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Abstract

Ash and slag materials are removed from boiler rooms of CHP “Combined Heat and Power Plant”
(Teploelektrotsentral’) by hydraulic transport and disposed in ash dumps. These are specially organized
areas encircled by protective dams depending on the relief either along the entire perimeter or only in
certain low-lying areas. The dams of hydraulic structures must provide stability to the whole structure
against the following factors: shear; stability of slopes against sliding; filtration resistance of a dam body
soils; reliable slope protection against possible failure due to atmospheric precipitation; as well as against
wave action of water (within a settling pond); sufficient excess of dam crest over water level of a pond, etc.
The study focuse on the design of ash and slag dump embankment (for storage of the ash and slag removed
from the boiler rooms of Karaganda CHP by hydraulic transport). Ash dump design requires a broad range of
problems to be solved. These include determination of location, design features and type of embankment,
area of the basin and volume of the stored waste, strength of the embankment structures, etc. In order to
assess the condition of the ash dump design, the stability of the facility embankment slopes for different
combinations of loads, the conditions of possible watering of the dams, the presence of “geomembrane”,
and pore pressure need to be analysed. A software program based on the finite element method allows
simulation of ground (soil) conditions based on the strength and strain characteristics of the dam body
filling soils and the base soils. Safety factors of the outer (downstream) slopes of hydraulic structures is
determined taking into account the category and design of a structure, type of base (foundation), criticality
of the design process stage, and other factors on the basis of conditions that ensure the prevention of the
onset of limit states. The most critical and characteristic cross-sections across the perimeter of the ash
dump embankment were selected for the computations, based on the analysis of the designed hydraulic
structure base lithological composition. According to the computations performed, the outer slopes of the
embankment at the paths of wells No. 373-19, No. 381-19, characteristic of almost the entire length of the
embankment, are stable for different combinations of loads.
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AHHOTaUunA

