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Abstract 

This study investigates the effect of uranium in situ leaching using solutions containing 

an antiscaling inhibitor on the productivity and workover interval of technological wells. 

For the first time, the relationship between calcium ion (Ca2+) dissolution and inhibitor 

concentration has been established, as well as its impact on redox potential and uranium 

concentration dynamics during the leaching process. Laboratory and pilot-scale field 

studies demonstrated that the application of the antiscaling reagent significantly enhances 

calcium dissolution, preventing the formation of colmatation deposits in the near-well-

bore zone. The maximum Ca2+ dissolution was achieved at an optimal inhibitor concen-

tration of 2%, reaching up to 760 mg/dm3. The implementation of the inhibitor in indus-

trial conditions resulted in improved well productivity and an increase in the workover 

interval by up to 28% compared to the baseline technology. The obtained results confirm 

the effectiveness of inhibitor application for improving the operational performance of 

wells in uranium in situ leaching. 

Keywords: in situ uranium leaching; workover interval; colmatation; well rehabilitation 

and stimulation; antiscaling reagent; uranium concentration 

 

1. Introduction 

Uranium extraction at the deposits is carried out using the in situ leaching (ISL) tech-

nology. In addition, global practice employs other uranium mining methods, including 

open-pit and underground mining, the selection of which depends on the deposit type, 

depth of ore occurrence, and mining and geological conditions [1,2]. The ISL method is 

based on the selective transfer of the target component (uranium) into the liquid phase, 

achieved through the controlled movement of a leaching solution (sulfuric acid) through 

the ore-bearing horizon. As a result, the uranium-enriched pregnant leach solution is 

brought to the surface and delivered to the processing plant for further treatment [3]. 

The deposit belongs to the Khorasan ore field of the Karamurun uranium district 

within the Syrdarya uranium province. It is located on the left bank of the Syrdarya River 

in the Kyzylorda Region of the Republic of Kazakhstan. 

According to mineralogical data, the ores of the deposit are predominantly silicate in 

composition, with the total content of clastic material ranging from 70% to 90%, and minor 
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amounts of iron disulfides, carbonates, phosphorites, and other minerals [4]. In the sands 

of the ore-hosting formations, the average quartz content ranges from 53.09% to 74.54%, 

feldspars from 5.45% to 13.47%, and clay minerals from 5.12% to 17.44%. Among other 

authigenic minerals, calcite (dominant) and dolomite are widely distributed in the host 

rocks, occurring unevenly within the ore-bearing strata at contents of up to 3.26% [5]. 

The productive horizons are represented by tabular bodies in cross-section, with 

thicknesses ranging from 20 to 30 m, and by sinuous, ribbon-like bodies in plan view, with 

lengths from 1 to 10 km and widths from 50 to 600 m. These bodies exhibit a relatively 

simple morphology compared to their constituent elements, which include ore bodies and 

barren intervals. 

For deposit development, predominantly hexagonal and line-drive well patterns are 

employed. The spacing between production and injection wells ranges from 50 to 100 m, 

while the distance between injection wells varies from 15 to 50 m. The average well depth 

is 680–700 m. The productivity of production wells is 4.5–5.0 m3/h, whereas the injection 

wells operate at 2.2–2.5 m3/h. The sulfuric acid concentration in the leaching solution is 

maintained at 7–10 g/L; at the same time, the pH of the pregnant leach solutions is kept 

within 1.8–2.0, and the oxidation–reduction potential (ORP) within 250–450 mV. 

Frame-disc well screens of the KDF-118/90 mm type are installed within the thickness 

of the aquifer hosting the uranium-bearing horizon (Figure 1). Frame-disc filters (type 

KDF-118/90 mm) with a slot opening of 0.70 mm are installed across the thickness of the 

aquifer containing the uranium-bearing horizon. 

 

Figure 1. Structure of the frame-disc filter (1—inner perforated pipe; 2—filter discs). 

The lower part of the well is cased with polyvinyl chloride (PVC) pipes of 90/8 mm 

diameter, with a length of 10–11 m, and is sealed with a bottom plug. After drilling, tech-

nological wells undergo cleaning operations aimed at removing clay, fine sand, and drill-

ing cuttings from the screen and near-wellbore zone along the entire length of the screened 

interval [6]. 

