flood consistent 
with the site and nature of the catchment and the relation of the impoundment to 
nearby dwellings and communities. Decant systems can also he damaged clue to 
chemical attack by the leachate on the materials from which they are constructed. 

When a clam with a culvert passing under it, that has reached the design 
height, is to he raised considerably, consideration should be given to providing a 
new decant system at a higher level. 

5.2.8. (;roundwater pollution 

The need to prevent pollution of the gruu ndwater below and adjacent to tai-
lings disposal sites is generally now an important design consideration. However. 
many older schemes were started at it time when there was less concern or appre-
ciation of ,  the need to protect the environment and when legislation was less strin-
gent in this respect than it is now. As it resLmlt. problems with groundwater pollu-
tion have arisen and will continue to do so. Even for schemes designed with envi-
ronnienial protection in mind, pn)hlcnis with groundwater pollution can occur. for 
example due to the deterioration of synthetic liners or the inadequacy of clay li tiers 
as the scheme develops and impoundment levels increase, or chemical cleteriora-
tion of the tai ling.s themselves. 

Groundwater pollution can he detected by mnnitoring the quality of ground-
water samples obtained from observation wells located downstream of the 
impoundment. 
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5.3. 1ESURES CORRECTIVES 

5.3.1. Introduction 

Les mesurcs faisant ] objet des chapitres suivants soft correctives p]utôt CjuC 
preventives. Pour les nouveaux aménagements, on veillera cc que les problemes 
ne se prCsentent pas, en concevant les ouvrages suivant les principes et pratique 
indiques dans Ic present Rulletin. Pour los aruénaienients anciens, on s' appuicra 
stir 1' Inspection CL I auseLiltation pour dCtecter Fes prublenies polentiels ci Cviter 
(]Li i Is nc sc po.sent. Des rccommandationis sur I' inspection et I auseLiltation suflt 
donnCes dans le Bulletin 104 pub] ié en 1996. 

5.3.2, Déversernent - niesures correctives 

Sous reserve quc Ic déversenieni ncntraIne pas unc rupture catastrophiquc du 
harraie. Les mesures correctives consistent essentiellenient ii rcmplacer ]es maté-
n - iaux perdus par erosion sur Ia Crete et sur Ic talus aval, et i rCparer les uuvrages 
annexes endoriimacs. Lors de Ia reparation. on doit veiller n choisir des matCriaux 
(IC rcmhlai avant des proprietes convenahies (résistance. densitC, permCahi litC ci 
pérennitC ) et pouvan! Cisc mis en place ci hien coinpactCs par Ics eligins mohili-
sables sur Ic chantier de reparation. Si nCcessaire, on fera appel a des ITieStLrcs spC-
ciales, idles quc gahions, geogrilles ou geotexti les. pour assurer une résistance 
vis-à-vis de tout dCverscment ultCrieur. La reparation des dCgiIrs par erosion est 
examinCc au chapitre 5.3.5. 

II cst essenticl dc determiner La cause du dCversemcnl ci dentreprendre, en 
plus de Ia reparation du barrage. des iravaux en vue de prCvcni r tout retour pos-
sible dun tel incident. Ces travaux peLivent comprendre I' unc ou plusieurs des 
mesures suivantes modi ticalion dc Ia inCtliode d'cxploitation dc amenagenient 
ali ii qu uLne revanche supplenicntairc soit disponible pour sadapter a des niontCcs 
exceptionuncllcs (ILl nlivcaui de a retenue dc stockagc surélCvation du ii iveau de Ia 
crete pour parvenir a La niCniie sitLiationi SLLJClcvation dc Ia crete pour faire lace a 
inn alfaisseinent ultericLnr on auizmentation de la capacitC de I ouvrae de dCcan-
tat ion on de I Cvacuateur de crue. 

5.3.3. lnstabifltC des talus - mesures correctives 

Avant Ia misc en ouvre des mesures correctives définitives, il est nCcessaire 
de determiner Ics causes de I'insiahi]ité. A nioins que Ia cause no suit évidente, unc 
enquete et une étude scront cllectuCes pour rechcrchcr la caLise ci. Ic cas échéant, 
tournir des inlormations pour Ia misc au point des travaux de reparation. 
Cependant, ii y a des cas on. aprCs une rupture. il  iniporte d'cntreprcndre d' urgen-
cc des travaux afin de sauvegarder l'ouvrage vis-n-vis de dégilts catastrohiques 
ultCricurs possihles:dans dc tels cas. Fe temps manquc pour niener tine enquCte 
detail ICc avant Ic dCniarrage des iravaLix de reparation. 

Ces mesurcs correctives. qu 'dIes solent des reparations dClnitivcs on des 
mesurcs d'uruencc. conliprcnnent les techniques suivantes 
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5.3. REMEDIAL WORKS 

5.3.1 Introduction 

The remedial works discussed in the lollowine sections are corrective rather 
than preventative measures. For new schemes problems should he prevented from 
arising provided that the schemes are designed in accordance with the principles 
and good practice given in this Bulletin. For old schemes much reliance may 
necessarily have to he placed on inspection and monitoring in order to identify 
potential problems and prevent them occurring. Guidelines on inspection and 
monitoring are given in Bulletin 104 on instrumentation and monitoring, published 
in 1996. 

5.3.2. Overtopping ,  remedial works 

Provided that overtopping has not resulted in a catastrophic failure of the dam 
the remedial works would consist essentially of replacing material lost from the 
crest and downstream slope as a result of erosion, and repairing any ancillary 
works damaged by the event. Care must he taken when making the repair to select 
fill material having suitable properties e.g. strength, density, permeability and 
durability, and which is capable of being placed and adequately compacted by the 
plant that can he mohi liLed to the site of the repair. If necessary, consideration may 
have to be given to the use of special measures such as gahions, geogrids or geo-
textiles to provide the necessary resistance to any future overtopping. The repair 
of erosion features is discussed in Section 5.3.5. 

It is essential to determine the cause of the overtopping and to undertake 
works to prevent any possible recurrence, in addition to repairing the dam . Such 
works could include one or more of the following measures: modifying the method 
of operating the scheme so that additional freeboard is available to accomniodate 
exceptional rises in impoundment level: raising the crest level to achieve the same 
situation; raising the crest to allow for future subsidence, or providing greater 
capacity of the decant system or spillway. 

5.3.3. Slope instability ,  remedial works 

Before constructing permanent reined ial measures it is necessary to determi-
ne the causes of the instability. Unless the cause is obvious, sufficient investigation 
should he carried otLt to determine the cause and if appropriate and necessary. to 
provide information for the design of the remedial works. However, there may be 
circumstances when, following a failure, it is necessary to carry out some work as 
a matter of urgency in order to safeguard the scheme from further and possibly 
catastrophic damage, in which case there may not he time to carry out detailed 
investigations in advance ol' starting the remedial work. 

Whether for permanent repair or as an emergency measure, remedial works 
for slope stahilisation would normally include one or more of the tollowing tech-
n i q u Cs: 
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• inod i lication du profi I du barrage 

• installation de dispositi IS dc drainage pour abaisser Ic niveau ilc Ia ligne de 
saturation : tranchcs drainantes prolondes sur Ic talus aval. draiiis forés horiLon-
talement, pied drainant supplérnentaire. etc. - tons ces di spositi Is étant protégés 
efficacernent par des filtres hien conçus poir viter I 'cntraIncmcnt die matériaux 

• consolidation ces sols 

• construclion (I'oIirrages ne souteileineiit. tels (]UC recharges de pied an 
moyen denrochement. 

Le Tahleau 2 indique les principales mesures correctives pouvant iritcrvcnir 
pour rcsoudrc des prnhlcmes de rupture sLisceptihie nie se inanifester en proforicleur 
ci des probléines d instabihid pcu prolondc. 

II importe de tenir coinpie des diets déstahihsatcurs dventueis pLi'ult ré.sui-
ter des travaux de reparation. Par exemple. les charges statiques ci dvnarniqucs 
cxercccs par ics engins pcuvcnt avoir Un diet nCtaste stir hi stahi lité : L' installation 
de dispositils de drainage ou de murs dc soutèncnicnt, nécessitant des foui lies en 
pied de talus instahies. sera réalisée sur de courtes longucurs. Si I 'on juge nCces-
saire d installer des drains lores, ii faucira .sassurer que les debits dans Ic forage 
n'entramnent pas unc rupture par renard au cours des travaux. 

Jahieuu 2 - tIieLu,es orie Tiiv'. 1 voh/e. /ono vl mb' iii v /mmob11'nmCc 1 ',n vlabifiW mim' Jo (j  V. 

'I'vpcs d 	instahilité de lalLis Mesurcs coil 'dives possibles 

Rupture possible - 	tS1diEieauoii du prolil do harrae : par exciupic 
en protondeur - adouc issenlent de Ia peilte dLi au us aval 

- coiistruciioil d 'niie risherrne an pied 
- rvduetioii de In hatticur 	lc Iii criC 

• 	lusiailntioi duii druinane piLIkInd : par exempte 
- 	hiti 115 IOLds sub- Iiorjomiiaimx 
- 1)1 1 1 5  (IC (ILiCO ill prc 55 01 all pied 
- polIlies klmioiies 

• 	C0I1shlLctloli (I LLIL\I1ICCS He 	milienttlllellt : par exenipk- . 
Ill Li IS (IL' pied a ncrus 

Iiistabiiiti I)CU piolluide • 	All 	isscnlelti (Ic In Iigne He saturation 

• Adoucisseiiieni du talus 

• Construction (IC tranchCcs drainanics sur Ic talus 

• 	('onsolidation (ILl sol 	par CXetllpIC. tiriutiture. iiljeCtiOil. 
coii tie loris 

• 	Enhirvenletlt Ct reiiipiaceiuetii des Illalcriiuux de taible 
resistiiice Oil di Slo(I1ies 

* Nlise en place H unc couveriure de vcpctation 
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• rnodi fication ol the darn prolile 

• installation ot drainage works to lower the level of the plireatic surface, 
such as deep trench drains on the downstream slope, horizontally bored drains, 
additional toe drainage. etc., all carefully protected by well desgned filters to 

prevent loss ol fill. 

• installation of soil rei nforcernent 

• construction of retaining structures, such as toe weighting with rockri 

Table 2 indicates the principal types of remedial measures that could he consi-
dered for dealing with potential deep seated failure and shallow instability. 

It is important that consideration he given to any potentially destahil ising 
effects resulting trom the construction of remedial works. For example the static 
or dynamic loads associated with construction plant could have an adverse elTect 
on stability, and drainage or retaining wall installation works requiring excavation 

downslope of unstable or potentially uristahie slopes should be undertaken in short 
lengths. If it is considered necessary to install bored drains great care would he 
required to ensure that seepage into the bore does not instigate a piping failure 
dun ng installation. 

TUNe 2 - Pwvi//e renicdiui rnasiirc.s for sloje IJLsta/1l// \ pro/?huflc. 

Types of S lope Instability Possible Remedial Measures 

Potential Deep • Modify darn prol i Ic e.g. 
Seated Failure - flatten downstream slope 

- add toe berm 
- reduce crest height 

• 	In 	tall (Jeep diaiimaye e, 

- sub horiiontal hore.l drains 
- pressure relief WAS at toe 
- well points 

• Construct retaining structure e.g. 
anchored toe walls 

Shallow Instability Lower phreatmc surface 

• Flatten slope 

• Construct trench drains on slope 

• Rein force and/or strengthen t he soil e.g. 
iiai Ii ug. grout in g 	countcrfort.s 

• Remove and replace weak or di sturhed mnatenal 

• P1 an I appropriate 	egctat i on 
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5.3.4. Erosion interne due aux percolations - mesures correctives 

L'irosion due a des défautsàl' intrieur du barrage, tels que drainage insuffi-
sant pour maltriser Ics percolations. Fissures, mauvaise installation des conduites 
traversant Ic harrae, on mauvaise protection des drains par les filtres, sera proha-
hlement difficile a détecter, et le dévcloppement d'une rupture par renard sera son-
vent trop rapide pour peri -ncttre Ia misc en ceuvrc de mesures correctives. 
C'cpcndant, Iorsque celle-ci CS[ possible, le type de mesure dépeiidra du dfaut h 
réparer. Dans bus les cas. La premiere mesure consistera, en urgence, a réduirc Ic 
niveau de I'eau OU des hones de stCrilcs dans Ia retenue de stockage. En outre, Si 
'origine des percolations causant I erosion pew Ctrc localisee sur Ic talus amont, 

des matCriaux sciont mis en place pour colmaler. Toutefois, cela sera rarement 
possible dii fait que Ia zone de penetration de ces inliltrations sera hahituellement 
cachCc par les stCrilcs mis en dCpôt. line autre mesLire d'urgence pour eriipCcher 
unc rupture 56rCUsC oil catasnophique consistcra a mettrc en place rapidcment des 
materiaux drainants sur Ic talus aval pour constituer un fi tie inverse destine a mal-
[riser Ic gradient de sortie des percolations et a rCduirc le risque d'rosion rCgres- 
Si v C. 

AprCs Ics mesures d' urgence. on veil Leni i rCparer, dc maniCie definitive, les 
dCfauts caLisant I Crosion i nterne Que ceLix-ci soicnt dus i des erreu rs de concep-
tion ou a uric dCtirioration dans Ic teiups des dispositifs de drainage existants, les 
niesures correctives pcuvent comprendre : I 'inspection. Ic netloyage ou La rCpara-
tion des drains existants, ou hien La misc en (cuvre de I' une - ou plusicurs - des 
mesures dc drainage suivantes, Uien cntendu. it ne faut pas oublicr d'y associer 
unc protection par un fi Itre parlaitement conçu et destine a prCvenir I erosion inter-
iie 

• FrancliCes drainantes profondes dans Ic talus aval dii harrage 

• [)rains for6s sLIh-llorizolltaLlx ( voir chapitrc 5.3.3. conccrnant I installation) 

• Drain de pied 

• 'lapis driinant et recharge sur Ic tal LIS aval 

• Pu its de decompression 

• Pointes fliranbes. 

Eonime variante. on mesure complémentairc, on peut envisager Ia misc en 
place d' une risherme de pied drai nantc ou drainCc a Ia base, ou hien Ia réalisation 
dune tranchCc a I a bouc, ou d' unc parot moulCc dans Ic corps du haiTage. 

5.3.5. Erosion externe - mesures correctives 

On petit faire lace a I erosion extcrne due i I 'action du vent ci de Ia pluie en 
recouvrant Ia surface exposee par des niateriaux grossiers, non érodahlcs. Ott Cii 
elfectuani nnc stahilisation par produits chimiques, ou en utilisant de Ia vCgCta 
[ion. La misc en place cI' tin tapis de matériaux relativement grossiers est unc solu-
tion avantageuse si 1 'on dispose localement de niatériaux appropriCs, tIc coat peu 
élevC. La sthhilisation par procluits chimiqucs a etC utilisCc comme mcsurc provi-
soire, mais elle peut Cue couteuse ci nc pas Constituci une solution definitive. La 
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5.3.4. Internal erosion by seepage - remedial works 

Frosion resulting from detects within the dam such as inadequate drainage to 
control seepage, cracking, poor detailing of conduits through the dam or poor fil-
ter protection of drains, is likely to he difficult to detect and the development of a 
piping failure may otlen he too rapid to allow remedial measures to he iinp]emcn-
ted. However, in circumstances where remedial work is possible, the type of Inca-
sure to be adopted will depend on the defect to he rectified. In all cases the first 
action should he, as a mauer of urgency, to reduce the level ol the water Or slurry 
retained in the i mpoundnient. Furthermore, if the source of the seepage causing the 
erosion can he located on the upstream face. material should he placed to effect a 
seal. However, it will rarely he possible to do this as the area of seepage flow entry 
will normally he ohSCUrecf by the impounded tailings. Other emergency remedial 
works necessary to try to prevent a major or catastrophic failure won cl he the rapid 
placement ot' drainage material on the downstream face to act as an inverted filter 
and thereby control the exit gradient of the seepage and reduce the risk of head-
ward erosion. 

Following the implementation of emergency measures attention should he 
directed to the permanent rectitication of the defects causing the internal erosion. 
Whether these are due to design shortcomings or because of the deterioration of 
existing drainage measures with time, appropriate remedial measures may consist 
of inspection, cleaning or repair of existing drains or the installation of one or 
more of the following drainage measures. Each must he fLilly protected by a cor-
rectly designed filter system to prevent internal erosion: 

• deep trench drains in the downstream slope of the clam 

sLlh horizontal bored drains (see comments in Section 5.3 concerninn ins-
tal lati on) 

• toe drain 

• Han ket drain and weigliti ng on downstrcan face 

• presmre relief wells 

• well points 

As an alternative, or in addition, consideration could be given to the place-
tnent of a free draining or suitahly uncicrdrained toe berm, or the installation of a 
slurry trench or diaphragm wall in the body of the damn. 

5.3.5. External erosion - remedial works 

External erosion due to wind action and the effects of rainfall can he preven-
ted either by covering the exposed surface with a coarser, non crodihle material. 
or by chemical stahihisation or by the use of vegetation. The placement of a hlan-
ket of relatively coarse material may he a t'avoured option it' there is an inexpensi-
ve supply of suitable material locally available. Chemical stahihisation has hccn 
used for temporary tailings erosion control but may he relatively expensive and 
may provide a less permanent solution. The planting of vegetation is, in many 
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plantation de v6eta1ion est souvent Ia meilleure solution, mais die deinande un 
certain tenips avant de devenir efficace ci n&cssite Ia lourniture de terre végétale, 
d'engrais, etc., et des uioyens d'irrigation. On pent utiliser des géotextiles hiodd-
gradables pour Tialtriser I'erosion. jusquà cc quc La végétation ait suifisainnient 
poti sS e. 

Des risbermes réalisées sur les talus aval des harragcs de stériles sont utiles 
pour comhattre lérosion par ruisscllcnicni. Leur espacement vertical ne dépasse-
ia pas 10 in ci Icur largeur scra suUisantc pour permettre laccés du materiel den-
tretien. Les risherrnes seront pentées ci seroni cquipCcs. Si necessaire, tie Cam-
veaLix destinCs a recuei 1 hr et it evacuer Irs caux ne ruissellement. 

En cc qui concerne les remblais dent le pied est Crude du fail d' inondation 
provenarit de cours d'eau voisins, les reparations consisteront it reniplacer les 
niatCriaux CrodCs ci it protCger le talus centre des dégilts ultCrieurs, par exemple au 
nioven de ri P'P 

Lerosion clu talus amoni, due it I action des vagucs sur un barrage dont La 
rctcnuc est conçue pour stocker de [eau au-dessus des stériles. peut Ctrc Cvitée en 
protitgeant Ic talus ai nioyen de riprap. Maiheureusenient, cette protection est per-
clue au fur ci it mestire que le barrage augniente de Iiauteur% et i I est prCfdrahlc 
d'utihiser des gComcmhrancs fixCes par des piqucis sur Ia tone concernCe du talus. 
Lorsqu ufl stockage dean n'esi pas prevu clans ha retenue. on iie laissera pas l'eau 
de surverse enipiCter stir Ia plage. cc qui provoquerait des infiltrations dans Ic rein-
blai de sable du barrage : dans cc cas, ii nyapas dc problCme dérosion par les 
vagues. Cepcndant, si des mcsurcs correctives sont ndcessaires par suite d' imper-
fections daris hi conception, 1 erosion pent Ctre arrCtCe en rnettant en place des 
maiCriaux de granuloinCtrie appropriée. Ici encore. I 'uti lisation d'un geotextie est 
it recomniander. Le risqtle d'Crosion est rCdtiit en construisant une risherme juste 
au-dessous du niveau de [eau stagnante i1fill de dissiper l'éncrgic des vagucs. La 
plaitation ile v gCiaiion resistant it l'iiniucrsioit pent Cgaleiiicnt Ctrc utile. 

5.3.6. DCgãts doriginc sisnhique - mesures correctives 

I .es dCgills caractCri stiqucs suhi s par tIes barrages de stCri les lors de sCismes 
consistent en tasseoients et dCplacenients latCraux, assocics it des lissurations, en 
partiduhier dans la direction longitudinale, c'est-it-dire parallCle it Ia crete. Des dis-
posits de drainage ci des ouvrages peuvent Cgalenieni Cire affectés. Les mesures 
correctives deperidront du type ci de I' importance des ddgiuts suhis ci une inspec-
tion dCtaillCe sera eI'feciuCe. Lii outre, il scra souhaitahle tie rCexaminer l'ensemble 
dLl projet de 1 otivrage ci d'exCctiter Irs travaux permeitant d'Ctre assure d'un corn-
poriement satistaisant pendant ci aprCs de l'uturs sCi.snies. 

5.3.7. DCgãts causes aux ouvrages de dCcaiitation - mesures correctives 

I.cs nicsures correctives ii appliquer aux ouvrages de décantation endoruma-
ges deperidront de Ia conception dLi dispositil, de Ia cause ci de Ia nature des 
dCgitis, ainsi nine dc leur importance S il y a rupture de Ia condtiite de dCcatitation, 
on prendra dcs niesurcs cl urgenee : mi se en service d' un poinpage ou creation 

tm evacuateur provisoirc. Les travaux tIe reparation dCuinitifs fcroni l'oh jet d' un 
projct dCtailhC. 
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cases, the best option, but has the disadvantage that it takes time to become esta-
bli shed, and it may necessitate the importation and placement of topsoil, ferti liters 
ctc. and the use of irrigation measures. Biodegradable geolexti Ic fabrics can he 
used to control erosion whilst vegetation growth is established. 