CxyagupoBaHye 30J/I0IIAKOBBIX MaTepUasaoB, YIaIseMbIX U3 KOTelnbHbIX nomenieHuit TOL «TernosnekTpo-
LleHTpajb» NPy MOMOLIY TMAPOTPAHCIIOPTA, IIPOM3BOAUTCS B 30JI00TBAJIbL: CIIelVMaJbHO OpraHM30BaHHbIe
Y4aCTKM MECTHOCTH, 110 TPAHUIIAM KOTOPBIX, B 3aBUCUMOCTHU OT pesibeda, BO3BOSITCS OTpaskAaronue 7aMObl
16O 1Mo BCeMy MepUMETPY 30I00TBajA, MO0 TOTHKO Ha OTAEIbHBIX MOHVKEHHBIX yyacTKax. Orpaskaaoniye
JaMObl TMIPOTEXHUYECKUX COOPYKEHUI HO/DKHBI 00JIa/laTh YCTONYMBOCTbIO BCETO COOPYKEHUST Ha CABUT,
YCTOMYMBOCTbIO OTKOCOB Ha OTOI3aHMe; GUIbTPAIIOHHOW MPOYHOCTBIO TPYHTA TeJla COOPYKeHMST; HaJexX-
HOCTbIO 3aIIAThI OTKOCOB OT BO3MOKHBIX pa3pyllieHUii B pe3yibTaTe AeicTBUSI aTMOCHEPHBIX OCAZKOB, a TaK-
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ke OT BOJTHOBOT'O BO3/I€/CTBYSI BOMbI (B Mpeeax OTCTOMHOrO IPy/a); JOCTaTOYHbIM ITPEBbIIIEHEM TPEOHS
JaMOBI HaJl YPOBHEM BOAbBI Ipyda ¥ T.n. OCHOBHOE BHMMAaHMeE B MCCIAETOBAaHUM CKOHIIEHTPMPOBAHO HA BO-
Mpocax MPOeKTUPOBAHMS OrPaKAAONIMX COOPYKEHUI 30/I0LIIAaKOBbIX MaTepuasaoB, YAaasieMbIX U3 KOTelb-
HbIX omMenleHuit Kaparanamuackoi TAL npyu nomoiy rugporpaHcopra. [Ipy mpoekTupoBaHMM 30/100TBaIa
pelalTcss MHOTME 3aaui, B TOM UMC/Ie OMpPeaesiioTCS MeCTOIOMIOKeHe, KOHCTPYKTUBHbIE 0COGEHHOCTH
Y TUII OTPAKAAIOIINX COOPYKEHUIA, TIOIAAb 3epKajia M 00beM CKIaIMPyeMbIX XBOCTOB, IPOYHOCTb COOPYKe-
HMI orpaskgammux gamoé u T.1. C [eIbIo OIIEHKM COCTOSIHYS IIPOEKTUPYEMOTO 30/I00TBaJIa BBITIOIHEH aHAJIN3
YCTOMYMBOCTM OTKOCOB OTPakAaloleil JaMObl i1 Pa3JIMUHbIX COUETAHUI HArpy3oK, YCIOBMI BO3MOXKHO
0OBOTHEHHOCTY AaMOBbI, HAIMYMS «TeOMeMOpPaHbI» M ITIOPOBOTO IaBjieHus. PacueTHas mporpamMmmMa, OCHOBaH-
Hasl Ha MeTO/e KOHEUHbBIX 3JIeMeHTOB, [I03BOJISIET MOZEIMPOBATh COCTOSIHME MacCMBa B COOTBETCTBUM C ITPOY-
HOCTHBIMU U ie(hOpPMaIMOHHBIMM XapaKTePUCTUKAMU HACBIITHBIX IPYHTOB TeJia 1aMObl ¥ TPYHTOB MTOPOJ, OC-
HoBaHMs. KoadduimeHT yCTOMUYMBOCTY BHEIIHMX OTKOCOB I'MAPOTEXHUUECKUX COOPYKEHUII OIpemesiseTcst
C YYETOM KJIacca M KOHCTPYKLMM COOPY>KEHMSI, TUIIAa OCHOBAHMSI, OTBETCTBEHHOCTY PAaCueTHOTO TEXHOJIOTU-
YeCKOro 3Tama ¥ Ipyrux (pakTopoB MCXOms U3 YCIOBUIL, 06eCIIeUNBAIONINX MTPeIyIIPEKIeHe HACTYIUIEHUS
NpefebHbIX COCTOSIHUIA. Ha OCHOBaHMM aHa/IM3a Te0JIOTMYECKOr0 CTPOEHMSI OCHOBAHMSI MPOEKTUPYeMOro
TUMAPOTEXHMUECKOTO COOPYKEHMS BbIOpaHbl HaubojIee OTBETCTBEHHbBIE M XapaKTepHbIe MOMepeuHbIe pacyeT-
HbIe CeUeHMs 10 TTePUMETPY OTpakaalomyx gaM6 3000TBaia. COMTacHO BBIITOTHEHHBIM pacuyeTaM BHEIIHME
OTKOCHI JaMObI 10 IMHUAM cKBakuH N2 373-19, N2 381-19, KOTOpbI€ SIBJITIOTCSI XapaKTEPHBIMM MTPAKTUUECKU
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10 BCeJi IJIMHe orpamalomeﬁ ﬂaM6bI, SABJISIIOTCS YCTOIZHMBLIMI/[ OJIs1 pa3HBbIX coueTaHMt Harpysok.

KnioueBble cnoBa

Kaparauguuckas TOLI, 30100TBa, amMba, KOHCTPYKI[US, OTKOCHI, yCTONYMBOCTb, MOAEIMPOBAHME, TPYHT, Me-
TOJ KOHEUHBIX 3JIEMEHTOB, Harpy3Kka, KoagbuimeHT 3amaca, KpuBas AeIpeccui, TpagyeHT Haropa
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Introduction

Hydraulic structures have a number of features, so
they differ significantly from other engineering struc-
tures. Their size, layout, types of individual elements
significantly depend on local conditions: topogra-
phy, hydrogeological conditions, geological structure
(lithological composition) of a base, etc.