During operation, a decrease in the performance of both production and injection 

wells is observed in the vast majority of cases, leading to instability in well operation and 

a reduction in the workover interval (Stable well operation period between declogging 

events). 
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This decline is caused by several factors: the deposition of chemically induced clog-

ging compounds on the well screen and in the near-wellbore zone; the presence of clay 

particles remaining due to incomplete removal of drilling mud during well development; 

the formation of sand plugs within the screen as a result of sand suffusion from the pro-

ductive horizon; and mechanical clogging of injection wells due to suspended solids pre-

sent in the leaching solutions [7]. 

A colmatant refers to substances or particulate matter that obstruct the pore space of 

the productive formation and well screens during uranium in situ leaching (ISL), resulting 

in reduced formation permeability and well productivity. 

In this regard, there arises a need to implement various measures aimed at restoring 

well productivity, including well rehabilitation and stimulation operations focused on re-

moving sand plugs and clogging deposits from the well screen surface and the near-well-

bore zone [8]. 

At uranium mining operations, mechanical and chemical well rehabilitation methods 

are predominantly applied [9,10]. Figure 2 presents the workover intervals of 12 wells 

after mechanical rehabilitation and 9 wells after chemical rehabilitation operations. 

 

Figure 2. Workover intervals of 12 wells after mechanical and chemical well rehabilitation methods. 

As can be seen from Figure 2, when mechanical well rehabilitation methods are ap-

plied, the workover interval of wells ranges from 9 to 31 days, with an average value of 

19 days. In the case of chemical rehabilitation, the workover interval varies from 14 to 33 

days, averaging 22.5 days. The higher effectiveness of the chemical method at this site is 

explained by the fact that the colmatant represents a complex assemblage of salts, metal 

hydroxides, and other solid particles. Its main components include calcium carbonate 

(CaCO3) in the form of aragonite and calcite; calcium sulfate (CaSO4·2H2O) in the form of 

gypsum; as well as microbiological or mechanically dispersed particles [11,12]. The col-

matant formed as a result of the interaction of these components is solid, exhibits high 

adhesive properties, and cannot be destroyed by standard water pressure or injected 

leaching solutions. 

In such cases, various well treatment methods are applied at uranium mining opera-

tions. Acid treatments significantly enhance the permeability of the ore-bearing formation 

and improve well productivity, as colmatating compounds such as alunite 
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(Al2(SO4)(OH)7·7H2O) are readily soluble in acidic solutions. For example, a solution with 

an acid concentration of 100 g/L increased the injectivity of injection wells from 0.2 to 0.5 

m3/h to 4.5 m3/h, representing an increase of more than ninefold. However, the specified 

concentration of sulfuric acid results in high reagent consumption and significantly in-

creases the cost of the final product [13]. 

In addition, 15%–20% hydrochloric acid solutions are used. However, its application 

is associated with significant technological risks and regulatory restrictions due to the re-

lease of highly toxic chlorine gas when interacting with certain host rocks [14]. 

Sodium polyphosphates ((NaPO3)n) are also used as effective dissolving agents; how-

ever, they require relatively high concentrations in the range of 30–100 g/L. Furthermore, 

solutions of technical-grade sodium tripolyphosphate are employed for treatment of the 

well screen and near-wellbore zone. The use of these reagents leads to the precipitation of 

insoluble calcium phosphates, resulting in secondary precipitation processes, while phos-

phates also contaminate groundwater [15]. 

However, the above-mentioned well rehabilitation methods do not always provide 

the desired results: in some cases, the increase in well productivity is insignificant, while 

in others the achieved effect is short-lived. As a result, the time required for uranium re-

serve depletion within the block increases, leading to higher operating costs (including 

labor, reagent consumption, and energy expenses). 

Therefore, in recent years, the primary approach to combating colmatation has in-

volved well treatment using increased concentrations of sulfuric acid in combination with 

ammonium bifluoride, NH4HF2. When ammonium bifluoride interacts with sulfuric acid 

solutions, hydrofluoric acid is formed [16]: 

NH4 (HF2) + H2SO4 = (NH4)2SO4 +4HF (1) 

The hydrofluoric acid formed as a result of the reaction dissolves poorly soluble com-

pounds within the well screen and the near-wellbore zone. 

A major drawback of using ammonium bifluoride is the high toxicity of this reagent. 

It belongs to hazard class VIII and is classified as a poisonous substance [17,18]. Ammo-

nium bifluoride poses significant toxicity risks to humans, flora, and fauna and exhibits 

strong corrosive properties. Therefore, strict compliance with safety regulations is re-

quired during its transportation, storage, and application. 

