ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HallMOHaJIBHBIN UCCIIE0BATENbCKHM Kazakh national research technical university

texHuueckuil yausepcureT uM. K. W. CatnaeBa named after K. I. Satpayev
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

3 (435)

MAY - JUNE 2019

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PURIFICATION DEGREES OF WASTE WATER
UNDER DIFFERENT IRRIGATION REGIMES

Abstract. In the process of irrigation wastewater treatment is as its movement in the horizontal direction, and
when leaking from top to bottom on the soil profile.In order to identify the degree of soil purification of wastewater,
a complex of lysimetric studies was carried out in the territory of Almaty, Zhambyl and South Kazakhstan regions in
various varieties of loamy soils.

Key words: lysimeters, aeration, biological uptake, wastewater, ingredients.

Introduction. Metal lysimeters had a height of 35, 65, 95, 155, 205 cm, and soil monoliths 30, 60,
90, 150, 200 cm. Lysimeters of small height (up to 1.5 m) were filled with monoliths of undisturbed
structure, and more than 1.5 m - with soil of natural genetic structure with compaction close to natural. The
inner surface of the lysimeters was covered with bitumen in 2 layers, filtered water through the pipe was
sent to special containers. The lysimeters were planted with the same crops as for wastewater treatment
and the irrigation regime was identical.

Comparison of the data of the chemical composition of the source water and filtration makes it
possible to judge the degree of its purification.

The general quantitative and qualitative expression of the processes of absorption and migration of
ingredients in waste water introduced into the soil with irrigation water had their regularities [1, 3].

Wastewater treatment occurred mainly in the zone of aeration, where he is actively in the process of
nitrification, oxidation of proteins, cation exchange, biological uptake, etc. (table 1).

Sixty centimeter layer of soil, depending on the value of irrigation norms holds up to 100% of
suspended solids, from 80 to 91% of nitrogen and from 90 to 99% of phosphorus.

Reducing the degree of purification soil of various ingredients can be found in the weakening at the
end of the vegetation consumption of their higher vegetation, reducing the end of the vegetation con-
sumption of their higher vegetation, reducing the microbiological activity of serozems, the relative
"saturation" of the filter layer by the substances, changing the cationic composition of the arable horizon
as a result of irrigation, meteorological conditions and other factors individually or in combination causing
changes in the sorption properties of the soil.

Similar phenomena were observed in the crops of maize for silage in South Kazakhstan region (table 2).

From mineral elements absorption of phosphorus was greater than the absorption of nitrogen.As
irrigation rates increase, losses of nitrogen and phosphorus increase (table 3).

The absorption of the upper soil horizons decreases from irrigation to irrigation depending on the
frequency of irrigation and water supply rate. Naturally, the greater the rate of water supply, the greater
the flow of various organomineral substances. In this regard, the soil is oversaturated in a short period of
inter-irrigation period does not have time to be completely exposed to various soil processes.

V.T.Dodolina noted that during the inter-irrigation period, part of the absorbed substances will be
used by agricultural crops, and part under the influence of various processes is decomposed into simple
compounds.
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Table 1 — The degree of absorption of waste water ingredients by different soil layers, % (average loam) (on sugar beet crops)

