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Zastosowanie odpadów energetycznych w ograniczaniu transportu zanieczyszczeń ze składowisk odpadów górniczych

Streszczenie

Problematyka składowania odpadów nabiera coraz większego znaczenia, ze wzglądu na brak odpowiednich terenów pod budowę składowisk oraz wzrastające wymogi dotyczące ochrony środowiska. 

Deponowane na składowiskach odpady przemysłowe, stają się długotrwałymi ogniskami zanieczyszczenia środowiska wodno-gruntowego. Jednym ze sposobów, umożliwiającym ograniczenie migracji zanieczyszczeń ze składowisk odpadów do środowiska wodnego jest ich doszczelnienie. W pracy przedstawiono możliwości zastosowania do tego celu odpadów energetycznych. Do analizy wybrano popioły lotne, transportowane w postaci gęstej zawiesiny o konsystencji 1:1. Analizą objęto odpady górnicze doszczelniane popiołami „czystymi”, nie zawierającymi produktów odsiarczania spalin oraz popiołami „zasiarczonymi”, zawierającymi domieszkę produktów odsiarczania spalin. Do badań laboratoryjnych migracji zanieczyszczeń wytypowano odpady górnicze KWK Szczygłowice oraz odpady energetyczne z trzech elektrowni: Łaziska, Opole i Rybnik. 

Przeprowadzone badania laboratoryjne oraz uzyskane parametry stanowiły podstawę dla oceny migracji zanieczyszczeń i dobór optymalnego składu mieszanek odpadów górniczych i energetycznych z punktu widzenia minimalizacji ich negatywnego wpływu na środowisko wodne. Przeprowadzone badania laboratoryjne obejmowały: skład chemiczny i mineralogiczny, parametry filtracyjne (skład granulometryczny, opór penetracji, współczynnik filtracji, porowatość całkowita, otwarta i aktywna, odsączalność) oraz dynamikę ługowania zanieczyszczeń (testy statyczne, testy dynamiczne). Uzyskane wyniki poddano interpretacji za pomocą programów: WATEQ, CXTFIT, POLLUTE, co pozwoliło na określenie specjacji składników w roztworach wodnych, wskaźników nasycenia roztworów fazami mineralnymi oraz parametrów migracji zanieczyszczeń (rzeczywista prędkość migracji, wielkość opóźnienia składników ulegających sorpcji, współczynnik dyfuzji). 

Generalnie składowiska odpadów górnictwa węgla kamiennego na obszarze GZW nie stanowią bariery dla przenikania infiltrujących wód opadowych pełniących rolę rozpuszczalnika i środka transportu zanieczyszczeń wynoszonych ze składowisk do środowiska wodnego w ich otoczeniu. Doszczelnianie odpadów górniczych gęstymi zawiesinami popiołowo-wodnymi 1:1, ograniczy w znacznym stopniu dostęp powietrza i wody w głąb składowisk. Biorąc pod uwagę parametry filtracyjne oraz skład chemiczny i testy wymywalności popiołów, najlepsze wyniki uzyskać można stosując do doszczelniania odpadów górniczych mieszanki sporządzone z popiołów „czystych” oraz „zasiarczonych”. Ich skład chemiczny gwarantuje obecność podwyższonej zawartości wolnego CaO i w związku z tym zachodzenie procesów wiążących. Odpady takie wykazują lepsze zdolności izolujące w porównaniu z popiołami „czystymi”, a jednocześnie charakteryzują się mniejszymi, w porównaniu z popiołami „zasiarczonymi”, stężeniami w wyciekach składników zanieczyszczających, takich jak Ca2+ oraz SO42–.

Application of fly ash from power plants in reduction of contamination transport from coal mining spoils

Summary

Freshly deposited mining wastes contain only part of the contaminants that are transported out of landfills and into nearby water. The total contamination load transported out of the landfill depends on the physical and chemical transformations occurring within the body of the dump. Under eased access conditions for air and water, the oxidation process of sulphides contained in coal mining spoils occurs. If there is a lack of, or an uneven distribution in the rock matrix, of carbonates in carboniferous rocks, acidification of the pore solutions within the entire zone of aeration or at certain depths may occur, which leads to mobilisation of the heavy metals. 

The amount of water infiltrating through the landfill depends on the permeability of the disposed wastes. Coal mining waste rock landfill sites of the Upper Silesian Coal Basin are highly permeable to air and water and don’t form a barrier to infiltrating precipitation waters that fulfil the role of solvent and transport mechanism to contaminants migrating into the base of the landfill.

One method of limiting the migration of contaminants into the water environment is by sealing the wastes. This paper presents the possibilities of utilising power plant fly ash for this purpose. For the analysis, fly ash in the form of a thick suspension with a consistency of 1:1 were chosen. In the analysis mining wastes sealed “pure” fly ash (without fuel desulphurisation products) and “sulphated” fly ash (containing desulphurisation products) were tested. For the laboratory studies mining wastes originating from the coal mine KWK Szczygłowice as well as fly ash from the electric power plants Łaziska, Opole and Rybnik (Tab. 1).

