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the aPPliCabilitY assessment of teChniCal solutions for a  
feasibilitY studY on the PurifiCation of groundwater  

in the ileK riVer ValleY from boron for the modern hYdro 
geoChemiCal situation

This scientific article is devoted to the problem of pollution of the Aktobe basin with boron by the 
waters of the Ilek River, which drains contaminated groundwater. In connection with not full implemen-
tation of the decisions taken to reduce the concentration of pollutants, in particular boron, the problem 
of groundwater pollution is exacerbated. The monitoring datas fix the increased level of pollution. Initia-
tive field studies and the results of the determination of sampling samples showed an excess of threshold 
limit value of boron both in the zone of the old sludge accumulator and in the Aktobe basin. To justify 
the need to develop and implement a qualitatively new approach to the solution of the problem of 
groundwater contamination in the Ilek river valley and the Aktobe Basin, boron made estimates for the 
topographic and hydrogeological, combined with the technical solutions, the feasibility study, maps. It is 
shown that now the front of groundwater pollution from the industrial site and the new sludge collector 
has approached the river, and therefore the technical solution of the feasibility study for the second sec-
tion no longer corresponds to reality. The dynamics of the pollution processes of the Ilek River in the old 
sludge accumulator zone is analyzed. Based on the regression model, a forecast is made of the changes 
in boron content in the right bank of the Ilek River. It is shown that the technical feasibility study on the 
first site requires a revision.

As a new approach to solving the problem, it is proposed to develop a system from a constantly 
operating model of geo-filtration and a model of turbulent macro diffusion combined with it. Mapping 
izoconcentrate of boron and other pollutants of groundwater will provide an opportunity to consider 
them from the standpoint of alternative environmental technologies, for example, as the basis of boron 
fertilizers.
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жaғдaйы үшін бордaн лaстaнуын aн тех никaлық-эко но микaлық не гіз деу дің  

тех никaлық ше шім де рі нің қолaйлы ғын бaғaлaу 
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де бор дың, кон центрaция сын тө мен де ту бо йын шa қaбылдaнaтын ше шім дер дің то лық жү зе-
ге aсырaлмaғaнынaн, жер aсты сулaры ның лaстaну мә се ле сі ек пін де лу де. Бaқылaу aқпaрaттaры 
лaстaну дың жоғaрғы дең ге йін  бел гі леуде. Бaстaмaлы дaлaлық зерт теу ле рі жә не ірік тел ген үл гер-
дің тaлдaу нә ти же лі рі aлғaшқы қaлдық қоймa зонaсындa, со ны мен бір ге Ақ тө бе су қоймaсындa 
дa бор дың ШРК көр сет кі ші нен aртық еке нін көр сет ті. Елек өзен aлқaбы ның жер aсты сулaрын 
жә не Ақ тө бе су қоймaсын бор мен лaстaну мә се ле сін ше шу мaқсaтындa сaпaлы, әрі жaңa әре-
кет тер дің дa йын дaлуы жә не оның жү зе ге aсы ры лу қaжет ті гін не гіз деу үшін тех никaлық-эко но-
микaлық не гіз деу дің тех никaлық ше шім дер сызбaсы мен қaтaр то погрaфия лық жә не гид ро ге оло-
гиялық кaртaлaр не гі зін де есеп теу лер жүр гі зіл ді. Өн ді ріс aлaңы мен жaңa қaлдық қоймaсынaн 
жер aсты сулaры ның лaстaну aймaғы өзен ге жaқын кел ге ні көр се тіл ді, сол се беп ті екін ші aлaң 
үшін тех никaлық-эко но микaлық не гіз деу дің тех никaлық ше шім де рі нaқты түр де жү зе ге aсы-
рылмaйды. Алғaшқы қaлдық қоймaсы ның aлaңындa Елек өзе ні нің лaстaну үде рі сі нің динaмикaсы 
тaлдaныл ды. Рег рес сия лық мо дель не гі зін де Елек өзе ні нің оң жaғaлa уын дa бор құрaмы ның өз-
ге руі болжaмдaлды. Тех никaлық-эко но микaлық не гіз деу дің тех никaлық ше шім де рі бі рін ші aлaң 
үшін де қaйтa бaқылaуды қaжет ете ні қaрaсты рыл ды. 

