Eurasian Journal of Ecology 2018 Vol. 54 No. 1 pp.35-48
ISSN (print): 1563-034X

ISSN (online): 2617-7358

Record Number: 20203404570
doi:10.26577/EJE-2018-1-800

IRSTI 87.19.15, 70.27.19

Pavlichenko L.M.!, Rysmagambetova A.A.%, Rodrigo Ilarri J.?

"Doctor of geographic sciences, professor of Al-Farabi Kazakh National University,
Kazakhstan, Almaty, e-mail: Lmp170946@yandex.ru
2PhD student of Al-Farabi Kazakh National University, Kazakhstan, Almaty, e-mail: Rysmagambetoval @gmail.com
3PhD, professor of?Universitat Politécnica de Valéncia, Spain, Valencia,
e-mail: jrodrigoilarri@gmail.com

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 llek 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 llek 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 llek 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 llek 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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bepiAreH FbIAbIMM MaKaAa AaCTaHFaH >ep acTbl CyAapblHa YKMHAKTaAaTbiH EAeK ©3eH cyAapbiMeH
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Ae 6OpAbIH, KOHUEHTPAUMSCbIH TOMEHAETY OoWblHILA KAaObIAAAHATbIH LWEWiMAEPAIH TOABIK, >Ky3e-
re acblpaAMaraHblHAH, >Kep acTbl CyAApPbIHbIH, AACTaHy MaceAeci ekniHaeAyae. bakpiaay akmapaTTapbl
AQCTaHYAbIH XKOFapfbl AeHreiiH 6eariaeyae. bactamanbl AarabiK, 3epTTEyAEpi XKOHe ipiKTEAreH yArep-
AIH TaAAQY HOTMXKEAIPI aAFallKbl KAAABIK KOMMa 30HaCbIHAQ, COHbIMEH Oipre AKTebe Cy KoMmacbiHAQ
Aa 6opabiH LLIPK kepceTkiwiHeH apTbiK, ekeHiH kepceTTi. Eaek e3eH aAkabbiHbIH >Xep acTbl CyAapbliH
>xoHe AkTebe Cy KonMacbiH GOPMEH AaCTaHy MOCEAECIH Liely MakcaTblHAQ CaraAbl, api >kaHa ape-
KEeTTePAIH AAMbIHAAAYbI YKBHE OHbIH, )KY3€ere acblpbIAy KaXKeTTiriH Herisaey YiH TeXHUKAAbIK-3KOHO-
MMKAAbIK, HET3AEYAIH TEXHMKAABIK, LIEWiMAEP Cbi36acbiMeH Katap TONorpadusiAbIK, >koHe TMAPOreoAO-
FMSAbIK, KapTaAap HeridiHAe ecenTeyAaep XKYPrisinai. ©OHAIPIC aAaHbl MeH KaHa KaAAbIK, KOMMacbiHaH
>Kep acTbl CyAApbIHbIH AQCTaHy aiMarbl ©3EHre >KakblH KEAreHi KOpCeTiAAl, COA cebenTi eKiHLi aAaH
YWIiH TEXHWMKAAbIK-3KOHOMMKAAbIK, HEri3AEYAIH TEXHWMKAAbIK, LIeliMAEepi HAKTbl TYPAE >Ky3ere acbl-
pbIAMaiAbl. AAFaLLKbI KAAABIK, KOMMACbIHbIH, aAaHbIHAQ EAeK e3eHiHiH AacTaHy yAepiCiHIH AMHAMKKAachI
TaAA@HbIAABL. Perpeccusabik, MOAEAb HeriziHae EAek e3eHiHiH OH >karaAaybiHAQ 6Op KypamblHbiH, ©3-
repyi 60AXKamMAaAAbL. TEXHMKAABIK-3KOHOMMKAABIK, HEM3AEYAIH TEXHMKAAbIK, LIewiMAepi GipiHLLI araH,
YWiH Ae KanTa 6akblAayAbl KAXKET eTeHi KapacCTbIPbIAADI.

