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SUMMARY 

Acid mine drainage is one of the reasons of significant changes in the levels of saline, 
specific, ecological and sanitary indicators of surface water bodies, their extent of acidity, 
active degradation of surrounding vegetation and development of erosion processes. The 
permanent ecosystem's imbalance, in particular of the water one, as well as the need for 
regular budget allocations to prevent an increase of environmental risks demonstrates the 
imperfection of existing system of post-mining territories' restoration measures 
implementation. Based on the analysis of monitoring data for the recent years, a conceptual 
risk model regarding investigated natural-technogenic interactions was created; temporal 
changes in the quality characteristics of surface waters, which are in direct contact with 
abandoned mines were updated; the absence (at the current stage) of a sufficient level of 
effectiveness of taken measures, for territory's full rehabilitation was proved. On the basis of 
the obtained results, а theory regarding the complex approach use with the main focus not 
only on the reduction of pollution volumes, but also the restoration of assimilative capacity of 
the territory, which was disturbed during the mining facilities' operation was suggested. 
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Introduction 
 
The former Basin mining area (Jefferson County, state Montana), by the example of which the risks 
posed by abandoned mining facilities are considered, is the one, where for the past 40 years efforts 
aimed to identify and eliminate numerous environmental threats are constantly made. Low-quality 
management of the closed, in the studied region, deposits is the main reason for the steady 
accumulation of negative effects on the natural environment, in particular on the state of surface 
water. And one of the most significant problems is created by the acid mine drainage (U.S. 
Environmental Protection Agency, 2013a). A brief overview of the risks and environmental 
challenges arising as a result of its influence is considered on the example of two rivers within the 
study area - Uncle Sam Gulch Creek and Jack Creek, which are in direct contact with the abandoned 
Crystal and Bullion mines (Fig. 1).  

 
 

Figure 1 Basin mining area 
 
The leaching of potentially dangerous elements from highly mineralized ore materials and the release 
of significant acidic leachate volumes, which significantly exceed the natural buffering capacity of 
local host rocks, are the causes not only of increasing water bodies' toxicity level, but also their acidity 
extent changes, active degradation of surrounding vegetation, and the development of erosion 
processes. The impossibility of localizing the mentioned negative effects and their permanent spread 
to a much wider area than the one under study, due to the dense hydrographic network of the territory, 
brings the issue of the region's environmental safety to the list of priorities. 
 
Theory 
 
According to the monitoring data processing results of the former mining region, set out in the reports 
of the country's leading agencies (EPA, DEQ, MBMG, the US Bureau of Reclamation, the 
Department of Natural Resources and Conservation of Montana) (U.S. Environmental Protection 
Agency, 2013b,c), the current state of the territory can be described in the form of the following 
conceptual model (Fig. 2). In accordance with the formulated chains of "damage effects", the 
following issues are gaining increasing relevance: 
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– groundwater discharge into the river system, which is accompanied by the sedimentation and co-
sedimentation of arsenic and a number of various metals in the surrounding soils (including 
shallow alluvial aquifers) or their transportation to more powerful surface water flows (in the 
studied case, these are the Basin and Cataract Creeks), worsening their quality characteristics. 

– hazards from erosion and runoff processes, which contribute to the increasing toxicity of water 
bodies by bringing in polluted coastal material. 

Stabilization of the natural regime in such conditions is possible only under the condition of a high-
quality combination of measures aimed to eliminate the damage caused to environment with regular 
monitoring of their effectiveness levels (and timely, if necessary, corrections of the reclamation plan). 
The first should be carried out from the long-term effectiveness perspective, providing a propitious 
basis not only for artificial improvement of the water environment quality, but also for stimulating the 
restoration of the territory's assimilative capacity, which was disturbed during the times of active 
mining operations. The second should provide the use of complex integral assessments to get more 
specific and accessible, to the project's investing parties, characteristics of the problematic entities. 
 

 
Picture 2 Conceptual exposure model for the former Basin mining area (made on the basis of the 
suggested in U.S. Environmental Protection Agency, 2013b,c models, with a focus on the investigated 
environmental problems)  

 
Considering the fact that the studied area has been in the spotlight for a long time as one of the 
Superfund sites (Public Law 96-510, 1980), it is advisable to conduct not only regular comparisons of 
data on the most dangerous pollutants' concentrations of the current year with the previous one, but 
also more in-depth ecological assessments. The results of the last ones, considered through the prism 
of the speed of changes in the ecological state of rivers that are in direct contact with abandoned mine 
areas, can serve as a qualitative indicator of the implemented at the expense of allocated funding 
measures' effectiveness. 
 
Within the framework of the study, a comprehensive water quality assessment (Urasov S. etc., 2009) 
of Jack Creek and Uncle Sam Gulch Creek was applied. It was carried out on the basis of monitoring 
data (including the current 2022 year) obtained downstream from the Bullion and Crystal mines, 
where the diffusion processes had already occurred, for the last five years. Generalized ecological 
indices (Ie) which were calculated, included the analysis of three blocks of indicators: salt (hydro-
chemical), tropho-saprobiological (sanitary & ecological) characteristics and contents of specific toxic 
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substances. The first block includes indicators of the ions' sum, sulfate and chloride contents. The 
second, saprobiological block includes pH levels, values of the dissolved oxygen, phosphates and 
suspended substances' contents. The block of specific toxic substances is represented by data on 
arsenic, cadmium, copper, lead, zinc, nickel, iron and manganese. 
 