Бе ріл ген мә се ле ні ше шу де жaңa әре кет ре тін де үз дік сіз әре кет те гі гео филь трaция лық жә не 
оны мен бір ге қолдaнылaтын мaкро диф фу зияның тур бу ле нт тік мо де лі нен құрaлғaн жүйе сін дa-
йын дaу ұсы ны сы бе ріл ген. Жер aсты сулaрындaғы бор дың жә не бaсқa дa лaстaушы зaттaрдың 
изо кон центрaттaрын кaртaғa тү сі ру бaлaмaлы тaбиғaт қорғaу тех но ло гиялaрдың бaғдaры, мысaлы 
бор құрaмды тыңaйт қыштaр не гі зі ре тін де қaрaуғa мүм кін дік бе ре ді. 

Тү йін  сөз дер: жер aсты сулaр, лaстaну, бор, су қоймaсы, тех никaлық-эко но микaлық не гіз деу. 
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Оценкa при ме ни мос ти тех ни чес ких ре ше ний тех ни ко-эко но ми чес ко го обос новa ния  
по очист ке под зем ных вод до ли ны ре ки Илек от борa для сов ре мен ной  

гид ро ге охи ми чес кой обстaнов ки

Дaннaя нaучнaя стaтья от ве денa проб ле ме зaгряз не ния Ак тю бинс ко го во дохрa ни лищa бо-
ром водaми ре ки Илек, ко торaя дре ни рует зaгряз нен ные под зем ные во ды. В свя зи с не пол ной 
реaлизa цией при нимaемых ре ше ний по сни же нию кон центрaции зaгряз няю щих ве ще ств, в чaст-
нос ти бо ром, проб лемa зaгряз не ния под зем ных вод обост ряет ся. Мо ни то рин го вые дaнные фик-
си руют по вы шен ный уро вень зaгряз не ния. Ини циaтив ные по ле вые исс ле довa ния и ре зуль тaты 
оп ре де ле ния вы бо роч ных проб покaзaли пре вы ше ния ПДК борa кaк в зо не стaро го шлaмонaко-
пи те ля, тaк и в Ак тю бинс ком во дохрa ни ли ще. Для обос новa ния необ хо ди мос ти рaзрaбот ки и 
реaлизaции кaчест вен но но во го под ходa к ре ше нию проб ле мы зaгряз не ния под зем ных вод до ли-
ны ре ки Илек и Ак тю бинс ко го во дохрa ни лищa бо ром вы пол не ны ориен ти ро воч ные рaсче ты по 
то погрaфи чес ким и гид ро ге оло ги чес кой, сов ме щен ной со схе мой тех ни чес ких ре ше ний тех ни ко-
эко но ми чес кое обос новa ние, кaртaм. Покaзaно, что сейчaс фронт зaгряз не ния под зем ных вод 
от промп лощaдки и но во го шлaмонaко пи те ля приб ли зил ся к ре ке, a по то му тех ни чес кое ре ше-
ние тех ни ко-эко но ми чес ко го обос новa ния по вто ро му учaст ку уже не соот ве тс твует реaль нос ти. 
Проaнaли зи ровaнa динaмикa про цес сов зaгряз не ния ре ки Илек в зо не стaро го щлaмонaко пи те-
ля. Нa ос но ве рег рес си он ной мо де ли вы пол нен прог ноз из ме не ния со держa ний борa в прaво бе-
режье ре ки Илек. Покaзaно, что и тех ни чес кое ре ше ние тех ни ко-эко но ми чес кое обос новa ние по 
пер во му учaст ку тре бует пе рес мотрa. 