irrigition n(I)rrﬁlg,argg)/I}lla Li‘:}I’I‘:ra Sur;p;?e(ied HCO, cl SO, Ca Mg | NatK N P20
Option II (irrigation at 60% of the water pressure)
700 0-30 50 40 50 40 40 40 42 60 50
1 30-60 50 41 31 32,9 37 55 20 40 30
Total 0-60 100 81 81 72,9 77 95 62 100 80
1100 0-30 50 39 40 50 39 40 45 50 45
30-60 50 44 18 18 28 40 24 29 25
! 60-90 - 7 22 22 19 20 15 1,0 6
Total 0-90 100 90 80 90 86 100 84 80 76
Option III (irrigation at 70% of the water pressure)
500 0-30 60 51 52 44 31 50 50 58 51
1 30-60 40 45 30 45 69 36 38 34 28
Total 0-60 100 96 82 89 100 86 88 92 79
800 0-30 60 40 10 30 24 44 40 49 46
30-60 40 18 10 30 12 16 10 30 19
’ 60-90 - 28 50 21 17 36 36 17 25
Total 0-90 100 86 70 81 53 96 86 96 90
Option IV (irrigation at 80% of the water pressure)
400 0-30 55 49 68 40 27 60 55 63 58
1 30-60 45 43 20 51 68 28 39 35 33
Total 0-60 100 92 88 91 95 88 94 98 91
650 0-30 40 30 10 25 10 30 41 40 46
10 30-60 50 16 18 14 22 10 6 29 15
60-90 10 43 55 39 34 60 41 31 31
Total 0-90 100 89 83 78 66 100 88 100 92
Table 2 — Degrees of wastewater treatment by different soil layers on maize crops for silage (SKR)
Soil layer, Norm of watering, Ingredients, mg/l
cm m’/ha HCO, cl SO, Ca Mq Na+ K
0-30 700 120,7 19,8 72,6 31,2 11,6 50,4
0-30 900 131,3 21,2 74,3 31,8 12,6 53,4
30-60 700 96,4 11,4 34,3 10,5 6,3 20,5
30-60 900 87,2 10,1 32,6 9,9 6,0 18,7
60-100 700 14,6 6,2 18,9 53 2,8 7,2
60-100 900 12,3 59 16,2 5,4 24 6,6
Source water 235,0 36,51 174,2 77,0 20,4 102,0
Table 3 — Absorption of N, P, K in different soil layers
In layer, Norms of watering, mm
Performances
cm 400 500 600 700 800 900 1000
Phosphorus 0-30 61 58 60 50 41 56 50
Nitrogen 0-30 58 51 50 50 46 48 50
Phosphorus 0-90 99 93 92 90 91 79 79
Nitrogen 0-90 91 80 88 86 80 65 70
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The longer the inter-irrigation period, the higher the absorbing capacity of the soil, and hence the
degree of purification.

Research materials and the above data show that on gray soils with deep groundwater, irrigation with
a moisture threshold, 70% water norm provides not only high yields, but also an appropriate degree of soil
post-treatment in the root layer.

In Almaty region were laid lysimeters depth of 1.5; 2, 3 meters.

Experimental data showed that at a depth of 1.5 m the filtrate was almost clean, and at a depth of 3.0
no changes in soil moisture were observed.

Therefore, while maintaining the optimal irrigation regime and its observance, wastewater does not
affect the depth of more than 3 m [2, 4-7].

Methods. Under conditions of irrigation with wastewater, the following agrotechnical indicator is
effective in substantiating the optimal values of irrigation rates and the dose of fertilizers on all types of
soil: chemical composition (N, P, K content) of main and by-products; removal of elements of the mineral
nutrition of the harvest unit; soil availability with nitrogen, phosphorus, potassium and microelements
permissible for plants: use of fertilizers from the soil by field crops depending on the soil type, weather
conditions and the level of specified crops; payback of 1 kg N, P, K. Therefore, the correct determination
of the irrigation rates and the dose of fertilizers calculated for the programmed level of the crop is one of
the most important elements of the entire ecosystem under consideration.

In order to use the technique in question, it is necessary first of all to calculate the “B” removal of the
corresponding mineral nutrient elements with a programmed yield. Knowing the level of the yield
programmed at this stage (where Y;is the programmable yield of the main product, centners per hectare),
and having the ratio of main production and secondary production (Y;,), it is easy to make the removal of
nutrients using the ratio:

By=Yy-Co+Y, Cp, (1)

where Cy — nutrient content per unit of main product (kg/c); C,, — nutrient content per unit of by-product
(kg/c); Yy, — by-products of the programmable crop, which is determined by the formula;

Y, =a-Y,. ©)

Here is a — coefficient that takes into account the ratio of the main product to the by - product (for corn —
2.8, perennial grasses — 0, barley — 1.1, winter wheat — 1.4).
The amount of expected receipt of mineral substances with waste water is determined by the formula:

N,, = a-M/100; P,, = ¢ - M/1000; K,, = k - M/1000, 3)

where N,,,, By, K,, — the amount of expected intake of nitrogen, phosphorus and potassium, kg/ha; a, @, k —
content of nitrogen, phosphorus and potassium, mg/1.

Possible removal of the input mineral substances with waste water is determined from the following
expressions:

Nyp = Ny - ay; (4)
Pyn = P " g (5)
Kyn = K - . (©)

where Ny, Py, Ky, — possible removal of nitrogen, phosphorus and potassium with a yield of incoming
mineral substances with waste water (kg/ha); an, a,, @) — utilization rate of nitrogen, phosphorus and
potassium from wastewater.

The amount of nitrogen, phosphorus and potassium used from the soil is calculated by the formula:

Nyy = Ny - ;s @)
Pyp =B - agp; ®)
Ky, = Ky " Ap, 9)
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where Ny, Py,

nitrogen, phosphorus and potassium used by plants from the soil; @y, @yp, @y — utilization rate of nitro-
gen, phosphorus and potassium from soil.