The construction of herms on the downslopc laces of tailings dams are useful 
for controlling seepage erosion. They should typically he at vertical height spacing 
of not greater than 10 m and should be wide enough to allow access for mainte-
nance plant. The bernis should he laid to falls and berm drains constructed if 
necessary to collect and channel surface water. 

For emhankments affected by toe erosion as it result of flooding of adjoining 
water courses, remedial works would consist of replacing the eroded material and 
protecting the slope Ironi further damage for example by the use of rip rap. 

Erosion of the upstream slope due to wave action on dams retaining inipoLind-
ments designed to store water above the tailings can he avoided by protecting the 
slope with rip-rap. Unfortunately this becomes lost as dam height increases and it 

cheaper solution may he to use geomembranes pegged down on to the affected part 
of the slope. With an inipoundment not intended to store water, the supernatant 
pond should never he allowed to rise sufficiently to encroach the beach because of 
the leakage this would al]ow into the sand body of the dam, so there should never 
he it problem of wave erosion. However, if such circumstances prevail and reine-
dial works are necessary because of design inadequacies, erosion can be arrested 
by the placement of suitably siLcd granular material. Again, in some circumstances 
the use of it geotextile may he appropriate. The potential for erosion can he redu-
ced by the construction of it berm just below the staiidi ng water level in order to 
dissipate wave energy. Planting of immersion resistant vegetation inay also be 

helpful. 

5.3.6. Earthquake damage - remedial works 

Ty IJLeLI1  earthquake damage of 1w liigs da1)I Colisi sts of,  sett lcmci and lateral 

displacement with associated cracking particularly in the longitudinal direction i.e. 
parallel to the crest. Drainage measures and structural works may also he affected. 
The remedial measures required for damage caused by earthquake will depend on 
the type and extent ol damage sustained and it detailed inspection should he car-
ried out. FLirthermore. it may be appropriate to review the overall design of the 
scheme and to carry out works to ensure that it will operate satislactori ly during 
and after any future earthquake events. 

5.3.7. Damage to decant systems - remedial works 

Remedial works to damaged decant systems will depend on the design of the 
system. the cause and nature of the damage and the extent of the damage. In the 
event of a collapse of the decant conduit, emergency measures may include ope-
rating a pumping system or creating a temporary spiliway. Permanent remedial 
works would have to he the sLibject of detailed engineering design. 
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5.3.8. Pollution de Ia nappe phréatique - mesures correctives 

Une nouvellc legislation ou une pollution effective de Ia nappe phréatique 
nécessite des mesLires spCciales de maIti'ise de hi pollution prdalahlement a l'étu-
de de telles niesurcs, it importe de connaltre parfaiternent l'hydrogCologie du site. 
Cela implique 1 installation ci Ic relevé de piézomCtres pour determiner les direc-
tions de l'ecoulement, les gradients hydrauliques ci Fes caractCristiques de Ia nappe 
souterraine. A parlir de ces donnCes. des decisions pouri -ont Ctrc prises au sujet de 
hi faisahilitC er dii COt des mesures de maItrise des percolations. 

On peut disti nguer deiLx types de mesures de lialtrise : les dispositifs dc COn-
pure des percolations et les dispositils dc collecte (retour). Le premier type corn-
prend les murs parafouil es. les trancliées i hi hone et les rideaux d' injcction. 
Lors dc l'étude de ces mesures. it iniporte de tenir compte, non seulement de Icur 
efficacitC ii maliri 5cr Ia pollution de Ia nappe souterrai ne. mais aussi des effet.s mi-
sihles ciu'eF  les peuvent avoir sur Ia stabi I itC dii fait des prcssions d'eau sous Ic bar-
rage de stériles. 

Dans certains cas, it est prCfCrable d'installcr, au lieu d'ouvrages de coupure, 
des dispositifs de collecte des eaux de percolalions. Ceux-ci ne coupeni pas les 
percolalions - comnie les premiers - mais permetient ne recueillir I 'earl polluée 
pour traitemcnt on de s 'en débarrasser de man iCre i iie pas porter aflei rite Ii len-
vonnernent. Ce dispositil comprend des losses on des puits de collecic. 

Les avantages et les limitations des mesures de maltrise des percolations soft 
indiqués dans Ic Tableau 3 ((aprCs Vick. 1983). 

Th1,teau 3 - ,Smifouire 11c, The 5)1)1'S (11' 11)11 f/riSe 1/CS pe rcolations, 1/CS ti,lcx o elite) (1)) réi/lIi-

IC /11 polio/ion tic /11 iiippe plireolique 

Mesures lie nlaitrise 
(Ic'. perci 0)0115 

TypeS Ava n iaCe s F .1 nO cit i oTis 

flu vraees NI ur Fin hie coin - Ne cons iont pas aus fondaii tins 
de coupure paratouiilc Bun controle saturCes 1 eli cace seulcmcnt 
des percolatiois lies iiista1la1ins poul les couches periiCables 

(IC Lii hi c prolondeur 
I;crari Coupti re lie t'a4)10 Codt CIcvi 	: nc convieiii pas au x 
tranchee perniCahil its. ienai ns lie pente railie ni 	 iu s 

a Ia boue ) peuvani 	re réalisCe soh, contenani LieS blocs', hmiie 
intérieure d'CiinchéiiC requise 

Rideau Pent aticindre de C'si(it CievC : cthcacitC Iiiiiiiée liii 
din jection erandes protoiIdeurs tail de la perniahilitC sIc Ia tone 

test pas aliectC par injectCe 	injection de cinieni 
I a topoeraphie dii site convenant scuieiiieni aux sol 

grossiers (In aux larges diaciases 
lie roche 

Dispositik Tranchée Faibic cout 	convient Nest totaienient elilcace quc pour 
lie cellecie ii lout type lie remhioi lies couches perniCables peu 

proiondcs, mais cons ient encore 
a ni antiCs cas 

Puits Prot ondeur non Couiteux ; I ' ellicacliC depend 
Ii mth/e 	utile conune lies caractCri stiques lie I a iiuppe 
niesLile corrective souterraine tocale 
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5.3.8. Groundwater pollution - remedial works 

If, either because of new legislation or because groundwater pollution is 
occurring, it is necessary to undertake special measures of pollution control, a pre-
requisite to the design of such mcasui -es is a Ihorough understanding of the hydro-
geology of the site. This would normally involve the installation and monitoring of 
piezometers to determine directions of flow, hydraulic gradients and aquifer cha-
racteristics. On consideration ol such data decisions can he made as to the fcasi-
hility and cost elThctiveness of seepage control measures. 

Two types of control measure could be considered namely seepage harriers 
and return systems. Seepage harriers serve to prevent seepage and would include 
cut-off trenches, slurry walls and grout curtains. It is important when deciding 
whether to implement such measures to consider not only whether they would 
achieve the required effect in contrclling groundwater pollution but also ally 
adverse affect such installations may have on stability with regard to water pres-
sures below the tailings dam. 

In some cases it may he more appropriate to install return systems instead of 
seepage iarricrs. Unlike seepage harriers return systems collect, rather than impe-
de, seepage flows. (hereby enahling polluted water to he retained for treatment or 
disposed of in a manner which will not damage the environment. The return sys-
tem could consist of collector ditches or wells. 

The advantages and limitations of seepage control measures are given in Table 
3 (after Vick. 1983). 

Tobie 3 Sitntinars of seepage contra I iesinss to pre en! oc 	 afer pot/n - 
tiol/. 

Seepac'e Control 
Measures Type Advaiiia°cs C itatio 1 . im 	ns 

Seepage CutoUt Inexpensive: Not practical for saturated harriers 
trench inslat tations can he toundanons; effective only I or 

well controlled shallow pervious layers 

Suiry t ow-perineahilitv High cost: not well suited for 
walls harrier can he steep terrain or houldery ground: 

coiistrucied I rnperv ions lower boundary 
required. 

Grout Barrier call he High cost: limited effectiveness 
curtains constructed to great due 10 pernieahility of grouted 

deptli: not affected ,one: cement grouting practical 
by site topography for only coarse soils or wide 

rock joints 

Return Collector tiiexpensive: suitable Completely effective bar only 
systems ditches for any type shallow pervious layers, but still 

of emhanknient beneficial in other cases 

Collector Unlimited depth: Expensive: effectiveness 
wells useful as a remedial depends on local aquiler 

measure characteristics 
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tine aulrc solution, applicable thins certains cas, consise a effectuer Un pré-
traitement des stériles avant leur misc en dépôt, afln d'éviter ou de réduirc Ia pol-
lution de Ia nappe phréatique par les eaux de lessivage ultérieures. 
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An alternative solution which may he possible in some instances is to carry 
oul some form of pre-treatment of the tailings prior to disposal in order to prevent 
or minimise any contamination of the groundwater by subsequent seepage of lea-
chate. 
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6. REHABILITATION ET FERMETURE 

6.1. INTROUUCTION 

Une retenue de stockage de sEen les aura gCnCralemcnt one longue existence 
aprèc Ia cessation des activitCs de Ia mine on de I usinc de traitenient dcs milierais 
associée. Un dépôt tic sléri Jes n' apporte aucun p10111 ii Ia colTipagnie uhiniere one 
retenue de stockage de stCriles est gCnéraleriient conçue on recherchant Ic rende-
nient maximal et Ic coit minimal et. par conscqLlent, on a I a ientatiofl dc conside-
rer Ia phase long terme 11 tie I ouviage comifle Ctant d' importance secondaire 
dans Ia conception des installations riii nières. II est pourtant Uondanicntal que Ic 
nemblai, les rCsidus stockés ci les OLIV1ages annexes colitiliLlent a ne presenter 
aucun danger au cours de leur existence ii est done primordial que Ic maître 
d'auvre prenne en consideration le ,, conditions tie long terine des Ic debut de La 
Conception de I arnCnagement de stockage des stCriles. 

II cst de plus en plus courant que ICS autoritCs de controle demandent LLflC 

étude coneernant la phase long terme '> (ou post-exploitation), cetic Clude faisant 
panic do dossier < Environnement du projet préli minaire soumnis aux autorités. 
Cette étude peut porter sur les questions suivantes 

a) aspects iechniques et surveillance a lon(,  terme de I 'amériagement en vue 
d'assurer sa stahil itC ci sa sécurité 

h) contrOle des eflcts sur I cnvironncnient eli n devilcr Ia contamination tie 
Ia nappe phrCatique par les caux de percolation provenant des stCriles stockCs. Ia 
pollution de 1 'air par les poussieres, on des emissions dangcleLises 

C) programme tie rChahil itation a nietire on wLlVre a Ia Ii Li tie Ia pCriode d'x-
ploitation. ou faisant panic d' Un programme de restaunation continue. 

11 esi courant égalcment que fes autonitds demandent de constituer tine caution 
fi naneiCre chez till tiers, au n tIe pt voir financer les travaux tic restauration d nil 
aménagement non achevé par suite dune cessation d 'activitCs tie Ia compagnie 
minière. 

Le present ehapitre ahorde ces questions qui semilt exami nces. an debut .Ie 
I 'étude, a one Cpoque ou Ia retenue de stockage des stériles sera pleine ci elfecti-
vcment ahandonnCe ii considere Cgalenient les mesures devant Cisc pnises nu 
cours ci a Ia fin des operations de stockage pour attdnuer In dCgradaiion dii site a 
long terme ci amCfiorer in rCliahiliiation Cil vuc d' uric rueilleure iniegi -ation thins Ic 
pays age. 
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6. REHABILITATION AND CLOSURE 

6.1. INTRODUCTION 

A tailings impoundment w 	 after the ill generally remain in existence long 
associated mine or minerals processing p]ant has ceased to function. Tailings dis-
posal produces no profit for a mining company; an impoundment usually has to he 
designed as effectively and as economically as possible and, in consequence, there 

S a temptation to consider the long term condition of the structure to be of secon-
dary importance in the initial mine planning process. It is however of fundamental 
importance that the embankment, stored residues, and ancillary structures remain 
safe for as long as they exist and it is therefore of the utmost importance that long 
term considerations are taken into account by the Engineer at an early stage in the 
design of the disposal scheme. 

It is becoming increasingly common for licensing or Regulatory Agencies to 
require a lon( ,  term or after use plan to he prepared as part of the Environmental 
Statement accompanying the initial Planning Suhniission: this may consider for 
cx a nil)! e: 

a) the engineering aspects and long term surveillance of the scheme in order 
to address long term stability and safety; 

h) environmental controls to avoid groundwater contamination from seepage 
arising from stored residues, or air pollution from dust, or hazardous emi.s.sions 
and 

c) some Form of rehabilitation plan to lake place on conipletion of the scheme 
or as part of' an on going restoration prOgra in me. 

It is also not uncommon for Agencies to require some form of financial bond 
to he lodged with a thiid party in order to fund restoration of a partially comple-
ted scheme in the event of cessation of trading or operation of the mining eompa-
nv. 

This chapter addresses those factors which should he considered, at the out-
set of design, at a time when the impoundment will he complete and effectively 
ahandoned, together with measures that can he taken during, and at the end of. the 
scheme to mitigate long term degradation of the site and to enhance the rehabili-
tation of the structure affording better integration into the surrounding landscape. 
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6.2. CONSIDERATIONS ECONOMIQUES 

L'ahandon de larnénagement et sa rehabilitation qui suit représentent indis-
cutablement Un colit eleve POUF le proprietaire OU 1explotant flials, ii est egale-
ment vrai qu'iI esi, en gCnCral, plus couteux de faire des travaux sur une retcnue 
de siockage ultCrieurcment quc de programmer les operations de fermeture des Ic 
debut de Ia production. Dc rnCme que Ic cout de misc en dépôt peLit Ctre rCduit en 
concevant une construction s'adapiant a Ia production minière, dc mCne un pro-
gramnie de fermeture bien conçu, comprenant une restauratiori progressive, peut 
conduire aU coat minimal a supporter lorsque Ia misc en dépôt des stdrIes prcnd 
fin. 

En outre, I' identification mi nuticuse ci I' evaluation corn nue des operations 
de fermeture et de rehabilitation perniettent d'estinier les co6ts de production des 
operations mal conçues et mal contrôlCes peuvent entraIncr des dépenses Clevécs 
a un moment ou Ia production diminuc. En I'ahsencc de revenus perinettant de 
faire face au coUt des mesures d'ahandon, celles-ci seront prohahiement nioins 
efficaces, cc qui conduira a des operations très lourdes de surveillance et d'entre-
lien dans les annCes futures. 

Historiquement, Ia tendance a été d'Ciahlir des programmes dc dCpenscs bases 
sur de faibles coflts au debut ci en cou d'exploitation, mais donnant lieu a des 
dépenses élevCes pour les operations dahandon et dc rehabilitation. Les exigences 
de plus en plus fortes des autorités de contrôle et la rCglementation relative a ]'en-
vironnement ont conduit a des amCnagements dans resquels les mesures de ferme-
lure et de rehabilitation sont évaluCes ci mises en u.'uvre progressivenient pendant 
toute La vie de La retenue de stockage. Ic programme des dCpenses Ctant ainsi plus 
rCgu I icr. 

La nature et l'importance des mesures dépendront du mode d'exploitation de 
Ia mine et des règlcments en vigucur, de lacreurs beaux tels que Ic c];mat ci Ia 
structure du sol, ainsi que de La politique financière de Ia conipagnic miniCre. De 
loute facon, ii faut étudier ct programmer Ics mesures d' abandon ci de réhahilita-
tiOfl Ci cli teflir compte dans Ic projet initial de ] 'aménagemeni. 

['étude d'une installation miniCre qui, dè.s Ic debut, prend en consideration Ic 
coffi iotal de id misc en dCpôt des stCrilcs ci Ic coñt des operations d'ahandon, fera 
apparaltre des domaines oi dautrcs techniques de construction ou d'exploitation 
pe.uvent diminuer Ic coOt global. Comme cxemplcs, on peut indiquer Li dériva-
non, des Ic debut, des cours d'eau permcttant de réduire Ic coOt de misc en place 
ci be contrôle a long terme des effets sur l'environnenient ou Ic stockage d'une 
reserve de nlatCriaux de couvcrture provenant du dCcapage du site. qui rCduira 
l'apport de matériaux lors de Ia fernicture. 

Divers projets dc wise en dCpôt seront cxaminCs, sous un angle critique, afin 
d'ahoutir, si possible, a unc solution mettant en correlation les trois dornaines 
technique, environnement ci restauration, et donnant Ic coOt minimal de l'opCra-
lion de lermeture borsque Ia production cesse. 
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6.2. ECONOMIC CONSIDERATIONS 

Although the process of abandonment and subsequeni rehabilitation indispu-
tably represents a heavy cost to the owner or operator, it is also generally true that 
it costs more to build or modify an impoundment at a later date than to plar for 
closure at the outset of production. Just as disposal costs can be minimised by an 
effective design that tailors construction to output, a well planned closure scheme 
which introduces progressive restoration can Icad to minimal costs being incurred 
when tailings disposal ceases. 

Furthermore. carefully identified and continuously costed closure and reliabi-
litation measures can be used to assess the product costs; uncontrolled and unplan-
ned measures can lead to high expenditure at a time when production is declining. 
Without the income against which to meet abandonment costs, closure schemes 
are likely to be less than effective, resulting in heavy maintenance and survei.lan-
cc in future years. 

Hisorically, the trend has been towards expenditure profiles based on low ini-
tial and operating costs resulting in high abandonment and rehabilitation expendi-
ture. Increasing pressure from regulatory authorities and thorough environmental 
directives is having the effect of producing schemes in which closure and rehabi-
litation measures are costed and implemented progressively throughout the life of 
the impoundment, leading to a more even expenditure profile. 

Clearly, the form and extent of measures will depend upon the circumstances 
and regulations in which the mine is operating. local factors such as climate and 
soil structure and the overall financial planning policy of the operating company. 
Nevertheless the need exists to recognise, and plan for, abandonment and rehabi-
litation measures and to take these into account in the initial design of the schnic. 

A mine plan which, from the outset, considers the total cost of tailings dispo-
sal and abandonment costs will highlight areas where alternative engineering or 
disposal operations may result in lower overall operating cost. Typical exaniples 
might include early diversion of watercourses which would minimise placerneiit 
costs and long-term environmental control, or the strategic stock piling of cover 
materials stripped from the site and which could effect savings in importation of 
material at the time of closure. 

Various disposal plans should he critically examined to produce, where pos-
sible, an inter-related technical, environmental and restoration scheme resulting in 
minimal closure costs when production ceases. 
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6.3. PRINC1PAUX OBJECTIFS 

Les mesures dabandon et de rchahilitation seront micux définies si l'aticntion 
est fixéc sur les ohjcctifs a atteindre. Lcs facleurs locaux clirnatiques, géotech-
niques et topographiqucs feront rcssortir cs diverses priorites. fliais, en général, 
les ohjectifs principaux sont les suivants 

a) Stabilisation de ta retenue de stockage cela concerne. sur Ic lang terme, 
La stahilité, La sëismologie. Ia protection contre I erosion. les clispositifs de draina-
ge. 

h) Hydrologic ávaluation, a long terrue. des apports du bassin versant et des 
ouvragcs de derivation, y compris Ic risque dc dCverscmcnt et dc hrCche. 

Pollution contrôle ou collecte des eaux de lcssivagc, qualitC des eaux de 
surface et de percolation, controic des emissions de gaz, contrôlc des poussières. 

Impact visuel relief du sol. misc en place de terre vCgétale ci plantation. 
aspect paysager général. 

Utilisations futures loisirs, activitCs agricoles ou comnierciales. 
1) SécuritC : accès public et dangers inhérents. surveillance ct auscultation 

long termc. 

Les aspects liCs a chacun de ces ohjectifs sc chevauchcroni inCvitahlenicni. 
Par exemple, les plantations choisies pour Ia restauralion et l'amClioration du pay-
sage peuvent assurer unc protection satisfaisante contrc l'Crosion ct contribuci -  a La 
stahi lisni inn i I long tcrme des talus extCricurs de La ntenue de stockagc. Dc ménic, 
unc retenue conçue pour hien s' inlCgrer au site ne nCccssitera pasultCricurement 
d' i mportantes modi fi cal otis de forme. 

6.4. STABILISATION 

6.4.1. StabilitC des talus 

Le factcur, sans doutc Ic plus important, concernant Ia stahilitC du rcmh]ai au 
cours (lie l'exploitatioii de Ia retenue de stockage est Ic conU'le de l'eau et, intrin-
sèqucrnent, de Ia ligne de saturation. Lorsque La misc en dCpôt prend fin, les per-
colations a travers Ics stCri les continueront. Ia ligne dc saturation s' ahaissant jus-
qu'à cc que Ics conditions d'équilihre solent atteintes. Naturellemcnt, cela suppo-
se qu'il n'est pits nécessaire de maintenir tine tranche d'eau stir les stériles pour 
des raisons de toxicitd, ci égalemcnt que des mesures adCquates ont etC prises pour 
denver ou Cvacuer les eaux de ruissellemcnt plovenant du hassin versant naturcl. 