The water circulation conditions in sealed coal mining spoils were described on the basis of filtration parameters (size fraction distribution, penetration resistance R, hydraulic conductivity k, total porosity n, open porosity no, active porosity na, storage coefficient m and drainage degree So). Contaminant migration modelling using dynamic (“column experiment”) and static methods enabled the contaminant load transported out of fly ash sealed mining wastes to be characterised and quantified. Speciation of the pore solution constituents forming in the zone of aeration of the landfill as well as the saturation index in relation to selected phases were described using WATEQ software. Based on “column experiments” the contaminant migration parameters (actual velocity of contaminants U, U*, retardation of substances undergoing sorption R, diffusion coefficient De). The parameters were calculated using POLLUTE and CXTFIT software. 

Laboratory studies conducted on ash-water mixtures with varying chemical compositions, allowed the optimal mixture composition to be selected in so far as protecting the water environment is concerned.

1. “Pure” fly ash originating from the power stations Rybnik and Łaziska, are silicate ashes and are slightly to very slightly hydraulically active. “Sulphated” fly ash from the Rybnik and Opole power stations belong to the calcite group of ashes. On account of their calcareous sorbent admixture they are very or extremely hydraulically active. Apart from this “sulphated” ash has good binding properties.

2. Generally the structure and mineralogical composition of “sulphated” fly ash is similar to that of “pure” fly ash. In addition however “sulphated” ash consists of left over aggregates built from left over phases of carbonate rocks and sulphates created or added as an additive during the desulphurization process. Microscopic and radiological studies showed this to be calcium oxide, calcite and anhydrite. Aggregates built from desulphurisation products are compacted and do not reveal an internal porosity.

3. The solidification time for “pure” fly nash suspensions (water-ash ratio of 1:1) is 22—24 days; for “sulphated” ash this time does not exceed 20 days. All the tested ash-water suspensions revealed an increase in the penetration resistance, R, in time. For “pure” fly ash the value of R amounts to an average of 1171 kPa, while for “sulphated” fly ash this value is higher and amounts to an average of 14867 kPa. For a mixture of “sulphated” and “pure” fly ash the value R amounts to an average of 8324 kPa. Such high penetration resistance values indicate the possibility of utilising power plant fly ash, especially “sulphated” ash, as barriers, limiting the access of air and water into the zone of aeration of the landfill and by doing so limiting the production and transport of contaminants into the surrounding water environment.

4. The hydraulic conductivities k for “pure” fly ash and “sulphated” fly ash show clear variations. For “pure” ash, k amounts to 4,9 · 10–8 m/s while for “sulphated” ash it is lower and amounts to 8,5 · 10–9 m/s. For mixtures of “sulphated” and “pure” ash the hydraulic activity amounts to an average of 3,1 · 10–8 m/s. The hydraulic conductivity of KWK Szczygłowice mining wastes ranges from 5,3 · 10–5 m/s (loose wastes) to 1,6 · 10–5 m/s (dense wastes). After sealing the mining wastes with fly ash a marked decrease in the hydraulic conductivity occurs. Mining wastes sealed with “pure” fly ash have a k value equal to 2,2 · 10–8 m/s, sealing mining wastes with “sulphated” fly ash results in a lower k value of 4,4 · 10–9 m/s.

In concordance with the permeability classification for grounds as isolating barriers to the vertical permeation of water, mining wastes pertain to grounds that are practically non-isolating. Mixtures of “pure” fly ash and mining wastes pertain to grounds that have weak to very weak isolating properties. Mining wastes sealed with “sulphated” fly ash fulfil the sealing criteria for horizontal flow however, as in the case of only “sulphated” ash, they do not represent a vertical permeation barrier and in the best case can be assigned to weakly isolating grounds.

5. Variations in the total porosity n, open porosity no and active porosity na were ascertained for “pure” fly ash and “sulphated” fly ash. The total porosity of “pure” ash amounts to an average of 55,8%, open porosity — 50,2%, active porosity — 23,8%. “Sulphated” ash has lower porosity, the total porosity amounts to an average of 51,5%, open porosity — 43,7%, active porosity — 20,1%. Mixtures of “pure” and “sulphated” fly ash have intermediate values of these porosities. The abated porosities of “sulphated” fly ash is a result of the presence of calcium sulphate mixtures (anhydrite and gypsum), which perform the role of a binder, and the presence of sorbent admixtures with resulting binding reactions. After sealing mining wastes with “sulphated” and “pure” fly ash, their porosity is the same as in ash alone. Mining wastes sealed with “pure” ash have a total porosity of 44.4%, open porosity — 43.3%, active porosity — 23%. In mining wastes sealed with “sulphated” ash the porosity is reduced insignificantly and averages with a total porosity — 40.7%, open porosity — 39.3%, active porosity — 19.3%.