The dams of hydraulic structures must provide
stability to the whole structure against the following
factors: shear; stability of slopes against sliding;
filtration resistance of a dam body soils; reliable slope
protection against possible failure due to atmospheric
precipitation; as well as against wave action of water
(within a settling pond); sufficient excess of dam crest
over water level of a pond, etc. [1].

Design solutions for embankment erection

Ash and slag materials are removed from boiler
rooms of CHP “Combined Heat and Power Plant”
(Teploelektrotsentral’) by hydraulic transport and
disposed in ash dumps. These are specially organized
areas encircled by protective dams depending on the
relief either along the entire perimeter or only in
certain low-lying areas.

According to a detailed design for the construc-
tion of the 1st section of the Karaganda CHP ash
dump, crest height was taken at 534.6 m, with a crest
width of 8.0 m. According to design projections, the
maximum filling level of the ash dump basin can reach
533.1 m. The design height of the dam on the inside

of the basin is 12 m with the dam slope ratiom =1 : 4.
The dam height on the outer side varies depending on
the terrain with the dam slope ratiom =1 : 2.5.

According to the findings of a geotechnical sur-
vey performed by “GeolProject and K” LLP in 2019
(in accordance with GOST 25100-2011 and GOST
20522-2012), the sequence of drilled rocks includes
sediments of Upper Devonian Famennian stage
(D3fm), eluvial sediments of Upper Devonian Famen-
nian stage (el(D3fm)), Neogene (N) and Quaternary
(Q) sediments, covered with topsoil and recent man-
made sediments.

The Upper Devonian Famennian (D3fm) rocks are
represented by rocky and semi-rocky sandstones. The
Upper Devonian Famennian (el(D3fm)) rock eluvium
is represented by a weathering crust: rubbly soil,
rubbly and landwaste soil with sandy loam aggregate,
rubbly and landwaste soil with loamy aggregate.

Based on the analysis of the spatial variability of
particular indicators of soil properties and taking into
account the features of the geological structure and
lithological composition, three layers were identified
in the sequence: 1% layer, topsoil; 2™ layer, clay
alluvium (silt); 3 layer, filled soil t(qiv). According
to the degree of water permeability, 7 layers of
geotechnical units (GTUs) can be determined: 15t GTU,
loam; 2" GTU, sandy loam; 3 GTU, clay; 4" GTU,
rubble-landwaste soil eld3fm; 5% GTU, landwaste
soil eld3fm; 6 GTU, rubble soil eld3fm; 7t GTU, rock
(sandstone) d3fm.
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Hydrogeological conditions of the study area

According to drilling data, groundwater was in-
tersected at a depth of 2.00-5.5 m. The elevations of
standing-water levels are at 519.05-524.87 m. Under
natural conditions, the level of groundwater is subject
to seasonal fluctuations. The minimum standing-
water level is observed in March, the maximum in
early May.

The groundwater is fed by infiltration of precipi-
tation, and, in the spring, by meltwater and floodwa-
ter. The recharge area is the area of the aquifer.

The amplitude of the level fluctuations in the
study area is 1.0-1.5 m. In some years of high precipi-
tation, the amplitude can reach 2.0-3.0 m.

The standard depths of freezing according to
SP RK 5.01-102-2013 “Foundations of buildings and
structures” are as follows: loam and clay, 1.41 m;
sandy loam and dusty sand, 1.72 m; coarse and me-
dium gravelly sands, 1.84 m; coarsely clastic soils,
2.09 m. The average depth of “0°C” penetration into
the soils is 1.77 m.

The strength and strain characteristics of soils
were established in studies conducted by Azimut
Geology LLP, a chemical analysis laboratory in
Karaganda.

In order to reduce filtration through the dam (em-
bankment) body, the dam design provides for laying
a geomembrane as a watertight barrier, covering the
upstream slope of the dam and the bottom of the ash
dump basin.

The dam detailed design provides for dewater-
ing of the ash dump area, water diversion, and leve-
ling the basin bottom to the elevation of 522.6 m. In
this case, it is planned initially to remove the fertile
soil layer, silts, and upper soil layers to the design
elevation, in accordance with the requirements of
SP RK 3.04-103-2014 “Bases of Hydraulic Structures”.