TI s'ensuit que Ia stahilité a long termc du ierrihlai nest pus une question très 
préoccupante après I 'abandon si le remhl ai a etC stable au cours de Ia pCriode cI 'ex-
ploitation. NCanmoins. on devra tenir comptc des effets Cventuels des travaux 
futurs sur Ia stahil itC a long terme dl! remhlai. Coniriie cxcmples, on peut citcr 

a) I exploitation d' tine nouvellc mine a proxiniitC de La retenue de stockage 
ahandonnCc 
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6.3. PRINCIPAL OBJECTIVES 

Abandonmen( and rehah.ii litation measures can he more clearly identified if 
attention is focused upon the objectives which they are intended to achieve. Local 
climatologicaL geotechnical and topographical factors will determine the cmpha-
sis to he placed on each priority but in gcneral. the key objectives are: 

a) Stabilisation of the impoundment: this will involvc consideration of long 
term stability, seismology, erosion protection, drainage systems. 

h) Hydrology: lon(,  term assessment of catchment runoff and diversion 
arrangements, including risk of overtoppi rig and breaching. 

Contamination: including leachate control or containment, surface and 
seepage water quality, emission control and dust hazard. 

Visual impact: ground contouring, planting and soiling, and general land-
scape measures. 

C) Afteruse considerations: including restoration for leisure, aricultui -al or 
commercial enterprise. 

f) Safety: public accessibility and inherent dangers, long term surveillance 
and monitoring. 

The considerations embodied in each of these objectives will inevitably over-
lap to some degree. For example, carefully selected species for restoration and 
landscaping planting may well provide adequate erosion protection to aid long 
term stahilisation of the outer slopes of the impoundnient. Similarly, an impound-
merit designed to he sympathetic to the natural landforms in which it is situated 
will minimise the need For major rccontouring later in its life. 

6.4. S'l'ABILISATION 

6.4.1. Slope stability 

Possibly the most important factor hearing upon the stability of the embank-
ment during I lie operation of the i mpoundinenl is the control of' water and, i iiri 
sically ihe phreatic surface. When disposal ceases, seepage through the residues 
will naturally continue resulting in a drop in phi -eatic surface until equilibrium 
conditions have been achieved. Thk. of' course, assumes that there is no require-
ment for toxicological reasons to retain a cover of water on the tailings, and also 
assumes that adequate measures ha r ve been taken to divet or discharge surface 
water arising from the natural catehrnent. 

• 	It follows that the long term stabilit y  of'  the embankment is not normally a 
cause for major concern after abandon ment ii the embankment itself was stable 
during its operating life. Nevertheless, the effect of any fLiture works that car he 
identified at the (ime of abandonment and which may influence the long term sla-
hifity of the embankment should he considered, examples of which might include: 

a) the development of a new mine adjacent to the abandoned impoundment 
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h) La formation dune rctcnuc d'eau près de Ia retenuc de stériles, cc qui pcut 
conduire a une rernontéc do hi nappe phréatique ou réduire le drainage des caux 
provenant des stériles stockés. 

6.4.2. Séismologie 

Comme dans Ic cas de La stahilité des talus. Ia diminution progressive du 
degré de saturation des stériles stockés fera quc Ics dépôts seront moms sujets a 
des glissernents ou a unc rupture par liquefaction, coniparativement a La Situation 
en cours do stockage oa ce degrC do saturation est ClevC. Le risque d'une rupture 
en masse du remhlai SOUS Ieffet d'une forte scCousse sismique n'cst pas plus prC-
visible que lors de La pCriode d'exploitation de Ia retcnue de stockage si Ic rem-
hlai a etC conçu pour resister a do tels sCismes, le danger n'est donc pas plus grave 
après l'ahandon. 

6.4.3. Protection contre I'érosion 

La protection des talus extdricurs du remhlai conire L'Crosion par Ic vent ou Ia 
pluie fait souvent partie du pi -ogramnie do protection du paysagc ou de contiôle a 
long teruie des poussiCres, qui est examine plus loin. La réalisation do rishermes 
et do losses de collecte sur Ic talus du barrage ci Ic long des appuis pour clissiper 
I 'énergie de FCcoulcmcnt des eaux de pluic dans Ics ravinements est sojhaitahle. 

Si les risbcrmcs oft une légère penic vers l'axe du barrage. le risque de déver-
senient localisé et d'Crosion concentree sera rCduit lorsque les rishermos onE one 
pcntc longitudinale, pour des raisons d'accès ou do vue, on doit veillet it Cvitei des 
affouiiiernents dusél' Ccoulement de I 'eau Ic long du bord intCrieur. U adoption de 
caniveaux semi-circulaires permet dCviter une idle erosion. 

La misc on place de terre vCgCtale, Ia pose nc pailli s, ten semencernent oii La 
plantation directe de gazons ou d'arhustes - en dehors do lottie nCcessité daiiiC-
lioration visuelle - constiluent gCnCralernent des nioyens satisfaisants pour rCduire 
1 erosion de surface, datitres mesures plus couteuses existant cependant : probe-
tLon en graviers ou cailloux. diminution de La penic des talus extCrieurs du remblai. 

6.4.4. Dispositifs de drainage 

Los drains doiveni continuer a lonctionner correcbement ahn de diminuer La 
teneur en eau rCsiduel Ic et dCvacuer les eaux dc percolation. en particulier iorsqtie 
ces drains out etC mis en place sous Ic remhlai pour collecter des caux do source. 

Les drains sont souvent constitucs do debris de roche associds a diverses 
couches do matCriaux ou a tin gCoiextile on doit examiner Ic risque d'obstruciion 
de ces drains 011 de dinii notion do Leur capacilC drainante par suite de 1ii fragmen-
tation des matdriaux constitutifs. Lors do Ia l'ermeture du stockage, les points do 
collecic des eaux de surface ci dos eaux recueillies par los drains I.rofonds  scronl 
simpIilCs, et lcs chambres de colloete seront eunçues paul iuiflimiscr Fentretien 
du dispositil' de drainage. Des apparcils do rnesure des debits, on des scuilsavec 
entaille en V. seront iristallés. Ic cas CchCani. pour Ia surveillance a long ternie. 
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h) the development of a water storage lagoon near the impoundment which 
might result in a raising of the groundwater (able or restrict drainage from the 
impoundment itself. 

6.4.2. Seismology 

As in the case of slope stability, the progressive reduction in the degreL,  of 
saturation of the retained tailings will normally render the deposits less susceptible 
to flow slides or failure through liquefaction than they were in the highly satura-
ted state during the disposal operation. The effect of mass failure of the embank-
ment resulting from a major seismic shock will of course be no more predictable 
than it was during the life of the impoundment and, therefore if the original 
embankment had been designed for such effects, the risk is no more severe after 
abandonment. 

6.4.3. Erosion protection 

Protection of the outer embankment slopes against the effects of erosi•aii - 
both wind and rain-induced - is frequently considered as part of a landscaping or 
long term dust control programme, which is discussed elsewhere. Nevertheless. 
the introduction of benches and catchwaters on the face of the dam and along the 
mitres to break up the destructive effect of rainwater channelled into erosion fur-
rows can be of hcnciit. 

If benches are graded with a slight cillfall towards the central axis of the dam, 
local overspilling and concentration of erosion will he reduced, but if the benches 
also have a longitudinal fall introduced for access, or for visual rcasons, care must 
he taken to avoid undercutting of the upper slope through channelling of runoff 
along the inner edge. Half round channels or troughs can effectively be used to 
prevent erosion from this cause. 

Progressive soiling, mulching, hydroseeding or straightforward planting of 
grasses or shrubs - if not required in any event for visual amelioration - is normally 
accepted as a satisfactory means of limiting surface erosion, although more costly 
measures may include the provision of gravel or cobble protection or major flatte-
ning of the outer slopes of the embankment. 

6.4.4. I)rainage systems 

The drains must continue to perform effectively to continue to remove resi-
dual moisture and percolation, especially when underdrains have been laid to 
convey spring waler from beneath the embankment or impoundment. 

Drains are often constructed of waste rock combined with a zoned material or 
geotextile. and the possibility of these drains clogging or becoming less effective 
due to comminution of the drainage material should be considered. At the time of 
closure both surface water and underdrainage systems outlet points should he sim-
plified. and collecting chambers rationalised to minimise the need for ongoing 
maintenance of the drainage system. Flow recorders or v-notch weirs, if 1101 alrea-
dy in place, should he installed for long term monitoring and surveillance. 
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6.5. HYDROLOGIE 

Certes I'einplaccrnent de La rctcnue de stockage aura une influence sur le 
choix dc Ia crue de projet a prendre on compte pour La durdc dexploitation de la 
rctenue mais, 1l n'cst pas irrdalistc de considérer quc la pdriode d'explaitation de 
Iouvrage Sc linittera a une ou deux ddcennics. Les évacuatcurs de crue, les 
ouvrages de derivation provisoirc et les ouvraecs de dCcaritation, chacun d'une 
durCc dc service pius courte que cettc pCriode, ne seront pus, en génCral, conçus 
pour unc crue aussi sCvCrc que Ia crue niaxilnale probable (PMF). Si les ouvrages 
hydrauiiqucs de contrôle soOt dimensionnCs pour une crue conduisant un risque 
iahIe et acceptable de déversement pendant l'cxploitation de La retenue de sioc-
kage, par contre, pour les mêmcs conditions de diniensionncmcnt, Ic risque de rup-
ture sera beaucoup plus grand si Ion considCre La periode postCricure a 'abandon, 
heaucoup plus ionguc que hi pdriode d'exploitation. 

Par exeinple, Si l'amdnagement en exploitation comprend des canaux dc den-
vation autour de l'ouvragc, ii sera probablernent ndcessaire de les agrandir ci de 
les renforcer Lorsque l'amdnagenierit sera ahandoniiC. Les losses de collecte on 
canaux creusds periodiquement, suivant les besoins, au-dessus des stériles pendant 
icur montée, sont parlois non revCtus VU dc capacité lirnitéc ii sera souverii néces-
saire dc rcvCtir l'ouvrage de derivation définiti 1, de Ic ditnensionner au debit maxi-
nnal de projel, ci de Ic construire de façon d rdduire son entrcticn. CeIr. est parti-
culidrement vrai pour les ouvrages de chute on cascades ddrivant ics eaux depuis 
un nivcau ClevC jusqu'au lit originel du coLirs d'eau a i'aval du reinblai, oi l'ns-
tallation d'un dissipateur d'dnergie peut savdrer nécessaire. Lorsqu'un ouvrage 
approprie de dCcantation ou de dé'crsement existe, on peut envisager, après ache 
vement de l'amdnagerncnt, de denver les eaux sur Ia masse des stdniles mis en 
ddpôt, puis a travers l'ouvrage de ddcantatioii proprcmcnt dit. Unc tour de décan-
tation, suivie d'une conduite passant sous La retenue de stCriles et Ic barrage, nest 
gCnCraternen t pas considCrCe Con] mc acceptable, en raison du risque de rupture de 
La conduite ei!ou de son obstruction par des transports solidcs. 

Dc toutc façon, ii est essentiel dc s'assurer de La capacitd hydraulique du canal 
dc derivation ou de l'ouvrage de ddcantation par rapport a l'orage de projct contre 
lequel ii faut sc protCger a Long tcrnic. tJn tel oragc pcut Ctre plus violent que celui 
qui Ciait acceptable au cours de La pCriode temporaire de misc en dCpôt l'ouvra-
gc de décantation n'aura pas etC nCccssaircment conçu pour évacuer La crue excep-
tionnelie de projet mais seulement une partie cLu ruissellenient en plus dun certain 
volume du liquide surnagcant dans La retenue. 

he choix dc La crue de projet, correspondant aux deux périodes << avant >> et 
apnes >> fermeture, dépendra du risque de rupture ci des consequences : perte de 

vies hurnaines, cffcts sur l'environncment, peites 6c000miques. Le chapitre 3 trai-
te des facteurs de projet si des circonstances particulières pci'mcttent parfois 
d'admettre un risque plus élcvd au cours de I 'exploitation de I 'amdnagement, les 
considerations d long terme s'appuieront sur des critères bien Ctahlis. tels que ceux 
utilisCsau Royaume-Uni pour les reservoirs Ct prCsentCs dans Ic document << Crues 
et SCcuritd des Reservoirs (197). 

Des rdg lernents dans plusieurs pays exigent d'adopter a pcu prCs les mCmes 
cricéres hydrologiqucs et sismiques pour La pCriode d'expLoiialion ci celle Suivant 
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6.5. HYDROLOGY 

Although the location and situation of the impoundment will have a hearing 
on the choice of design flood to he catered for during its operational life it is not 
unrealistic to consider the operating structure having a finite life of perhaps a 
decade or two. Operating spillways, temporary diversion channels and decant sys-
tems, each having ]ives of considerably less than this period would not normally 
be designed for anything as severe as the probable maximum flood (PMF). 
However. watci' control systems designed for a flood that will produce an accepta-
bly low risk ol overtopping in the operational life of the impoundment will 
inevitably he found to produce a far higher risk of failure if assessed for the same 
flood condition over a post abandonment period which would he far greater than 
the operating life. 

For example, if the operating scheme included diversion channels around the 
structure, it is probable that these will need to he extended and strengthened when 
the scheme is abandoned. Catchwatcrs, or channels excavated as necessary areund 
contours from time to time above the rising tailings may well have been unlined or 
of limited capacity, the final diversion may well need to he lined, with a capacity 
appropriate to the maximum design flood and constructed in such a way to 
minimise maintenance. This factor is particularly true of drop structures or cas-
cades returning the diversion from a high level to the original stream bed below the 
embankment where the introduction of a permanent hydraulic energy dissipator 
may he necessary. An alternative arrangement can sometimes he made when sui-
table decant or overflow arrangements exist, to divert the watercourse on comple-
tion of the scheme on to the body of stored tailings and thence through the decant 
structure itself. A decant tower with a culvert passing tinder the impoundment and 
dam, is not usually considered suitable, because of the risk of culvert collapse 
and/or blockage by debris. 

However, in either case it is essential to confirm the hydraulic capacity o:' the 
diversion channel or decant system in relation to the design storm against which 
the long term condition of the structure niust he assessed. Such a storm may well 
he more severe than that which was appropriate during the temporary life of the 
repository; decant systems would not necessarily have been designed to carry the 
worst design flood, but only a proportion of run off together with a quantity of 
supernatant liquor frorn the pond. 

The selection of design flood both before, and after, closure will depend upon 
the risk of failure and the consequential effects relating to loss of life, environ-
mental contamination and economic loss. Reference is made in Chapter 3 in de-
sign factors, and whilst special circumstances may permit a higher degree of risk 
during the operatioil of the scheme, long term considerations will normally be 
based on established criteria such as those used for reservoirs in the United 
Kingdom and discussed in "Floods and Reservoir Safety" (1978). 

Regulations in many regions require almost the same flood and seismic crite-
ria during operation as after closure. This is particularly true where the struclures 
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Ia fermeturc. Cela esi particulièrcment vrai Iorsque les ouvrages soot de grandes 
dimensions et clue leur rupture risque de conduirc a des pertes levées dc vies 
humaines et a de sdrieux dgãts sur lenvironnement. 

Dans Ic Cas de grands barrages dc stériles, ía pratique courante est de prévoir 
un évacuateur a crete libre pour maItriscr la crue maxiniale probable (associC a un 
surrcmplissagc du reservoir). Les dispositifs de pompage ci de dCcantation ne sont 
gCndralement pas acceptables pour des crues de trés longues periodes de rctour. 

6.6. POLLUTION 

Dans hi plupart des cas, les effets nuisibles sur l'environncment résLilteront de 
Ia pollution des caux due aux percolations a travers Ics stériles mis en dépôi, OU de 
Ia contamination des caux de ruisse]lement cntraInant Ia pollution des cours d'cau 
ii Faval. Dans certains cas, on devra prendre des mesures spCciales pour rdduire on 
Clirniner Ic dCveloppernent des percolations polluantes, ou pcur rCduire les émis 
sions de radiations ou de gai radon se produisant lors du sCchage des stCriles 
d'uranium abandonriés. Ces sujets ant CiC examines par Filion (1984) ct Ward 
(1985). II y a le cas particulier des retenues dont Idtanehéité a dU CIre totale ci qui 
ne donnent naissance a aucune perle deau aprds Ia période d'exploitation. 

6.6.1. MaIErise des percolations 

II importe que Ic dispositif de drainage situd a Fintdrieur du remblai ou dans 
Ia fondation soit parfaitement conçu pour Continuer a fonctionner Sur une longuc 
periode après l'ahandon du dCpôt. Des reservoirs de collecte et des points dc prise 
d'dchantillons scront prevus pour contrClcr Ia qualitC des eaux de percolation sou-
terrainc et dc ruissellement recueillies par les drains. Les chambres dc prise 
ddchantillons scront suffisarnmem dirncnsionndes pour permetire l'accès et lc 
prClCvernent cI'échantillons. 

En gCnCral, les percolations provenant des stCriles mis en dCpt diminueront 
après Ia fernicture et Ia qualitC de l'eau s'améliorera, sauf dans certains cas oi une 
oxydation des minerais contenus dans les stériles (par exemple, des pyrites) se pro-
duit au fur ci a rnesurc que Ic degrC de saturation des stdriles baissc (Garga et al.. 
1983. Ccpendant, Ia quantité dc matCriaux nécessairc a I 'ohtention dune pente de 
Ia couverture dati moms 0,5 est importante, ci lcs stCriles cux-mCmes ne pour-
root Ctrc retravail lCs que lorsqu' unc dessiccation sufTisante aura etC obtenue. 

6.6.2. Qualité des ealix de surface 

Si toute I 'cau de ruissel lenient provcnant du hassin versant est dCrivCc autour 
dc Ia retenue de stdriles. La qualité de [eau ne poscra pus de prohLèmc majeur, a 
moiis que des produits polluants ne suient captCs sur le hassin versant avoisinant 
et par Ic ruissellement stir une retenue de stockage comp]ètement endiguCe. 
Lécoulement continu d'eau stir Ic dCpôt dc siCri les ci dans I ouvragc dc décania-
Lion OU dc dCversement. ci spCcialemcnt dans Ics canaux a ecoulement libre, peut 
entrainer des particulcs fines et conduire a des niveatix inacceptabics de coloration 
ou dc transport solide lors de pCriodcs de ruissellement intense. 
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are large and their failure could cause large loss of life and severe environmental 
damage. 

Current practice on major tailings dams is to provide free crested spiliways to 
handle the PMF (when combined with reservoir storage by surcharging) after the 
mine is shut down. Pumping and decant systems are usually unacceptable over 
very long return periods of time. 

6.6. CONTAMINATION 

In most situations ongoing risks to the environment will result from water-
borne contamination arising from seepage through the deposited tailings or cc'nta-
minated runoff causing pollution of downstream watercourses. In certain circum-
stances however, special measures will need to he introduced either to limit, or 
capture the development of polluting leachate or to limit radiation and radon gas 
emissions associated with the drying out of abandoned uranium tailings. These 
mauers have been discussed by Filion (1984) and Ward (1995). There is a special 
case for lagoons which have had to he completely sealed, From which virtually no 
post operational drainage takes place. 

6.6.1. Seepage control 

It is essential that any drainage system that will be buried within the embank-
nient or foundation is designed in such a way that it will continue in function long 
after the scheme has been abandoned. Collection chambers and sampling points, if 
not already in place, will need to he introduced in order to monitor water quality 
both from underground seepage and surface water drainage systems ..Sampliiig 
chambers should be of adequate size for access and for taking bucket samples. 

Natural seepage from the deposited tailings will he expected to reduce after 
abandonment and there lore seepage water quality would generally he expected to 
improve except in certain situations where oxidation of minerals in the tailings (for 
example, pyrites) occurs as the tailings become unsaturated (Garga et at 1983). 
However, the quantities of material required to produce a capped slope of a mini-
mum of 1:200 is significant, and reworking of the tailings themselves can only 
take place once adequate desiccation has occurred. 

6.6.2. Surface water quality 

II .  all surface water arising from the catchment is diverted around the 
impoundment, water quality should not be a major problem unless contaminants 
are picked up trorn the surrounding catchmcnt or from runoff from a fully dyked 
impoundment. Continued water movement across the deposited tailings, and into 
the decant or overilow system, especially in uncontrolled channels, can pick up 
liner particles and lead to unacceptable levels of colour or suspended solids bIb-
wing periods of high runoff. 
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i.' installation d'un bassin tampon ou hassin de stdimentaiion cntrc lexutoire 
des drains Ct Ic cours dcau naturel devient dc plus en plus iinc obligation pour 
répondi -e aux dispositions régiemcntaires d'évacuation ; une teile installation sera 
menie prevue pour Ia période d'cxploitation afin do constituer line /OflC dévacua-
Lion de secours on cas dc pollution. 

6.6.3. Contrôle des poussières 

A nioins qu 'cue lie soit traitéc ou revégétaliséc. Ia surface des sléri Ics et dir 
barrage lui-mênie I)CLA 01re recouverte dc poussières au fur ci a mesure que les sté-
riles sèchent. La vegetationi est en general choisie pour stahiliser Ia surface des siC-
riles. hien que des produits chiniiqucs aicni CiC Cgalemeni utilisCsi cci diet. mais 
Is nCcessitent une application periodiquc (Morn son ci Si in inons. 1977). 

J;arrosagc OU Ia constitution ci' unc reserve deau sur Ia surface ncst vrainient pos-
sible que Si unc quantité d'eau suilisanie est disponihie, ou s' ii esi intCressant de 
stocker I 'can de trai Lenient stir La relenue dc stéri les ahandonnCe. sans que Ic mai ii-
lien d'une ligne de saturation élcvCe dans Ia masse des slCriles soil dangereux. Des 
dispositi is d' irrigation (Bcngson, 1978) sont partois neccssaircs pour entreicnir Ia 
vegetation sur les stCriles dans les climats ar ides. 

