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Massive red sludge release after the failure of a containment dam 
ARIA 39047 – 4/10/2010 - Hongrie - Kolontár 
24.42 - Aluminium metallurgy 

 
Around noon, a red sludge basin at an aluminium production site employing some 1,200 personnel broke 
over a 50-m length, releasing 1 million m³ of highly basic sludge; 10 people were killed and another 286 
injured (due to chemical burns and ocular irritation), of whom 121 had to be hospitalised. A total of 284 
residences were destroyed and 400 evacuees had to be housed as an emergency measure. 
According to the site operator, this sludge contained: 40% to 45% Fe2O3, which was responsible for its red 

colour; 10-15% Al2O3; 10-15% SiO2; 6-10% CaO; 4-5% TiO2; and 5-6% Na2O. Moreover, a liquid phase at pH 13 was found, 
representing 30% of the contents by mass. The Hungarian Academy of Sciences also identified traces of cadmium, 
chromium, mercury, nickel, lead, arsenic and zinc. 
The Hungarian government ordered the plant to be closed, in addition to declaring a state of emergency in 3 of the country's 
19 departmental jurisdictions and prohibiting the use of wells, the practice of fishing and hunting, and the consumption of 
plants and vegetables. According to the Hungarian Interior Minister, the underground water reservoirs were not polluted. 
500 members of the police and military forces, wearing appropriate protective gear, cleaned the streets using pressurised 
water. 23,500 tonnes of gypsum along with 1,800 m³ of acetic acid were poured into the streams in order to lower the pH 
reading ; the construction of 7 artificial dams facilitated the deposition of suspended effluent. The ecosystems of the TORNA 
and then the MARCAL Rivers were completely destroyed. The countries bordering the DANUBE River were notified on the 
morning of 5 October; outside of a limited number of dead fish in Komarno (at the confluence of the MARCAL and DANUBE), 
no noteworthy impact was detected downstream in either Hungary or any of the neighbouring countries. 
On 7 October, the leak was sealed, but two days later a village of 1,000 population had to be evacuated and another 5,400 
nearby residents were placed on a state of alert following the appearance of a new leak on the effluent basin. A protective 
dyke was built between the 9 and 12 October. On this same day, the plant was nationalised ; production resumed on 14 
October. 
On the 21 October, the World Health Organisation (WHO) recommended medical monitoring for the 4,000 rescue workers 
who responded to the emergency call in addition to the cleaning of sludge by specialised subcontractors, for the purpose of 
avoiding any risks of wider dissemination into the air after drying. The WHO also requested a continuous monitoring 
campaign dedicated to surface water, air, soils and farm products, so as to evaluate the long-term risks associated with heavy 
metals being transported by sludge. 
1,000 ha of stripped topsoil over a 2-cm depth were allocated to producing biofuels. A dry storage process was implemented 
inside the plant. All of the country's mining deposits were inspected and their monitoring patterns were clarified. 
In its official announcements, the Hungarian government noted an excessive filling of the basins. An NGO circulated 
photographs dating from June 2010 showing a leak. Local residents filed a class action suit against the operator, who had not 
drawn up any emergency plans. The operator denied all liability and cited the unusually high quantity of rain that fell during 
2010. 
According to another environmental NGO, the banks of the DANUBE encompass a good number of waste retention sites in 
widely varying states of maintenance. In 2000, two accidents, in Baia Mare (ARIA 17265) and Bucharest (ARIA 17425), led to 
cross-border pollution of both the TISZA and DANUBE Rivers. 
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Design, monitoring and maintenance of 

industrial sludge basins 
 
A number of industrial processes introduce basins containing large quantities of sludge or effluent composed of: residue 
stemming from ore concentrations or transformation, TiO2 or phosphogypsum production, fines from coal washing or 
crushed aggregate, paper mill residue, power plant fly ash, refuse from agricultural processing, effluent from starch mills, 
sugar refineries and other food processing industries. 
 
The combination of quantity and type of materials retained by these facilities, along with their toxic or polluting 
characteristics and the energy capable of being released in the event of an accident, could depending on basin location 
generate significant risks for neighbouring populations, local infrastructure, property and the environment. The ARIA 
database has catalogued tens of accidents with sudden basin breaks or cracks (ARIA 327, 7470, 17425, 17265, 19535, 
21970, 24363, 26764, 30815, 31750, 34592, 31750, 38590, 39857, 39979, 39983, 39993), chain collapses (ARIA 
39857, 39983) and leaks (ARIA 833, 11408, 25267, 32403, 39967), in some cases resulting in substantial discharges 
(ARIA 31750, 39979) sometimes reaching several million m³ (ARIA 7202, 12831, 21970, 24363, 38590, 39047). 
 
The human toll from such accidents can take dramatic proportions : 488 people lost their lives in Sgorigrad (ARIA 
39983), 268 were killed in Stava (ARIA 39857), 125 in Saunders (ARIA 39979), 17 in Miliang (ARIA 31750). The 
Kolontár accident on 4 October 2010 (ARIA 39047) took the lives of 10 residents and necessitated the evacuation of 8 
villages in the vicinity. 
 