Depending on the terrain and the soil lithology,
different soil layers will be removed: from loam to
clay deposits [2, 3].

The project envisages filling the body of the dam
with the soils removed during leveling. This is com-
pliant with the requirements of SP RK 3.04-105-2014
“Dams made of soil materials”, which include loamy-
sand and loamy soils. Analysis of the findings of the
geotechnical survey performed by “GeolProject and
K” LLP in 2019 shows that the most suitable are the
Quaternary (Q) sediments represented by brown loam
and sandy loam!.

1 Report “Geotechnical survey for design of ash dump of
Karaganda CHP”, performed by “GeolProject and K” LLP in 2019.

Program of geotechnical survey performed by “GeolProject
and K” LLP in 2019.
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Based on the report “Geotechnical survey for
design of ash dump of Karaganda CHP”, the charac-
teristics of soils to be used in the construction of the
embankment body, are given below.

The strength and strain characteristics for the 1%
GTU layer, loam, were determined at natural mois-
ture. The particular values of the strength properties
of the loam at natural moisture, as well as those of
density were subjected to statistical processing (ac-
cording to the requirements of GOST 20522-2012).
The resulting values? are shown in Table 1.

Table 1
Strength and strain characteristics of layers
Angle .
P of internal Spec1_ﬁc Soil density,
arameter fricti cohesion, 3
riction, MP g/cm
d a
egrees
13 GTU, loam 22.39 0.060 2.02
2" GTU, sandy loam 17.24 0.013 1.97

The strain moduli according to laboratory tests
at natural moisture vary from 6.17 to 13.96 MPa, with
an average value of 8.23 MPa.

The layer of the 2" GTU, sandy loam, is charac-
terized by the physical parameters given in Table 1.

All types of soils are suitable for the formation of
the main body of an earth-fill embankment [1] except
for the following:

1) containing incompletely decomposed organic
matter (plant residues) in an amount greater than
5% by mass or fully decomposed substances in an
amorphous state in an amount greater than 8%
by mass?;

2) containing water-soluble inclusions in the form
of chloride and sulfate-chloride salts in an amount
exceeding 5% by mass or sulfate salts in an amount
exceeding 2% by mass. However, such soils may be
placed in that part of the dam which is not exposed to
seepage water.

The design provides for a single-layer barrier
with one impervious element in the form of a poly-
mer sheet (geomembrane) with a protective layer
over it. It is planned to lay the geomembrane on the
upstream slope of the dam and the bottom of the ash
dump basin.

The single-layer barrier includes:

— an underlying layer of soil;

—-an impervious element, which is a polymer
sheet composed of flexible web products;

— a protective layer of soil.

Z Ibid.

5 MSP (Interstate Building Rules) 3.04-101-2005 Deter-
mination of basic design hydrological characteristics.
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In order to prevent mechanical impacts on the
protective layer of soil (wave, ice, etc.), this layer
on the dam slopes will be provided with additional
protection, rock fill* [2].

Also in order to assess the stability of the slopes
of the designed ash dump, the computations were
undertaken of embankment stability for the differ-
ent combinations of the degree of loading, the con-
ditions of the dam possible watering, the presence of
“geomembrane”, and pore pressure.

Simulation of the designed structure stability

A detailed study of all factors affecting the pro-
cess of displacement of rocks in an earthfill embank-
ment is required, in order to justify the parameters
of stable slopes of an embankment. It is of key im-
portance to select a computation method which will
meet the specific geotechnical and geological condi-
tions and physical and mechanical properties of the
rocks composing the body of dams and their bases.
The computations should use methods which satisfy
the equilibrium conditions of the wedge of failure and
its elements in the limit state and take into account
the stress state of a structure and its base.

A software program based on the finite element
method allowing simulating ground conditions in
accordance with the strength and strain characteris-
tics of a dam body filling soils and a base soils was
used to assess the stability of the ash dump dam (em-
bankment) slopes. Phase2 applications automatically
compare the stresses with the strength properties of
soils and certain procedures were used to ensure that
the stress pattern matches the equilibrium conditions
and the specified properties of the soils.