Long-term operational experience shows that the most effective approach to combat-

ing inorganic salt deposition is the prevention of scale formation at an early stage. For this 

purpose, the use of antiscaling chemical reagents has been proposed. Their effectiveness 

is associated with physicochemical mechanisms that directly affect salt formation pro-

cesses. Reagents of different classes inhibit crystallization and precipitation through vari-

ous interaction mechanisms. 

The main mechanisms of action include: 

• Threshold inhibition: delaying or preventing precipitation by increasing the ion su-

persaturation threshold [19]; 

• Crystal modification: adsorption on the crystal surface, altering crystal structure and 

inhibiting crystal growth [20]; 

• Dispersion: maintaining formed microcrystals in a stable suspension to prevent ag-

gregation and sedimentation [21]. 

To date, no studies have been conducted on the application of antiscaling reagents 

for preventing well colmatation during in situ uranium leaching. 

Therefore, the objective of this study is to investigate the effect of uranium leaching 

with a concentrated anti-scaling reagent solution on the productivity and workover inter-

vals of technological wells. To achieve this objective, a series of laboratory experiments 
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and pilot-scale field trials were conducted to assess the effectiveness of the proposed ap-

proach and its impact on well performance. 

2. Materials and Methods 

The study included an analysis of the causes of well colmatation, the types of well 

rehabilitation methods applied to well screens and the near-wellbore zone, as well as an 

investigation of the carbonate content of the host rocks. The presence of a significant 

amount of carbonates in the ore-bearing formations is considered the main cause of chem-

ical colmatation. An analysis of the geological conditions of the study area shows that the 

carbonate content at the deposit reaches up to 1.7%, whereas at other uranium deposits in 

the Republic of Kazakhstan it does not exceed 0.5% [22]. 

To conduct the study, an antiscaling reagent was used, the composition of which is 

presented in Table 1. 

Table 1. Composition of the antiscaling reagent used. 

No. Components 
Gypsum Control 

Efficiency 
Density 

Water Solu-

bility 

pH 

Range 

1 Polyacrylate-sulfonated polymers High 
1.05–1.15 

g/cm3 
High 1–14 

2 
1-Hydroxyethylidene-1, 

1-diphosphonic acid (HEDP) 
Very High 

1.43–1.45 

g/cm3 
Very High 0–12 

3 Water Very High 1.0 g/cm3 Very High 6.5–8.5 

The antiscaling reagent suppressing the formation of colmatant precipitates consists 

of a 10% solution of organic phosphonates with a density ranging from 1.01 to 1.10 g/cm3 

and a pH value between 0 and 5, indicating an acidic medium. According to the hazard 

classification, the reagent belongs to hazard class IV. 

At the first stage, laboratory studies were conducted to determine the degree of car-

bonate dissolution as a function of the concentration of the antiscaling reagent in the so-

lution. 

For the laboratory experiments, five beakers with a volume of 1000 mL were pre-

pared, each containing 100 g of core samples taken from wells of the uranium deposit 

(Figure 3). 

 

Figure 3. Core samples and solutions prepared in five beakers for laboratory experiments. 

In the first beaker, a 2.5% sulfuric acid solution was prepared in 1000 mL of water. In 

the second, third, fourth, and fifth beakers, a 2.5% sulfuric acid solution with the addition 

of 1%, 2%, 3%, and 4% of the antiscaling reagent, respectively, was prepared in a total 

https://doi.org/10.3390/min16080792


Minerals 2026, 16, 792 6 of 13 
 

https://doi.org/10.3390/min16080792 

volume of 1000 mL. All samples were stirred at room temperature, after which the con-

centration of Ca2+ ions was analyzed. 

Considering that the antiscaling reagent may reduce the chemical activity of the 

leaching solution, the second stage of laboratory experiments was carried out to determine 

the effect of this reagent on uranium concentration and oxidation–reduction potential 

(ORP) in the pregnant leach solution using a dedicated experimental setup. The laboratory 

setup consisted of a thermostated glass vessel and a mechanical stirrer. The leaching time 

was 30 min, the sulfuric acid concentration was 10 g/L, and the mass of the core material 

was 50 g. Uranium concentration samples were taken at 5 min intervals. 

The laboratory experiments were first conducted using a solution without reagent 

addition, and subsequently with the addition of the antiscaling reagent, using core mate-

rial in both cases. 

Uranium and calcium concentrations in the process solutions generated during both 

laboratory and pilot-scale experiments were analyzed at the analytical laboratory of the 

uranium mine. Measurement quality was controlled through routine laboratory proce-

dures, with relative standard deviation (RSD) values maintained within the acceptable 

range of 3%–5%. 