Human activity and ecosystems are subjected to damage extending over the medium to long term. Natural habitats in 
land-based settings (ARIA 17265, 24363, 38590, 39047), including national parks and exceptional nature reserves 
(ARIA 12831), surface water (ARIA 327, 1625, 1722, 7202, 7470, 12831, 17265, 17425, 21970, 24363, 26764, 31750, 
32403, 34592, 31750, 38590, 39047, 39993), soils and groundwater resources (ARIA 12831, 17265, 39993) can all be 
severely affected. Flora and fauna have been destroyed in a number of cases (ARIA 1722, 7202, 12831, 17265, 39047). 
River pollution with cross-border impacts have also been recorded (ARIA 17265, 17425). The spreading of sludge has, 
in some instances, been accompanied by high toxicity levels for human exposure via inhalation of dried sludge dust 
carried by the wind (ARIA 39047) or via accumulation in foodstuffs. Such circumstances have led to imposing 
consumption restrictions on water (ARIA 12831, 17265, 24363, 31750, 39993) or products from local fishing activities 
(ARIA 12831, 17265, 39047), agriculture (ARIA 12831, 39047) or fisheries (ARIA 19535). The sludge discharges might 
also prevent conducting certain economic activities (ARIA 7202, 12831, 24363, 39857) and moreover exacerbate 
situations involving chronic pollution (ARIA 17265, 17425, 39047). 
 
The extent of pollution cleanup work, along with the estimation of compensation for damages rising into the hundreds of 
millions of Euros, reflects the magnitude of the Aznalcollar disaster (ARIA 12831), which involved the rupture of a 
storage facility containing several million m³ of toxic sludge. 
 
Potential physical consequences also include residential destruction (ARIA 30815, 31750, 38590, 39047, 39857, 39979, 
39983), damage to road infrastructure (ARIA 38590), railways (ARIA 7470) and electrical lines / gas pipelines (ARIA 
38590). 
 
Despite the underlying risks tied to the presence of storage basins located adjacent to major population concentrations, 
several accidents suggest a complete lack of emergency plan (ARIA 17265, 31750, 39047, 39983). And yet such 
planning is mandatory for: the organisation of emergency response, civil protection and an adequate understanding of 
hazards before any accident happens, awareness of the protocol to follow in the event of rupture, and lastly a preventive 
approach towards coordinating emergency response. 
 
Subsequent to the Sgorigrad accident (ARIA 39983), authorities sought to understate the consequences and conceal 
proof of the accident, yet the town’s mayor would later issue a complete account of the disaster. 
 
Observed ruptures or discharges are often the result of organisational dysfunctions : 
 

- during the design phase: inappropriate site location (ARIA 39967) ; inadequate preliminary surveying or a 
foundation design flaw (ARIA 12831, 39857, 39993); mechanical properties of materials used to “lift” the basin 
enclosure falling short of specs (ARIA 17265, 39979) or changes in these properties as mining operations 
proceed along the veins; and erroneous structural design (ARIA 31750, 39857); 

 
- during facility construction and operation phase : filling beyond the initially planned capacity (ARIA 7202, 

31750, 39047) ; poor execution of structural lifting operations (ARIA 833) ; inaccurate management of the 
hydrological conditions of retention (ARIA 39857, 39993) especially following periods of intense or exceptional 
rainfall (ARIA 17425, 21970, 25267, 31750) and snowmelt (ARIA 17265, 17425), which are capable of causing 
overflows (ARIA 4446, 31750, 39967, 39979, 39983) ; deficiencies in regulation systems (ARIA 1722, 15372), 
drainage devices (ARIA 39857), bypass channels associated with natural watercourses (ARIA 39983); pipe 
crossing a weaker section (ARIA 7202) ; works performed in the immediate vicinity without adopting protection 
measures (ARIA 1625) ; and insufficient structural monitoring or maintenance (ARIA 21970, 26764, 34592, 
39047, 39993); 

 
- after the shutdown of basin operation (ARIA 31750, 39967). 
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These deficiencies are also to be correlated with an array of potential personnel changes involving management and 
employees at the site over the long life cycle of these facilities (ARIA 39857), thereby increasing the chances of losing all 
or part of the construction and operating records. 
 
A few accidents caused by external forces (e.g. earthquake, hurricane (ARIA 28364)) underscore the need to account 
for natural hazards, including highly extreme phenomena, in the facility design process. 
 
 
A large number of accidents have been more readily associated with poor design and operations practices than with the 
emergence of new technical problems (ARIA 833, 12831, 21970, 30815, 39857, 39979, 39993). Combined geotechnical 
and engineering knowledge, as well as effective feedback drawn from recent accidents, may be of considerable benefit 
in improving the level of installation safety: the application of available technologies in as much detail for effluent storage 
basins as for hydraulic dams would thus lead to undeniable progress. Among the methods currently available, so-called 
“upstream” construction, which consists of building successive elevations towards the inside of the basin by fluxing them 
on the settled material, shows greater sensitivity to material composition (ARIA 38590) and drainage efficiency. The 
“centerline” and “downstream” method overcomes this problem through elevations grounded only on the existing dyke 
and the natural ground downstream. 
 
Leaks or structural vulnerabilities have been detected in some cases (ARIA 34592), without triggering implementation of 
required remedial actions (ARIA 17265, 26764, 31750, 39047, 39857), and on a number of occasions without inciting 
operator response prior to the accident (ARIA 12831, 21970, 39979). Periodic audits or investigations performed by 
competent technicians, with access to audit results made available to authorities, would lead to : 
 

- improved monitoring of the overall condition of each facility  ; 
 

- an assessment of the level of structural stability and safety margin ; 
 

- a continuous adaptation of operating procedures, in favour of integrating progress in structural engineering and 
technological breakthroughs in the field. 

 
A large number of accidents have involved retention quantities of several million m³ all in the same containment (ARIA 
7202, 12831, 21970, 24363, 38590, 39967). Such volumes, often stored in very high basins, present a risk potential 
significantly greater than what is associated with a partitioned configuration that features several distinct storage 
capacities. 
 
The rapid succession of several major accidents of disastrous proportions within a few years’ time (ARIA 12831, 17265, 
17425) led to modifying the so-called “SEVESO 2” 96/82/EC Directive, for the purpose of explicitly including the 
processing of ores and their associated storage basins. The follow-up 2006/21/EC Directive was devoted to managing 
wastes generated by the resource extraction industry, implementing the best available techniques identified in the field. 
 