В кaчест ве но во го под ходa к ре ше нию проб ле мы предлaгaет ся рaзрaботкa сис те мы из пос-
тоян но дей ст вую щей мо де ли гео филь трaции и сов ме щен ной с ней мо де ли тур бу ле нт ной мaкро-
диф фу зии. Кaртогрaфи ровa ние изо кон центрaт борa и дру гих зaгряз ни те лей под зем ных вод 
обес пе чит воз мож нос ть рaсс мот ре ния их с по зи ций aль тернaтив ных при ро до охрaнных тех но ло-
гий, нaпри мер, кaк ос но вы бор со держaщих удоб ре ний. 

Клю че вые словa: под зем ные во ды, зaгряз не ние, бор, во дохрa ни ли ще, тех ни ко-эко но ми чес-
кое обос новa ние. 
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Introduction

Population growth, development of economic 
activity, growth of living standards increase water 
consumption and wastewater volumes with the 
amount of pollution in them. This situation leads 
to increasing competition and conflicts between 
different water users. According to the United 
Nations (UNDP, 2016: 4-9), globally, more than 2 
billion people of different countries live in condi-
tions of extreme water shortage, defined as the ratio 
of total freshwater consumed to the total volume of 
renewable freshwater reserves above the threshold 
of 25 percent (Sustainable Development knowledge 
Platform, 2015). Therefore, the study of imbalance 
of ecological systems in the presence of contamina-
tion presupposes a detailed knowledge of the pattern 
of the spread of pollutants in the lakes and water 
streams (OECD, 2012: 25).

Pollution of groundwater and surface waters by 
boron in the Ilek river valley and Aktobe basin the 
sources of water supply in Aktobe region - has an 
impact on the socio-economic development of the 
region and the formation of an ecological situation 
in the territory of the Russian Federation. The 
Ilek River is trans boundary, it flows into the Ural 
River and eventually the polluted waters enter the 
Caspian Sea, to the spawning grounds of sturgeon 
(Pavlichenko, 2017: 967-974).

In the feasibility study on the purification of 
contaminated groundwater by boron in the valley of 
the Ilek River, developed at the Center for Health 
Protection and Environmental Projecting based on 
the monitoring of underground waters conducted by 
LLP «Akpan», technical solutions for the intercep-
tion of contaminated groundwater have been devel-
oped. These decisions were developed in 2008 and 
reflect the hydro-geodynamic situation for 2005, as 
monitoring observations were discontinued due to 
lack of funding (Korchevskij, 2008: 86-132).

Although the feasibility study takes into ac-
count the results of the field research conducted by 
the Center for Health Protection and Environmental 
Projecting in 2007 and 2008, which made it possible 
to clarify and expand the list of main sources of pol-
lution, the regulatory deadline for its implementa-
tion has exceeded in 2015. The feasibility study re-
vision project in 2015 was reduced to a recalculation 
of the estimate taking into account new financial in-
dicators. Work on the implementation of technical 
solutions did not even begin on the pilot site recom-
mended by the state expertise.

Initiative field research by the authors, carried 
out in July 2017 and showing that the threshold limit 

value (TLV) were exceeded both in the old sludge 
accumulation zone and in the Aktobe basin, which 
had not been observed before, clearly demonstrate 
the relevance of the boron pollution problem of the 
Ilek river and the Aktobe basin.

The purpose of this work is to analyze the hydro 
geodynamic and hydro geochemical changes in the 
Ilek river valley in the Alga region (Aktobe) in order 
to assess the applicability of technical solutions for 
feasibility studies in modern conditions.

Material and methods of research

The actual data of the annual monitoring by Ka-
zHydroMet (Information Bulletin, 2008-2017); the 
visual observations of the research area; the results 
of chemical composition research of surface water 
samples, and cartographic materials were used for the 
analysis of the current situation. In addition, for more 
clarify of ecological situation of Aktobe region were 
applied the materials of the Feasibility Study by the 
Center for Health Protection and Environmental Pro-
jecting, and the Ministry of Environmental Protection 
of the Republic of Kazakhstan in 2007-2009 period 
project; report of LLP “Akpan” for 2005. 