Uranium concentrations were quantified using a standard spectrophotometric 

method (Shimadzu UV-1800, Shimadzu, Kyoto, Japan) at a wavelength of 665 nm. This 

method is routinely applied for uranium monitoring and process control in in situ recov-

ery (ISR) uranium mining operations. The Ca2+ concentration was measured by complex-

ometric titration. Instrument calibration and analytical quality-control procedures were 

performed according to the laboratory’s established protocols. 

A flowchart of the laboratory experimental procedure is presented in Figure 4. 

 

Figure 4. Flowchart of the laboratory experimental procedure. 

To validate the proposed technology, pilot-scale field studies were conducted to as-

sess changes in well productivity and workover intervals resulting from the addition of 

the antiscaling reagent to the leaching solution. 

3. Results and Discussion 

Processing of the results obtained from the first stage of laboratory experiments re-

vealed changes in the degree of carbonate dissolution as a function of the antiscaling rea-

gent concentration (Figure 5). 
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Figure 5. Changes in the degree of Ca2+ ion dissolution in the solutions. 

As shown in Figure 5, in the first solution without the addition of the antiscaling 

reagent, the concentration of calcium ions is only 223.2 mg/dm3, indicating that only a 

small fraction of calcium transfers into the liquid phase, while the majority remains in the 

solid phase. This may lead to colmatation and a reduction in the workover interval of 

wells. When 1.0% of the antiscaling reagent is added to the solution, up to 450 mg/dm3 of 

calcium ions are transferred into the liquid phase, i.e., the calcium ion concentration in-

creases by more than 100% compared to the solution without the antiscaling reagent. With 

the addition of the antiscaling reagent at concentrations of 2%, 3%, and 4%, the calcium 

ion concentration increases by approximately 240%, 280%, and 300%, respectively. 

This phenomenon indicates that a significant portion of calcium is transferred into 

the solution in ionic form under the action of the antiscaling reagent as follows. The ap-

plication of the proposed antiscaling reagent, 1-hydroxyethylidene-1,1-diphosphonic acid 

(HEDP), can be theoretically justified as follows. 

The reagent has the molecular formula C2H8O7P2 and the structural formula CH3–

C(OH)(PO3H2)2. The molecule contains two phosphonic groups (–PO3H2): one hydroxyl 

group (–OH) and a central carbon atom that ensures the spatial arrangement of oxygen 

donor atoms. 

In acidic media, the phosphonic groups partially dissociate, forming anionic species 

capable of coordinating calcium ions via a chelation mechanism. As a result, stable soluble 

complexes are formed: 

Ca2+ + HEDP4− ⇄ [CaHEDP]2− (2) 

The stability constant of this complex is sufficiently high (logK ≈ 6–7), ensuring effec-

tive binding of Ca2+ ions even at low pH values typical of sulfuric acid uranium leaching. 

A decrease in the concentration of free calcium ions shifts the dissolution equilibrium 

of gypsum toward the dissolution of the solid phase: 

CaSO4 ∙ 2H2O ⇄ Ca2+ + SO4
2− + 2H2O (3) 

The released calcium ions are subsequently bound again by HEDP, which leads to 

the gradual dissolution of existing gypsum deposits and prevents their re-precipitation. 

Polyacrylate-sulfonated polymers are anionic high-molecular-weight compounds 

containing carboxyl and sulfonate functional groups. Their generalized structural formula 

can be represented as: 
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[−CH2 − CH(COOH) −]m[−CH2 − CH(SO3H) −]n (4) 

Upon dissociation in an acidic medium, functional groups such as carboxylate (–

COO−) and sulfonate (–SO3−) are formed. These groups interact with calcium ions and ad-

sorb on the surface of gypsum crystals, forming surface complexes: 

2RCOO− + Ca2+ ↔  (RCOO)2Ca (5) 

2RSO3
− + Ca2+ ↔  (RSO3)2Ca (6) 

As a result, active crystal growth sites are blocked, the rate of crystal growth is re-

duced, and the re-precipitation of gypsum is prevented. In addition, the polymer chains 

create electrostatic repulsion between particles, which inhibits particle aggregation and 

prevents their fixation within the pore space. 

The mechanism of action of the proposed inhibitor composition for the dissolution 

of colmatants is based on a combination of two effects. HEDP binds calcium ions into 

soluble complexes and promotes gypsum dissolution, whereas polyacrylate-sulfonated 

polymers reduce crystallization rates and prevent the re-precipitation of salt deposits. 