Structural design that incorporates the entire life cycle appears to offer a path towards progress in this area. Such an 
approach can be based on establishing an effluent retention basin operating plan as of the design phase, describing : 
the set of structural monitoring and diagnostic procedures, their frequency, the action plan to be implemented when an 
anomaly is detected and, if applicable, the corrective measures to be introduced, plus the procedures for closing and 
shutting down the facility. The appropriate emergency measures will also be included in this effort. Updates throughout 
the life cycle of the structure carefully record each modification introduced, thus enhancing the efficiency of site 
operators in managing risks. 
 
 
 
 
 
 
 

Accidents whose ARIA number has not been underlined are described on the Website : 

www.aria.developpement-durable.gouv.fr 
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ARIA 833 – 14/12/1993 - 80 - ROYE 
10.81 - Sugar manufacturing 
In a sugar refinery, a 12-m high retention dike on a sludge basin subsided causing a leak with a discharge rate of a few 
m³/hr at the junction between the underlying dike and a newer one built on top. The dike was placed under close 
surveillance due to the presence of a nearby residential development. This zone of single-family dwellings already had 
to cope with an accidental spill of distillery residue in October 1972 (ARIA 30815). Fire-fighters performed diving 
missions into the basin in a vain attempt to plug the leak. An earthen embankment was set up on Departmental Highway 
930 between Amiens and Saint-Quentin in order to limit the consequences of an eventual dike break. This embankment 
maintained in place for several weeks prevented traffic on a specific portion of the road. Local authorities required the 
site operator to lower the water level in the basin, as a means of mitigating the risks, in addition to performing repairs on 
the structure. On 17 December, the dike was sealed from the outside, by means of a strut support system, and an 800-
m³/h pump was placed online to lower the water level inside the high-risk basin. 

 
ARIA 7202 – 19/08/1995 - GUYANA - OMAI 
07.29 - Extraction of other non-ferrous metal ores 
In an open-pit gold mine, shortly before midnight a vehicle driver detected a leak on the enclosure 
of a settling basin for ore processing effluents, as well as a dense cracking pattern at the level of 
the dyke crest. A bypass channel heading towards the open-pit mine was built as an emergency 
measure in order to confine 1.3 million m³ of liquid. A total of 2.9 million m³ of effluent containing 

25 to 30 mg/l of cyanide reached the OMAI creek, 7 km upstream of the confluence with the ESSEQUIBO River, which 
was used by the 18,000 residents of the downstream city of Bartica for its fishing resources and water supply. 400 fish 
were found dead in the OMAI, but none downstream of the confluence. The high flow rates of these watercourses 
helped dilute the effluent. Maximum cyanide contents of 0.15 mg/l in the OMAI and 0.07 mg/l in the ESSEQUIBO were 
recorded (in France, the water quality limit for human consumption is set at 0.05 mg/l). The mine was closed. Tanks 
filled with drinking water were shipped to the site by the Guyana government, which also called upon the international 
community for aid. An expert from  the World Health Organisation (WHO) was dispatched to the scene. Since cyanide is 
not a bioaccumulative substance, any major health risks appeared to be averted. The OMAI creek was cleaned and the 
mine remained closed for 6 months, to allow for the broken dam to be secured and to build a new dam upstream. 
On 24 August, the leak was plugged, and the operator issued a press release indicating that cyanide content levels 
observed on 23 August had returned to below 0.03 mg/l. 
The retention basin placed in service in 1993 had been built in compliance with Canadian standards of the time. Its 
design had been approved by the Commonwealth Secretariat after submission by the Guyana government. When the 
basin broke, the volume of effluent stored was 8 times greater than the maximum specified in the environmental impact 
study, which served as the mine's sole operating plan. 
The type of break observed was unusual: the dam did not fail, yet its clayey core was cracked throughout, allowing the 
entire liquid phase to flow out and leaving just a very small solid fraction. An assessment committee assembled by the 
government noted flaws in terms of both design and execution : 

- The steel culvert used to channel the natural flow during dam construction had been backfilled without 
adopting any special measures to prevent flows running along its outer surface. This culvert acted like a drain 
crossing the dam and in turn compromised its strength. 

- The materials put in place downstream of the dam's watertight core did not comply the filter design criterion: 
the rock filling was too coarse to prevent the sand filter from migrating due to the effect of internal flows. The core 
was thus subjected to internal erosion, causing a material loss estimated at 2% by mass. 

- The rock filling had been covered up downstream of a substantial deposit of low permeability solid and clayey 
mining tailings, without any structural utility. 

Erosion along the construction culvert caused transverse penetration by the retained liquid then accumulating in the 
rocky filling between dam core and impermeable clayey tailings downstream. In the presence of water, the sand filter 
underlying the core was dispersed, in turn creating a cavity. Without any support, the core was exposed to tensile stress 
and cracked. 
The replacement dam was built according to a different method, using just clayey materials without any rock filling. 
Neighbouring Venezuela, claiming its sovereignty over the 159,000-km² Essequibo territory, criticised the mining and 
forestry concession management practices adopted by the Guyana government. 
 

ARIA 7470 – 10/09/1995 - 46 - SAINT-DENIS-CATUS 
08.99 - Other extractive activities (not otherwise classified) 
In a quartz quarry, the settlement basin dike wall (base width: 30 m, height: 4 m, ridge width: 10 
m) broke for an unknown reason. The dike was fitted with an spillway composed of a rubber mat 
that prevented the basin from spilling. The accident caused no casualties. Ballast on the Paris-
Toulouse railway line was washed away and rail traffic was interrupted for 6 hours. The VERT 

River was polluted. Both the dike and ballast were restored to their original conditions. 
 