The study the hydro geochemical situation in the 
of the Ilek river valley based on the following meth-
ods (Krauskopf, 1994: 280-331; Tahoora Sheikhy, 
2014: 455): 

Comparative geographical analysis of 
photographic materials for the period of 2008 and 
2017; 

Approximate calculations of the advance of the 
groundwater pollution front for the period 2005-
2017; 

Expert analysis of the role of causes of pollution 
of groundwater on the right bank of the river; 

Regression analysis for predicting the timing of 
self-purification of groundwater on the right bank of 
the river (Allan Freeze R., 1979: 28-261).

In the report of LLP “Akpan” for 2005, the 
old sludge accumulator was allocated as the main 
source of pollution of the Ilek River and there was 
a small role of soils contaminated by the emissions 
of the Aktobe chemical factory (in Alga) as a result 
of their washing with atmospheric precipitation. 
At the same time, it was believed that the new 
sludge accumulator and industrial site do not make 
a significant contribution to pollution, due to their 
location in areas with low filtration parameters. This 
point of view is shown in Figure 1, a hydrogeological 
map with the allocation of zones of various levels 
of pollution of the underground waters of the Ilek 
valley by boron.
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However, the results of additional partial 
testing of the monitoring wells, which conducted 
in 2007 and 2008, for clarify the nature of 
the pollution of the Ilek river hexavalent 

chromium and boron research allowed clarifying 
and expanding the list of major sources of 
groundwater pollution by boron (Korchevskij, 
2008: 31-58). 

figure 1 – Hydro geological map of the valley of the Ilek river (LLP «Akpan», 2005) with a Projecting plan for the purification of 
groundwater from boron (The Center for Health Protection and Environmental Projecting, 2009)
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The changes were entered in the scheme for 
interception of contaminated groundwater (Figure 
2) after the analysis of the results of fieldwork in 
2008, drilling of wells in the area of old and new 
sludge accumulators to assess the possibility of 
filtration through their bottom. In addition, Figure 
3 shows the zoning scheme of the underground 
waters of the valley. This scheme was derived 
after the construction of a new map of hydro 
geochemical zoning by GIS methods, taking 
into account all monitoring wells and without 
taking into account the assumptions of previous 
researchers on the existence of a geochemical 
barrier not confirmed by actual hydrogeological 
data.

Figure 2 shows the wells of the network and the 
main infrastructure of the factory – sludge collectors, 
the territory of the plant and the city of Alga. 
Unfortunately, this map does not indicate the slurry 
lines from the plant to the new sludge collector (the 
old pulp was fed through a metal pipe). The outlines of 
the city on this map correspond to its current position, 
while in Figures 1 and 3 these outlines are taken from 
the old topographical basis. Taking into account the 
fact (Appelo, 2005: 35-139) that the territory of the 
industrial site of the factory is now practically next to 
the city that has grown after the old sludge collector 
was preserved, Figure 3 clearly reflects the direction 
of groundwater flows from the industrial site, slurry 
pipelines and a new sludge accumulator.

figure 2 - Map of the actual material of the work area of LLP “Milysai”, 2008. 
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The report (Yakovleva, 2004: 53-192) provides 
information on the number of production wastes 
recorded as of 01.01.2000 - on the industrial site of 
the former plant: waste of boron production - 647.3 
thousand tons, solid and solid waste - 273 thousand 
tons, cinder - 53 thousand tons, vanadium catalyst 
- 2.2 thousand tons. It is clear that such the amount 
of waste that was openly stored on the industrial site 
after the plant was shut down in 1998 could not but 
affect the concentrations of groundwater.

The role of slurry pipelines and production 
wastes in groundwater pollution can be assessed 
visually from the photo (Figures 4 and 6), and the 

process of pyritic cinder utilization is shown in 
Figure 5.