bepiAreH MaceAeHi WellyAe )KaHa pekeT PeTiHAE Y3AIKCi3 apekeTTeri reo(pMAbTPALMSABIK XKaHe
OHbIMEH Gipre KOAAAHbIAATbIH Makpo AMAY3NSAHbIH TYPOYAEHTTIK MOAEAIHEH KypaAFaH >KyMeciH Aa-
MbIHAQY YCbIHbICbI 6epiAreH. XKep acTbl CyAapbiHAaFbl HOPAbIH >kaHe 6acka Aa AacTaylubl 3aTTapAblH
M30KOHLIEHTPaTTapbIH KapTara TYCipy 6aramanbl TabuFaT KOpFay TEXHOAOTMSIAAPAbIH 6aFAapbl, MbICaAbI
60p KypaMAbl TbIHAMTKBILLTAP HEri3i peTiHAE KapayFa MyMKIHAIK Gepeai.

Ty¥iin ce3aep: XXep acTbl CyAap, AacTaHy, 60p, Cy KOMMAaCbl, TEXHMKAAbIK-9KOHOMMKAABIK, HEri3aey.
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OueHKa NPUMEHUMOCTH TeXHUYECKMX pPeLleHUi TeXHUKO-3KOHOMUYECKOro 060CHOBaHMS!
Mo O4YUCTKE MOA3EMHBIX BOA AOAMHDBI peku MAek oT 6Gopa AASl COBpeMeHHO#M
r’MAPOreoXMMHMYeCcKoi 06CTaHOBKH

AaHHag HayuyHas cTaTbsl OTBeAeHa NpoOAeMe 3arps3HeHust AKTIOOMHCKOrO BOAOXPaHMAMLLA 6O~
POM BoAaMM pekn MAek, KOTopas APEHUPYET 3arpsi3HeHHble MOA3EMHbIE BOAbI. B CBSA3M C He MOAHOM
peaAm3aLmen NPUHUMAEMbIX PELLEHUIA MO CHUXKEHMIO KOHLIEHTPaLMM 3arpa3HSIOWMX BELLeCTB, B YacT-
HOCTM GOPOM, NPOOAEMA 3arpsA3HEHNS MOA3EMHbIX BOA 060CTPSeTCs. MOHUTOPUHIOBbIE AaHHblEe (UK~
CUPYIOT MOBbILLEHHbIA YPOBEHb 3arpsa3HeHns. MHULMATMBHbIE MOAEBble MCCAEAOBAHMUS U PE3yAbTaTbl
ornpeAeAeHMs BbIGOPOUHbIX Npob nokasaan npesbiweHns MAK 6opa kak B 30He CTaporo LAAMOHAKO-
MUTEAs, Tak U B AKTIOOMHCKOM BOAOXPaHMAMLLE. AAS OOOCHOBaHMS HEOBXOAMMOCTM pa3paboTKm 1
peaAM3aLmMmn KaueCTBEHHO HOBOIrO MOAXOAQA K peLLeHMio MPOBAEMbI 3arpsa3HEHUs MOA3EMHbIX BOA AOAU-
Hbl pekn MAek 1 AKTIOBUMHCKOrO BOAOXPaHMAMLLA GOPOM BbINMOAHEHbI OPUEHTUPOBOYHbIE PacyeTbl Mo
Tonorpadryeckmm 1 rmAPOreoAOrMYeCKom, COBMELLIEHHOM CO CXEMOM TEXHUYECKMUX PeLLEHMI TEXHUKO-
3KOHOMMYECKoe 000CHOBaHMe, KapTam. [okas3aHo, YTo cernyac (PPOHT 3arpsA3HeHMs NMOA3EMHbIX BOA
OT MPOMMAOLLAAKM M HOBOFO LUAAMOHAKOMUTEAS MPUBAUBMACS K PeKe, a MOTOMY TeXHMYECKoe pelle-
HME TEXHUKO-3KOHOMMYECKOro 060CHOBAHMS MO BTOPOMY YYaCTKY YKe He COOTBETCTBYET PEaAbHOCTY.
MpoaHaAM3MpoOBaHa AMHaMMKA MPOLIECCOB 3arpsa3HeHns pekn MAek B 30He CTaporo LAAMOHAKOMMTe-
A9. Ha ocHOBe perpeccMoHHON MOAEAM BbINMOAHEH MPOrHO3 U3MEHEHUsS COAepIKaHMi 6opa B npasobe-
pexxkbe pekn Maek. [NokasaHo, YTo U TeXHMYECKoe peLleHme TeXHUKO-9KOHOMUYeckoe 060CHOBaHMe Mo
NepBOMY yuacTKy TpefyeT nepecmoTpa.