ARIA 12831 – 25/04/1998 - SPAIN - AZNALCOLLAR 
07.29 - Extraction of other non-ferrous metal ores 
The dike on a storage basin for pyrite mining waste broke over a 50-m length following a 
landslide. 4 million tonnes of acidic water plus 3 million tonnes of sludge containing Zn, Fe, Cu, 
Pb and As (0.3 g/l) reached the RIO AGRIO River and then the GUADIAMAR, spilling over a 200-
m to 300-m stretch on a 20-km course. This toxic flow threatened Spain's Donana National Park, 

surrounding which emergency teams set up earthen embankments. At the same time, local authorities ordered the 
construction of dams to confine the majority of pollution in the Entremuros Canal (overflows still wound up flooding 
adjacent farmland); some pollutants reached the GUADALQUIVIR Delta, 80 km downstream of the mine, polluting Gulf 
of Cadiz beaches. Effluent infiltrated into the water table, which serves as the primary water supply source for both the 
National Park and the city of Seville. The wastes contaminated 7,000 ha of pastureland and marshland and another 
3,500 ha of cropland. This accident caused the death of 30 tonnes of fish, tens of thousands of birds (geese, storks, 
etc.), 220 kg of shellfish, and frogs, horses and goats. A few people were slightly burnt by the acidic water while trying to 
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save livestock. Hunting, fishing and water consumption (irrigation, drinking water pumping, etc.) were all prohibited for 
several weeks. 
The decontamination process lasted 8 months ; 5 million m³ of sludge and 2 million m³ of stripped farmland were 
recovered and stored in a former mine. 4.5 million m³ of water held in the Entremuros Canal were treated at a water 
treatment plant and then discharged into the GUADALQUIVIR. The authorities activated a monitoring and quality 
restoration plan for the water and soil; moreover, in 2004, they launched a programme to replant vegetation on the 
affected riverbanks. The ensuing drainage work, agricultural losses and authority repurchase of contaminated lands 
amounted to a total cost €240 million. The mine, closed for 12 months subsequent to the accident (500 employees made 
redundant), was definitively shut down in September 2001. 
This accident was caused by a 1-m slip of the 600-m², 14-m thick marly plate supporting the dike. A team of university 
experts uncovered a series of design flaws, in addition to citing the excessive level of basin filling. Several expert 
evaluation reports had previously revealed (in 1996) vulnerabilities in the clayey underlying ground and dike instabilities. 
The accidents at Aznalcollar, Baia Mare (ARIA 17265) and Bucharest (ARIA 17425) led to tightening European 
legislation on mining waste management. 

 
ARIA 17265 – 30/01/2000 - ROMANIA - BAIA MARE 
07.29 - Extraction of other non-ferrous metal ores 
In a gold tailing treatment facility opened in May 1999, a waste settling reservoir broke after a 25-
m long crack formed. A total of 287,500 m³ of effluent containing cyanide (400 mg/l, i.e. 115 
tonnes in all) and heavy metals (Cu, Zn) contaminated 14 ha of soil and polluted the SASAR 
River. A "cyanide wave" 40 km long swept over the LAPUS, SZAMOS, TISZA and DANUBE 

Rivers. The cyanide concentration reached upwards of 50 mg/l in the LAPUS, 2 mg/l in the Yugoslavian part of the 
TISZA (on 12 February) and 0.05 mg/l in the DANUBE Delta, some 2,000 km downstream of Baia Mare (on 18 
February). Romania, Hungary, Yugoslavia, Bulgaria and the Ukraine were all affected. 
High cyanide contents were measured in private wells. Several individuals fell ill. Water consumption and all fishing 
activities were prohibited. Flora and fauna were destroyed over hundreds of km : 1,200 tonnes of dead fish were 
recovered in Hungary alone, and thousands of animal carcasses were found (storks, wild ducks, otters, foxes, etc.). 
Quickly alerted, authorities in countries located downstream were able to take effective preventive measures, including : 
water releases from dams, notifications circulated to drinking water catchment facilities. 
A European expert appraisal (focusing on chemistry, ecotoxicology, biology, process engineering and dam design), 
ordered by the affected countries and accompanied by WHO representatives, analysed the environmental 
consequences. Sampling conducted upstream of Baia Mare and then further downstream in Romania, Hungary and 
Serbia 3 weeks after the accident confirmed the persistence of cyanide pollution in the surface waters of small rivers 
(SASAR, LAPUS and SZAMOS) and the dilution in watercourses with higher flow rates (TISZA and DANUBE). The 
impact of this pollution on heavy metal contents in sediments was difficult to determine due to the presence of chronic 
pollution tied to local extractive and metallurgical activities. 
This mission recommended for the operator to: choose a treatment protocol without cyanide, devise backup retention 
systems, carry out a risk analysis, and review emergency plans in the event of a dam break. All countries affected were 
also requested to introduce a continuous system for monitoring and detecting the state of DANUBE pollution, along with 
a protocol for ensuring rapid inter-governmental communication and information sharing with local populations. A French 
team was assigned the task of evaluating long-term consequences of the accident. 
Defects in dam design (excessive proportions of fine materials), unfavourable weather conditions (heavy precipitation 
and snowmelt caused water level to rise inside the basin and saturated dike components, to a point of weakening them) 
and organisational deficiencies (lack of an effluent transfer system) all led to the accident. Reasons for the tremendous 
fish mortality were not clearly identified, though an excessive quantity of bleach may have been used to neutralise the 
cyanide. 
Following this accident, the site operator set up a cyanide effluent treatment plant as well as a 250,000-m³ buffer tank to 
collect any settling basin overflow prior to neutralisation and discharge into the natural environment. Operations resumed 
on 13 June as per government authorisation. 