The main direction of groundwater movement 
on the left bank of the Ilek River in the area of 
storage ponds of the Alga Chemical Factory 
from the southwest to the northeast towards the 
river. Hydraulic gradients here are 0.0015-0.002, 
the coefficients of filtration of water-bearing 
Quaternary sand deposits are 30-35 m/day. A 
maximum of concentration near the «old» storage 
pond is associated with this groundwater flow and a 
maximum spatially located east of the “new” storage 
pond (Figure 3).

figure 3 – Scheme of zoning of groundwater in the Ilek valley in 2005.
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Based on the analysis of the data (Information 
Bulletin, 2008-2017) of long-term monitoring of bo-
ron contamination of groundwater and surface water 
in the Alga-Aktobe region, and analysis of hydro-
geological material and experimental studies, and 
accounting for project changes in the dynamics of 
groundwater and surface water: 

The main sources of pollution forming a hotbed 
of groundwater contamination with high boron 
concentrations are the old sludge accumulator, traces 
of emergency slurry leakage and the new sludge 
accumulator (Vengosh, 1994: 1968-1974), the for-
mer chemical factory industrial site and soil contam-
inated with the former chemical factory emissions, 
dust from the dried surface of the sludge accumula-
tors, places of emergency leakage of the slurry pipe-
line and settled on the shore silt after spring floods; 

The wedging of contaminated groundwater into 
the Ilek River, where boron is sorbed by silt settling 
in the Aktobe Basin, creates a high risk of transforma-
tion of the Aktobe Basin into a new source of con-

figure 4 – Pipeline condition with traces of emergency discharges

figure 5 – Pyrotechnic plant with a pyrite heap dump figure 6 – Sacks with brown (marking 1990),  
stored in the open air

tamination of the infiltration water intakes of the city 
of Aktobe located below its dam. In the high water 
years, the processes of wave formation and rising of 
settled silt are intensified, which can increase the con-
centration of boron in surface waters and infiltration 
water intakes below the dam. The Ilek River is the 
basis for the erosion of the valley, that is, it determines 
the line of the lowest pressure of the groundwater. In 
this regard, the spread of boron on the right bank of 
the Ilek River in the area of   the «old» storage pond 
becomes not entirely clear. If the transfer of boron was 
carried out only by the flow of groundwater, it could 
in principle not come here without additional causes, 
which change the flow hydrodynamics. The method 
of solving this problem is based on the analysis of 
the role of the «wall in the ground» by comparing 
the additional pressures created by the «wall in the 
ground» and the depth of the groundwater table.

Table 1 presents the results of drilling operations 
and the pumping of some of the conserved 
monitoring wells.
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Table 1 – Journal of pumping and sampling of water from observation wells of the regime network behind groundwater 
contamination by boron in the valley of the Ilek river near the Alga region

№№ well
The water level 
(from the mouth 

of the column), m

Depth of bottom 
hole (from the 
mouth of the 
column), m

Depth of 
installation of 

the pump (from 
the mouth of the 

column), m

Debit, dm3/s Sample 
volume, dm3

Height of the 
branch pipe, m

1190 4,16 15,42 15,2 0,1 3,0 0,7

1585 3,19 25,19 25,0 0,6 3,0 1,0

1586 2,05 31,4 18,6 0,3 3,0 0,61

1587 2,46 4,4 4,4 0,1 3,0 0,4

1588 3,47 10,07 10,07 0,4 3,0 0,66

1297 5,38 16,9 16,9 0,1 3,0 0,45

1350 2,25 14,6 14,6 0,3 3,0 0,4

1299 2,43 31,5 31,5 0,7 3,0 0,7

It is established, that in the area of sludge 
accumulators the river drains intensively 
underground water contaminated with boron. The 
consequence of this is the pollution of the river and 
the Aktobe basin. The main ways of entering boron 
into groundwater are filtration through the bottom 
of the old sludge accumulator, infiltration into the 
aquifer of contaminants washed away by snowmelt 
waters and storm drain from the sources listed (Her-
bert Allen E., 1993: 15-285).