Results 
 
The appliance of the described approach to environmental assessment of surface water quality within 
the studied post-mining area gave the following results. 
 
According to the mineralization criterion, until 2021, the waters of Uncle Sam Gulch Creek which 
flows into the Cataract Creek were defined as fresh, oliho-galena. Changes of this leading indicator 
occurred very slowly over the years, so clear temporal regularities were not recorded. However, two 
years ago, the gradual slight decrease of mineralization reached a threshold, after which the water 
started to be classified as fresh hypo-galena one. At the same time, the waters of Jack Creek which 
flows into the Basin Creek just three years ago were defined as salty, β-mesogalena. But today, 
despite the fact that its mineralization indicators are still almost at the limit values, water can already 
be characterized as fresh, oligo-galena.  
 
The analysis of the calculated index ratios also shows some differences in the levels of influence of 
the previously mentioned indicator blocks on the total surface water pollution. According to the 
obtained results, specific indicators have the greatest impact on the quality of Uncle Sam Gulch 
Creek, concerning parameters of the salt composition - they have the least influence. Ecological and 
sanitary indicators occupy an intermediate position. For Jack Creek, only specific indicators have an 
identical influence, while saline, ecological and sanitary ones have almost the same weight in the 
process of water deterioration. 
 
The conducted analysis, supported by appropriate calculations (with regular mathematical 
approximation), allowed to identify the waters of both objects of research with the same class - 3 and 
category - 5. According to their natural condition, they are defined as satisfactory, mediocre, and 
according to the degree of their cleanness (pollution), they are moderately polluted. Examining in 
more detail the indicator changes in the temporal aspect, it can be stated that as of today, very slow, 
but still positive dynamics of changes in water quality are recorded in both creeks. Although its rates 
are still insufficient for a fixed change in the general class and category of water quality. These 
changes are more obvious at Uncle Sam Gulch Creek. Discarding the condition of mathematical 
approximations (Table 1), there is an obvious gradual transition for the object from the fifth quality 
category to the fourth one, within which the water is characterized as already totally satisfactory by 
their natural condition and slightly polluted according to the degree of cleanness. 

 
Table 1 Evaluation of the ecological quality of surface waters within the post-mining Basin area by 
the integral index Ie 
№ Name of the water object Date Іs Іt.s Іsp.ind Іе 

1 Jack Creek 

2018 3,67 4,25 6,88 4,9 
Jul 2020 4 4,75 6,88 5,21 
Sep 2020 3,67 4,25 6,75 4,89 

2021 3,67 4,25 6,63 4,85 
2022 3,67 4,75 6,63 5,02 

2 Uncle Sam Gulch 

2018 3,33 4,75 6,75 4,94 
Jul 2020 3,33 4,75 6,75 4,94 
Sep 2020 3,33 4,5 6,63 4,82 

2021 3,33 4,5 6,5 4,78 
2022 3 4,5 6,5 4,67 
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Additional parameters that also have descriptive weight in frames of water bodies' assessment are 
their trophicity and saprobity, the qualitative shifts of which are caused by fluctuations in sanitary and 
ecological characteristics over the past few years. According to the applied classifications, both rivers 
are eutrophic, eu-polytrophic. Saprobity, in its turn, gradually passes from α-mesosaprobic to β-
mesosaprobic. 
 
If we take the speed of changes in the state of surface waters as a success indicator of the measures 
implemented with the aim of natural balance normalization, then the obtained assessment results 
indicate that their volumes at the present time are insufficient to ensure full environmental safety of 
the studied area. Such state of affairs can be explained not only by determination of the solution of 
low river water quality problem because of focusing on measures aimed to decrease waste rock soil 
pollution, but also by the critically low sustainability of the natural environment according to the 
Poincaré concept. 
 
Thus, forcing the artificial improvement of the aquatic environment quality is not considered 
appropriate without facilitating its gradual adaptation to changes. Under these conditions, the 
complexity of measures (for example, combining passive treatment systems with the construction of a 
special plug in the mine) is an approach that not only opens up prospects for reducing the amount of 
pollution, but also will give the necessary impetus to restore the assimilative capacity of the territory, 
which was disturbed during the times of active mining operations. As a proof of the effectiveness of 
this approach and natural environment qualitative adaptation to the new realities will serve the 
equalization and reduction of the index ratios of all three indicator blocks used within comprehensive 
assessment of surface water pollution. 
 
Conclusions 
 
Improving the management methods regarding abandoned mines and their adjacent territories is an 
obvious chance to stabilize the level of ecological safety and to reduce the need for attracting 
additional investments in the long-term perspective. In order to intensify the processes of such 
territories' restoration, the inclusion of tracking changes of integral assessment (based on the set of 
indicators) results in temporal patterns to list of monitoring works is recommended, as well as 
reorientation of works on the investigated objects to more complex ones, aimed to restore not only the 
quality, but also the sustainability of the environment. 
 
As of today, as a result of military operations on the territory of Ukraine, a number of mining facilities 
have also acquired the status of abandoned. Under these circumstances, the recommendations given to 
the studied Basin area are considered as appropriate for use regarding domestic facilities in the post-
war period, provided that it is impossible to restore active mining processes. 
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