 
ARIA 24363 – 29/03/ 2003 - BRAZIL - CATAGUAZES 
17.11 - Paper pulp manufacturing 
Subsequent to the break in a storage basin dedicated to discharge water from a paper recycling 
plant, 1.2 million m³ of highly toxic substances (including lead and caustic soda) spilled into 2 
rivers. The layer of spilled products spread 90 km long and spanned 50 km² in the direction of the 
ocean, threatening an ecological reserve for marine turtles. A thick whitish and nauseating foam 

covered the north shore beaches of the country's Rio State. The toxic and corrosive substances released caused the 
death of fish and cattle in addition to damaging fishing boat motors. Due to the risk of population intoxication, drinking 
water supply was curtailed in the region : 600,000 residents received potable water from tanker truck deliveries. 
The site was closed, and the operator (already found guilty in 1995 on charges of pollution and illegal plant operations) 
was initially fined €15 million despite his attempts to flee justice. Impacts on the environment, human health and the 
economy were very severe. Biologists concluded that it would take at least 10 years for the ecosystem to re-establish its 
equilibrium. 
 

ARIA 26764 – 20/03/2004 - 11 - NARBONNE 
24.46 - Production and transformation of nuclear materials 
Around 11:30 am, local residents alarmed by an unusual noise notified a plant that was producing 
uranium tetrafluoride from uranium ore: destruction of the dike wall on the No. 2 ponding and 
evaporation basin 180 m long and 15 m high caused all of the liquid held in the basin to be 
released, while the solid phase was no longer confined either. 15,000 m³ of process water and 

10,000 m³ of sludge heavily loaded with nitrates (ammonium, sodium, calcium) and metal hydroxides (Fe, Mg, Mo, V) 
spilled in a field some 10-ha in size belonging to the operator, yet without reaching the TAURAN canal or leaving the 
site. The majority of the discharge remained concentrated in a 4-ha area covered by 30 to 40 cm of material, at the base 
of basins 3, 5 and 6. 
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Production activity was suspended. The inspection authority for classified facilities recorded the incident first hand the 
very same day. On 22 March, the operator undertook construction of a bund wall surrounding the affected zone in order 
to avoid: sludge leaching, flow into the TAURAN canal, and intensification of the environmental impact. 
A prefectural order adopted 23 March ordered: an immediate suspension of all effluent discharge towards the basins; 
confinement of the damaged basin ; enhanced monitoring of the natural environment as well as surface water and 
groundwater sources; an expert assessment of basin stability; and submission of an accident report. The temporary 
sludge retention installation on Basin 2 included, in addition to the first bund wall, a second water-permeable wall that 
retained sludge below the level of the basin plus a ditch for collecting filtered water through bund walls by means of 
reinjection pumping to intact basins. 
The discharge caused a considerable drop in the hydraulic pressure exerted by Basin 2 contents on the Basin 3 
enclosure. This abrupt variation threatened the durability of Basin 3 as well as Basins 5 and 6, which were contiguous. A 
public agency specialised in dam monitoring, along with 2 consulting firms, evaluated the stability of the entire facility. 
The monitoring of Basins 3, 5 and 6 by three weekly topographical recordings (16 blocks), completed by inclinometers 
placed on the dike crest, visual inspection of crack evolution and piezometric readings inside the basins, revealed no 
potentially harmful movement. 
The physicochemical analyses ordered by the operator detected a rise in the rate of nitrates in the TAURAN Canal, with 
a maximum of 170 mg/l on 23 March before returning to the nominal value of 50 mg/l on 29 March (these levels were 
deemed relatively harmless to the environment). The contents of heavy metals (including uranium) were comparable to 
those observed under normal site operating conditions. The radiological analyses conducted at the parcel boundary 
indicated an equivalent annual dose generated by the sludge equal to 1 mSv. On 26 March, the operator physically 
isolated the various zones accessible to the public that were located adjacent to the property boundary. 
At the end of March, the operator treated the polluted surface by the use of lime. The polluted sludge and soil were then 
scraped and placed in definitive storage in Basin 1. On 31 March, a prefectural order authorised the resumption of 
activity after 12 days of downtime. Since environmental impacts were contained in both space and time, no judicial 
action was proposed. 
Lateral leaks on the body of the dike, composed of tailings from the former sulphur extraction operation, had been 
detected since 1980, resulting in the installation of a network of drains and piezometers. Impact studies on surface water 
and groundwater, conducted in 1991 and 1992 at operator request, had concluded the partial permeability of the 
bottoms of Basins 1 and 2, imposing extensions to the piezometric monitoring network. A follow-up report, dated March 
1998, assessed the nitrate-polluted water discharges (77mg/l) of these basins towards the CADARIEGE Canal at 
approx. 10.5 m³/day: the operator then diverted these discharges into the TAURAN Canal to eliminate the problem of 
chronic surface water pollution. 
The deep cracking of Basin 2 sludge due to the intense heat wave of summer 2003 and heavy autumn rains enabled 
basin water to infiltrate into the dike body, causing its saturation and a rise in pore pressure, ultimately leading to 
structural failure. On 15 March, the operator had observed a 15-m long longitudinal crack at the dike crest on Basin 2 
and duly informed a consultant, who fearing instability throughout the entire structure had not yet submitted the study's 
conclusions at the time of the break. 
 