Concentrations of boron in groundwater and in 
aqueous extracts of old and new mud sludge, se-
lected from depths of more than one meter, exceed 
1900 mg/dm3. High concentrations of boron are also 
noted in the soils under the bottom of not only the 
old but also the new sludge collector. These stud-
ies showed a far from complete completion of the 

stage of natural washing of sludges and the presence 
of a large number of active sources of pollution on 
the left bank of the Ilek River. In the research work 
(Pavlichenko, 2012: 96-104) the graphs of changes 
in boron concentrations in wells of section IV-IV 
demonstrated a short duration of Functions to pre-
vent filtration from the «old» sludge collector. After 
the beginning of the filtration, bypassing the “wall”, 
the head is reduced, and the character of the change 
in boron concentrations in the wells on the right and 
left banks is clearly manifested. The initial data for 
the construction of regression dependence for pre-
dicting the self-purification of groundwater on the 
right bank can be the regime during the monitoring 
period, supplemented with the results of testing in 
2008. The actual material for justifying the solutions 
is presented in Table 2.

Table 2 – The content of boron in groundwater in the zone of the old sludge accumulator in line IV-IV

№ well,
Maximum values in wells by years

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

1585 387 350 385,1 69,4 84,7 61,5 54,4 267,4 395 290 291 271,3 510,1 143,26

1586 631,3 659 633 61,6 61,6 46,2 62 383 294 302 268,4 483,1 141,3

1587 469 487,7 373 74,9 58 66,6 66,6 273,7 374 292 297 267,3 432,4 137,5

1588 260 216,7 262,1 67,3 57,9 61,5 258,5 244 228 224 137,2 93,9 43,17

1589 34,7 48,6 56,9 276,3 288 247 234 170,6 79,6 45,4
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Research results and discussion 

Calculation of distances covered by the front of 
groundwater pollution. In the work (Pavlichenko 
and others, 2012), the approximate rates of move-
ment of the groundwater contamination front are 
calculated, calculated from the time of passage of the 
maximums of boron concentrations in the ground-
water between two observation wells. The rate of 
advance of the lowering of the concentrations (and, 
consequently, of the pollution front) will be about 
300-500 m per year, depending on the slope of the 
surface. In this case, according to Figures 1 and 3, 
it could be seen that the distance from the front to 
the series of drainage wells II-II is approximately 
1.4 km. While for 13 years (from 2005 to 2017) the 
front of pollution can pass a distance of 3.9 to 6.5 
km, i.e. The planned drainage strut II-II of 2,100 m 
in length has already been fully completed in the 
middle of 2015 (1.4 + 2.1 = 3.5 km> 3.9 by the end 
of 2017). Thus, the flow of groundwater of the west-
ern direction is already wedged out in the Ilek River, 
and the technical solution in the feasibility study for 
Section-2 no longer makes sense.

The reasons for the spread of the source of 
groundwater pollution to the right bank. In the 
project on the assignment, the Ministry of Environ-
mental Protection of the Republic of Kazakhstan 
in 2007-2009 yy, it is indicated that the reasons for 
boron to enter the right bank may be spills of con-
taminated groundwater during floods, dust transport 
of contaminated soil and sludge. However, during 
the floods, the contaminated groundwater is diluted 
with snowmobiles, and dust transfer calculations 

have shown their insignificant influence, especially 
since the drilling of ecological and hydro-geological 
wells in the territories of both old and new sludge 
accumulators, the sludge in them was practically 
washed to a depth of 1 m.

Consequently, the only real reason for hitting the 
boron on the right bank can only be a support from 
the wall in the ground. The modern hydrodynamics 
of the old sludge storage system in the ground by 
2008, does not accurately reflect the situation when 
the wall created the maximum backwater from the 
initial level, the ground waters reached the surface 
of the sludge accumulator and filtration not only 
around it began unfinished part, but also through 
imperfections and gaps in the existing part. 

If the Ilek River were a perfect drain, that is, it 
would intercept the entire capacity of the groundwa-
ter aquifer, an increase in pollution after the break-
through of the “wall” on the right bank would not 
have been observed. However, on the hydrogeologi-
cal map of LLP “Akpan”, the focus of pollution was 
noted on the right bank. Such a situation may indi-
cate the presence of a hydraulic connection between 
the left and right ground flows, that is, the presence 
of a creek stream that transmits an increase in abso-
lute marks (a decrease in the depths of groundwater) 
to the right bank.