The advantage of the finite element method [4]
lies in its potential to investigate areas of any con-
figuration and take into account different soil prop-
erties, each of which is unique in its boundary con-
ditions and medium characteristics. It also provides
for the possibility of arbitrary discretization of the
investigated area, i.e. it is possible to thicken the fi-
nite element network in expected places of high gra-
dients of investigated parameters.

The simulation of stability of the designed struc-
ture was carried out on the basis of the findings ob-
tained on the basis of the analysis of topography,

4 SP RK 3.04-105-2014 “Dams made of soil materials”.

SP RK 3.04-101-2013 “Hydralic structures”.

SNiP RK 3.04-40-2006 “Loads and impacts (wave, ice and
from ships) on hydraulic structures”.

SPRK 3.04-103-2014 “Foundations of hydraulic structures”.

SP RK 2.03-30-2017 “Construction in seismic areas of
the RK”.

SNiP RK 3.02-05-2010 “Automated system for monitoring
of buildings and structures”.
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hydrogeological conditions, lithological composition
of the base, physical and mechanical characteristics
of soils and wastes of the ash dump. The simulation
also took into account the geotechnical survey data,
the category of the structure, and operating condi-
tions [3-5]. For each soil (ground) layer, its own phy-
sical and mechanical properties, density, bulk density,
modulus of elasticity, and other parameters required
to solve the problem, were prescribed.

Studies of the base soils, on which the designed
dams are to be erected along the embankment pe-
rimeter were conducted in accordance with the re-
port “Geotechnical survey for design of ash dump of
Karaganda CHP”®. Four sections of different length
with similar operating conditions in terms of hydro-
geological conditions, lithological composition of
the base, and a number of other factors were united
into the computation zones.

The first section, 2.5 km long, according to the
materials of the report is described by wells 374-19,
347-19, 346-19, 375-19, 345-19, 376-19, 377-19,
343-19, 378-19, 379-19, 341-19, 380-19, 340-19,
381-19, 339-19, 382-19, 338-19, 383-19, 385-19,
which penetrated the following soil layers:

- clay alluvium and a 0.4-0.5 m thick topsoil;

- brown hard water-saturated loam 1.8 to 14.9 m
thick;

— mottled or grayish-green hard water-saturated
clay 8.0 to 10.9 m thick.

The second section, 0.75 km long, is similar
to the previous one and described by well 328-19,
intersecting hard sandy loam of brown and gray
color with low degree of water saturation, up to
15.0 m thick; and wells 384-19, 330-19, 385-19,
327-19, 337-19, 326-19, intersecting the following
soil lithologies:

—brown hard water-saturated loam 2.4 to 15 m
thick;

—brown hard sandy loam of medium water
saturation degree, 2.2 to 2.5 m thick;

—rock represented by gray massive sandstone of
medium water saturation degree, 2.6 to 7.9 m thick.

The third section 300 m long, described by
wells 324-19, 366-19 and 332-19, requires special
attention. In terms of lithology, this section base
is mainly presented by brown or red-colored hard
water-saturated clay. The thickness varies from
5.5 to 8.5 m, and loam of low thickness (1.5-1.8 m).
A gray hard loam 7.0 to 21 m thick occurs below
this layer.

The fourth section, up to 3.7 km long, is the most
solid base for the ash dump dams and is penetrated

5 Report “Geotechnical survey for design of ash dump of
Karaganda CHP”, performed by “GeolProject and K” LLP in 2019.
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by wells 323-19, 373-19 and up to well 350-19. The
section is characterized by the following lithologies:

— brown hard water-saturated loam 1.7 to 15 m
thick;

- rubbly hard water saturated soil with loamy
and sandy loam aggregate from 1.5 to 10.4 m thick;

—rock and semi-rocky soil represented by gray
massive sandstone of medium water saturation from
1.0 to 11.0 m thick.

The stability of a filling dam is strongly influenced
by its base watering due to rising groundwater
table®. This leads to a deterioration of the strength
characteristics of base rocks and a decrease in their
strength. Thus, the various combinations of the
degree of watering of a dam and its base need to be
considered when modeling [1, 2, 6, 7].