ARIA 28364 – 29/09/2004 - UNITED STATES - LAKELAND 
20.15 - Manufacturing of nitrogenous products and fertilisers 
When hurricane Jeanne hit, 30 cm of rain poured down onto a fertiliser plant, causing a spill of 15,000 m³ of process 
water containing small amounts of phosphoric acid. The overflow weir emptied into the adjacent rainwater-filled basin, 
entering the pits and shafts of former phosphate mines located in the vicinity. Employees built dams and tried to contain 
and neutralise the pollution before it reached the PEACE RIVER. Samples drawn within a 4-km radius around the plant 
did not reveal any significant acid concentrations. A manager with the Florida Department of Environmental Protection 
announced that the pollution had been contained and moreover that any environmental impact had been averted. 
Authorities however still feared that acid effluent had found its way into one of the mine's drainage pipes left open. 
Prior to the accident, the level of process water had been high due to the consecutive sequence of hurricanes Charley 
and Frances over the previous few months. The operator had already been implicated in another accident during the 
same month. 
Three weeks earlier, in Riverview, 265,000 m³ of acidic water had spilled into a stream leading to Hillsborough Bay, 
following a dike break. The government's environmental protection agency (EPA) had plans to strengthen regulations 
regarding management practices for gypsum and runoff water storage. 

 
ARIA 31750 – 30/04/2006 - CHINA - MILIANG 
07.29 - Extraction of other non-ferrous metal ores 
Near Miliang in Shaanxi province, the dike wall on a storage basin for gold mine tailings broke, 
releasing water containing potassium cyanide (KCN) into the HUASHUI River, which was polluted 
over a length of more than 5 km. The tides caused a landslide that destroyed some 20 homes at 
the foot of the dike and 17 people disappeared. The quantities of KCN spilled were not known. 

Since product contents exceeded national criteria, local authorities requested neighbouring residents to refrain from 
drinking river water, and 5 cities located downstream were ordered to control water quality and organise potable water 
supplies for all affected residents. According to mine management, the search for the 17 disappeared only got underway 
5 days after responding to the water pollution problem. Lime and bleach were poured in an attempt to reduce the 
cyanide concentrations by their oxidation into cyanate. 
 

ARIA 36208 – 23/04/2009 - 11 - SALSIGNE 
07.29 - Extraction of other non-ferrous metal ores 
Two landslides occurred on the sides of a 600,000-tonne retention basin for ultimate waste from a 
former gold mine, upstream of the GOURG PEYRIS River, a tributary of the RIEUSSEC, which 
empties into the ORBIEL. The retention dike was ripped open over a 25-m length in two spots, 
leaving solid materials containing arsenic, cyanide, lead and other heavy metals exposed to the 

open air. 
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Since the basin had been fitted with an impermeable bottom (geotextile), mining residue (covered with topsoil in order to 
avoid spreading by the wind) was saturated with water during the heavy rains. Basin contents became heavier, reaching 
a point of exceeding the basin resistance capacity and causing the failure. 
Over the last years of mining operations, the basin had been raised several metres above its original level. A dike was 
also built down-slope to limit eventual landslides; the dike then had to be expanded following ground movement. 
Operations at the ore extraction and processing facility were shut down definitively in 2004. An agreement signed in July 
2010 between the site operator and the French government handed ownership of the most polluted parcels over to the 
government, in addition to assigning responsibility for site cleanup, in exchange for a substantial contribution from the 
operator. Site restoration was overseen by the ADEME Agency between 1999 and 2008 for an amount in the range of 
€50 million. 
80 years of onsite mining activity had generated long-lasting arsenic pollution (ARIA 4446, 25267) of the soils and the 
ORBIEL River, whose water was not fit for consumption (affecting a total of 20 municipalities). The sale of thyme and 
leafy vegetables was also prohibited over an area encompassing 5 towns. 
 

ARIA 38590 – 22/12/2008 - UNITED STATES - KINGSTON 
35.11 - Electricity production 
Around 1 am, a retention basin containing coal ash from a power plant broke; 4.1 million m³ of 
sludge (ash and water) spread over a 1.6-km² area with a thickness reaching 1.8 m. The SWAN 
pond, as well as the EMORY and CLINCH Rivers, both tributaries of the TENNESSEE, and the 
WATTS BAR Dam were polluted. The sludge wave damaged power lines, a gas pipeline, a road 