At the same time, the need for mineral fertilizers should be decided in each case, based on the
following definitions:

1. If the amount of nitrogen, phosphorus and potassium used from the soil and wastewater is less than
the removal of these nutrients by crop products, i.e.,

Ky, —nitrogen, phosphorus and potassium content in soil, kg/100; N, B,, K;, — amount of

By > Nyp + Ny ; (10)
B, > Py, + Pyy; (11)
By > Ky + Ky (12)

Then mineral fertilizers are made from the calculation of compensation of the differences.
2. If the amount of nitrogen, phosphorus and potassium used from the soil and wastewater is greater
than or one of them is greater than the removal of these nutrients by the crop production, i.e.,

By < Nyp + Ny s (13)
B, < Py + Pyys (14)
By < Kyp + Kyp. (15)

Then the irrigation rate of crops is determined by the maximum value of the nutrient removal of one
of the nutrients and mineral fertilizers are taken out of the calculation of compensation for the deficiency
of other nutrients.

Irrigation norm of agricultural crops under irrigation by sewage is calculated by the formula:

M,, = [B(NPK)i — P(NPK)i] - 100/« , (16)

where M,,, — irrigation norm of agricultural crops taking into account the fertilizer value of waste water,
m’/ha; B(NPK)i — removal of the 1st nutrient element by agricultural products; P(NPK)i — use of the 2nd
nutrient element from the soil; a; — utilization rate of the 3rd nutrient element from wastewater.

If M,,, < M then, the necessity of extra amount of water, compensating the deficiency of water con-
sumption of agricultural crops, i.e.:

AM = M — My, (17)

where AM — additional rate of supply of irrigation water to compensate the water deficit of agricultural
crops.

Consequently, one of the main tasks in the use of wastewater for irrigation is to determine the share
of irrigation water in the water deficit, providing optimal water-salt and food regime of the soil and high
crop yields.

For the participation of irrigation water in the deficit of water consumption of agricultural crops in
irrigation with waste ater is determined by the formula:

B(NPK)i—P(NPK)i
a; M

a. =1 -100. (18)

Thus, the account of nutrients content in waste water provides a normal natural regime of the soil and
economical to the introduction of these elements in the form of fertilizers.

Thus, the following should be taken into account when establishing the irrigation regime for
wastewater irrigation:

In some (critical) periods of vegetation, crops may be unsatisfactory inflow of wastewater. Additional
irrigation from natural water bodies — rivers, reservoirs or groundwater-can be used to replenish this
moisture deficit.

The amount of additional water needed to cover the water shortage is found by the formula:
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My =Wy — Qaqa * Tk, (19)
W, — the need of the culture in water for the critical period, m*/ha; Q4 — average daily consumption of
wastewater coming from the city, m*/ha; T), — the duration of the critical period in days.

In the practice of designing wastewater treatment, such periods are established by comparing the crop
irrigation hydraulic module in the crop rotation (q in 1/sec per 1 ha) with the wastewater supply hydraulic
module determined by the formula:

_ Qad l
0= 86,4'w’ cek’
where Q4 — average daily waste water consumption, m*/day; w — area of simultaneous irrigation, ha.

When establishing irrigation and irrigation standards, it is necessary to take into account the cleaning
capacity of the soil.It is known that during irrigation and subsequent movement of waste water on the
surface and on the profile of the soil, their intensive purification occurs due to the mechanical, molecular
sorption, ion-sorption, chemical and biological absorption capacity of the soil.The effect of soil purifica-
tion decreases with increasing water supply rates.On loamy soils of the southern zone of Kazakhstan,
intensive cleaning occurs at irrigation rates up to 600 mm, and at a rate of 900 mm and more, the soil will
not give a cleaning effect.

Results. Each soil is characterized by a certain absorption capacity. The larger it is, the higher the
degree of wastewater treatment.For example, loamy soils of Zhambyl, South Kazakhstan and Almaty
regions have high absorption capacity. In the meter layer of these soils, on average, 60 to 90% of the
elements of mineral nutrition are retained.

As irrigation rates increase, the number of irrigations and the capacity of the soil filter layer decrease
will be less pronounced.

By the end of the growing season and subsequent years of irrigation, the absorption capacity of the
soil is somewhat reduced. This is due to the fact that the soil with long-term irrigation is oversaturated
with substances brought with wastewater and its cleaning ability is gradually reduced.Therefore, it is very
important to maintain a balance between the flow of waste water ingredients and their use by plants.