B kauecTBe HOBOroO MOAXOAQ K PeLleHMIO MPOBGAEMbI MpeaAaraeTcs pa3paboTKa CUCTEMbI U3 MOC-
TOSHHO AEMCTBYIOLLERA MOAEAM FeO(PUABTPALIMM M COBMELLLEHHOM C HE MOAEAM TYPOYAEHTHOM Makpo-
A dy3nm. KaptorpadmpoBaHme M30KOHLEHTpaAT 6opa M APYrMX 3arpsi3HUTEAEe MOA3EMHbIX BOA
06ecneynT BO3MOXKHOCTb PACCMOTPEHMS MX C MO3ULIMIA AABTEPHATUBHbBIX MPUPOAOOXPAHHbBIX TEXHOAO-
FUiA, HaNpPUMep, Kak OCHOBbI GOPCOAEP KALLMX YAOBPEHMIA.

KAloueBble CAOBa: MOA3EMHbIE BOAbI, 3arpa3HeHne, 60p, BOAOXPaHUAMLLE, TEXHUKO-3KOHOMMYEC-
Koe 000CHOBaHMe.
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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 «Akpany, 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
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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.

F =239
/ Kpare Kn s mapy koo
1 oy

Figure 2 - Map of the actual material of the work area of LLP “Milysai”, 2008.
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Figure 3 — Scheme of zoning of groundwater in the Ilek valley in 2005.

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).
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Figure 4 — Pipeline condition with traces of emergency discharges

Figure 5 — Pyrotechnic plant with a pyrite heap dump

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-

ISSN 1563-034X

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

Depth of bottom . Depth of
The water level hole (from the installation of Sample Heicht of the
NeNe well (from the mouth the pump (from Debit, dm®/s P 5 gt e
mouth of the volume, dm branch pipe, m
of the column), m the mouth of the
column), m
column), 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/dm?. 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

Maximum values in wells by years
Ne well,

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 | 544 | 2674 | 395 290 291 | 271,3 | 510,1 | 143,26
1586 | 631,3 | 659 633 | 61,6 | 61,6 46,2 62 383 294 302 | 2684 | 483,1 | 1413
1587 469 | 487,7 | 373 | 749 58 66,6 | 66,6 | 273,7 | 374 292 297 | 267,3 | 4324 | 1375
1588 260 | 216,7 | 262,1 | 67,3 | 579 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
0f2017). 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 [V-IV

Depth of layer Absolute marks
Ne, well Groundwater levels
1990 years 2008 Surfaces
1990 2008
1585 2,41 2,19 241,74 239,33 239,55
1586 1,49 1,44 240,74 239,25 2393
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
«wally, the head was noticeably reduced, but a small
decrease in the depth of occurrence is fixed in all the
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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.
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Figure 7 — Dynamics of changes of the boron concentrations in the wells of observation section [V-1V

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/dm?, 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 «KazHydroMety,
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/dm? - 15 TLV), and in the
Aktobe basin (1.2 mg/dm? - 2.4 TLV). In addition,
on the territory of the Aktobe city, that is a lower
excess (0.6 m /dm® - 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.
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Figure 8 — The exponential approximation of the dynamics of boron concentrations in the well 1588

These excesses are already defined by the new
sanitary rules (Legal Information system, 2018),
which is now assumed to be 0.5 mg/dm® 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
(Drahomir, 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
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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
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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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