In accordance with the topographic (Figure 2), 
the difference in the absolute marks of the surface in 
the locations of the wells on the left and right banks 
does not exceed 2 m (Table 3), and the maximum 
support from the “wall” was 2.41 m. If there is a 
pollutant stream with an increased gradient of back-
water will move to the right bank.

Table 3 – Calculation of absolute marks of groundwater levels for alignment IV-IV 

№, well

Depth of layer Absolute marks

1990 years 2008 Surfaces 
Groundwater levels

1990 2008

1585 2,41 2,19 241,74 239,33 239,55

1586 1,49 1,44 240,74 239,25 239,3

1587 2,21 2,06 240,05 237,84 237,99

1588 3,37 2,11 239,95 236,58 237,84

1589 1,51  239,86 238,35 239,86

After the beginning of the flow around the 
«wall», the head was noticeably reduced, but a small 
decrease in the depth of occurrence is fixed in all the 

wells of the observation section IV-IV even 10 years 
after the beginning of the flow around the «wall» 
(Table 3). 
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A visual representation of the character changes in boron concentration in wells of this alignment could 
be obtained from figure 7.

figure 7 – Dynamics of changes of the boron concentrations in the wells of observation section IV-IV

As can be seen from the figure, after the 
completion of the “wall in the ground” construction 
in 1994, the reduction in boron concentrations 
begins in 2 years in wells 1585-1588. Its “wall” 
holds its full function in the period 1996-1999, while 
there is an ecological filtration capacity between the 
sludge collector and the “wall”, and then the boron 
concentration sharply increases, but does not reach 
its initial values. 

Further, the fluctuations of the concentrations are 
determined by the water content of the year, but in 
all left-bank wells, despite these fluctuations, there 
is a very slight trend of decreasing boron content, 
increasing the difference in concentrations, and after 
2003. While the impact of backwater was affected 
(until 1999 for 1588 and 2000 for 1589 wells), the 
nature of left-bank well curves repeat the curve of 
the left-bank wells. After 2000 for 1588 wells and 
after 2003 for 1589 the character of the curves 
completely changes – for them it is possible to note 
a clear orientation to a constant decrease in boron 
concentrations.

Moreover, we can note one more feature of 
this period - the concentration of boron in 1588 
and 1589 wells become practically the same that 
is now it is the process of drainage of the left-
bank flow without the influence of backwater. In 
addition, this means that it is possible to construct a 
regression equation for the prediction of reduction 
of residual amounts of boron in right-bank wells 
due to washing with atmospheric precipitation and 
snowmelt waters.

Verification of different variants of the trend 
equations showed for the well 1588 the maximum 
value of the curve approximation (0.925) by the 
fourth-degree polynomial equation. 

In this case, the concentration of boron, equal 
to 0.486 mg/dm3, will be reached in 2020. Since the 
concentration of boron, less TLV, will be achieved 
in 2-3 years, there is no sense in implementing the 
construction of seven right-bank wells of the first 
section of the feasibility study.

After the development of the project, since it 
was shown above that in the nine years, the second 
section will not be able to intercept the entire flow 
of contaminated groundwater from the industrial 
site of the former factory. The traces of emergency 
pulp spills when transporting it to the new sludge 
accumulator and filtering out of it, the feasibility 
study no longer corresponds modern hydrodynamic 
environment. 

The acute problems of the pollution of the 
Ilek River and the Aktobe Basin are emphasized 
by the monitoring data of «KazHydroMet», 
which fixes the increased level of pollution, 
and the initiative field studies and the results 
of determining the samples (GOST, 2014) by 
authors, conducted in July 2017. The chemical 
analysis of water samples was carried out at 
the Hach-Lange LZV 735 analytical laboratory 
for water analysis based on the DR 1900 
spectrophotometer (Manual, 2013). As a result, 
there is an excess of the threshold limit value of 
boron (GOST, 1998) in the area of   the old sludge 
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accumulator (7.5 mg/dm3 - 15 TLV), and in the 
Aktobe basin (1.2 mg/dm3 - 2.4 TLV). In addition, 
on the territory of the Aktobe city, that is a lower 
excess (0.6 m /dm3 - 1.2 TLV below the dam). 