The active porosity of fly ash as well as mining wastes sealed with them is significantly greater in comparison to the active porosity of natural grounds considered to be impermeable, which is a result of the disparate porosity structure of mining wastes and natural grounds. The average pore diameter in natural grounds pertains to the sub-capillary pore group (not taking into account the water flux), while the average diameter in ash as well as in mining wastes sealed with them pertains to the classification group: the capillary pores. As a result, mining wastes have a greater permeability in comparison to natural cohesive grounds. 

6. In “pure” fly ash the storage coefficient m averages 0.16 while the degree of drainage So — 0.33. For “sulphated” fly ash significantly lower values of these parameters were noted with averages of:  — 0.07, So — 0.16. Mixtures of “pure” and “sulphated” fly ash had intermediate parameter values. Mining wastes have a high storage coefficient  — 0.31 and drainage degree So — 0.87. These are coarse wastes, in which the volume of the storage capacity is close to the open porosity. Such a high storage capacity is a result of the presence of large pores taking part in the flux of water through the wastes. Mining wastes sealed with “pure” fly ash have a two times smaller storage coefficient  — 0.06 and drainage degree So — 0.32. Mining wastes sealed with “sulphated” fly ash show a five times smaller storage capacity  — 0.06 and drainage degree So — 0.16. The large variations in  and So for “pure” fly ash, “sulphated” fly ash and mining wastes in spite of their sealing, results from the variability in the average pore diameter.

7. Static leaching tests (extracted water 1:10) showed distinct leaching variations in contaminant from both “pure” fly ash and “sulphated” fly ash. Amount the constituents leached out of fly ash the ions SO42– and Ca2+ dominated. Sulphate (SO42–) ions leached from “pure” ash ranged from 2526 to 3356 mg/kg, while calcium (Ca2+) ions ranged from 2503 to 2930 mg/kg. The amount of constituents leached out of “sulphated” ash is four times greater, the leaching of sulphate ions ranged from 4365 to 6966 mg/kg where as calcium ions ranged from 13090 to 15075 mg/kg. Increased amounts of Ca2+ ions originate from the unreacted sorbent (CaO and Ca(OH)2), while SO42– results from the solution of gypsum (CaSO4·2H2O) — being a product of the desulphurisation process of coal fuel. Mixtures of “pure” and “sulphated” ash leach intermediate amounts of Ca2+ ions (from 5910 to 8985 mg/kg) and SO42– ions (from 3573 to 4316 mg/kg).

Among the contaminating constituents being leached out of KWK Szczyglowice wastes SO42– ions dominate (1094 mg/kg) with Na+ (1221 mg/kg) and Cl– (569 mg/kg). These wastes are characterised by having weak buffering properties. The main constituents leached from ash sealed mining wastes are SO42–, Ca2+, Cl– and Na+ ions. The leaching intensity of SO42– and Ca2+ in mining wastes sealed with “pure” fly ash is: SO42– (1838 mg/kg), Ca2+ (745 mg/kg) after sealing using “sulphated” fly ash the amount of leached substances increases and ranges from 3000 to 4232 mg/kg for SO42– while for Ca2+ the increase is from 3562 to 9403 mg/kg. The Cl– leaching is from 407 to 506 mg/kg while the Na+ ion leaching is from 925 to 1060 mg/kg. 

The sealing of mining wastes with “pure” fly ash or “sulphated” fly ash causes an additional increase in the amount of F– ion leached out of the wastes. Sealing mining wastes with ash can cause an increase in heavy metal leaching. All the analysed ash samples supply the extracted water solutions with aluminium, barium, strontium, chromium, molybdenum and vanadium, and sealing mining wastes with “sulphated” fly ash causes an increase in the leaching of these.

8. In the beginning phase after sealing mining wastes with ash an increase in the pH of the leachate occurs to a level of 11.8 by using “pure” fly ash and 12.6 by using “sulphated” fly ash. Binding processes occurring in ash-water mixtures change the character of the waters transported out of the sealed mining waste landfills. After the completion of binding processes the pH of the leachate emanating from mining wastes sealed with ashes decreases substantially. In mining wastes sealed with “pure” fly ash the pH ranges from 9.8 to 10.3 while in wastes sealed with “sulphated” fly ash the pH ranges from 7.5 to 7.8. As a result of the binding processes, neutralisation of the leachate occurs, and the Ca2+ content decreases in the leachate emanating from the wastes.