Based on the analysis of the designed hydraulic
structure base lithology, the most critical and
characteristic cross-sections across the perimeter of
the ash dump embankment were selected.

The criterion for dam slope stability is the com-
pliance (for the most dangerous wedges of failure)
with inequality [3]:

1
vﬁFMq)S%iRL;—}

n g

where y, is load combination factor; F is design
value of generalized force impact, determined taking
into account the load safety factor y; (f is resultant
active forces or moments of these forces relative to
the shear surface axis, which depends on the slope
stability computation method); vy, is condition load
effect factor; vy, is facility responsibility factor; R is
design value of the generalized bearing capability of
a “building - base” system, defined taking into account
the safety factor for a soil v, i.e. generalized design
value of the ultimate shearing resistance forces along
the surface in question.

When searching for a dangerous shear surface,
a FoS dependence can be used

n =£2M'
3 F ’YC

For hydraulic structures of the II category of
importance [2, 8, 9], to which the designed structure
belongs, factor of safety (FoS) is equal to:

1) with a special combination of loads during
operation:

Yo¥r 1,2-0,95
n = =

~1,14;
oy, 1,0

¢ SP RK 3.04-103-2014 “Foundations of hydraulic struc-
tures”
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2) at the main combination of loads during
operation:

) Yl 1,210
oy, 1,0

In order to study the stability of the designed
dams and the correctness of the decisions made,
simulation of altered characteristics of the designed
embankment in various conditions of operation was
performed. This was based on the provisions of regu-
latory documents (SNiP RK 3.04-40-2006 “Loadings
and impacts (wave, ice and from ships) on hydraulic
structures”)’.

The following computations were performed in
the course of the simulation:

1) hydrostatic pressure at maximum filling
without a dam watering;

2) hydrodynamic head at minimum filling with
a watered dam;

3) pore pressure at maximum filling without
a dam watering;

4) pore pressure at minimum filling with a wa-
tered dam,;

5) hydraulic pressure gradient at full filling of the
ash dump basin;

6) hydraulic pressure gradient in the initial period
of operation;

7) volumetric moisture at full filling of the ash
dump basin;

8) volumetric moisture in the initial period of
operation;

9) computations of the embankment inner
slope stability for different combinations of the
embankment watering degree;

10) computation of the
embankment outer slope.

This paper presents the findings of inner slope
stability computations for the most characteristic
cross-section at well 373-19 for various combinations
of dam watering. It also takes into account the pres-
ence/absence of “geomembrane”, and pore pressure
values, as well as the complicated part of the embank-
ment next to well 324-19. The computations were
performed using the “Phase2” computer program
for different combinations of loads: filled soils with
standard strength characteristics, compaction factor
of 1.75, ash dump basin filling for the initial period of
0.4 m, and up to the level of 533.1 m. The slurry com-
position by content was 1/10-1/14. The characteristic
cross-sections were compiled based on the lithologi-
cal units found in the wells closest to the cross-sec-

1,2.

stability of the

7 SNiP RK 3.04-40-2006 “Loads and impacts (wave, ice
and from ships) on hydraulic structures”.
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tions®. The physical and mechanical characteristics of
soils were taken according to the research of soils in
wells drilled along the perimeter of the territory, al-
located for the ash dump. The computations showed
that factor of safety (FoS) of the inner slope of the dam
at the cross-section passing through well No. 373-19
without watering (the inner slope is reinforced with
geomembrane and rock fill) is 1.718, and, with dam
watering, 1.064.

Computations for the complicated embankment
part near well 324-19 carried out, in order to assess
the stability of the inner slopes of the embankment
showed that FoS of the inner slope of the dam at
well 324-19 without watering (with the inner slope
strengthened by geomembrane and rock fill) is 1.672,
and, with watering, 0.986. Fig. 1 shows the computa-

8 Report “Geotechnical survey for design of ash dump of
Karaganda CHP”, performed by “GeolProject and K” LLP in 2019.

Program of geotechnical survey performed by “GeolProject
and K” LLP in 2019.
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tion using the “Phase2” program of the embankment
inner slope stability at characteristic cross-section
324-19 (near well 324-19) when the dam is watered.