and 54 houses, 12 of which were entirely covered and another one torn from its foundations. One person was slightly 
injured; energy production was not suspended, as the waste could be stored in a basin that remained structurally intact. 
Utility services were restored over the next few days. The ash, categorised according to local and federal law as "non-
hazardous waste", was composed mainly of silica and contained traces of metals and radionuclides. The operator 
seeded the zones covered by discharge in order to avoid wind dispersion. On 1st January, 2009, an independent 
laboratory detected in the sampled water at the level of the discharge (both 600 m and 2,400 m downstream) metal 
contents (As, Cu, Ba, Cd, Cr, Pb, Hg, Ni, Tl) above the thresholds for human consumption. 
On 11 May 2009, an agreement between the operator and the national Environmental Protection Agency (EPA) 
stipulated the pollution cleanup protocol. As a result of long-term impacts feared for human health and the environment, 
3.1 million m³ of ash were extracted, then removed by rail and stored in Arrowhead (Alabama); an earthquake-resistant 
enclosure was built around the damaged basin. According to the operator, the total cost of these measures amounted to 
$975 million; during the works, both air and water quality were very closely monitored (with respectively 142,000 and 
20,000 samplings over a year). 
An international consulting firm commissioned at the start of January 2009 issued the conclusions of its expert 
evaluation on 25 June, 2009. The basin was formed of an outer enclosure built on the in situ clay and filled in the past 
with ash and later completed by an inner enclosure built by successive lifting steps according to the "upstream" method; 
the inner enclosure was positioned 70 m inside the outer enclosure. This second dam relied on ash initially deposited in 
liquid form within the outer enclosure. The in situ geotechnical analysis established the presence of a thin layer of 
atypical sludge vertically aligned with a portion of the inner enclosure lying between the natural clay (alluvial riverbed 
deposit) and the transported ash. This sludge originated from the direct discharge of ash via a channel in the EMORY 
River during the first few years of plant operations. A stratified deposit of ash and river sediment with very poor 
mechanical characteristics (high water content, low shear strength, sensitivity to creep) formed over a 9-cm thick part of 
the footprint of future retention basins. This deposit's gradual deformation during basin filling gave rise to the break: first, 
sliding of the north-west portion of the inner enclosure body along a dipping rupture surface upstream of this enclosure; 
then crossing the 30 m of retained ash and reaching the underlying sludge layer, running parallel to it beneath the inner 
enclosure body before rising to the surface between the inner and outer enclosures; and finally causing liquefied sludge 
to be released and the entire configuration to fail. 
Leaks observed by the operator at the base of the inner enclosure during the 2003 annual inspection had given rise to 
repairs of local instabilities and the introduction of a comprehensive drainage system on the enclosure body. 
Subsequent to the new instability identified in November 2006, this protective system had to be completed by drains on 
toe of the dam, along with drainage shafts and structural reinforcement of the base using riprap and 30 piezometers. 
In August 2009, the operator had a future plan of storing wastes from this plant in dry form, as this technique had 
already been used at 5 other of its sites. The operator conducted an audit of all the other plants owned featuring a 
similar design. 
On 30 November 2009, a committee of experts appointed by the State of Tennessee underscored the lack of design 
studies during the sequence of basin rises as well as the operator's poor knowledge of material characteristics and 
facility operations. The committee recommended stopping construction upstream and applying hydraulic dam 
regulations to the effluent storage basins; moreover, it judged the emergency plan implementation as 
reasonablyefficient. 
The operator was quick to communicate on the measures adopted following the accident via the press and, between 
February and December 2009, purchased 150 of the polluted parcels. 
 

ARIA 39857 – 19/07/1985 - ITALY - STAVA 
08.99 - Other extractive activities (not otherwise classified) 
Around noon, two 30-m high tailing retention basins associated with the extraction of fluorite and 
located one on top of the other broke. A 180,000-m³ wave of effluent containing 95% water swept 
through the valley all the way to the AVISIO River, submerging within just a few minutes the 
villages of Stava and Tesero, killing 268 people and causing damage estimated at €155 million. 

A commission of experts assigned by Italian judicial authorities to determine the accident causes examined and rejected 
the hypotheses of earthquake activity or an explosives blast at one of the many mines in the region. 
During normal operations, the water contained in basin tailings is collected from within for discharge via a drainage 
system. The granular phase at the periphery serves to consolidate and reinforce the enclosure. In Stava, discharge was 
routed through a pipeline running below the basins crossing the body of the retention enclosure. The commission 
indicated that subsidence had caused the end of one segment of this pipeline to loosen at the level of a previous repair 
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(bypass). The drainage system defect prevented smooth discharge of water and led to an increase in the hydraulic head 
inside the enclosure body, which was ultimately responsible for the collapse. This defect most likely dated back several 
months prior to the accident: an opening had formed on the sidewall of the upper basin in January 1985, causing the 
leak repaired in March. The basins had been entirely emptied in May to prepare for renovation and then placed back into 
service on 15 July, just 4 days before the accident. 
The year's record rainfall (+22% compared to the average of the 66 previous years) and the considerable snowfall of the 
past winter contributed to the occurrence of this accident, yet neither constituted the primary cause, since structural 
disorders had been noticed as of January, earlier than either the snowmelt or the major part of the rainy period. 
The investigation also revealed design mistakes: excessive sidewall slope (reaching 40° in spots), an overly marshy 
foundation soil to provide for both good drainage and wall consolidation offering the required stability. A member of the 
expert commission declared that the structure "had been built to the very limit of its stability capacity, making just the 
slightest disturbance sufficient to cause collapse. [...] It is actually surprising that the dam had not failed earlier." A study 
requested by the township of Tesero in 1975 had already pointed to the inadequate real values of  factors of safety for 
these basins. 
In 1992, Rome's Supreme Court confirmed on appeal the guilty verdict for criminal negligence and involuntary homicide, 
issuing prison sentences for 10 individuals, including 8 company executives responsible for operating the site since the 
upper basin was built, and 2 members of the regional council assigned to oversee mine safety. In 2004, €132 million 
were paid in the form of compensation to the 739 victims by some of the subsequent operators as well as by the 
Autonomous Province of Trento. 
Following the accident, Italy's legislation regarding tailings dams was strengthened, and the Stava Mine was definitively 
closed. 
 
ARIA 39967 – 11/09/2002 - PHILIPPINES - SAN MARCELI NO 
07.29 - Extraction of other non-ferrous metal ores 
On 27 August, intense rainfall caused the overflow of two retention basins containing effluent from a copper and silver 
mine that had been operated between 1980 and 1997 and then abandoned. The structures involved were 120 m high 
and offered a total capacity of 110 million m³ of consolidated tailings. An inspection noted the state of weir overflow and 
ensuing erosion, as well as the discharge of effluent into MAPANUEPE Lake and the SAINT-THOMAS River 
downstream. 
On 5 September, the Department of the Environment and Natural Resources (DENR) considered the prospect of a 
sudden rupture of both dams highly unlikely and, as such, issued an opinion that MAPANUEPE Lake was capable of 
withstanding the eventual overload caused by the release of a maximum water volume (estimated to equal 9 million m³). 
On 11 September at 1 pm, a leak appeared at the level of the damaged weirs, resulting in a small volume discharge of 
sludge. 250 families from 3 neighbouring villages were evacuated out of precaution, followed by another 750 families on 
12 September due to the incessant pounding rains. The operator called another mining company to request substantial 
backup pumping resources in order to remove water from the basin and thereafter undertook the necessary repair work. 
High-intensity rainfall observed during the months of July and August were responsible for a rise in water volume inside 
the upper retention facility, to a point of exceding the weir discharge capacity. The mine had been abandoned for 3 years 
ahead of the initially scheduled date as a result of slope instabilities and annual flooding. 