One of the reasons for the "fatigue" of the soil of irrigation fields is the overload of soil with irrigation
water both during the growing season and during the non-vegetation period.As a result of the overload in the
soil, the processes of transformation of substances can not proceed normally, soil fertility is ensured.

For the correct use of waste water must necessarily take into account the water-holding capacity of
the soil. For wastewater treatment, the amount of runoff should be zero. Water supplied in excess of the
water-holding capacity of the soil enters the groundwater.

The smaller the irrigation rate and the longer the irrigation time, the greater the difference between
the inflow and outflow of wastewater.The irrigation rate should be calculated so that it does not exceed the
permissible ultra-precise value of the intensity of infiltration of irrigation water and the permissible depth
of the groundwater level. The value of infiltration and groundwater reaches its peak in the spring, during
the snowmelt.lIt is, all other things being equal, on average twice as much as the growing season, when
water is expended heavily on evaporation and transpiration by vegetation.Therefore, the annual irrigation
rate should be sufficiently consistent with the conditions of underground outflow of groundwater, to
ensure the possibility of neutralization and treatment of waste water in the infiltration process, also fully
take into account the needs of plants in moisture.In order to reduce winter irrigation norms, it is necessary
to organize irrigation of the entire area of irrigation fields.

The basis of the year-round irrigation cycle for wastewater treatment should be the satisfaction of the
crop with moisture during the growing season and the accumulation of essential nutrients in the soil during
the growing season.

The basis of the irrigation regime should be the creation of a predominant downward current,
providing leaching of salts from the upper horizons of the soil. There was no danger of soil alkolining, for
which the amount applied with wastewater and in the form of calcium fertilizer was greater than the
amount applied with wastewater sodium. Because of this, when calculating the irrigation regime, it is
necessary to observe the balance:

a) nutrients from wastewater;

b) moisture;

c¢) water-soluble salts.

(20)
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Of the above, the most important is the provision of water to plants, which is crucial in the formation
of the basis of the future harvest, especially in the southern regions of the country and the balance of
water-soluble salts, which remain in large quantities after treatment facilities.

Irrigation regime of agricultural crops of wastewater treatment should consist of vegetation and non-
vegetation irrigation regimes.

The basis of irrigation regime of vegetation irrigation should be based on the same principles as in
conventional irrigation.

E. JI. Kanapkyuoa', K. K. Anyap6ekos', K. E. Kaanesa', C. M. AGukenosa', P. Anrupnac’

'Kasak WITTBIK arpapJiblK yHUBepcuTeTi, AnmaTel, KasakcraH,
2BMTayTac Marnyc aysUImapyamslislK, akagemuscel, Kaynac, JIutsa

OPTYPJII CYFAPY PEXXKUMI KE3IHAEI'T TOI'THAI CYJIAPJBI TABAPTY A9PEXECI

Annoranusi. Cyrapy nporieci Ke3iHje TeriHji cyiapabl Ta3apTy KejeHeH 0arbiTTa, TOMbIpaK npoduii 60HbIH-
112 JKOFapbIIaH TOMEH Kapai kypeai. Anmarel, Kam6but xxone OHrycrik KazakcTan oOnbICTapbIHBIH ayMarbIHIa
TOMBIPAKTHl TOTIHII CyJaplaH Ta3apTy [OpPEeXEeCiH aHBIKTAy MAaKCaThlH/AA Ca3laK TOIBIPAKTAPIbIH OPTYpIi
COPTTapbIH/Ia JIM3UMETPIIIK 3ePTTEy KEIIeH] XKYpPri3iyii.
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CTEIIEHb OYUCTKHA CTOYHbBIX BO/J ITPU PA3JIMYHbBIX PEKUMAX OPOIIEHUSA

AnHoTanus. B npouecce nmonuBa o4MCTKa CTOYHBIX BOJ MPOUCXOAMT KaK MpPU €€ JBUKEHUU B TOPU3OHTAIb-
HOM HaIpaBJICHUH, TaK U IPH MIPOTEKaHUN CBEPXY BHU3 MO Npodmitto mouBkl. C HENbI0 BBISBICHHS CTEIIEHH OUYUCTKU
MOYBEI OT CTOYHBIX BOJA Ha TeppUTOpWH AnmMatuHCKOH, KamObuickoir u HOxkHO-Kazaxcranckodr obmacteld B
Pa3IMYHBIX COPTaxX CYTJIMHHUCTBIX TIOYB OBLI ITPOBEICH KOMIUIEKC JIM3UMETPHUECKUX UCCIICIOBAaHNH.
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