The area allocated for the ash dump has difficult
hydrogeological conditions, so resolving the problem
of prior dewatering of the area and water diversion
is paramount, in order to ensure the stability of
erected structures. The simulation showsthat in order
to ensure the stability of the inner and outer slopes
when the dam is watered, pipe drainage needs to be
installed.

The Phase2 program was used to calculate the
stability of the outer slope of the selected sections.
This takes into account the homogeneity of the
soil mass, composed of filled soils (loam) with pipe
drainage in place. Computation of the stability of
the outer slope in cross-section no. 373-19 showed
that FoS of the outer slope is 1.806, and for a special
combination of loads at a seismic impact of 5 points
(Fig. 2), 1.533.

FoS =0.986

Drawdown curve

Legend:
E=d clay

B Ash

Loam (dam filling soil)
Sand-and-gravel loam

Fig. 1. Computations of embankment inner slope stability at characteristic cross-section 324-19
when the dam is watered

FoS =1.533
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Fig. 2. Embankment outer slope stability computations for cross-section 373-19
at a special combination of loads
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The calculated position of the depression curve
was determined by filtration computation using the
FEM (finite element method). Filtration strength
of soils, as well as that of impervious barriers,
was estimated on the basis of the appropriate
computations and experimental studies of soils at the
head gradients acting in a structure. This also took
into account the stress-strain state of the structure
and its base, design features, construction methods,
and operating conditions [6-9].

Fig. 3 shows the depression curve and the calcu-
lated head gradient in the downstream (outer) slope
of the embankment. According to filtration compu-
tation, the maximum design value of the effective
head gradient in the downstream slope ranges from
0.523 to 0.360.
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An outer slope strength analysis was performed
in Phase2 for the weakest cross-section through
well 324-19 with pipe drainage. The GLE/Morgen-
stern-Price method was used, taking into account the
distribution of the main limit equilibrium with sur-
charged dam body. The method uses artificial loading
as a basis, in order to identify weaknesses and possi-
ble failure points (Fig. 4). In this particular case, the
weakest in terms of the stability factor is sector 3 on
cross-section no. 324-19 (see Fig. 4).

During the analysis, a possible shear line for each
sector is constructed separately. The computations
show that the critical factor of safety at cross-section
no. 324-19 is 1.026 (Fig. 5). This does not meet the
requirements and criteria for the dam slope stability,
which should be equal to 1.2.

FoS =1.664

Legend:
Loam

RBE&X Ash

Loam (dam filling soil)

Fig. 3. Drawdown curve and head gradient readings
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Fig. 4. Computation for cross-section no. 324-19 to identify weaknesses and possible failure points
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According to the computations performed, the
structural concept for the erection of an embankment
made of a homogeneous soil mass (loam) with a clay
base and without a cutoff wall will not ensure the
stability of a dam next to the cross-section through
well No. 324-19.

In order to ensure embankment stability, pipe
drainage and a cutoff wall in the base of the dam for
reliable connection with the base were applied. The
designed dam body made of heterogeneous soil mass
(loam with admixtures of sandstone and gravel) was
used. The structural cross-section of the design dam
body is shown in Fig. 6.

Computations of the stability according to the
second option of the dam design for the cross-section
defined by wells 324-19, 366-19 and 332-19 300 m
long with a clay base showed FoS = 1.664 for the main
combination of loads, and FoS = 1.430 for a special
combination of loads under seismic action.
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Conclusions

The stability of the embankment and separating
dams of a TSF is determined by a complex of geotech-
nical, hydrogeological, and anthropogenic factors.
The following have the greatest influence: physical
and mechanical characteristics of soils and tailings
(wastes); the process of construction and operation of
a structure; nature of its base; hydrodynamic, hydro-
static, seismic, and dynamic forces®.

