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ABSTRACT

Field research for the purpose of the construatiothe Thermal Power Plant Ugljevik 3 wasconducted
in two phases. In the first phase for the smalbeps of the fieldworks, more laboratory analysesewe
performed. In the second phase, fieldworks weredgoted in a larger scaleand laboratory analyses
were considerably smaller.Designers dictated diffevolume of laboratory tests. In the first phase
local legislation was respected while in the secpim@ise Chinese planners considered that thereavas n
need for larger volume of laboratory tests thergiyng more importance to the field study of drith
cores, SPT experiments and chemical analyses afihe
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INTRODUCTION

Geological and geotechnical studies at the locatibnhe Thermal Power Plant Ugljevik 3 were
conducted in two phases - the first stage for tmpgse of conceptual design and the second one for
detailed design. Within the first phase of the aesle, a smaller volume of exploratory wells was
carried out with accompanying laboratory teststHa second phase significantly lower number of
sampleswas prepared compared to the number ofraxmpig wells.

Depending on the characteristics of the rocksveréical profile, to a depth of about 30.0 m, dibed
and undisturbed soil and rock samples were takamp&s were processed in the laboratory of the
Technical Institute in Bijeljina.

Various volumes of sampling in the first and thewea phase of the researchwere dependent on
designers. In the first stage of the research, Emmpgere taken in accordance with our local legisa

on data requirements for sufficient exploratiorgeblogical environment. Designers who came from
Chinese school that minimizethe significanceof tabary tests in comparison to the fieldworks,
especially SPR experiments and geophysics, wetacegpin the second phase.

Sufficient volume of data from the first phase wddita from the second phase anyhow provided basic
knowledge of geological environment, that is adayérs in a vertical section. This paper will prase
overall volume of laboratory analyses and methggdied as well as parameters for isolated areas.

Technical Institute Bijeljina, Archives of Techri&iences. Year V -°N. 15



burié, N et al: Laboratory testing of ...... Aiebs of Technical Sciences 2013, 9(1) 15-23

SAMPLES OVERVIEW

During the exploratory drilling and preparationexfploratory wells, more samples were taken than it
was delivered into the laboratory. Some sample® wlamaged during the removal or packagingand
transport to the laboratory. Also, when selectimgngles in the field and sending them to the
laboratory, a selection is made if multiple samgtem the same geological environment occur. After
sampling has been completed selected sample ismbwsith paraffin depending on whether it
wastaken into cylinder or the cores, and transpdrdehe laboratory on a daily basis.

Selection of samples for the laboratory undertakedollowing:

¢ A description of the sample with certain data on:
0 number of the well
0 depth of sampling
o lithological description
0 date of shipment to the laboratory

During the first phase of the research, from 39syét the laboratory were taken:

e 194 samples, out of which:
0 42 disturbed and undisturbed samples of the soil
0 152 samples of the rocks

In the second phase field research is considenaidgr. It has been made 100 wells wherefrom
significantly fewer samples were taken comparetthésscope of the research:

e 130 samples, out of which:
0 13 disturbed and 98 undisturbed soil samples
0 16 rock samples

» 3 samples of water

After sampling has been completed selected sampteviered with paraffin depending on whether it
was taken into cylinder or the cores, and tranggloid the laboratory on a daily basis.

RESULTS OF LABORATORY ANALYSES

Laboratory testing of samples wereperformed in otoenable a proper way to receive all the samples
that came in the laboratory of a specific instituteluding the following:

« Alist of all samples with specified data on:
0 number of the well
0 depth of sampling
o lithological description
0 date of receipt of the samples in the laboratory

» Selection of the samples by type of
o the soil — disturbed and undisturbed
0 rocks
o water

* Selection of the samples according to the schegfulboratory tests
¢ Conditional storage of all samples, including proptrage area where there will be no

violation of the basic characteristics of the samptuch as natural humidity, structure and
shape.
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In the first stage of the research, out of samiglleen from 35 wells, in the laboratory were proedss

e 183 samples, out of which:
0 34 disturbed and undisturbed soil samples
0 149 rock samples

In the second stage of the field research, smalletber of samples was processed in the laboratory:

e 121 sample, out of which
0 10 disturbed and 95 undisturbed soil samples
0 16 rock samples

e 3 samples of water

All the samples of the first phase were processethé laboratory of the Technical Institute in
Bijeljina while the samples of the second stagesvegralyzed in three laboratories:

e Laboratory of the Technical Institute in Bijeljiral03 samples of soil and rocks
* MOL from Belgrade — 18 samples of soil for chemigahlyses
* The Institute for Water from Bijeljina - 3 samples

Samples selected for laboratory analyses presevedst all of their natural featuresfrom the place
and time of their sampling until thearrival in tladoratory.

On the basis of previously made programme of lgboyaanalyses, they were conducted in
accordance with applicable standards in BosniaHemdegovina. The sequence of testing of samples
in the laboratory of the Technical Institute indjijna is shown in Figure 1.

In situ investigations defined geological enviromtsein vertical profiles, and laboratory analyses
determined their geomechanical properties.

Geological environment 1,belongs to Quaternary sediments of alluvial sedisy@nd deluvial —
proluvial formations. A complex of alluvial sedintenis made of gravels, sands and clays, of
thickness up to 4,0 m. Deluvial - proluvial sedinsetonsist of clays and rarely clayey debris. Tthey
not spread over the entire site and have maximickriass up to 7.0 m. Complex of these sediments
is characterized by plastic environments that belwastically and rarely as a liquid.