6.7. IMPACT VISUEL 

L' impact visuel de I' aniCnageiiient achcvC dCpendra, clans une largz, inesure, 
de I a torine topograph ique de I a retenue conçue lois dc I 'étapc prel i mi naire de pro-
jet mais on est de plus en plus conscient de Ia nCcessitC d tdoucir Ia forme ohte-
nuc, aU moven de plantations judicicuses ci du niorcellcmcnl lie Ia retennic au 
moyen dCcrans d'arhrcs ci de haies dans les zones ou tin tel traitement so marie-
ra harmon iduscmcnt avec I a topographic naturelic . Dan s los regions andes, on 
veillera a choisir des espéces de plantes asstnant rapidenient Line couverture vCgC-
tale, avec im enserncnccment nécessitant un ini nimuin dc preparation clii sol ci 
liapporl d'eiigrais (Day. 1978). Les conditions varient d'un site a i' attIre uno 
masse dc stCri es sClevant hien an-dessus dii sol naturel donnera un milieu He 
convenant qn'fi des plantations totalemeni ditTérentes des plantations indigCnes, cc 
ctu conduira souvcnt é un coOt ClevC do traitemem (ILI sol ci (IC preparation lie Ia 
couche dc semis pour I 'obtention lies plantations destinCcs 0 Ia restauration du 
paysagc. 0 Ia maltrise dc 1 erosion et 0 Ia siahil isation dii sol. 

II iaui. cependant signaler qUe dc hons rCsultats oni etC ohlcnus stir lies stCriles 
provcnant dc kaolin ci dc granite alicre prCs de Ia surface, sans procetler it Ia misc 
en place d' tine couche cI'liumus on 0 Lill traitement prealahle important. en asso-
ciant des espCces locales Li de.s ar busies fixani I'azote. MCme clans cc ces, li prC-
sence de produils chiniiques rCsiduels tie traitonieni p'111 FeliLlire le doi:iaine des 
especes sLisccpiibleS de pousser. 

line operation hien prograniniCe pernietira d'enircprendro des essak de plan-
tation et de constituer Line pCpiniCre des Ic debut des iravaux;on pou rra ai nsi. en 
association avec Ic programme de restauration du paysage, metire en ivuvrc nil 
programme do plantation en prClevant dans Ia pep there des plants convenant aux 
conditions locales ci prCsentani nil dCvcloppemerii suil)sani. 
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The provision ot i btilier lagoon or settling pond situated between the draina-
ge outlet and natural watercourse is increasingly becoming a requirement in order 
to meet reculatory discharge consents and should always he considered even 
during the operation of the scheme if only to provide an area for emergency 
discharc or dumping in circumstances where pollution may otherwise occur. 

6.6.3. tlust control 

IJnlcss soiled or revegetated. the surface of the tailings and the embankment 
itself can become especially prone to dusting as the tailings div out. Revegelation 
is usually the preferred means of stahilising the surface of the tailings although, as 
described by Morrison and Simmons (1977), chemical stabilisers - which require 
reapplication from time to time - have been used Surface wetting or pondi rig is 
really only feasible where there is an adequate supply ot water, or where there may 
he advantage in storing processed water on the abandoned impoundment and 
where in any event there is no disadvantage in maintaining a high phreatic surface 
in the body of the tailings. Irrigation techniques such as those discussed by 
Rengson (1978), are nevei -the less sometimes necessary to support vegetation on 

tailings in arid ci imales. 

6.7. VISUAL IMPACT 

The landform of the impoundment devised during the initial design stage will 
lareIy dominate the visual impact of the completed scheme but there is an increa-
sing awareness of the need to soltcn the completed form by means of ingenioLls 
planting and pai -til i oning of the impoundment w itli tree screens and hedgero\vs in 
those areas where such treatment would blend with the natural topography. In arid 
regions attention vi II be focused on a selection of plant species that will provide 
rapid cover and seed production with the minimum of surface pretreatment and 
nutrient enhancemeni (Day 1975). Circumstances vary from site to site the ccpo-
sition of a mass of tailings ai -ising from well below the natural soil mantle may 
produce a growing iiiediuni wholly alien to thc i ndigenoLis plant species OF the 

area. and in consequence, costly methods of soil conditioning and seed bed prepa-
ration may he necessary to sLipport the planting required both for landscaping pur-
poses and for erosion control and stabi lisation. 

By contrast, satisfactory results have been achieved in tailings derived from 
near surface weathered gi -anile and kaol ins without the need for surface mulching 
or significant pretreatment, using a combination of local species together with 
nitrogen lising shi -ubs. Even so, the presence of residual process chemicals can 

limit the range of tolerant species. 

A well planned operation will allow for the initiation of planting trials and a 
subsequent development of nursery stock from the outset of the scheme so that, 
coupled with a definitive landscaping plan. a progressive programme of plaiting 
can he implemented using stock suited to the prevailing condil ions and of reaso-
nable maturity. 
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6.8. RESTAURATION 

La prise en compte des aetivités l'ulures fera panic du prograulnic global de 
reslauration et dépendra, dans une large mesure, de facteurs beaux 2t écono-
iniqucs. de Ia topographic et de Ia population. Par exemple, it l'intérieur d'un vastc 
complexe minier oil Ia retenue de stockage constitue un des nonihreux ouvrages de 
méme type, ii est pcu probable qu'unc restauration importanic soit imniédiatemejit 
nécessaire, en particulier s'il est possible ne rctravailler ultéricurement les stériles 
pour en extraire une nouvelle Iraction de prodult marchaud. 

Les uLilisations futures les plus probahlcs pour lesquelies une restauralion 
pent étrc en(rcprise comprennent des activités de loisirs - pouvant consister en tine 
integration harnionieuse an paysagc environnant - ou des activitCs agricoles 
lorsque Ia retenue de slockage ahandonnCc est utilisable pour des rCcolics de 
cCréales, l'élevage dc hétail ou de maigres paturages pour moutons. 

MCme Si le programme initial de restauration a tenu compte des principales 
utilisations fuures. il  est souvent impossible de prévoir les lacteurs economiqucs 
et les souhaits des collectivités locales qui existeront quelques annécs après, it 
l'Cpoque de Ia iernieture du dCpitt. Tout programme doit done presenter une cer-
Iai ne souplesse et il est reconiniandC de prendre contact avec les collectivités 
concernCcs par ies propositions nl'utilisations futures. 

6.9. SECURI11 

6.9.1. Accès public 

A un certain moment, une decision importante dolt Ctre prise entrc: diverses 
solutions iiitcrdirc. dCcourager on perrnettrc Faeces du public aux ouvranes aban-
donnes. A I'jnt6rieur des limites d'une exploitation minièrc, if est pen proable que 
Ic public sintércsse it une retenue de slockage de stCriles ahandonnCc pir contre, 
tine zone isolee avec tin relief harmoniensernent restauri pent devenir in habitat 
pour les animaux sauvages. cc  qui encouragera Ics visites du public pour l'ohser-
vation de Ia faune, des pronieiiacles it pied on des pique-niques. 

Les hassins de coliecte des eau. les deversoirs ci les eaux stagnantes - consti-
tuant d'excc I lents habitats aquatiqucs mal s aussi de dangereuses zones de sables 
mouvants - doiveiit Ctre convenablement entretenus ci survcillCs. conipt tenu de 
Ia rdgfcmciitati on locale en vigueur. 

La rcsponsahi he d' un ouvrage ahandonnC inconihe parfois aux auioritCs de 
controle locales ci non au proprielaire de Ia mine, auquel cas les prohlCmes de 
sCcuritC ci d' aceits seront examines ci feront I objet d' tin accord avant Ia fernietu-
re definitive du dCpitt. 

Les rCglcnicnis nelatifs aux depOts de stCriles soot examines au chapitre 7 
inais il laut noter quc si Ia relenLue de stCriles est deli bCrénient reconvene d'eau, 
comma prCvu d.ms Ic programme dc reslaurarion. Ia retenue deau ainsi constituCe 
rclitvc dc Ia legislation applicable aux reservoirs, it laquclle Ia nclenue tie stCri es 
initiale n'Ctaii pas sounlise. 
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6.8. RES'IORATION 

Consideration of afteruse activities should be considered as part of the mas-
terplanning operation and will depend to a great extent on a combination of local 
and commercial considerations, topography and population. For example, within 
an extensive mine complex where the impoundment may form one of many such 
structures, it is unlikely that any significant restoration will he immediately requi-
red, especially if there is a possibility of reworking the tailings at a later date to 
extract a further fraction of saleable product. 

The most likely alleruses to which restoration might be tailored are those ol 
passive leisure activities - which may simply mean restoration sympathetic to the 
surrounding landscape - or for agriculture where the abandoned impoundment 
might be used to support cereal crops, cattle or coarse grazing for sheep. 

Although principal afteruses may well have been addressed as part of an ini-
tial masterplan, it is frequently impossible to predict commercial pressures and 
community desires which may be present at the time closure takes place some 
years after the initial concept was formulated. Any plan must therefore retain a 
degree of Ilexihility and, it is suggested, communicated to those authorities who 
have an interest in, or who may he affected by, the after use proposals. 

6.9. SAFETY 

6.9.1. Public access 

At some stage, it fundamental decision must be made whether or not to exclu-
de, discourage, or permit public access to the abandoned structure. Within the 
boundary of an operating mine complex. an  abandoned impoundment is unlikely 
to attract much attention from the public but an isolated and sympathetically res-
tored landform may become a habitat for wildlife which itself may encourage 
visits from the public for watching, walking or picnicking. 

Collection chambers, overflow structures and residual ponds -which car pro-
vide excellent wetland habitats hut also hazardous areas of qLlicksand - mus: per-
force he adequately secured and maintained depending upon the prevalent local 
I cg i si ation. 

It is possible that the responsibility for an abandoned structure rests with the 
Local Authority or Agency and not with the mine owner, in which case matters of 
security and access should he appropriately discussed and agreed prior to final clo-
sure. 

Regulations concerning tailings disposal are addressed in Chapter 7 but it is 
relevant to note here that if, as part of the restoration programme the impouncment 
is intentionally flooded, it may he that the resulting water body falls within the 
amhit of legislation related to reservoirs to which, as an impoundment it would not 
previously have been subject. 
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6.9.2. Auscullation et surveillance 

Le plan de lermcturc CE de restauration dcii inclure [obligation d'ur.e auscLll-
tation et dune surveillance continues. Le chapitre 7 donne t'excrnple de hi lágis-
lation en vigueur au Royaume-Uni, iniposant une inspection or [tlahlissemcnt 
d'un rapport par Un personnel competent ci responsahie. 

En gCnCral, un programme d auscultation et de surveillance conipi -endra au 
moms les élCments suivants 

a) frCqucnce des mesures et de I étahlissement d' un rapport sur les rCsultats 
d'auscultation (piCzomCires, nicsures des dCplacenients, etc.) 

h rnesurcs des debits de percolation dvacuCs par les drains ci des ealix dc 
ruissellement divcrsCes 

c fréquence des eniretiens courants: reparation des hourbiers de su:facc, des 
rigoles creusCes pal -  Crosion, des clotures 

W inspection de l'Ctat des canaux. des ouvragcs de décantation, du remhlai. 
de Ia vCgCtation, des uuvrages périphCriques ci des ouvragcs auxi]iaires 

inspections de sécuritC portani sur Ia retenue de stoclage afin de dCtecter 
des percolations et mouvements anormaux, ou des signes d' iiistahilitC 

rapports a adresser au propriCtaire et/ou aux autoritCs responsah]cs. 
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6.9.2. Monitoring and surveillance 

The closure and i -ehahilitation plan must address the requirement for ongoing 
monitoring and safety inspections. Chapter 7 refers to typical legislation in the 
United Kingdom under which routine inspection and reporting is undertaken by 
competent and responsible personnel. 

A monitoring and survcillancc elan will normally include reference at least t.: 

a) Frequency of recording and reporting on instrumentation (picLomctcrs, 
movement indicators etc). 

h) Measurement of seepage flows and discharges from undcrdrains anc sur-
face water overflows. 

Frequency of routine maintenance: repair of surface sloughs, erosion gully, 
tencing. 

Condition surveys, of channels, decant structures general embankment 
condition, vegetation, peripheral and ancillary structures. 

c) Safety inspections, examining the impoundment for unusual secage, 
movement or major instability. 

f) Reporting system to owner and/or responsible Authority or Legislative 
Agency. 
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7. REGLEMENTATION 

Le projct. Ia construction. I 'exploitation. I 'abandon et Ia restauration des bar-
rages de stériles sont normaleincnt sournis a unc legislation et a un contrôle afin 
de s'assurer que Ia misc en dépôt des stdriles se faiL en toutc sécurité et en respec-
tant les conditions d'environnemeni. La rdglementation peut émaner du droit inter-
national, dune Ioi nationale ou fédérale, d'une loi voteC liar Un CUIL cm UrIC pro-
vince. Lcs autoriles flali()nales, rcgionalcs on locales chargées de I'application des 
réglements sont gdndralcment précisdes par Ia Ioi. 

Le Bulletin 74 << Sécurité des barrages dc stdriles - Recommandations > sou-
ligne que de nomhreux pays ne possèdent pas de legislation relative aux barrages 
de slCriles cE prdsente des recommandations pour l'Claboration et l'application 
d'une telle Legislation. Le present chapitre traite de Ia legislation et des disposi-
tions réglementaires concernant hi misc en dCpât des stCriles, en donnaiit comme 
exeinpie celles en vigueur au Royaume-Uni. Certains aspects des rgJements 
appliqués dans d'autres pays sont également rnentionnés. 

Au Royaume-IJni, Ia misc cii dCpôt des stdri les rentre thins un cadre ldgislatif 
complexe, comprenant trois chapitres princi paux 

• plan d' uti lisation des sol s, 

• contrCle de Ia pollution. 

• sécuritC. 

Ces dispositions de contrOle sont indCpendantes CL Clahorécs dc laçon a ne pus 
faire double crnploi. Alors que Ia legislation concernani les deux premiers points 
prdcitCs i'ait peu mention (si cc n'cst aucunement) des ddpâts dc stCrilcs, ccllc rela-
tive it lu sécu nEC examine Ic cas des dépôtsàl' Ctat I iquide. Etant donnC quc Ics dcux 
prenlicrs chapitres précisent Ic cadre dans lequel s'applique Ia legislation rclativc it 
Ia sécurité, et que les controles inter - viennent généralemcni clans l'ordre indiquC ci-
clessius, ccs divers chapiircs soni dgalemcnt prCsentCs ci-aprCs clans cet orire. 

7.1. ROYAUME-UNI : LEGISLATION RELATIVE A LA PLAN IFICATION 

Cette legislation relative a Ia planification cst contcnue dans Ic DCcret de 1990 
Town and Country Planning Act >> (loi amendCc) ci Ics rCglcnicnts correspon-

darns. Cette legislation porte sur Ic contrôlc de Ia misc en valcur ci de I' utilisation 
des sols dans I' intdrCt public. U exigence fondamcntale est clue  cette misc en valeur 
(hatiments. amdnagcmcnts techniques. exploitations miniCre.s, etc.) ne pent Ctre 
cntrcpnisc saiis 1 autorisation des aLitorites locales compétentes. L'objectif est dc 
s'assurcr que Ic programme de misc en valeur des lerres esi acceptable, plutCt que 
dc controler eclic misc en vulcur proprement dite. Cela suppose Cgalenent que 
d'autrcs controles rdglcmcntaires sappliqueront. 
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7. REGULATIONS 

The design, construction, operation, abandonment and rehabilitation of tai-
lings danis is normally carried out within a framework of legislation and policy to 
ensure that tailings are disposed in a safe and environmentally acceptable manlier. 
The regulations involved may arise from international, national or federal, and 
state or provincial law. The relevant national, regional or local authority respon-
sible for the execution and enforcement ot' regulations is usually specified within 
the legislation. 

Bulletin 74 (1989) 'Tailings Darn Safety: Guidelines' highlights an apparent 
lack in many countries of specific regulatory legislation relating to tailings dams 
and suggests guidelines for drafting and enacting such legislation. This chapter 
describes the legislative and policy framework within which tailings disposal is 
carried out with specific reference to the United Kingdom. Brief examples are 
also given of some aspects of' the regulations in other countries. 

Tailings disposal in the United Kingdom operates within a complex legislati-
ve framework which can he considered under three main headings: 

• land-use planning: 

• pollution control: and 

• safety. 

These are independent control systems which are not intended to duplicate 
each other. Whilst the legislation relating to planning and pollution control 
contains little if any reference to tailings disposal as such, that relating to safety 
does contain rctcicnccs to liquid tips i.e. tailings lagoons). However, since the 
other two elements set the context within which the safety law operates and since 
the controls generally operate approxiniatcly in the order listed above, they are 
hriefly di scirsscd in that order. 

7.1. UNtIED KINGDOM PLANNIN(; LAW 

UK planning law is contained in the Town and Country Planning Act 1990,   as 
amended, and subordinate legislation. It aims to control development and the use 
of land in the public interest. The fundamental requirement is that development, 
including building, engineering_ mining or other operations in. on, over or under 
hind, may not be undertaken without planning permission from the appropriate 
local planning authority. The role of the planning system focuses on whether the 
development itself is an acceptable use of the land rather than the control of the 
developmcnl ilsel f. It also assumes that other statutory controls will operate effec-
U vel y. 
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Alors clue Ia legislation ne fail J%AS spieiiiqucnient indntioli des dépôts de sté-
riles. Ia loi de plani ficalion géncralc s' applique au cas particulier des tiavaux 
miniers, y conipris Ia mise en dépôl des stériles minicrs, en sappuyant sur les 
RèIements Lie 197 I << Town and Country Planning (Minerals) Regulations <>. 27 

Le cadre dans lequel les decisions sont priscs cst dClini par 

Ic guide de hi poiil.iqiie dc plani lication nationale ( <<national pianming poli-
cy guidance >> ) ci Ic guide de pianilication minière (<<niinerals planning guidan-

ce >) 

• Ic guide stratCcique regional (<<regional strategic guidance 

• ics programmes de misc en valcur comprenant 

a) la politique ci les plans ci uti lisation (Ies sols 

h) Ics programnies beaux. a léchelle du district, prCcisant Ics objectits et 
tai sant des propositions 

c) ics programmes IOLTULLX niiiicrs conceniant specifiquenient I extraction 
des mi nerais et Ia misc en dCp(t des stCriics en resultant 

(1) Ics program iiies beaux concernani spCci quement la liii se en depot des 
décheis, ainsi quc be (Cfinit la Directive de Ia (TonimunautC EuropCenne SiLl 

les DCehcs (dCcheis domestiqucs, conhillelciaux et industriels) 

I a decision d autorisation doit tenir compte du piograninie cie misc en valeur 
ci ci uiilisaiion des sols. Parmi les aspects importants eonccrnant Ia misc en dCpât 
des stCri cs. on peut rneni ion ncr 

• Ia disponihil ité du sol Ioiir Ia misc en dépôt des stdriles, tenant conipte dc Ia 
pioximite d aLitres /011CS dont Ia misc en valeui 01] i• Liii tisalion pent thre n.tlectCe 

• Ia sensibi litC dc IZI zone, cii cc qui concede les effets sur Ic pavsagc, la qua-
litC des lerres agricoles. Ia conservation du milieu naturel OH Lies vestiges arehco-
logiqucs 

tous diets hénCliques clans Ic doinanie socio-cconomiquc 

• Ics effets nuisibles sur lenvionnenient : pu exemple, bruit, poussieles. 
tunides. tralic 

• Ia possibilile de contamination dii sol, dévacuation d clilLienis ot. d'éinis-
sions tuxiques. dan.s Ia mesuie on dIes mit des dIets sur lutilisation des teries ne 
rentrant pas dans be cadre dc Ia loi ielative au conirôle de Ia pollution 

• Ia stahi Cite du sol et dc Ia retenuc de stCriles, exaniinCe sous l'anglc dc ses 
effets sur I' utilisation du sol, cc qui ilest pus a propiement parler ahorde clans la 
loi relative ii Ia sdcuritC 

• les uti li,sations ultCrieures proposdes pour Ic site et les inovens perniettani 
de satistiirc aux prescriptions. 

L'auiorisation pent étre accordée sous reserve des conditions jugCes aecep-
tables par los auioritCs locales on le SecrCtaire ci' Etat competent ces conditions 
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Whilst the legislation contains no specific reference to tailings disposal. the 
general planning law is adapted to the special needs of mineral workings including 
the disposal of minei -al wastes, by the Town and Country Planning (Minerals) 
Regulations 1971. 

The framework within which decisions are taken is provided by: 

• national planning policy guidance (PPGs) and minerals planning guidance 
(MPGs): 

• regional strategic guidance; 

• development plans comprising: 

a) structure plans coiitai ning strategic land-use policies: 

h) district-wide local plans containing detailed policies and proposals; 

C) minerals local plans specifically concerned with the extraction of mine-
rals and the disposal of wastes arising: 

d) waste local plans specilicalty concerned with the disposal of wastes us 
defined in the European Community Framework Directive on Waste (large-
ly household, commei -cial and industrial waste). 

The decision whether to grant planning permission must have regard to the 
development plan, in Sc) far as material to the application, and to any other mate-
rial consideration, relating directly to the physical development and use of land. 
Material considerations with respect to tailings disposal may include, inter alia: 

• the availability of land for tailings disposal, taking into account its proxi-
mity to other development or land use which may he affected: 

• the sensitivity of the area, particularly as reFlected in landscape, agricultu-
ral land quality, nature conservation or archaeological designations: 

any particular environ menial economic or social benefits: 

• the environmental impact in terms of, e.g. noise, dust, fumes, traffic: 

• the possibility of land contamination, effluent discharges or toxic releases 
to the extent that they have land-use implications which are not properly the 
concern of pollution control law: 

• the stability of the ground and of the tailings lagoon in terms of land-use 
implications not properly the concern of the safety law: and 

• the proposed after-use of the site and feasibility of achieving the required 
standard. 