Consequently, calcium does not accumulate as a solid precipitate but remains in a 

stable state in the liquid phase, which, in turn, contributes to the prevention of well screen 

colmatation. 

It should be noted that the maximum dissolution of calcium ions is achieved at an 

antiscaling reagent concentration of 2%, where the calcium ion concentration increases 

from 223.2 mg/dm3 to 760.3 mg/dm3. Further increases in reagent concentration to 3% and 

4% do not result in a significant enhancement of calcium ion dissolution. 

It is well known that during uranium leaching with sulfuric acid solutions, the oxi-

dation–reduction potential of the leaching solutions plays a critical role, as it intensifies 

the in situ leaching process and reduces the specific consumption of sulfuric acid [23]. 

Therefore, at the second stage of the study, it was necessary to determine the effect 

of adding the antiscaling reagent on the preservation of the oxidizing capacity of the so-

lution and on uranium concentration. For this purpose, laboratory experiments were con-

ducted using core materials from the deposit on a dedicated experimental setup. 

Processing of the laboratory data yielded dependencies of uranium concentration in 

the pregnant leach solution and the oxidation–reduction potential of the solution on leach-

ing time, both without and with the addition of the antiscaling reagent (Figures 6 and 7). 

 

Figure 6. Dependences of uranium concentration in the pregnant leach solution on leaching time. 
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Figure 7. Dependences of oxidation–reduction potential (ORP) on leaching time. 

Analysis of the graphs in Figures 6 and 7 shows that the introduction of the antiscal-

ing reagent into the leaching solution at leaching times of up to 10 min leads to a slight 

increase in leaching intensity, by approximately 7% compared to leaching with a solution 

without the antiscaling reagent. However, with a further increase in leaching time up to 

30 min, the uranium concentration in the pregnant leach solution increases similarly for 

both cases, i.e., with and without the addition of the antiscaling reagent. 

As the leaching time increases to 10 min, a similar and insignificant increase in the 

oxidation–reduction potential of the solution, by approximately 1%–2%, is observed for 

both leaching without and with the antiscaling reagent. Further increases in leaching time 

do not lead to significant changes in the oxidation–reduction potential of the solution. 

Based on these results, it can be concluded that the addition of the antiscaling reagent 

to the leaching solution promotes an increased degree of calcium dissolution while not 

exerting a negative effect on uranium concentration in the pregnant leach solution or on 

the oxidation–reduction potential of the solution. 

To validate the laboratory findings, pilot-scale field tests were conducted to restore 

the injectivity and workover intervals of injection wells by adding the antiscaling reagent 

to the leaching solution for a period of one day. Monitoring of injectivity changes was 

carried out over 8–10 days, while the workover interval was evaluated over a two-month 

period. A total of four injection wells were involved in the tests; to obtain comparative 

data, leaching solutions containing the antiscaling reagent were injected into wells No. 1, 

No. 2, and No. 3, whereas well No. 4 operated without reagent addition. These wells be-

long to the same production block, operate under identical mining and geological condi-

tions, and have been in operation for more than 8 months. 

Prior to the injection of the solution containing the antiscaling reagent, these wells 

were planned to be shut down due to colmatation and critically reduced injectivity. The 

reagent was delivered to the mine in ready-to-use form and transferred into a specially 

prepared and heated storage tank with a capacity of 25 m3. A plunger pump with a max-

imum capacity of 700 L/h and an operating pressure of up to 7 atm was connected to the 

tank. Through this pump, the reagent was injected into the leaching solution line. The 

reagent injection line was equipped with a flow meter and shut-off valves, allowing accu-

rate monitoring of reagent consumption and ensuring safe injection. 

The sulfuric acid concentration was maintained at 20 g/L in accordance with opera-

tional regulations, and the daily consumption of the antiscaling reagent, based on labora-

tory results, amounted to 6.0 t for three wells. 
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Changes in the injectivity of the three injection wells treated with the reagent-en-

riched leaching solution, as well as one well without reagent addition, are shown in Figure 

8. 

 

Figure 8. Changes in injection well performance before and after reagent injection. 

As shown in Figure 8, in well No. 1, during leaching with the solution prior to reagent 

addition, the injectivity of the injection well was 0.8 m3/h. After enrichment of the solution 

with the antiscaling reagent, injectivity initially increased to 4.7 m3/h and subsequently 

stabilized within the range of 1.9–2.4 m3/h. Overall, the average injectivity increased to 3.2 

m3/h, corresponding to an approximately threefold increase. 