However, it has always been assumed that boron 
is precipitated by silt in the Aktobe basin almost 
completely, in other words within the city the 
boron concentration should be below the TLV. 

These excesses are already defined by the new 
sanitary rules (Legal Information system, 2018), 
which is now assumed to be 0.5 mg/dm3 in all cases, 
although until recently all the rivers used the Fishery 
Ecology limit equal to 0.017, that is, stricter in 29 
times.

An additional indicator of the deterioration of 
water quality in the Aktobe basin is the results of 
a social survey of children swimming in the basin. 
Now, more often after bathing on the skin, rashes 
and itching appear which determines the obvious 
signs of boron exposure.

It is known that boron is an essential element 
for plants; therefore, a large number of species 
of boron-containing fertilizers are produced 
(Drahomír, 2015: 5-69). These fertilizers also 
contain phosphorus, potassium, calcium, sometimes 
sulfur, and other elements (Grimes, 2012: 11-12). 
Although monitoring of groundwater before 2005 
was conducted only by boron, the studies of the 
Center for Health Protection and Eco-Projects in 
2007-2008, in the part of the samples, a high content 
of phosphorus, fluorine, nitrates and sulfur anions 
is established. Since the content of boron above 
30 mg/kg of soil also has a negative effect, it will 
be very important to divide the left bank along 
the concentrations of boron, phosphorus and other 
fertilizer components. This will make it possible 
to analyze the perspectives of using contaminated 

figure 8 – The exponential approximation of the dynamics of boron concentrations in the well 1588 

groundwater for growing fodder crops and organizing 
livestock complexes, since boron was not found in 
meat of animals with high concentrations, and the 
estimated probabilities of diseases of the population 
from eating local animals were very low.

To identify areas that are promising for this 
alternative approach, detailed schemes of the 
isoconcentrate of groundwater pollutants, which 
could be used as components of boron fertilizers with 
which additives are needed, require the construction 
of a model system.

However, there are many problems along 
this way. The issue of assessing the pollution of 
surface waters contaminated by underground 
refers to a complex and poorly developed field 
of «interdisciplinary» research. It determines the 
practical absence of mathematical models that 
allow for taking into account the pollutant transition 
from groundwater, where its transfer is subject to 
hydrogeological laws (the presence of dynamic 
porosity, changes in the volume of underground 
runoff, weak or total absence of the influence of 
atmospheric precipitation), a watercourse or a body 
of water, where hydrological laws. 

That is why the task of assessing the 
interconnection of surface and groundwater in the 
part of the transfer of pollution by underground 
waters and their transfer to water bodies and 
watercourses is not solved unequally. Migration 



Хабаршысы. Экология сериясы. №1 (54). 201846

The applicability assessment of technical solutions for a feasibility study on the purification of groundwater ...

of pollution with groundwater is studied and 
evaluated usually based on geo-filtration and 
geo-migration models, in other words with a 
significant spatial and temporal detail of the 
flows of groundwater carrying pollutants. The 
area of   modeling the dynamics (Rodrigo, 2014) 
of the quality of surface waters, in view of the 
large variability of runoff characteristics, is not 
sufficiently developed.

Conclusion

The problem of pollution of the Aktobe 
basin with boron waters of the Ilek River, which 
drains contaminated groundwater, is constantly 
exacerbated, since none of the decisions taken 
have been fully implemented. Now the front of 

groundwater pollution from the industrial site and 
the new sludge collector has approached the river, 
and the formation of the Ilek River near the “old” 
sludge collector aggravated the situation.

To identify areas that are promising for this 
alternative approach, detailed schemes of the 
isoconcentrate of groundwater pollutants, which can 
with which additives serve as components of boron-
containing fertilizers, require the construction of a 
system from a permanent model of geo-filtration and 
a model of turbulent macro diffusion combined with 
it. The development of conditions for combining 
hydrogeological and hydrological models 
(Rodrigo Ilarri, 2016) should be carried out using 
a multidimensional statistical model (component 
analysis) to identify the interrelationships of surface 
and groundwater.
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