Permission may he granted subject to such conditions as the local planning 
authority or the relevant Secretary of State think fit, provided they are necessary, 
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doivent concerner Ia planitication. Ia mise en valeur autorisée, être cxccutoircs, 
précises et acceptables sous tous les autres aspects. En particulicr, les conditions 
de planification ne seront généralement pas applicables aux prohlèmes de contrô-
Ic relevant d'autres administrations. 

7.1.1. Evaluation des effets sur l'environnement 

La réglementation de 1988 Town and Country Planning Regulations 1988 > 
(Evaluation des Eficts sur lEnvironnenient) fail suite a Ia Directive dc In 
Communauté Europdennc relative a l'évaluaiion des effets sur l'environnernent. 
La plupart des activités minières et des travaux de misc en ddpôt des stériles sont 
indiqués dans l'Anncxc 2 de cette réglenientation, c'est-à-dire les opéra:ions pour 
lesquelles une étude d'impact nest pas oh]igatoire mais peut être exigée par les 
autorités locales Si l'aménagemcnt propose risque d'avoir des diets importants stir 
l'environnement en raison de sa nature, de ses dimensions on de son emplacement. 

La reglementation exige que les effets sur l'environnement (par exemplc, 
impact visuel, bruit, poussiCre, impact écologique et impact sur les écouIments de 
surface) soient identifids ci Cvaluds, et que des mesures d'atténuation .soient pro-
posées dans Ic dossier d'impact. Les prohlèmcs de stahilitd ct Ics risques aux tiers. 
Ic ens dchdant, peuvent Ctre traitCs dans Ic dossier d'impact ou clans les documents 
accompagnant In demande d'autorisation. 

7.2. ROYAUME-UNI LEGISLA'IiON RELATIVE 
AU CONTROLE DE LA POLLUTION 

Cette legislation sur Ic controle de Ia pollution est essentiellement contcnue dans 
Ic Ddcret sur l'Eau. de 1989 (Water Act 1989), et maintenant dans Ic Ddcret stir Ics 
Ressources en Eau, de 1991 (Water Resources Act 1991). Ct dms Ic Ddcret sur les 
Amdnagcments Hydrauliques, de 1991 (Water industry Act 991), ainsi cue thins Ics 
Parties I et IT du Décret sur Ia Protection de l'Environnenient, de 1990 
(Environmental Protection Act 1990), et les règlements correspondants. ConforinC-
ment a cette legislation, les controles de In pollution sont do ressort d'jn certain 
nonihre d'organismes et font appel a diverses procedures, comprenant les procedures 
de concession et d'autorisalioii relatives aux activitCs ou niatiCrcs prdscntant des dan-
gers pour l'cnvironncnicnt. Bien quc la misc en dépôt de stériles ne soit pas spécifi-
dluelnent mentionnéc. de nombreuses activités produisent des déchets de caractdris-
tiqucs identiqucs aux stdriles Ct qui sont également mis en depOt dans des retenues. 

7.2.1. Contrôle global de Ia potlution 

Con iormCnicnt a Ia Panic I dii Décret de 1990 sur In Protection de I'Environ-
nement, les activitCs industrielles prCsentant un risque ClevC de pollution sont sou-
mises a on contrOle global de Ia pollution, sous I'autorité de l'Inspeciion de la 
Pollution de Sn Majesté. Le contrOle s'appliquc a un vaste domaine dactivitCs 
usines de combustion, usines mdtallurgiques, aciCries, f'onderies, usines de mCtaux 
non ferreux. etc. Les exploitants de telles installations doivcnt obtenir une autorisa-
lion de I'Inspection sus-nommCe avant Ia misc en service de I'usine. Lors dc leur 
demande dautorisation, us doivent fournir une étude d'impact sur I'air, I'eau et Ic sol. 
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relevant to planning, relevant to the development to he permitted, enforceable, pre-
cise and reasonable in all other respects. In particular, planning conditions would 
not normally be appropriate to control matters which are subject to other statuto-
ry controls. 

7.1.1. Environmental assessment 

The Town and Country Planning (Assessment of Environmental Effects) 
Regulations 1988 implement the European Community Directive on Assessment 
of Environmental Ellects. Most forms of mineral working and waste disposal are 
included in Schedule 2, i.e, those developments for which an environmental 
assessment is not mandatory but may he required by the local planning authority 
if the proposed development is likely to have a significant effect on the environ-
ment by virtue of its nature, size or ]ocation. 

The Regulations require that the environmental effects (e.g. visual impact, 
noise (lust, ecological impact and impact on surface drainage) are investigated, 
their impacts assessed and mitigating measures put forward in the environmental 
statement. Stahilily and risk to third parties, where relevant, may he dealt with in 
the environmental statement or in documentation acconlpanyi ng the application 
for planning permission. 

7.2. UNITED KI1N(;D0M POLLUTiON CONTROL LAW 

UK law on the control of pollution is essentially contained in the Water Act 
1989 (now mainly consolidated into the Water Resources Act 1991 and the Water 
Industry Act 1991 ) and Parts I and II of the Environmental Protection Act 1990 and 
subordinate legislation. Under this legislation, pollution controls are administered 
by a number of organisations and through a variety of mechanisms, including 
licensing and authorization procedures applied to processes or substances which 
can have potentially harmful effects on the environment. Whilst there is no speci-
fic reference to tailings disposal, many of the processes involve the production of 
wastes with similar characteristics to tailings and which are similarly disposed in 
lagoons. 

7.2.1. Integrated pollution control 

Under Part I of the Environmental Protection Act 1990, industrial processes 
with the greatest pollution potential are subject to integrated pollution control, 
regulated by Her Majesty's Inspectorate of Pollution (HM1P). A wide range of 
processes are covered, including laige combustion plant, iron and steel and smel-
ring processes, non-ferrous metal processes'id others. Operators of such pro-
cesses must have a prior authorization from [-IMIP before a plant can operate. In 
seeking authorization they are required to consider the total impact of all releases 
to air, water and land. 
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Avant de dlivrer cette autorisatioll, I' Inspection doit s'assurer que 

• l'exploitant utilise les mcillcLlres teCllniqLics disponibics, d'un coit accep-
table (best available techniques non entailing excessive cost - BATNEFC), aim 
d'ernpêcher ou rduire In production des matières indiquées 

• lot -sque ccs matières c{.)neernent plusieurs milieux, l'exploitant doit s'assu-
icr que les techniques précitcs (BATNEIEC) soul utilisées pour rduire Ia pollu-
tion de ] 'enironnement considéré dans sun ensemble, compte tenu dc I a solution 
environnenientale la plus satisfaisante 

• les autorisations comprenneut. Ic cas échéant. les conditions conturnics aux 
instructions du Scci -étaire d Etat. en vue de satist'aire aux obligations internatlo-
nales ou de In Conimunauté Europécniie, ou a toule aLitre rél emcntatiofl concer-
nant In qualite dc 1 cnvironnemenL 

L' Inspection de Ia R.11ution a étahl i un guide prarique détai lIe sur Ic controle 
global dc In pollution et I' Inspecteur en Chef, après consultation des industriels ci 
auti -es organi stiles conccrnes. a publ i(3 environ 200 notes d' in lorruation sri les pro-
cédurcs a SLLiVl'e. 

7.2.2. Qualité de l'air 

I .es activitCs i iidustricllcs, en dehors dii doninine du coiitrole global de Ia pol-
lution. sont soumises nit contrâlc de In pollution de Fair par les autorités locales 
Local Authority Air Pollution Control). ci Cgnlenient a Ia Partie I du DCcrci sur In 

l-kotection de 1' Environncmcnt ( Environmental Protection Act), I .es rnémes prin-
cipcs et procedures sappliquent. indépendnmmcnt de hi néccssitC dohtenir la 
meilleure solution envii'onncrnentale (ces conii'ôIes concernani seulement Ia pollu-
tion de lair). Les Conscils des Districts sont Cgalenient rcsponsahles de FexCcLi-
tioll des couti -olcs dc ILimees. d'inipuretés et de poussieres, relevant dii DCcret sur 

Air Put', de 1993 (Clein Air Act 1993). incluant les contrôlcs de poussiCres, 
iipcurs, odcui's et autres emanations survenarit dims des iones d' activitCs indus-

trielles ou coiiinicciales, et préjudiciables t Ia sauté. 

7.2.3. Qualité de I'eau 

Adniinisti'aiion Nationale des RiviCrcs (National Rivers Authority - NRA). 
créée par Ic DCcret sur 1 [no, de 1989, est responsahle de Ia conservation et de In 
misc en valeur des ressources en eau. de I'autorisation de prClèvemcnt dean et du 
controle de La quid itC de l'eau et dc Ia pollution des caux controlees. Ces caux corn-
prennent Ia nlerjusqui une distance dc trois miles des cOtes, les estuaircs. Feau des 
nappes soulcrraincs Ct ILI plupari des lacs. Clangs, reservoirs, riviCres et autre.s cours 
d'eau. Les contrOles pol'tent sur les dCchargcs lirovenant d'activitCs 11011 soumises 
au contrôle global de pollution, ainsi que sur ccllcs associCes aux installations d'nli-
mentution en can et d'Cvacuation des eauX usCcs, ct antics. II incomhc ainsi a 
I' Administration de s' assurer que les objectil's de qualitC de l'eiu I'ixCs par Ic 
Gouvernemeni et Ics Directives de Ia CommunautC EuropCennc sont attenis. 

Saul rnrcs dispenses prCcisCes dans Ic DCcret, il ya infraction lorsqu'une per-
sonnc ne possCdant pas d'autori sation de décharge provoque ou perniet. en mute 
connaissnncc de cause 
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In granting authori7ations, I-I Ml P has a duly to ensure that: 

• the operator is using the best available techniques not entailing excessive 
cost (BATNEEC) to prevent or minimise releases of prescribed substances: 

• where a process involves releases to more than one medium the operator 
n-inst ensure BATNEEC is used to minimise pollution to the environment as a 
whole, hay ng regard to the best practicable environmental option and 

• authorizations where necessary include conditions to secure compliance 
with directions from the Secretary of State to implement European Comniunity or 
international obligations or any statutory environmental quality standards or 
objectives. 

A detailed practical guide to integrated poll ul ion control has been published 
by I IMIP and the Chief Inspector is issuing around 200 process-specific guidance 
notes lollowing detailed consultation with industry and other interested bodies. 

7.2.2. Air quality 

Industn - ial processes outside the scope of integrated pollution control are cave-
red by Local Authority Air Pollution Control, also under Part I of the 
Environmental Protection Act. The same general principles and procedures apply, 
apart from the need to achieve the best practicable environmental option ( since 
these controls are concerned only with air pollution). District Councils are also 
responsible for cnlorcing (he smoke, grit and dust controls ol the Clean Air Act 
1993, includinnz the control of any dust, steam, smell or other cifluvia arisinr on 
industrial, trade or business premises which are prejudicial to health. 

7.2.3. Water ivality 

The National Rivers Authority (NRA). established by the Waler Act I 98), is 
responsible for the conservation and enhancement of water rcsourccs, for licensing 
water abstractioLl and for the control ot water quality and of pollution in respect o 
control led waters. Controlled waters includes the sea up to the three mile limit, 
estuaries, water contained in ti ndcrground strata and most lakes, ponds, reservoirs. 
rivers and other walercourses. It controls discharges from processes not covered 
by integrated pollution control as well as from water and sewerage companies and 
other dischan -gen -s. lii doing so it has a duty to ensure, as tar as practicable, that 
water quality objectives set by Government and EU Directives arc achieved. 

Subject to limited exemptions detailed in the Act, it is an otfence, inter al iii. 
or a person without a discharge licence to cause or knowingly permit: 
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• I 'entrée de matières toxiques. nocives OU polluantes. OU autres déchets 
solides, dans des eaux contrôlées (ruisseaux, rivières, étangs, lacs, etc., eaux scm-
terraines, eaux territoriales on littorales), 

• I'entrée de toutes niatières, de quelque nature qu'elles Suicnt, dans les eaux 
tiuviales, susceptible de perturher 1 ecoulenient ct de conduirc a unc aggravation 
importante 

a) de Ia pollution due a dautres causes, 

h) on des consáquenccs de Ia pollution. 

Une distinction est généralement faite entre une entrée due a un événement 
accidentel (par exemple, apports resultant dune rupture d'une retenue tie stocka-
ge), et une evacuation de caractère permanent (en provenance de la retenue). 
LAdministration sus-nonimee (NRA) a égalenicnt Ic pouvoir d'cxécuicr certains 
travaux pour empêcher, supprimcr ou atténuer Ia pollution ou une source possible 
tie pollution, et de rccouvrcr les dépenses auprés ne Ia personne en cause. 

Tout organisme susceptible tie procéder a des dCcharges doit en demander 
1' autorisatiori auprès de IAdniinistration (a nioi ns qu' ii no soit autorise par 
ailleurs a cxécuicr des décharges, par exemplc 5(1115 contrôlc global de Ia pollution 
ou suivani des procedures de gestion des dCchets). L'Administration fixe, en géné-
ral. des conditions aux autorisations de dCcharge, permettant dc contrmer Ia quali-
té et Ia quantitC des effluents a Cvacucr nature, origine, composition. tempdratu-
rc, volume autorisC, cadence ci périodes de décharge. Une autorisation de déchar -
ge prCcisera Cgalement les lieux possibles de dCcharge et pourra donner des pres-
criptions détailiCes sur te prClèverncnt d'ëchantillons, ics mcsures de cantrOle, Ia 
tenue a jour et Ia presentation des résultats. En précisant les limites de I'autorisa-
tion de ddcharge, l'Administration tiendra compte de tous les facteurs utiles qua-
lité. debit ci capacité du cours d'eau récepteur, ohjectifs de qualitC de Ia rivière 

o fixes par Ic Gouvernement et les Directives de La CmmunautC EuropCenne. 

7.2.4. Gestion des dCchets 

ConiormCiiient a hi Panic It dii DCcret sur La Protection de I' Environnement. 
de 1990, et aux Réglements s'y rattachant, Ia misc en dCpôt de << dCchets contrô-
lCs o (dCchets doniestiques, commerciaux et iridustriels) est sournise an contrôle 
des autoritCs responsables (Waste Regulatory Authorities). Les rCsidus minCraux 
no rentrent pas dans Ia categoric des dCchets contrdlCs et La misc en dCpôt des stC-
riles semble done dchapper a ces dispositions. Cependant, les déchets industriels, 
tels que les cendres volantes, les hoLles d'dgoth. Ics matCriaux de dragage, qui mit 
des caractCristiques identiques a des stCriles minCraux, rentrent dans Ia categoric 
des dCchets contrôlés et sont sournis a unc autonisation. Les pnincipes s'appliqucnt 
aussi aux dCchets minCraux du fait des contrôles effectuCs conforniCment a Ia 
legislation sur l'eau et Ia planification. 

Une autorisation tie gestion tie dCchets est nCccssaire pour procéder au traite-
ment ()U a Ia misc en dCpôt ties dCchcts contrOlCs a FintCrieur ou sur utie zone de 
terrain dCterrninCe. Si tin permis d'uiilisation du sol est exigé pour un site, on doit 
I'ohtenir avant quc I'autorisation dc gestion soit dClivrCe. Une deniande d'autori-
sation scm rejetCe Iorsque 
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• any poisonous, noxious or polluting matter or any solid waste matter to 
enter any controlled waters (normally taken to include all streams, rivers, pond and 
lakes, etc, underground waters and territorial or coastal waters); and 

• any matter whatever to enter any inland waters so as to tend to impede the 
proper flow of the waters in a manner leading to or likely to lead to a substantial 
aggravation of 

a) pollution due to other causes; or 

h) the consequence of such pollution. 

A distinction is usually drawn between an entry, which is taken to he a one-
off event, e.g. inflow resulting from a lagoon failure, and a discharge, which is 
interpreted as a more continuous operation such as would normally occur from a 
lagoon. The NRA also has powers to carry out certain works to prevent, rerno\e or 
mitigate the pollution or a potential source of pollution and to recover the costs 
from the appropriate person. 

Any potential discharger must make an application to the NRA for consent to 
discharge (unless otherwise authorised to make the discharge, e.g. under the inte-
grated pollution control or waste management procedures). The NRA usually 
attach conditions to discharge consents by which they control aspects of the 
quality and quantity of the effluent to he discharged. These may include the 
nature, origin, composition, temperature, and permitted volume, rate and periods 
of discharge. A discharge consent will also state the location at which the dis-
charge may take place and may include detailed requirements for sampling and 
monitoring and the niaintenance and submission of appropriate records. in 
determining the limits set on a discharge consent, the NRA will take account cf all 
relevant factors including the quality, flow and capacity of the receiving 
watercourse and river quality objectives set by the Government and EC Directives. 

7.2.4. Waste management 

Under Part II of the Environmental Protection Act 1990 and subordinate 
Regulations, the disposal of "controlled wastes" (i.e, household, commercial and 
indtistrial waste) is subject to control by Waste Regulatory Authorities. Miiieral 
wastes are not controlled wastes and tailings disposal would therefore seem to he 
exempt from these pi -ovisions. However, industrial process wastes, such as pulve-
rised fuel ash and sewage sludge, and dredging spoil, which have similar charac-
teristics to mineral tailings are control led wastes and are subject to licensing. The 
principles are also applied to mineral wastes through the controls under the water 
and planning law. 

A waste management licence is necessary to authorise the treatment, keeDing 
or disposal of controlled waste in or on specified land. If planning permission is 
required for a site this must be obtained before the licence is issued. A licence 
application will be rejected only where 
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• Ic demandeui -  nest pas LiIIC << personnc qualiliec ci cornpctcntc >> (coinnic 
délini dans Ic Decret) 

• if esi riécessaire d'eiupêcher 	Ia pollution de I cnvironncmcnt 	ou c Ics 
atlei flies a la sauté humaine >> 

• Ic pernhis d'utilisatiori du sol a éié accordé avant l'cntrée en vigucur de ccs 
dispositions d autorisation (icr mai 19)4), << afin dc prévenir tons effek nuisibles 
a Ia vie locale a. 

Lcs conditions liécs a une autorisation sont largernent Iaissées ii La ciiscretion 
de I 'autorite responsahic. Lc Document ri 4 du Départenient de Gcstion des 
Déchcts aifeciant I Env ironnenlenl (Department of the Env i -onment Waste 
Managenient) donne des instructions particulièi -esiux autorites sui La procedure 
de délivrance des autorisati{.)ns, instructions qu 'dies sont statutairemeni tcnues de 
Sn iv re. 

Lc Décret sur La Protection de L'Envirorineiiient. de 1990,   cxige égaLement que 
Ics autorites de controle des déchets étahlisscnl Ics dispositions dc misc cii dépôt des 
résidus, tenant compte des aspects dc gcstion. he but cst dc définir La mission des 
autorites dans Ic domainc dc L'application des règLeincnts concernant Les cléchets, de 
rccucilLir des inlormations sur La production actuelle et future de déchets dims La 
zonc coulsideleC, sur Les inoyens disponibles ci les hesoins futurs piohables. Les 
questions d' uti Ii satioii dli sol . qui, conk)rrncmcnt fi la Lécislation relative a La plani-
fication, dependent du plan de misc en valeur, rue sont pasahordCes. 

7.3. ROYAUML-UNI : LkiISLATION RLI.ATIVE A LA SICLJRlIE 

Cette legisLation est csscntieL]ement coritenue dans Ic DCcret stir Ia Sante et Ia 
SCcuritC an Travail. etc.. de 1974 (Health and Safety at Work etc. Act 1974) ( loi 
aniendCe), ci Ics rCglenicnts correspondants. Cc DCcret a créé La Direction de Ia 
Sante et de hi SccLiritc (Health and Safety hxecuiive - HSE), avec ses diverses 
Inspections agissant coninie autorilCs dc controle pour les ioflcs LI' aclivilCs. II 
inipose aux cmployeurs dThssurer La sCcuritC stir Les lieux de travail : sécuritC des 
employcs. des visitcurs autorisCs ci do public au voisiilage d' on lieu de Iravail, 

Unc autrc Legislation plus spCcifique esi contenue thins Ic DCcret sur les Miles 
of CarriCrcs, de 1954 (Mines and Quarries Act 1954) ci clans le Décret sur Les 
Mines et CarriCres (Dépôts), de 1969 (Mines and Quarries - Tips - Ac: 1969), ci 
les rCglements correspondarits. Cc dernier Décret mt pris a hi suite dc La rupture 
du dCpôt d'Aberfan et concernc plus spCcil'iquemcnt Ics depOts de stCriles. Dans 
cette legislation. I expression << tip >> (depOt) dCsigne unc accumulation ou depOt 
dc rejets d' tine mine ou carrière (a l'éiat sol ide. ou en solution ou suspension), 
autre qu'une accumulation OU depOt en soutcrrain. 