9. Assuming that the magnitude of infiltration for landfills in the Upper Silesian Coal Basin is about 60% then mining wastes introduce about 800 mg/kg of SO42– ions and 90 mg/kg of Ca2+ ions into the underlying strata. After sealing the mining wastes with “pure” fly ash from the Łaziska power station and after completion of binding processes; by taking into account the infiltration of about 20%; the magnitude of leached ions from one kilogram of wastes decreases ten fold and amounts to about 80 mg/kg for the SO42– ion and 7 mg/kg for the Ca2+ ion. After sealing the mining wastes with “sulphated” fly ash these concentrations increase. The concentration of Ca2+ doubles and ranges from 204 to 206 mg/kg while SO42– increases by about one and a half times and ranges from 1148 to 1176 mg/kg. After sealing the mining wastes by using ash a two fold decrease in the load of Cl–, Na+, Mg2+, K+, NO3–, Li+, Fe(total), Mn2+, Zn2+ while the load of F– increased.

10. On the basis of calculations conducted using the CXTFIT program (model 4 — flux), the greatest actual migration velocity of an ideal indicator occurs in coal mining wastes. The migration velocity U of the Cl– ion is 1,372 m/a. Mining wastes sealed with “pure” fly ash or “sulphated” fly ash are characterised by a two fold decrease in the migration velocity within the limits of 0,818 to 0,839 m/a. Sealing mining wastes with fly ash does not result in the actual migration velocity decreasing to a level demanded by natural isolating grounds (from 0.04 to 0.07 m/a).

11. The calculations performed using CXTFIT software (model 4 — flux) showed that the Ca2+ ion had the greatest retardation R while the least retarded ion was the Na+ ion. The migration retardation R of the Na+ ion is comparable in mining wastes and in sealed mining wastes and changes from 1.70 to 1.88.

For the SO42– and Ca2+ ions, the estimated magnitudes of R are variable. The migration retardation R for SO42– ion in KWK Szczygłowice mining wastes amounts to 1.59. In mining wastes sealed with “sulphated” or “pure” fly ash the R value doubles and is in the range 2.62 to 2.78. The retardation of the Ca2+ ion in mining wastes is 1.08. In mining wastes sealed with ash this value increase by 3 — 5 times and amounts to 5.75 when “pure” fly ash is used and from 2.84 to 3.02 when “sulphated” fly ash is used.

12. Calculations performed using POLLUTE software, allowed the value of the coefficient of diffusion De to be estimated. In the diffusion contaminant transport process the highest mobility is indicated by the Cl– ion, slightly less by the SO42– ion, followed by Ca2+ and Na+ ions. In KWK Szczygłowice mining wastes, the coefficient of diffusion for the Cl– ion is 1.03 m2/a while for SO42– — 0.41 m2/a, Na+ — 0.32 m2/a, Ca2+ — 0.93 m2/a. In mining wastes sealed with “pure” or “sulphated” fly ash the coefficient of diffusion De decreases and ranges: for the Cl– ion from 0.34 to 0.43 m2/a, for the SO42– ion from 0.21 to 0.23 m2/a, for the Na+ ion from 0.008 to 0.02 m2/a, for the from 0.11 to 0.21 m2/a.

The process controlling the motion of the contaminant mass in mining wastes is the convection process. For mining wastes sealed with “pure” fly ash and “sulphated” fly ash the role of convection in contaminant transport is diminished while diffusion processes begin dominating. Mining wastes sealed with “sulphated” fly ash show the greatest ability in halting contaminant transport but they don’t create the conditions where only diffusion is responsible for contaminant transport.

Laboratory studies of the hydrogeological parameters and the static and dynamic tests showed that:

1. Sealing mining wastes with dense suspensions of ash-water in the ratio 1:1, limits to a large degree the access of air and water into the body of the dump, but does not completely protect the base (underlying strata) of the coal mining landfill from contamination. By considering the filtration parameters (k, n, no, na,  and So), the best properties (as far as the environment is concerned) are characterised by “sulphated” fly ash, but they also do not form a full isolating barrier against vertical infiltration of precipitation waters.

2. Sealing mining wastes with dense ash — water suspensions results in the decrease of the amounts of transported ions (Cl–, Na+) and the production of, H+ and heavy metals. “Sulphated” fly ash had the greatest capacity for limiting the access of air and infiltrating water into the mining wastes, but increases the amount of SO42– and Ca2+ ions, which gets introduced into the base of the landfill.

3. By considering the filtration parameters, chemical composition and leaching tests for the fly ashes, the best results are obtained by using msixtures of “pure” fly ash and “sulphated” fly ash to seal mining wastes. Their chemical composition guarantees the presence of increased values of free CaO as well as the resulting binding processes. Wastes sealed in this manner have superior isolating capabilities in comparison to “pure” fly ash alone being used, while at the same time are characterised by lower concentrations of contaminants such as SO42– and Ca2+ then if “sulphated” fly ash alone were used to seal the mining wastes.