ARIA 39979 – 26/02/1972 - UNITED STATES - SAUNDERS 
05.10 - Coal extraction 
Basin 3 at a coal mine broke and released 500,000 m³ of coal sludge (water, dust, clay, lower-
grade coal and impurities), which swept away Basins 2 and 1. A 10-m high wave was unleashed, 
engulfing 16 small towns. 125 of the 5,000 residents affected were killed, another 1,120 were 
injured and 4,000 left homeless. A total of 507 houses, 44 mobile homes and 30 businesses were 

destroyed. 
Precipitation had fallen for several days leading up to the accident and caused the rise in water level inside the basins, 
prompting the site operator to proceed with periodic level recordings every 2 hours, yet without issuing the order to 
evacuate the downstream population. At 8 am on 26 February, a technician noted that the water level had reached the 
crest on dam no. 3. Five minutes later, this dam enclosure, which had become saturated with water, failed. 
Basin 3 had been built on foundations of coal sludge instead of a soil with the requisite geotechnical characteristics. In 
1967, the Department of the Interior had indicated to West Virginia authorities the instability and hazard associated with 
30 dams located in this State, including this one (Buffalo Creek). This earlier study had been conducted after the 1966 
Aberfan accident in the U.K., resulting in 147 deaths. The Buffalo Creek Basin, built prior to passage of the federal "Coal 
Mine Health and Safety Act", would not have been approved for construction once this act had been promulgated. 
In June 1978, the operator paid $18.3 million to survivors and another $1 million to the State of West Virginia following 
the outcome of an arbitration proceeding (out-of-court settlement between the parties). 

 
ARIA 39983 – 1/05/1966 - BULGARIA - SGORIGRAD 
07.29 - Extraction of other non-ferrous metal ores 
Around noon, the storage basin for flotation residue at a lead, zinc, copper and silver mine ripped 
open, releasing 450,000 m³ of sludge that killed 488 as it swept through the village of Sgorigrad 
below and continued for another 7 km until reaching Vratza, where the central square was 
covered by 20 cm of sludge. A new basin was built on the opposite valley slope, and the mine 

closed operations in 1996. 
The basin had been built in 1960 at the same time as the flotation plant by damming a valley using mining tailings. The 
streams flowing at the bottom of the valley had to be diverted and channelled. Heavy rains combined with a break in the 
stream bypass canal (though no direct link of cause and effect could be established) caused the basin to overflow, 
quickly leading to erosion failure. 
In the days following the accident, Soviet authorities announced a death toll of 107 and sought to prevent information 
circulation by ordering the police to confiscate all photographs of the disaster. 40 years later, the Sgorigrad town hall 
raised the victim count to 488. 
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ARIA 39993 – 16/07/1979 - UNITED STATES - GALLUP 
07.21 - Extraction of uranium and thorium ores 
In a uranium mine, an effluent retention basin broke. The surrounding retention enclosure 
subsequently failed, releasing 370,000 m³ of solution and 1,100 tonnes of a radioactive powdery 
substance. The radioactivity of these released elements (primarily thorium 230 and radium 226) 
rose to 46 Curie (1,700 Gbq), a level comparable to what was released the same year during the 

Three Mile Island accident. The solid phase settled in the vicinity of the operator's parcel as well as into the adjacent 
ARROYO River. The liquid component flowed until reaching the RIO PUERCO River. In all, 110 km of watercourses, 
including 45 located in the neighbouring state of Arizona were contaminated. The slurry mix clogged sewer systems and 
left in its wake contaminated puddles. 
Despite implementation of the New Mexico emergency plan, which included extensive onsite sampling, the population 
was not immediately notified: 2 days after the accident, several individuals sustained burns to their feet after wading in 
the river as a result of the high level of acidity in the discharged solution. The press reported deaths to livestock. 
Aquifers also sustained long-term pollution due to high metal concentrations. 
A total of 3,500 barrels of waste were recovered. Once the basin had been placed back into service, activity was 
suspended between 8 and 13 November upon order of the State of New Mexico as a result of noncompliance with 
minimum clearances (separation between the liquid and the dam core). 
Supplies were brought by truck until 1981, especially for livestock feed and irrigation. River water was used once again 
despite the presence of residual contamination. The mine was closed in 1982 and included in 1983 on the EPA's list of 
national priority sites, given the migration of radionuclides and chemical compounds found in groundwater. 
In January 1980, the Nuclear Regulatory Commission, in a publication filed with the Federal Register, cited a design 
error (inaccurate assessment of settlement amplitude and heterogeneity among alluvial foundation materials) as the 
cause of the basin break. These inaccuracies resulted in differential settlements and dam cracking, which were then 
exacerbated by operating deficiencies: the operator failed to maintain a sufficient distance between the liquid phase 
contained inside the basin and the dam core, which led to dam weakening due to crack filling and material saturation. 
An agreement reached in 1988 between the EPA and the operator imposed that rehabilitation work be conducted by the 
operator. The water from 3 shallow water tables, polluted by residue from acidic tailings, sulphates, thorium, radium and 
iron, were pumped via both existing and additional shafts and then routed to the evaporation basins. The compartments 
of the mining effluent basin were covered by a radon-proof membrane. This process, which enabled limiting pollutant 
migration in water yet did not sufficiently lower the observed content levels, was revised in 2008. Pollution cleanup 
processes relying on massive water injection and subsequent pumping are still under study in 2011. 
 