La Partie I (in Décrei conccrnc La sccLiritC des depOts on activitC on l'crinCs. 
associes aux mines et carrières en exploitation, pour lesqucls Ia Direction de La 
Sauté ci de hi SCcuritC (11SF) est l'autoritC de contrOle Ia Partic II c•:mccrne La 
prevention du risque public associC aux depOts désaliectds nc faisant pas panic de 
mines on carnières en exploitation. ci sc irouvant sims la rcsponsahi IiiC des atitori-
tCs locales. 
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• the applicant is not a "fit and proper person" (as defined in the Act); 

• it is necessary to prevent "pollution of the environment" or "harm to human 
health": or 

• planning permission was granted before these licensing provisions came 
into force (1 May 1994), "for the purpose of preventing serious detriment to the 
amenities of the locality". 

There is wide discretion as to the conditions which the licensing authority 
mi ght consider attaching to a licence. Department of the Environment Waste 
Management Paper No. 4 provides separate guidance to authorities on how :hey 
should carry out their licensing functions, which they are statutorily bound to 
heed. 

The Environmental Protection Act 1990 also requires waste regulation autho-
rities to draw up waste disposal plans concerned with the management aspects of 
waste disposal. Their purpose is to set out the authority's policies regarding the 
discharge of its waste regulation functions and to gather information about the pre-
sent and future generation of waste in the area, the availability of facilities and 
likely future needs. They do not address land use issues, which are specifically a 
function of the development plan under the planning legislation. 

7.3. UNITED KINGDOM SAFE'I'Y LAW 

UK safety law is essentially contained in the Health and Safety at Work etc 
Act 1974. as amended, and subordinate legislation. This Act established the Health 
and Safety Executive (HSE), with its various Enspectorates as the regulatory autho-
rity for places of work. It imposes a general duty on employers to maintain a safe 
working place with respect to the safety of employees, legitimate visitors and the 
public in the vicinity of a place of work. 

Further and more specific legislation is included in the Mines and Quarries 
Act 1954 and the Mines and Quarries (Tips) Act 1969 and the relevant 
Regulations. The latter was introduced following the Aberfan tip failure and is 
much more specific to tailings disposal. It defines a tip as any accumulation or 
deposit ci' refuse from a mine or quarry (whether in solid state or in solution or 
suspension) other than an accumulation or deposit situated underground. 

Part I of the Act relates to the security of active or closed tips associated with 
active mines and quarries, for which the HSE is the regulatory authority, and Part 
II relates to the prevention of public danger from disused tips not associated with 
active mines or quarries, for which local authorities are the responsible authority. 
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7.3.1. Dépôts relevant de Ia Partic I 

Les Rdglements des Mines ci Carrièrcs (Dépôts), de 1971, sont applicables 
aux dépôts de Ia Partie I si 

a) Ic depOt est constituC de rejets accumules ou dCposés totalenleoL Ou 

presque, a l'état solide et 

Ia surface du sol recouverte par Ic depOt dépasse 10 000 In 2 , 

on Ia hautcur du depOt est supérieure a 15 in, 

on Ia pente moyenne du sol recouvert par Ic depOt est supéricure it i sur 
12 

h) le dCpôt est constitué de rejets accuinulCs OU dCposés totalenient, ou 
presque, en solution ou suspension et 

toute zone du depOt (autre clue l'ouvrage de retenue) a tine hauteur de 
plus de 4 ni audcssus de lout point du sol environnant, situé a moms de 
50 m du pCrimètre du depOt, 

ou le volume du depOt (autre quc Fouvragc de retenue) dépasse 
10 000 111 3 . 

Les responsahilites et obligations du propriétaire de Ia carrière et de ses reprC-
sentants dCsignCs sont prCcisCes dans plusicurs chapitres dc Ia legislation des 
Mines et Carrièrcs. Tons les depots associCs a une mine ou une calTiere soft sous 
Ia responsahilite du propriétaire ou de son représentant (Chapitre I) qui, en parti-
culier, est responsable de Ia designation des << personnes compCtentes >> ehargCcs 
de Ia conception et de ]'inspection rCguliCre clu depOt, et chargCc s de signaler tous 
dCfauts au proprietairc, on a l'Inspection si Ic depOt présente une insécurité on Un 
risque d'insécuritC, constituant un grave danger. 

Les RCglements des Mines ci CarriCres (DepOts), de 1971, donnent des details 
sur Ics inodalités ci' inspection ci de preparation des rapports, qui doivent Ctre 
coniiées a une personne compétente dCsignCc par Ic propriClairc (Tableau 4), ci sur 
Ic conteilu des i'apports, plans et chapitres (Tableau 5). 

La legislation fait souvent référenee a une << Pcrsonnc CompCtente > : ii s'agit 
d'unc personne qui, compte tenu des tiches exigees, des facteurs intcrvenant, des 
prohlCrnes a Ctudier et du niveau dc risque ou danger, cst jugCc compClenle > par 
Ic proprietaire (maître d'ouvrage) pour acconiplir ees taches. Les RCglements 
conduisent a I'intervcntion de trois spécialistes 

un ingénieur géoteehnieicn, ou ingCllieur géologue, responsable de La prC-
paration des rapports techniques et des specifications de misc en dCpOt 

un ingénieur chargé du contrOle général des travaux et responsable du 
contrOle des operations de misc en depOt, de I'installation ci de l'entretien des dis-
positifs de drainage, ci de Ia sécurité du depOt 

un ingénieur responsable des inspections pCriodiques rCglementaires. 
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7.3.1. Part I tips 

Part I tips are classifiable under the Mines and Quarries (Tips) Regulations 
1971 if: 

a) the tip consists of refuse accumulated or deposited wholly or mainly in a 
solid state and: 

the area of land covered by the tip cxceeds 10 000 m 2 ; or 

the height of the tip exceeds 15 m; or 

the average gradient of land covered by the tip exceeds over I in 12; 

b) the tip consists of refuse accumu'ated or deposited wholly or mainly in 
solution or suspension and: 

any part of the tip (other than the retaining structure) is more than 4 in 
above the level of any part of neighbouring land within 50 in of the 1eri-
meter of the tip; or 

the volume of the tip (other than the retaining structure) exceeds 
10 000 rn 1 . 

The responsibilities and duties of the quarry owner and his appointees are 
detailed within several sections of the Mines and Quarries legislation. The res-
ponsibility for all tips at a quarry or mine lies with the owner or his Section I 
appointee who, in particular, is responsible for the appoinlmeni of "cnnlpelenl per-
sons" to undertake the design and regular inspection of a tip, including the repor-
ting of any defects to the owner or, if the tip is or is likely to become insecure, to 
the Inspectorate, as a Dangerous Occurrence. 

The Mines and Quarries (Tips) Regulations 1971 outline a comprehensive 
system of reporting and inspection which must he undertaken by a competent per-
son appointed for the purpose by the owner (Table 4) and detail the content of 
reports, plans and sections required (Table 5). 

The frequent reference in the legislation to the Competent Person has become 
accepted from case law as one who, on a fair assessment of the requirements oF the 
task, the factors involved, the problems to be studied and the degree of risk or dan-
ger implicit can fairly, as well as reasonably, he regarded by the owner, as conipe-
tent to perform such a task. Three activities or roles for a competent person can 
he inferred from the Regulations: 

• a geotechnical engineer or engineering geologist responsible for preparing 
the technical reports and tipping rules; 

• a supervising officer responsible for supervising tipping operations and the 
provision and maintenance of drainage systems and tip security; and 

• an inspecting officer responsible for periodic inspections as required by the 
Regulations. 
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7.3.2. Dépôts relevant de Ia Partie H 

Conformément au Décret sur les Mines et Carriêrcs (Dépôts), Partie II, les 
autorités locales, ddfinies dans Ic Ddcret, sont responsables de Ia sécurité des 
dépôts désaffectés, non associds a One mine ou unc carriére en exploitation, et doi-
vent s'assurer que ces dépôts ne constituent pas un danger pour Ic public par suite 
d' in stahi 1 ité 

Les autorités locales ont les pouvoirs pour 

obtenir tons rcnseignements utiles sur Ia securite du dépét et de ses fonda- 
lions 

• obtenir Faeces en vue de I'inspcction du depOt et de l'exCcution de travaux 
de reconnaissances sur Ic site 

exiger du propriCtaire du depOt tous travaux de reparation nécesaires 

• a dCfaut, ohtcnir Faeces et entreprendre bus travaux nécessaires de rCpara-
lion et de restauration 

• demander an propriCtai re du depOt Ic renihourseinent do coOt des travaux dc 
reconnaissances et de reparation. 

7.3.3. Autre legislation relative it La sécuritC 

Lorsque 1 'endiguenient coiitient essentiel lenient de I 'eau au-dessLls du terrain 
naturef avoisi nant. par exemple avant on aprCs Ia misc en depOt des rCsidus de 
matCriaux. Ia retenue pent Cgafement rCpnndrc a I a deli nition tie K< grand réser-
voir >>. tel quc mcritionné daris Ic Décret sur les Reservoirs. de 1975, nialgrC lex-
cIuion des depOts liquides de cc Décret. Cclii pent se presenter lorsquc Fouvragc 
retient ou a etC conçu Pont -  retenir plus de 25 000 in- d'eau au-dcssLls de lout point 
do terrain naturel adjacent. Les règlements applicables oft leLirs modalites propres 
d'cnrcgistrcrncnt. tic conception et d' inspection. 

Fe DCcre( stir les Mines et CarriCres (DepOts), de 1969. ne s'applictie pas aux 
dCpôts de rCsidus non minCraux, tels quc rCsidus industricls. cendres volantes, etc. 
Cepcndant. conlormCrnent an DCcret sur Ia Sauté et lii SécuritC au Tnavii, etc.. de 
1974.   Ia Direction de Ia Sauté et tie Ia SécuritC HSE) a les pouvoirs d'imposer, si 
nCcessaire, de semblahics conditions 0 bus depots de cette nature. 

7.4. REGLEMENTS L)ANS l)'AU'I'RES PAYS 

La breve synthCse prCsentCe ci-dessus et concernant La legislation en vigucur 
an Royaurne-tini et applicable 0 Ia raise en depot des stCriles inontrc Ia coniplcxi-
té des dispositions niises At point sur plusieurs annCcs et visant divers objecti Is 
utilisation do sol, contrOle de Ia pollution et sCcuritC des travailleurs et du pLlhiic. 
Dans plusicurs pays, Ia reglernentation relative 0 la misc en depOt des stCriles a etC 
ClahorCe de Ia niCme tiçon. Conime au Rovaunie-Uni, Ics dispositions tic contrO-
Ic s' attachcnt 0 dCsiener I 'exploitant de Ia mi ne comme principal responsahic de 
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7.3.2. Part II tips 

Under Part [I of the Mines and Quarries (Tips) Act the local authority, as defi-
ned in the Act, is responsible for ensuring that disuscd tips not associated with an 
active mine or quarry do not, by reason of instability, constitute a danger to rrem-
hers of the public. 

Powers are available to the local authority to: 

• obtain relevant records relating to the security of the tip and its foundations; 

• obtain access to inspect the tip and carry out site investigations; 

• instruct the owner of the tip to carry out whatever remedial measures it 
considers necessary; 

• in default, obtain access and undertake necessary remedial and reins:ate-
nient works; and 

• claim reimbursement from the owner of the tip for the costs of any invasti-
gation and remedial works required. 

7.3.3. Other safety legislation 

When an embankment lagoon primarily holds water above the surrounding 
natural ground, e.g. before or alter the deposit of waste materials, it may also fall 
within the definition of a large raised reservoir as defined in the Reservoirs Act 
1975, notwithstanding the exclusion of liquid tips from that Act. This could occur 
where the structure retained or was designed to retain more than 25 OO() Ic 3  of,  
water above the natural level of any part of the adjoining land. The relevant 
Regulations has its own system of registration, design and inspection. 

Tips of non-mineral wastes e.g. industrial process waste, pulvcriscd fuel ash, 
etc are not covered by the Mines and Quarries (Tips) Act 1969. However, under the 
Health and Safety at Work etc Act 1974, the HSE has the power to impose similar 
conditions as necessary on any tips of a similar nature. 

7.4. REGULATIONS IN OTHER COUNTRIES 

The brief review above of United Kingdom legislation which may he appli-
cable to tailings disposal illustrates the complexity of a system which has dceIo-
pert over many years and which has been approached from different objectives in 
terms of the use of land, the control of pollution and the safety of people at work 
and the general public. In many countries the regulation of tailings disposal has 
developed along broadly similar lines. As in the UK, systems of control attempt 
to place the primary responsibility for safety, control of pollution and restoration 
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Ia scurit6, du controle de Ia pollution ci de Ia rehabilitation des sites, dais Ic cadre 
du programme dutilisation du sol ou de l'Ctude environnementale. 

Une preoccupation particuliCre a souvent etC Ic conirôle de Ia dCgnidation de 
l'environnement resultant des travaux miniers et des activités associCes. A cet 
effet, quelques pays ont ajoutC des dispositions lCgales financières afin de garantir 
que les travaux de fermeture ci de rChabihtation seront effectivement exCcutCs. 
Dans d'autres pays, en particulier ceux ayant ClaborC tes dispositions ai cours de 
ces clernièrcs annCes. it y a souvent des clauses d'exécution associCes a unc garan-
tie ou caution Iinanctère. 

Dc hrefs exemples sont donnCs ci-après. Its viscnl seulement a illustrer 
quelques aspects des modalitCs d'application. 

7.4.1. CommunautC EuropCenne 

Comme Ic Royaume-Urri. Ic rcstc de la ComniunautC Européenne est soumis 
aux Directives CE couvrant, par exeinple, l'Cvaluation des cifets sur l'environne-
mciii et Ia qualitC de l'eau. Ces Directives soot mises en application par t'intermé-
diairc de Ia legislation nationale qui vane dun pays a I' autre. la legislation pou-
vant conceriier des questions qui ne soft pas couvertes par les Directivcs CE. 

En Allemagne. Ia responsahilitC principale incombe aux Landers Ctats) qui 
ont leur propre rCglemcntation. En RhCnanie-Westphalie, les autoritCs des Mines 
jouent Ic role to plus important dans les domaines suivants : examen et approha-
two des plans d'extraction minière, y compris les plans de rehabilitation, inspec-
tion ct misc en application de ces plans. Bien qu' aucune legislation fCdCrale 
nexiste a cci effet, quelques exploitants de mines sont encourages a lournir des 
garanties financières pour assurer les travaux de restauration. 

En France, Ic DCcrct n° 79-1108 du 20 dCcembre 1979 dCfinil les mincrais 
souniis au DCcret, les modalites dapplication, les rcnscigncmcnrs a fournir 0 lap-
pui dune dcmandc ct des dispositions relatives aux travaux de rcstauration. 
L'extraction minière ci Ia misc on dCpôl des stCriles sont égalernent sounhises a des 
contioles réglementaires dans Ic cadre dii Code Minier ci du Plan dOccupation 
des Sols. Des cautions on garanties tinanciCres peuvent Ctre exigCes. 

Au Portugal, Ic DCcrct-Ioi 99/90 de 1990 comprend des dispositions relatives 
au conirdle des travaux dexploitation miniCre et de restauration, incluaiit des puu-
voirs concernant Ic cautionnement, Pour obtenir mc concession d'exploitation. 
I 'exploitant dod passer tin contrat avcc 1' Etat ci uhtenir tine autonisation pour les 
activitCs annexes. 

En Espagne Cgatenienl. tine garantie tinancière destinée a couvnir les travaux 
de restauration du site doit Ctre dCposCe pour tonics exploitations miniCres au-des-
sus dune certainc dimension. 

En Italic, le C.M. n 189/86 du MinistCre de tIndustrie - Direction GCnérale 
des Mines, donne des instructions relatives Li La conception, Li 1' exploitation ci a la 
lermetLue des barrages dc stCriles. Ces instructions sappliquent aux barrages de 
hauteui-  supCrieure 0 10 in ou crCant une retenue de stockage de plus de 10 000 rn 3  
(oil 0 des retenues plus petites qui. de I'avis de Iingénieur responsable ilu district 
minier, pcuvent presenter des nisqucs pour Ia sCcuritC), 
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of sites on the mineral operator within a land-use planning or environmental 
assessment framework. 

A particular concern has often been to control the environmental degradation 
caused by mineral working and its associated activities. To this end some countries 
have added legal pro'ision to their long-established planning systeni for financial 
guarantees to ensure that closure and rehabilitation is earned out effectively. In 
others, particularly those having arrangements developed in recent years, there are 
often detailed performance standards linked to financial guarantee or bond requi-
rements. 

Some brief examples are given below. These are not intended to he conlpre-
hensive but are intended merely to illustrate some of the aspects of relevance. 

7.4.1. European Community 

As with the United Kingdom. the rest of the European Community is hound 
by the terms of EC Directives covering, for example, environmental assessment 
and water quality. These directives are i mp]eniented through national legislation 
which varies between countries, as does the legislation concerned with matters 
which are not specifically covered by EC Directives. 

In Germany, primary responsibility rests with the Lander (states), who iave 
their own differing regulatory systems. In North Rhine-Westphalia, the Land 
mining authority plays the most important role of reviewing and approving mine-
ral extraction plans, which include schemes of restoration, and inspecting and 
enforcing these plans. Although no federal legislation exists for the purpose, some 
mineral operators are encouraged to provide financial guarantees to ensure resto-
ration. 

In France. the Decret No. 79-1108 of 20 December 1979 defines the minerals 
covered by the Decrct, the application procedures. the information required in sup-
port of an application and provision for restoration. Mineral extraction and waste 
disposal is also subject to policy controls within the Code Minier (mining code) 
and the relevant Plan d'Occupalion des Sols (local plan). Powers exist to require 
bonds or financial guarantees. 

In Portugal, Decree-Law 99190 of 1990 includes provisions for the control of  
mineral working and restoration which includes powers for bonding. To gain an 
exploitation concession, operators must enter into a contract with the state and 
ohtai Ft a licence for anci flary operations. 

In Spain, too, all mineral workings above a certain minimum SILC must iaNe 
lodged it Financial guarantee to cover site restoration. 

In Italy. the C.M. No, I 89I6 of the Ministry of Industry -General Direction of 
Mines, defines directions for the design, operation and closure of tailings dams. 
Such directions apply to dams higher than 10 in or retaining an i nipouiidriicnt I ar-
ger than 10 000 n1 3  (and to smaller impoundments that, in the opinion of the oth-
cci' responsible for the mining district, can pi'e.sent risks for safety). 
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7.4.2. Afrique du Sud 

Avant le milieu des années 1970,   Ia legislation sud-africaine relative aux tra-
vaux de rehabilitation et a Ia reduction, an minimum, des impacts des exploitations 
miniCres sur t'environnernent est apparue inappropriCe. Le Ddcret sur les Travaux 
Minici's (Mincs and Works Act) fut pus a une dpoque 00 Les exploitations minièrcs 
de bancs de charhon connaissaient un important développemerit. Le Décret conte-
nail des dispositions qui, entre autres 

interdisaient L'Cvacuation d'eau contenant des matiCies dangereues 

• stipulaient de recouvrir les depOts avec do Ia terre ou de Ia boue, ou de les 
trailer, do façon 0 empCcher Ia propagation de tonIc lorme de pollution. 

Des recoinmandations pour La rChahi litation de ces exploitations minières 
fuient mises au point par La Chanibre des Mines d'Afrique du Sud, acceptCes par 
Ic Service Technique des Mines du (]ouverncment ci promulguces comme amen-
dements au DCcret on 1980. ElIcs portaient sur 

• Ic projet, lexploitation et Ia fermeture des depOts de stdriles hauillers et 
métalhtères 

• lii végétalisation des depOts de stériles, desti née 0 lutter conti -e l'érosion par 
Ic vent et l'eau. 

Le DCcret n 50 (199 1 ) sur les Minerais (Minerals Act) a remplacC Ic Décrct 
sur les Travaux Miniers afin de réglementer 1' utilisation et la rehabilitation de la 
surface du sol pendant et après los travaux do prospection et d'eploitation 
minières. A cet effet, Ia rdglementation concerne 

• l'approhation préalah]e du plan des dispositions générales et du programme 
do rehabilitation 

• Ia consultation d' autrcs Ddparlcmcril savant approbation 

• l'application étendue 0 Ia fois aux exploitations minieres it ciel ouvert et en 
souterrain. 

Le DecreE sur les Minerais a été amendé en vue d'ineltLre un Rapport relatil 
an Programme do Gestion de I'Environnoment, cc qui doit permettre de s'assurer 
rue les consequences environnenicntalcs du projet de niisc en valeur sont hien ana-
lysCes et prises en conipte dans l'Ctude du projet. Les objectifs de cc document 
sont les suivants 

• rCpondre aux prescriptions concernant I'environncment, contenucs dans Ic 
Décret et Ia rCglementation 

• étahlir un document unique pour satisfaire les diverses autoritds conccrnces 
par Ia rCglemeniation relative atix effets des iravaux miniers sur I 'environnement 

• dCcrire Ia mCthode d'exploitation miniCre et les activitCs associCes, afin de 
pormottrc l'Cvaluation des impacts sur l'cnvironncnient pendant et aprCs los tra-
vaux 

• dCcrire les mesures envisagCes pour Ia gestion de ces impacts 
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7.4.2. South Africa 

Prior to the mid 1970s, South African legislation directed at rehahilitatior and 
minimisation of environmental impacts from mining has been described aswoc-
fully inadequate. The Mines and Works Act was introduced at a time of major 
development of major coal strip mining operations. It contained provisions which, 
inter aba: 

• prohibited the release of water containing injurious matter; and 

• stipulated that dumps he covered with soil or sludge or otherwise dealt with 
to prevent the dissemination of any form of poi I ution. 