When designing embankment structures of
dumps for ash and slag materials removed from
boiler rooms of CHPs, many factors need to be es-
tablished. These include: selection of the location
of a dump and embankment; determination of the
geological characteristics (lithology) of the embank-
ment and dam bases; modeling the type and parame-
ters of structures depending on the volume of waste

9 MSP (Interstate Building Rules) 3.04-101-2005 Deter-
mination of basic design hydrological characteristics.

100.00 kN/m?

FoS =1.026

B Ash

Loam (dam filling soil)

Fig. 5. Computation of outer slope stability for the weakest cross-section through well 324-19
with pipe drainage in place
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Fig. 6. Structural cross-section of the dam body with cutoff wall and pipe drainage
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disposed; determination of materials for the con-
struction of an embankment body based on possible
close location of a quarry as a source of building ma-
terials; determination of the structural features of
an embankment body, which should ensure required
strength of an erected facility.

1. When designing the embankment of ash dump
No. 3 of Karaganda CHP-3, a software program based
on the finite element method allowing for ground
conditions to be simulated in accordance with the
strength and strain characteristics of a dam body
filling soils and a base soils, was used.

2. The computations were performed using the
“Phase2” computer program for different combina-
tions of loads for filled soils with standard strength
characteristics and a compaction factor of 1.75, ash
dump basin filling for the initial period of 0.4 m and
up to the level of 533.1 m. The slurry composition by
content was 1/10-1/14. The computations were made
taking into account the homogeneity of the dam slope
soil mass composed of bulk soils (loam) and pipe
drainage in place at the base. The inner slope is rein-
forced with a geomembrane and a rockfill.

3. The simulation showed that the calculated
values of the characteristic cross-sections exceeded
the regulatory values of the stability factor for struc-
tures of category II, which are equal to 1.2 and 1.14,
respectively, except for the section with a clay base.
The stability of filling dams is practically ensured
along the entire perimeter of the embankment ex-
cept for the section with a clay base.

4. When modeling the 300 m long (approx) dam
body section, the base of which consists of red-color-
ed and brown hard water-saturated clay with thick-
ness from 5.5 to 8.5 m and loam of small thickness
(1.5-1.8 m), it should be considered that the stability
of a filling dam is strongly affected by the watering of
its base due to rising groundwater table!?. This leads
to a deterioration of the strength characteristics of the
base soils and a decrease in their strength. Thus, when

10 SP RK 3.04-103-2014 “Bases of hydraulic structures”.
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simulating, it becomes necessary to consider various
combinations of the degree of watering of a dam and
its base.

5. Computations of the stability of the dam built
of homogeneous soil for the section with clay base
in the worst conditions with maximum moisture of
soils and minimum values of their strength charac-
teristics showed that the condition of the dam slopes
is close to the limit. The critical factor of safety at
cross-section no. 324-19 is equal to 1,026, which
does not meet the requirements and criteria for the
dam slope stability.

Erection of an embankment made of homogene-
ous soil without additional structural elements to in-
crease the structure strength can lead to violation of
its integrity when the soil moisture and groundwater
level increase.

6.In order to increase the strength of the em-
bankment for the 300-m section with a clay base de-
fined by wells 324-19, 366-19 and 332-19, the dam
design, in addition to the built-in pipe drainage,
provides for a cutoff wall in the base and a soil-fill
toe (made of loam with sandstone and gravel ad-
mixtures), with the subsequent erection of the dam
made of loam to the design parameters.

A structure option of the dam body at this specific
section, developed on the basis of the simulation,
provided a factor of safety values for the outer slope
at well no. 324-19. This was FoS = 1.664 for the main
combination of loads, and FoS = 1.430 for a special
combination of loads under seismic action.

The ideal soil for the dam body construction is
a soil, formed by large particles and clay-filled pores.
Such a soil is characterized by a relatively high angle
of internal friction, corresponding to a coarse-grained
soil, and a low filtration coefficient, corresponding to
a clay soil.

7. According to the filtration computations, the
maximum calculated value of effective head gradient
for well no. 324-19 will be 0.523; for well no. 373-19,
0.597; for well no. 381-19, 0.651; the regulatory value
is not more than 1.3 [2, 6].
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