In well No. 2, during leaching with a solution without the antiscaling reagent, the 

injectivity was 1.7 m3/h. After enrichment of the solution with the reagent, injectivity in-

creased and remained within the range of 4.0–4.9 m3/h. On average, injectivity increased 

to 4.3 m3/h, i.e., by a factor of 1.5. 

In well No. 3, the injectivity during leaching without the reagent was 0.8 m3/h. Fol-

lowing enrichment of the solution with the antiscaling reagent, injectivity increased to 4.0 

m3/h and then slightly decreased to 2.6–3.0 m3/h. Overall, the average injectivity increased 

to 3.0 m3/h, corresponding to an increase by a factor of 2.7. 

In well No. 4, where a leaching solution with an increased sulfuric acid concentration 

but without the antiscaling reagent was injected, injectivity was only 0.1 m3/h. Despite the 

elevated sulfuric acid concentration, the treatment did not yield the desired results, and 

injectivity continued to decline to 0 m3/h. This injection well was subsequently shut down 

for well rehabilitation operations. 

The obtained results indicate a significant effect of the addition of an antiscaling rea-

gent on the filtration characteristics of injection wells. In all cases (wells No. 1–3), a sub-

stantial increase in productivity is observed after treatment of the solution with the rea-

gent, indicating a reduction in the colmatation process. In contrast, the results for well No. 

4 demonstrate the ineffectiveness of simply increasing the sulfuric acid concentration 

without the use of scale inhibitors. 

The results of the workover intervals for these four wells are presented in Figure 9. 
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Figure 9. Workover intervals of the wells. Wells No. 1, 2, and 3 were treated using the proposed 

reagent, whereas well No. 4 was operated without the addition of the proposed reagent. 

As shown in Figure 9, the workover interval of well No. 4, where the antiscaling re-

agent was not added to the leaching solution, was 24 days. In contrast, the average worko-

ver interval of wells No. 1, No. 2, and No. 3, where the antiscaling reagent was added to 

the leaching solution, was 38 days, representing an increase of 28%. The observed increase 

in the workover interval by 28% in the treated wells is interpreted as a direct indicator of 

improved stability of the filtration characteristics in the near-wellbore zone. 

Additional evidence of the effectiveness of the antiscaling reagent is the increased 

duration of stable well operation, indicating a reduced rate of scale formation and pro-

longed preservation of reservoir permeability. 

Thus, the use of an antiscaling reagent is not only a means of short-term productivity 

enhancement, but also may extend the operational lifespan of wells. 

4. Conclusions 

Despite the implementation of various technological approaches and extensive re-

search, the problem of reduced productivity of technological wells during in situ uranium 

leaching remains unresolved due to the significant presence of carbonate and clay miner-

als in ore-bearing formations. 

Long-term operational experience shows that the most effective strategy for mitigat-

ing inorganic scale formation is its prevention at an early stage of the process. 

The practical contribution of this study lies in the proposed technology for the appli-

cation of an antiscaling reagent to increase the interval between well maintenance opera-

tions and to maintain stable well productivity. 

The theoretical contribution of the study consists of substantiating the mechanism of 

action of the proposed inhibitor composition for dissolving colmatants: HEDP binds cal-

cium ions into soluble complexes and promotes gypsum dissolution, while polyacryl-

sulfonated polymers reduce the crystallization rate. 

The conducted laboratory studies demonstrate that the introduction of an antiscaling 

reagent into sulfuric acid solutions significantly enhances the dissolution of carbonate 

compounds. As a result, calcium is predominantly retained in the solution in a stable ionic 

form, preventing the formation and accumulation of solid precipitates responsible for col-

matation. 
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The relationships between the degree of carbonate dissolution and the concentration 

of the antiscaling reagent have been established, and the optimal reagent concentration 

(2%) ensuring maximum dissolution efficiency has been identified. 

It was also determined that the addition of the antiscaling reagent does not adversely 

affect key technological parameters of the leaching process, including the oxidation–re-

duction potential and uranium concentration in the pregnant leach solution. 

Pilot-scale field tests fully confirmed the laboratory results. The application of the 

antiscaling reagent led to a significant improvement in well performance and operational 

stability. In the treated wells, the workover interval increased by up to 28% compared to 

the control well. 

Thus, the proposed approach provides a technically and technologically effective so-

lution for reducing colmatation processes and improving the efficiency and reliability of 

uranium in situ leaching operations. 

A limitation of this study is that additional investigations are required for other de-

posits, taking into account their specific mining and geological conditions. 
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