Guidelines to provide for rehabilitation of these strip mines were developed 
by the South African Chamber of Mines, accepted by the Government Mining 
Engineer and promulgated as amendments to the Act in 1980. These included: 

• The design, operation and closure of metalliferous and coal residue depo-
sits; and 

• The vegetation of residue deposits against wind and water erosion. 

The Minerals Act No. 50 of 1991 replaced the Mines and Works Act to regu-
late the orderly utilisation and rehabilitation of the surface of the land during and 
after prospecting and mining operations. Statutory directives to attain this inclu-
de: 

• prior approval of the layout plan and rehabilitation programme; 

• consultation with other Departments before approval; and 

• extension to include both opencast and underground mining operations. 

The Minerals Act has now been amended to provide for the inclusion of an 
Environmental Management Programme Report with the aim of ensuring that the 
environmental consequences of development proposals are understood and ade-
quately considered in the planning process. The objectives of this documcnt inclu-
de: 

• meeting the environmental requirements and directives of the Act and its 
regulations; 

• providing a single document to satisfy the various authorities concerned 
with the regulation of the environmental impact of mining; 

• describing mining method and associated activities to enable assessment of 
environmental impacts during and after mining; 

• describing how environmental impacts will he managed: 
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• définir les critèies de gestion de I environnement c1estins a sassurer quc 
les ohjectifs petivent être atteints 

• indiquer quc 'on disposera tie ressources suflisantes pour réaliser Ic pro-
gramme de gestion environnementale. 

7.4.3. Canada 

La legislation fédérale canadienne tend i être plus restreinte que Ia legislation 
prov i rid ale. Cependant, en vertu du DCcret sur Ia Protection de I' Environnement - 
1988 - (Canadian Environment Protection Act 1988) et du DCcret stir [Evaluation 
des Eliets sur l'Environnement - 1992 - (Canadian Environmental Assessment Act 
1992), Ia rCglementation concernani [covironnement tient unc place dc plus cn 
plus grande. 

Dans I' Alberta, Ia legislation stir Ia SCctLritC des Barrages s' applique aux bar-
rages dc stCriles. 

En Colombie Britannique, Ic DCcret sur Ic Ddveloppement des ActivitCs 
Minières, de 1990 (Mine Development Assessment Act of 1990) fournit Ic cadre 
legaL pour l'Ctude environnementale clCtai I lee liCe au dCvcloppemcnt prCvu des 
activitCs millières. 

Le DCcrct sur Ic's Mines. dc 1989 (Mines Act of 1989) rCgit toutes les activi-
tCs rniniCres ci requierl 

• Ia souniission, avant Ic dChtit de l'exploitation minière, do progamine de 
travatix prCvus ci d' un programme de protection ci de restauration des sols et des 
cours d'eau auicciCs par Ic's travaux niliiiCrS 

• I obtention d' on permis de restaurati.ni un dCpôt de garantie petit Ctrc 
exigé poor fes travaux de restauration, 

En 1992. Ic DCcrct sur IeS Mines a Cgalcnicnt instituC ic Code de Sante, de 
SCcuritC et de Restauration pour les mines en Colombie Ri'itanniquc. qui définit Ics 
mesures de rcstauralion miniCre visant en pailiculier, a 

• restituer les terrcs et les cours deau a on usage productil 

• garantir que les ouvrages de stockage Ct les dCpôis de dCchets rochcux prC-
sentent tine stahilitC a long terme 

• garantir que l'eati provenant dun site minicr prCsente one qualitC accep-
tab Ic. 

Le drainage des rochcs acides est tine prCoccupalion particulière Ia wise en 
dCpOt 5(}U5 l'cau des stCrilcs Ct des dCchets rocheux dans des ouvrages de stocka-
ge est souvent uric mesure acceptable de prevention. ['adoption dune idle mesu-
re exige que 

• les résidus miniers ne contiennent pas de substances dangereuscs fucilcment 
soluhies 

• Ic hilan hydrauliquc garantisse que tous dCchets 1)o0V1tit  gCnCrer des 
niatiCres acides scront conti nuel lement recouverts cIeau 
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• setting out the environmental management criteria to ensure that agreed 
land capability and closure objectives can be achieved: and 

• Lu indicate that resources will he made available to implement the environ-
mental management programme. 

7.4.3. Canada 

Canadian federal legislation tends to he more restricted than provincial legis-
lation. However, an increasing role in environmental regulation is being taken e.g. 
under the Canadian Environment Protection Act 1988 and the Canadian 
Environmental Assessment Act 1992. 

In Alberta, the Dam Safety Legislation covers tailings dams. 

in British Columbia, the Mine Development Assessment Act of 1990 provides 
the legal framework for comprehensive environmental assessment of proposed 
mine developments. 

The Mines Act of 1959 governs all mining activities and requires the suhrnis-
sion before mining commences of the proposed work plan and a programme for 
the protection and reclamation of the land and watercourses affected by a mine and 
the obtaining of a Reclamation Permit; a reclamation security deposit may he 
required. 

In 1992, the Mines Act also established the Health, Safety and Reclamation 
Code for mines in British Columbia. which specifies mine reclamation standards 
inc 1 LId in g: 

returning the land and watercourses to a productive land use; 

* ensuring that impoundnicnt structures and waste rock dumps are stable over 
the long term: and 

• ensuring that water quality released from a niine site is of an acceptable 
standard. 

Acidic drainage is a particular concern and secure underwater disposal of tai-
lings or waste rock in man-niade structures is currently an acceptable form of pre 
vention. Where this is proposed, the proponent must show that: 

• the mine wastes do not contain readily soluble deleterious substances; 

• the water balance ensures that all potentially acid- generating wastes will be 
continuously covered by water: 
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• ii n'y ait pas d'eftets importants resultant des vagucs, de Ia glace, des ava-
lanchcs, des crues, des sCismes, des modifications thermiques et aures facicurs 
naturcis 

• la methode de misc eli dCpôt, la profondeur d'eau et autres disposilions du 
projet assurent une prevention long terme du drainage des roches acides. 

La rCglementation 114/91 de l'Ontario s'app]ique a l'exploitation Ct La tèr-
meture des mines coriformCment it Ia Partie IX du DCcret sur les Mines de 
l'Ontario. de 1990. ELIc exige, avant le debut des travaux d'exploitation minière, 
hi soumission d'un plan de fermeture, cornprcnant une garantie financière et four-
nissant entrc autres les élérnents suivants 

• rcnsCigflctflellts sur Ia nature, l'cmpLacement et les dimensions prévues de 
touLes les zones de stockagc des stCriles et de tous les Las de minerai, concenirC, 
roche, terrain de couverture et dCchets 

• conditions et utilisaions prévues dii site aprCs la lermeture de l'exploitation 
et L'achèvernent tie tous les travaux de rehabilitation 

• mesures particutiCres de rehabilitation it executer sur Ics LOflCS de stockage 
des stériles, y compris Les ouvrages annexes ci dispositifs de traiternent. 

I es mesures minimales de rehabilitation, qui. dans certains cas, deivent Ctre 
étudiCcs par un expert afin d'Cvaluer Ia stahilité a long terme des ouvrages, soft 
dCfinies dans les situations suivantes de l'aménagcment 

• ArrCt temporaire 

tous les dispositils de traitement des rCsidus seront entretenus, toLls les 
pr{)granlmes de surveillance seront poursuivis et tous les effluents contarni-
nCs seront contrôlés, comme ]'cxic Ic plan de ferrneture 

- bus les ouvragcs tic retenue tie stériles ci d'cau, tous lcs las de roche et 
autres las de stockage seroni laissCs dans des conditions de stahililé ci de 
sCcuritC satisfaisantes. 

• InactivitC 

- bus Les sites de stockage des stérites, zones de depOt de terre, ci autres 
sites ci dispositifs de traitement de dCchets seroiit surveillés, cntretenus on 
mis hors service. comme I'exige le plan de lermeture 

- tons les ouvrages de retenue de stCriles et d'eau, tous Les Las dc roche. de 
terrain de couverture et autres tas tie slockage seront laissCs dans des condi-
tions de stahilitC et de sCcuritC satisfaisantes. 

• Fcrmcturc 

- tous les sites tic depOt de terre et autres sites tic traiternent de résidus 
seront rChahilitCs 

- tons ics sites de stockage de rCsidus, tas de roche et de terrain tie cnu-
vcrturc, et autres las de siockage seront rChahilités ou traitCs aim d'assurer 
Ia stahilitC, La protection conlre l'Ci'osion ci Ia qualitC des effluents 
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• there will he no signilicant impact as a result of wave action, ice, ava-
lanches, flooding. earthquakes, thermal overturn and other relevant natural factors; 
and 

• the mode of deposition, water depth and other design features satisfy the 
requirement for long-term prevention ol acidic drainage. 

Ontario Regulation 114/91 governs Mine development and Closure under Part 
IX of the Mining Act of Ontario of 1990. It requires the submission of a closure 
plan, including financial assurance, before mining commences which includes 
among other things: 

• information on the nature, location and expected size of all tailings 
impoundment areas and all piles of ore, concentrate, rock, overburden and waste: 

the expected conditions and uses of the site and areas after the project has 
been closed out and all rehabilitation measures have been completed; 

• speciFic rehabilitation measures to be carried out covering taiings 
impoundment areas, including associated structures and treatment systems. 

Minimum rehabilitation standards, which must in certain cases be evaluated 
by a professional engineer to assess the long-term stability of the work, are speci-
fied for placing the project in a state of: 

• temporary Suspension: 

- all waste management systems shall be maintained, all nionitoring pro-
grammes continued and all contaminated effluents controlled as required by 
the closure plan; and 

- all tailings and water impoundment suuctures and all rock piles and 
stockpiles shall he left in a stable and safe condition: 

• inactivity: 

all tailings inipountlmcnl areas, landfill sites and other waste manage-
ineni sites and systems shall be monitored, maintained or decommissioned 
as required by the closure plan; and 

all tailings and water impoundment structures and all rock piles, over-
burden piles and stockpiles shall he lel't in a stable and safe condition: or 

• closure: 

- all landfill sites and other waste managenient sites shall he rehabilitated: 

- all tailings impoundment areas, rock piles, overburden piles and stock-
piles shall he rehabilitated or treated to ensure stability, erosion control and 
effluent quality: 
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- tous les ouvrages de stockage de stériles et d'eau, et autres ouvrages de 
contrôle seront entaillés d'une brèche ou rentorces afin d'assurer leur sta-
bilité vis-à-vis des charges statiques et dynamiques auxquellcs us peuvent 
étre soumis 

- tous les cours d'cau du site seront rétablis dans leurs conditions ori g i-
nelles, ou de nouvelles voies d'eau seront dtahlies, ne nécessitant pas d'en-
tretien dans Ic futur et répondant a Futilisation prévue du sol 

- tous les sites ayant suhi des désordres seront rcvégétalisés, dans route ]a 
rnesure du possible. 

La legislation dans d'autres provinces est pratiquenlent ideritique, Ics pres-
criptions communes comprenant 

• l'étude d'irnpact sur l'environnement, avant Ic debut des travaux rniniers 

• Ia régleinentation relative i Ia qualitC de l'eau, aim d'éviter toute pollution 
de l'eau par des dCversements de matiCres nocives 

• l'ohligation pour les mines existantes ci nouvelles de presenter des plans de 
fermeture visant 5 proteger l'cnvironnement au cours dc Ia durCc de vie de l'amé-
nagement et a rChahiliter Ic site aprCs In fcrmeturc de Ia mine 

• l'obligation pour lexploilant de Ia mine de rCaliscr dc.s travaux de réhabili-
tation prCsentant toute sCcuritC dans Ic temps. 

7.4.4. tats-Unis 

Aux Etats-Unis, Ics futurs exploitants dc mines doivent solliciter des permis 
pour ouvrir on agrandir une exploitation minière. La procedure est complexe et fait 
intervenir parfois de nombreuses juridiclions ct administrations. Les lois sur i'cau 
ci l'air puts doivent Ctrc appliquCes an mCme titrc quc les lois locales, des Etats. 
et Fédéralcs qui protègent d'autres ressourccs ci valeurs naturelles. Si l'cxp]oita-
tion envisagée est situCc sur un site administré par ic Gouvernement FédCral (par 
exemple, 1' US Forest Service ou Ic Bureau of Land Managenient), unc étude dim-
pact sur l'environncnient doit Cue effcctuCe. Quclques Etats exigent aussi unc 
étude environnementale pour les projets miniers, quel que soit Ic propriétaire du 
sol. 

La principale legislation fCdCraic relative an contrôle des exploitations 
minièrcs a etC Ic DCcret de 1977 << Surface Mining Control and Reclamation Act 
1977 >> qui se limite au charhon. Son but Ctait l'Ctahlissernent d'un programme 
national en vue de protCger Ia société et l'environncment contre les effets nuisibles 
des exploitations houillères a ciel ouvert. II essaie de rnaintc.nir, a travers les Etats-
Unis, un ensemble de mesures de remise en état pour Ics mines de charbon ,i ciel 
ouvert et stipule des obligations pour ru on ne manque pas de remCdier aux dégâts 
causes a l'environnernent par les travaux miniers. Tous les exploitants doivent 
avoir un permis valide d'exploitation ; a cci effet, des renseignements trés dCtaillCs 
doivent Ctre présentCs sur Ic sol et t'écologie, sur Ic statut legal de l'exploitant. sa 
situation financiCre ct son comportement devant Ia loi dans Ic passC, ainsi que sur 
les travaux d'cxploitation minière ct de remise en Ctat proposes. 
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all taili rigs, water and other control structures shall he either breached or 
made stable against any static and dynamic loading to which they may he 
5 ubj cci cd: 

all watercourses on site shall he either restored to their original coirses 
or directed to new courses that will sustain themselves in the future wi:hout 
maintenance and that are consistent with the intended future use of the 
land: and 

all disturbed sites shall, to the extent practicable, he rcvegetatecl. 

Legislation in other provinces is essentially similar, common requirements 
including: 

• environmental impact assessment prior to commencement of mining; 

• water quality regulation to prohibit anyone, without approval, to discharge 
a contaminant such that it may cause water pollution: 

• the need for new and existing mines to file closure plans that address the 
protection of the environment during the life of the project and rehabilitation of the 
site upon mine closure; and 

• the need for mining operations to put tip security for the performance of 
rehabilitation work. 

7.4.4. United States oI'America 

In the United States, prospective mine operators must apply for permits to 
construct or expand a mining operation. The permitting process is multifaceted 
and can involve nu merous political jurisdictions and agencies. Clean air and water 
laws must be complied with as well as a host of local. State and Federal laws 
which protect other resource and natural values. If the proposed operation is on 
land administered by the Federal Government (e.g. the US Forest Service or the 
Bureau of Land Management), an environmental assessment or environmental 
impact statement must he prepared. Sonic states also require some form of envi-
ronmentaL analysis for mining proposals regardless of land ownership. 

The major federal legislation relating to the control of mineral working has 
been the Surface Mining Control and Reclamation Act 1977, which is limited to 
coal. Its aim was to establish a nationwide programme to protect society and the 
environment from the adverse effects of surface coal mining operations. It 
attempts to maintain a set of minimum reclamation standards for surlace-mined 
coal lands across the United States and provides for reclamation bonds as a gua-
rantee against the failure to cure environmental damage resulting from mining. All 
operators must have a valid permit in order to mine and very detailed information 
must he submitted on the land and ecology, the operator's legal status, financial 
situation and past history of complying with the law, and the proposed mining and 
reel amati on operations. 
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Conformément a cc Décret. chaque Etat est Ic principal responsable de Ia 
rëelcmcntation des travaux minicrs en surface ci de la remise en état. En retour, les 
divers Fiats ont étahli leur propre legislation doni quciques exeniples sont trés 
bridvement donnes ci -après. 

Daris le Dakota du Noi -d, I 'ordonnance relative aLIX travaux miniers en surfa-
ce et de refuse en état concerne Ic permis LI exploitation ci Ia procedure d'inspcc-
lion cUe est cornplétée par les rdgles de la Commission de Service Public sap-
pliquant a La remise en Ctat des sols aifectds par des travaux nuniers en surface. 

Ic Dakota dU Stid a adoptd Ic Décret de 1983 sur hi remise en diat des terrains 
minicrs { Mined Land Reclamation Act of 1983) s'appliquant b tous les nuindraux 
organqucs et inorganiques (exceptd I 'can). aux produits petroliers, gaz. sable, gra-
vier ou roche desti née b Ctrc concassée pour uti I isation dans Ia construc:ion, peg-
rntitite, ca]cai re. gypse, schiste argi leux ou fer rentrant dans Ic processus de fahi - i-
cation du cimnent. Lexploiiant est tenu de soumeitre LIII projet qui doll être approu-
ye avant Ic debut des travaux miniers. 

I.e Code de 1' Etat du Montana - 1985 - indique les Lois applicahics aux travaux 
d'extracti.n a ciel ouvert : chai-hon et uranium (Chapitre 2), nuinerais mdtatlifdres 
(Chapi(re 3). henlonite, argile, scone, phosphate, roche ci gravier (Chapitre 4). 

Dans Ic Minnesota, les exploitations iuinières métal]iLdres sunt rdglementdcs 
par Ia Loi C. 774-1 dc 1969 de l'Etat du Minnesota, amcndde en 1983 - C. 270 - 

1 a 4 -, concernant la renuise en ctat des sols exploitCs pour I extraction de mine-
rais mdtallitères ci de tourhe. Le Département des Ressources Naturelles du 
Minnesota a adopd des rdglements pour Ia rcmise en dial des mines de fer et ne 
taconute, ct des mines de mdtaux non-farreux. Lcs autoritCs locales peuvent Ctahlir 
des procedures de ionage ci dautorisation qui cx gent des oh] igatioris ct des 
preuves de réussiic de La remise en Ctat, 

7.4.5. Australic 

Connie en Arnériciue du Nord et thins d' autrcs pays. hi legislation australien-
ne i-dative aux exploitations niinières est applinlude au nivcau de ehaque Etat. 
Plusieurs Etats ont des prescriptions ti -C.s détailldes conccrnant les barrages de siC-
riles. Les principaux points couverts par Ia legislation du Queensland sunt men-
LioliuiCs comme reconimandath.rns dans Ic document << Dam Safety Guicelines on 
Tailings Management >, 1994 (voir lisle de rdfdrenecs). 

7.5. REMARQUFS FINALES 

Le present chapitre a essayé d' illustrer ICS types tic rdglement pou'•ant s'ap-
pliquer ii Ia misc en ddpôt de stCriles, en se basant principalement sur I'eemple du 
Royaume-IJni et en donnant hrièvement quelques exenuples provenaiut d'auties 
pays et desti nCs Li souligner Las divers aspects de ces rdglements. Les principaux 
aspects peuvent Ctre pus en considcration clans tine Idgislation gCnéraLe faisant pcu 
ou aucunemerit mention des ddpâts de stdiiles, ou, plus gdnCialeinciut. daius une 
Legislation concernant Ic controle de lextraction de rninerais ci spdcialemeni Ia 
rcsthuratiOn ties exploitations uninièi -es. I.e recensement des pays autres title Ic 
Royaumc-IJni s'est concentrd stir ces aspects. 
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This Act gave each state the primary responsibility for regulating surface 
mining and reclamation. In response, individual states have enacted their own 
legislation and some very brief examples are given below. 

in North Dakota, the Surface Mining and Reclamation Operations statute 
addresses the permitting and inspection process and is complemented by Public 
Service Commission RLIles Governing the Reclamation of Surface-mined Lands. 

South Dakota has developed the South Dakota Mined Land Reclamation Act 
of 1983 to cover all organic and inorganic minerals (except water), oil, gas, sand, 
gravel or rock to he crushed and used in construction, pcgmatite minerals and 
limestone, gypsuni, shale or iron used in the process of making cement. 
Essentially, operators must submit a plan and the plan must he approved before 
mining commences. 

The Montana State Code of 1985 describes the laws governing surface nines 
extracting coal arid uranium (in Part 2), metallic ores ( in Part 3), and bentonite, 
clay, scoria, phosphate, rock and gravel (in Part 4). 

In Minnesota, metallic mineral mines are governed by Minnesota State Law 
1969 C. 774-I. which was amended in 1983. C. 270-1 to 4, to address the recta-
mation of land subjected to the mining of metallic minerals and peat. The 
Minnesota Department of Natural Resources has adopted rules for the reclamation 
of iron ore and taconite mines and for nonlerrous metal mines. Local governments 
carl. in Minnesota, develop zoning and permitting processes that require bonding 
arid evidence of reclamation success. 

7.4.5. Australia 

As in North Anierica and elsewhere, mining legislation in Australia is applied 
at the level of individual states. Several states have quite detailed requirements on 
tailings dams. The principal points covered by Queensland legislation are descri-
bed as guidclinc in Dam Safety Guidelines on Tailings Management' 1994 (see 
References). 

7.5. CONCLUDING REMARKS 

This chapter has attempted to provide an illustration of the types of reoula-
tions which may he applicable to tailings disposal based primarily on the example 
of the United Kingdom and with some brief examples from other countries to 
highlight different aspects. The relevant aspects may he covered in general legis-
lation with little if any specific mention of tailings disposal or, more commonly, in 
legislation relating to the control of mineral extraction arid, particularly to the res-
toratiorr of mineral workines. The review of countries other than the United 
Kingdom has concentrated on these aspects. 
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Dans Ia plupart des pays, ii y a une certaine conimunauté d'approche : Ia 
legislation requierl Une etude environnernentale avant Ic debut des travaux miniers 
DU autres activites comportant des ddpôts dc stdrilcs. Deux forrncs de procedure 
peuvent se presenter : uric procedure ]éeale d'Ctude environnementale, ou une pro-
cddure moms oflicicile relevant des dispositions du plan d' utilisation du sot. Cela 
implique presque toujours la SOUllliSSiOfl et I approbation d' un plan engloiant I 'ex-
traction du minerai, les activitCs associCes, telIcs quc la misc en dCpôt des stCriles, 
et Ia restauration finale Lois de I 'achévernent des travaux miniers. La principale 
difference entre Ic Royatmnic-tini Cl lcs auties pays CSt que plusicurs pays ont inclu 
des pouvoirs pour exiger des exploitants qu'ils prCsemitent des cautions ou garan-
tics financiCrcs assurant quc La restauration sera exCcutCe suivant le plan oumis et 
approuv é. 

Des approches complernentaires, presentant aussi une communaute d'inten-
tion si cc n'est Je details. incluent des prescriptions relatives a La protection de 
I 'envn'onnemcnt, par excrnple. normes de qualitC de 1 'eau, a Ia protection des per-
sonnes stir leurs lieux de travail et a La sécurité publique. 

La responsahihte de I application des rCglernents vane dun paysàl' autre. 
FIle peut incomhcr aux autonitcs natiunales. regionales ou locales, et est gCnCrale-
mnent precisee dans Ia legislation 
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In most countries there is some commonality of approach in that the legisla-
tion includes environmental assessment prior to the commencement of miniig or 
other activities involving tailings disposal. This may be via a formal environmen-
tal assessment procedure or more informally through the land-usc planning sys-
tem. This almost invariably involves the submission and approval of a plan cove-
ring the mineral extraction, associated activities, such as tailings disposal, and 
final restoration on the completion of mining. The main difference between the 
UK and other countries is that many countries have included powers to require 
operators to submit bonds or financial guarantees to ensure that restoration is cool-
pleted according to the submitted and approved plan. 

Complementary approaches, which are also common in their intention if not 
in the details, include the requirements for environmental protection, e.g. through 
water quality standards, and for the protection of people at work and the general 
public. 

The responsibility for policing and enforcing the regulations varies from 
country to country. It may be at national, regional or local authority level and is 
usually specified in the legislation. 
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ANNEXE A 

SIABIIATE 

En cc qui conccrne les glisscnienls du type rotationnel, Ia stahitit dun har-
rage dc stéri les pent en-c Ctudiée Li partir de calculs de stahilité << non circulaire >>. 
FelLenius (1926, 1936) a clCteriiuné les forces normales et dc cisaillenient agissant 
sur one surLace de glisseiuent de tornie cirdula!rc. Cii C(}nsideiint one coupe tians-
veisale du glisseinent potentiel et en divisant lii zone situee aLi-dessus tic La ligne 
de glissement en plusieuis tranelies verticales. Le poids de chaquc tr.inchc est 
decompose en deux forces. 1' une normale. I' autre (angcnie Li La ligne ile glie-
ment. La somine des forces taiigcntieLles doiiitc Ia force active de meuvernent. 
La force resistant au mouvemeni est caleulec Li partir, soit de Ia résistance an 

cisail icinent, 11011 drainéc, in situ, do so] (gCnCralement adopiCe pour les argi les). 
soit tie Ia résistance an cisailleilieni exprimCc cn teililes tIe contlaintes effectives. 

c' + c' tan '. I e rapport force resistant an mouvenient/torce active tIc mouve-
ment donne Ic cocificieni de sCcunté. I .orsque ce rapport tomhe Li In va.eur 1, un 

glisseinent sc procluil. 

Le calcul en conhraintes cilectives (elfcctivc stress analysis - ESA ) pei-nict tIc 
tenir conipie des pressions interstitielles. Cctte méthode a été déveluppCc par 
Bishop (1955) OL1F des glisseinents circulaies, ci progranimee pour calcul SUF 

ordinateur par Little ci Price (1958).  I a niêthode lut ultericurement developpee 
IotIr uiie application Li des surfaces de glissemeni tic Lorme génCrale (pas uniqLie-
nient circulaire ). par Morgenstern ct Price (1965). Janhu ( 1973 ) et autres. Dc 110111 -

bicux logiciels tie calcul tic stahi I itC des talus scint actuellcmcnt disponibles sur Ic 
maichC. tine étude eonlparative des logic id S di spoil i bles sur Ic marchC a etC rCa-
Iisée flar 01 i phant ci Home (I 992). 

I .l)hUUtOfl du calcul en coiitraintcs etleetives ( ESA ) a un hairaec tic siC-
riles peut ctre décomposCc suivant Les etapes ci-après 

DCtcrniiner% it partir ci' essais en lahoratoire, les valeuis representatives tIe c' 

ci 4' P° 	Ic remhLai devant scrvir Li La cc.instruction dii barrage. On prCparera des 
cehantillons compactés. Li des tenetirs en cau et des densitCs correspondant Li celles 
prevues all cours tie Li construction. Les essais stir Cchanli lions couriront uii 
doniaine tIe conditions s'Ctcndant enire les valcuvs iiiaximalcs ci iiijnima]es plC-

'Lies. 

Estimer les pressiolis i nterstiticlles qtit existeront dans Ia tone susceptible 
d'être iraveisCe par tine surface tIc idissenient (voir paraac 3.9.3.). 

Concevo r un talus aval stable it 1• aide ci' nil prognininie de calcul adCquat. 
t_es conditions les plus sCvCies selorit pukes comtnc hypotheses ci Ia surlace de 
glissemeni prCsentaiit Ic pIts faible coeflicient tic sCeurité sera deli nic. Le pro jet 
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APPENI)IX A 

STABILITY 

The stability of a tailings dam in relation to rotational type slips can he asses-
sed from gcneraliscd non-circular stability analyses. Fellenius (1926.1936) ceter-
mined the normal and shear forces acting on a circular slip surface by considaring 
a section throuch the potential slip, and dividing the area above the slip surface 
into scveral vertical slices. The wei ght of each slice is resolved normal and paral-
lel to the slip surface. The sum of the forces along the surface gives the disturbing 
force. The restori nii force is then calculated from either the in situ undrained shear 
strength of the soil (usually used for clays) or the shear strength in terms of effec-
tive stresses. 'r = c' + ' tan '. The ratio of restoringldisturhing forces gives the 
factor of safety: when this falls to unity, a slip can occur. 

The effective stress analysis (ESA) enables an allowance to he made for pore 
p1essures and this method has been developed by Bishop (1955) for circular slips 
and programmed for computer by Little and Price (1958). The method was furfaer 
developed for slip surfaces of general shape (not just circLllar) by Morgenstern and 
Price (1965), Janhu (1973) and others. Numerous slope stability programmes have 
been written for computers and are available corn merciallv. A eonlparative review 
of commercially available software for slope stability analysis has been made by 
Oliphant and Borne (1992). 

The steps used by the designer for making an ESA 'or a tailings dam can he 
as follows: 

Determine representative values of c' and 4' for the fill that is to be used 
for construction lrom laboratory tests. Reeoinpacted samples have to he prepared 
at water contents and densities that are expected to he achieved during construc-
(ion. Usually tests• are made on samples covering a range of conditions so that 
maxi mum and minimum expected values are ascertained. 

Assess pore pressures that will act in the regioll through which a slip sur-
face may develop. This is discussed in 3.9.3. 

Design a stable downstream slope with the aid of a suitable computer pro-
granime. Worst conditions must he assumed and the slip surface determined that 
gives the lowest factor of safety. Potential dam and existing lundation conditions, 
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de barrage ci les conditions de Londalion existantes, idles queues out été deter-
minCes a partir des reconnaissances dii site. scront CiudiCs ensemble : uric surface 
de glissement dCfavorahfc pent pCnCtrer profondement dans uric fondatiun mole. 

Dans Ic cas dc matCriaux prCsentant unc expansion uors du cisaillement, les 
deformations stir Ia surface de gI i sscment potentiel tendront it rCdtiire les pressions 
interstitielleS, aniCl orani ainsi Ia stahi I itC niais Ctant donne ciue  cette conditions 
no se manifeste que Iorsquc Ia rtipttlre est irnniinentc, on ne petit I' adopter (Jails Ic 
projet. Par contre, clans ic cas dc matCri aux prCsentant tine eontractance lors dtL 
cisaillenient. II y a augnlcntation de la pression interstitielle, cc qui rCcluit Ia 
stahilitC cette situation scra prise en consideration IoN de Ia conception de 
I ouvragc. 

On potirrait avancer que Ia résistance au cisaillement sur unc surface dc gus-
scment potentiel, correspondant aux contraintes normales effectives dues ati poids 
des matCriaux sus-jacents. pourrait étrc titilisCc clans Ic calcul tic stahilitC, si Ic 
coefficient dc sCcuritC Ctait suflisainment élevé pour qu 'en aucun point Je la stir-
lace dc glissement ii n' y ait dc deformation susceptible d' augmenter lii prCsSiofl 
interstitielle thins cc type de matCriau. Pour tine mci Ileure sCcuritC, deux approches 
sont possihics 

Calcul type << a >> : ESA (calcul en contraintes etTectives) 

On utilise les rCsultats des essais consolides, non drainCs (CU). pour construl-
re lcs cereles de Mohr (Fig. A. L) et ohtenir tine valcur pour . On adopte ccttc 
valcur dans Ic calcul de stabilité oi il est admis quc Ia pression intcis.iticllc dc 
l'cssai CU a Ic méinc effet de reduction dc Ia résistance an cisaillcment que a 
plession interstitielle induite par les deformations stir Ia stirface de glissement 
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as determined by the site investigation, must he considered together: a worst sur-
face may pass deep into a soft foundation. 

With matcrial that dilates on shearing, strains on the potential slip surface will 
tend to reduce pore pressures, thereby improving stability, but since this condition 
does not develop until failure is imminent, it cannot be used in design. On the other 
hand, materials that contract on shearing cause increase of pore pressure, which 
reduces stability and must he considered in design. 

It riight he argued that the shear strength on a potential slip surface currcs-
Jondi11g to the effective normal stress produced by the weight of the overlying 
material, could he used in the stability analysis, if the factor of safety was kept so 
high that there would he no strain developed along any part of the surface to cause 
increase of pore pressure in this type of material. In preference and as a safer 
method, two approaches are uscd: 

Type "a" Analysis (ESA) (effective stress analysis) 

The results of consolidated-undrained (CU) tcsts are used to construct Mohr 
envelopes, as shown by Fig. A. I. to obtain a value for This value is used in the 
stability analysis where it is assumed that the developnient of pore pressure in the 
CU test will have the same influence in reducing the potential shear strength as the 
pore pressure developed by strains on the slip surface. To improve accuracy, the 

He. Al. 

Sheir sircngth shown by Mohirs diagnam 
Resistance an cnsaiilennetni ,epleefltee vol Ic nhatt rwninc Je Molnr 
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Pour one rneilleure precision, on pcul appliquer aux échantillons destinés aux 
essais triaxianx one consolidation anisotrope sans condition K, plutôL qu'une 
simple consolidation isotrope (pression dgale tout autour do Ia echoic), cc qui 
reproduit plus correctement Ia consolidation des boues in situ. 

Calcul type << b>: USA (calcul en contraintes non drainées) 

La valeur do Ia résistance au cisaillcmcnt non drainée, obtenue a artir des 
essais CU ou CEKU (c), pout scxprirncr Sons Ia forme dunc fract:on de hi 
contrainte de consolidation ('). de sorte que, dans Ic calcul de stahilité, one 
valeur adequate do c Pout Ctre attrihuCe a la base de chaque tranche de a surface 
de glissement c'cst-à-dire quo Ic rapport c/o.'  est utilisé dans un calcul 0. 

Ces concepts out etC discutCs pal-  Vick (l93). 

Ladd ( 1991 ) signale que le calcul type << h clonne un cociTicient (Ic sCcurité 
infCricur a celui obtenu dans Ic calcul ESA. pour Ia mênie surface de glissement ci 
les niémes pressions i nterstitielles avant rupture. 

ii donric comnie cxcmple un barrage de stCri les construit par Ia mCtliode 
anioni (Fig. A.2. ). Un barrage VOL5IH. (Ic géoniCtrie identique, nials darn Ic remhlai C.

a etC exCcutC plus rapidement. s'est rompu au cours dc I'annCc prCcédente. I ors 
des rcconnaissances etTectLiées sur cc barrage lorsqu' il avail 55 m do hauicur, deux 
sondages an scissomètre Nilcon ci trois sondages avec carottier Li piston Osterherg 
pour les prises dechantillons non remaniCs brent exCcutCs. Des piCzomètres et 
ccllules piCiométriques supplémentaires mesuraient les pressions interstitielles 
existantes. On eliccina des essais triaxiaux et autres essais pour obtenir ' et Ic 
rapport cI/o.  Ce rapport lut aussi mesurC in situ par des essais au scisso:Ilètre. Le 
calcul ESA donna un coefficient (Ic sCcurité do 2.4 + on 0.4. alors que le calcul 
USA donna un coefficient de sCcuritC (Ic 1,25 + au - 0, 1. valour plus accptahle 
cornpte lenir de Ia rupture du harrage voi sin identique. 

II faut notcr quc dans cc barrage ( Fig. A.2. ) on laissa des hones s' accumuler 
stir Ic rcniblai d aniorce, an cotLrs de Ia construction, cc qui permctlait ainsi Li une 
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triaxial samples may he consolidated anisotropically under KO  conditions, rather 
than simply isotropically (equal all round cell pressure) more correctly to simula-
te the field consolidation of shines. 

Type 'h" Analysis (USA) (undrained stress analysis 

The value of undrained shear strength obtained from CLI or CK 1J U tests (c o ) 
can he expressed as a fraction of the consolidation stress ('), so that in the sta-
bility analysis an appropriate value of c can he allocated to the slip surface at the 
base of each slice, ic. the ratio is used in a 0 = 0 analysis. 

These concepts have been discussed by Vick (1983). 

Ladd ( 199 1 ) points out that the 'h' type analysis gives a lower factor ol safe-
ty than an ESA for the same slip surface and pie-failure pore pressures. 

He gives as an example, it tailings dam built by the upstream method, as 
shown by Fig. A.1 A nearby dam of similar geometry, but filled more rapidly, had 
failed during the previous year. In the investigation of this dam, made when it was 
55m high, two Nilcon field vane soundings and three borings with Osterherg fixed 
piston samplers to obtain undisturbed samples were used. Additional piezometers 
and piezomctcr probes measured existing pore pressures. Triaxial and other tests 
were employed to obtain both ' and the ratio c 1 /o. The latter ratio was also mea-
sured by in situ field vane tests. The ESA gave a factor of safety = 24±04, whc-
reas the USA gave FS 1.25±0.1: a value more acceptable in view of the failure 
of the similar, nearby dam. 

It will be noted that in this dam (see Fig.A.2) slimes had been allowed to 
accumulate over the starter dam during construction, thereby providing a path for 

Fig. A.2. 

Siihi1ity ii tailings darn huilt by upstrealri iniethod 

Sihi/ 	d nun h rrnl4n Je n fernie.s con sO-nil pnr In ineihnJe anion I 

I \) Slinies 

l) Coarse tailirig'n 
f (: Si an er dam 
Di Said and grave I Lou id at i on 

(I-.) Pressure head ni 
(F) Height (ni) 
((1) Distance (m) 

(A ) ftjj es nie sari/es 

(A) .Sii,)/es ,çios.sners 
(C) Rein/i/ni i union se 
(I) )I'annn/at Ion ile .i nb/n' C/ i / ii ic 
IL) C'/iurge /ii nnnétiiqne (in) 
(F) 1-/uninur (in) 

; I Dr stance (in) 

233 



surface de glissernerit de se développer prcsque totalement dans les houes. Une 
imihode de construction ernpchant on tel phénomène de se produire est décrite 
au chapitre 4.4. 

Ladd a donné deux autres exemples, concernant des remblais en cours de 
construction sur des fondations argileuses relativenient niolles et sensibles, oü les 
rapports des coelficients de sécurité déduits des calculs ESA ci USA étaient res-
pectisement de 1.9 et 2,35. Dans le cas du barrage de stériles, Ic rapport était de 
2,411,25 = 1.9. 

Ces exemples rnothrent que dans Ic cas de niatériaux oü des pressions inter-
stiticlles positives se développent au cours du cisaillement, ii convient d'évaluer la 
sécurité au glissement, on utilisant Ics techniques USA. 
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a slip surface almost totally in slimes. A method of construction to prevent this is 
described in Section 4.4. 

I.add gave two other examples, involving emhankments under construction on 
medium soft and sensitive clay foundations, in which the raios of the factors of  
safety found by b.SA and liSA were respectively, 1.9 and 2.35. In the case of the 
tailings dam, the ratio was 2.4/1 .25 = 1.9. 

These examples show that with materials that develop positive pore prescures 
during shcari rig, used as fill or forming (lie foundation, it may he apprOpriate to 
assess safety against slip failure by use of liSA techniques. 
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ANNEXE B 

GLOSSAJRE 

En gnral, les elossaires contenus dans Ic Bulletin n 45 (1992)   Manuel des 
Bai-i-ages cE Dpôts de Stériles > ci Ic Bulletin n 74 < Sécurité des Barrages de 
Stériles - Recomniandalions > s'appliquent au present Bulletin ci n'y scront donc 
pas reprocluits. Sculs Ics quatre ternics suivants ont ClC déhnis 

Longueur de Ia plage - Distance parallèle i La crete du harragc, mesurée Ic 
long dc La plage. 

Largeur de Ia plage - Distance entre Ia crete du barrage ci La retenue dc liqui-
de surnageant. 

Longucur de La retenue de stockage des stériles - Distance niesLirce a 
[ajuont, enire Ic barrage ci lextrCrniiC des stériles siockCs. 

Retenue - Zone de liquide surnageaiit dans Ic reservoir de stockage des siC-
riles, entourant généralcmcni louvragc de décantation (RI Ia barge de pompage. 
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APPENI)IX B 

G I OSSARY 

In general, he glossaries given in Bulletin No.45 ( 1982) Manual on Tailings 
Dams and Dumps'. and Bulletin No.74 (1989) "Failings Dam Safety: Guidelines' 
apply to this Bul eU Li, and will not be repeated. The lollowiiig few terms ale given 
for further clan Ilcation 

Beach length. Distance parallel to the darn crest. measured along the beach. 

Beach width. Distance from darn crest to the pont of supernatant liquid. 

Length of inipoundmenL Distance measured upstream from the darn to the 
end of the stored tailings. 

Pool or pond. Area of snpernatant liquid in the impoundment, usually sur-
rounding the decant arrangement or pump barge. 
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PROGRAMME DES NATIONS UNIES 
POUR L'ENVIRONNEMENT 

INDUSTRIE ET ENVIRONNEMENT 

HIS TORI Q U E 

Lc centre In(Iusiric ci Environnemcnt du PNUE (PNLJE TE) a été CrO6 a Paris en 
1975. clans Ic hut de faire collahorer indusinels et gouverneinents pour a promo-
tion dun dcvc]oppenieni industriel respecweux de I'environncment. Ses ohjcctifs 
SOnt 

I ) d'encouragcr 1' inte(Tration de criièi'es environneillentaux dans les plans de 
développemeni industriel 
dc lacil iter I elaboration et 1 application de procedures et de principes diiec-
icurs desti nés a protCgcr I environnement 
de promouvoir I 'eniploi de technologies << propres >> et sans dangers 
de stimuler Ics Cchanges d'inl'orniations ci dexpériences dans le mondc 
ci tier. 

Le PNUE IF clifTuse des inlormations d'ordre pratique. II dCveloppe Ia cooperation 
sur Ic terrain ci favorise les Cehanges d' informations. Ces actions fo]t 1 'objet 
d'évaluations régul iCres ci ii' nil suivi permanent. Pour proiriouvoir ic transferi 
d'informations. le PNUF IF a mis all point lrojs outils complenientaires : ics rap-
ports techniques, Ia revue < Industry and Environnient , et un service de ren-
seigncments techniques. 

DiniS un souci de cooperation technique. Ic PN UE IE lavorise les transl'erts de 
technologies ci contrihue i Li misc en ouvre dc pratiques destinCcs a preserver 
I environnement. en encouragcant les ilteraclions et les Cchangcs, on développani 
(lcsactiviés de sensihilisation ci dc formation, ci en rCalisant des Ciudes de dia- 
gil ( ) si IC. 
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ABOUT UNEP INDUSTRY 
AND ENVIRONMENT CENTRE 

The Industry and lnvironment centre was established by UNEP in 1975 to bring 
industry and government together to promote environmentally sound industrial 
development. UNEP IF is located in Paris and its goats are to: 

Encourage the incorporation of environmental criteria in industrial develop-
ment plans; 
Facilitate the implementation of procedures and principles for the protection 
of the envtronment; 
Promote the use of safe and clean technologies; 
Stimulate the exchange of inFormation and experience throughout the world. 

UNEP IF provides access to practical information and develops co-operative on-
site action and information exchange hacked by regular follow-up and assessncnt. 
To promote the transfer ol information and the sharing of knowledge and expe-
rience, UNEP IF has developed three complementary tools: technical reviews and 
guidelines; Indu,crrv and Environment - a quarterly review; and a technical query-
response service. 

In keeping with its emphasis on technical co-operation. UNEP IF facilitates cch-
nology transfer and thc implementation of practices to safeguard the environment 
through promoting awareness and interaction, training and diagnostic studies. 
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