Geological environment 2,belongs to a complex of rock substrates that it bérnarly sediments
such as marly clay, clay marl and clay marl witteibeds of marly clays with thickness from mm to
dm. Transitional sediments from substrates tow&udaternary sediments are sediments of substrate
weathering crustand sandstone blocks immersed dlggey ground. Substrate weathering crust
sediments are not widely distributed while sandstblocks immersed into clayey mass can be of
larger dimensions. They have no larger distribution

Geological environment 3,is built of marls with interbeds of sandstonesdrtickness from mm up

to dm.Frequent alterations are presentand theynargfestedin certain intervals in the form of btigh
banded sandstones and dark bands ofmarls.In auldifi@ environment is characterized by the
presence of marls alternating with clayey marl.t B&rthe marly rock complex is characterized by
more expressed fractures, where the cracks aretsraod compressed. Softer marly rocks are typical
of quasi-plastic medium.

Geological environment 4,is built of marly rocks with a small presence ahdstone. There can be
found marls with interbeds and lenses of sandsteare]y marl and marl with sandstone, which often
alternates with clayey marl of thickness from cmdim. Harder rocks are characterized by the
presence of fractures usually at an angle dfwbile greater presence of softer rocks givesquasi-
plastic properties to the environment.
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SCHEDULE OF LABORATORY TESTS

SAMPLES RECEIP

REGISTRATION OF SAMPLES IN THE RECEIVING BOC

LABEL OF THE WELL
DEPTH

LITHOLOGICAL DESCRIPTION
CLASSIFICATION

l

TESTING PLAN CREATIOM

DISTURBED UNDISTURBED ROCK
SAMPLES SAMPLES SAMPLES
NATURAL NATURAL MONOAXIAL
HUMIDITY HUMIDITY STRENGTH

PARTICLE-SIZE PARTICLE-SIZE BULK

ANALYSES ANALYSES DENSITY
SPECIFIC SPECIFIC MONOAXIAL
GRAVITY GRAVITY STRENGTH

VOLUMETRIC VOLUMETRIC ANGLE OF INTERNAL
WEIGHT WEIGHT FRICTION AND COHESION
WATER PERMEABILITY WATER PERMEABILITY POISSON'S
RATIO RATIO RATIO
OPTIMUM WATER ATTERBERG PLASTICITY YOUNG MODULUS OF
CONTENT LIMITS ELASTICITY
OEDOMETER TEST OF
CER VALUES COMPRESSIBLITY
DIRECT SHEAR
TEST

v
PROCESSING OF DATA OBTAINED IN LABORATORY TESI

Figure 1.Sequence diagram of testing of sampléseitaboratory of the Technical Institute
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Geological environment 5,is made of sandstone that is characterized bynaliens of sandstones
and interbeds of marl, then sandstones and intsrbé&dnarl and clayey marl. At the location it
extends at a depth of 26.0 m. Rocks belongingisoréfgion are very cracked and fractures are mostly
rough and filled with clayey matter. Certain padsntaining mostly sandstone, are characterized by
brittle areas and in the places of local charageasi-plastic medium can be separated.

Laboratory tests were conducted in accordance feitbwing applicable standards in the field of
testing of soil, rock and water, Table 1.

Table 1. Types and methods of laboratory testingpdf rock and water

Laboratory tests on soil samples

TYPE OF TEST

STANDARDS

Grain-size distribution

BAS CEN ISO/TS 17892-4:2009

Consistencylimits— Atterberg limits

BAS CEN ISO/T%892-12:2009

Specific gravity of soil

BAS CEN ISO/TS 17892-3:200

Volumetric weight of soil

BAS CEN ISO/TS 17892-202

Soil humidity

BAS CEN ISO/TS 17892-1:2009

Water permeability ratio

BAS CEN ISO/TS 17892-1120

Direct shear test

BAS CEN ISO/TS 17892-10:2009

Soil compressibility test

BAS CEN ISO/TS 17892-9920

Optimum water content — Modified Proctor's
experiment

BAS EN 13286-2:2011

Determination of Californibearing rati —
CBR test

JUS U.B1.04

Chemical analyses of the soil

Sulphates, SgY

Standard method 4110 B

Chlorides, Cl

Standard method 4110 B

Calcium dissolved in water, €a

SRPS H.Z.181

Magnesiumdissolved in water, Mg

SRPS H.Z.181

Bicarbonates, HCO

Internal method

Carbonates C§

Internal method

Gypsum Internal method
Total dissolved salts Standard method 2540 B
pH EPA M 9045 D

Laboratory testing of rock samples

Ratio of density and porosity

BAS EN 1936:2009

Uniaxial compressive strength

JUS B.B7.126

Laboratory testing of water samples

Total alkalinity

BAS EN ISO 996-1:200(

Carbonate Calculated by the meth(BAS EN ISO 996-1:200(
Bicarbonate Calculated by the meth(BAS EN ISO 996-1:200(
Sum Ca an Mg BAS ISO 6059:200

NH; - N BAS EN ISO 715-1:200z

NO;. N BAS EN ISO 1030-1:200:

Chloride: BAS EN ISO 1030-1:200:

Sulphate: BAS EN ISO 1030-1:200:

Total of solid: Standard methods 2540 (C)AP-AWWA -WEF 200!
Total of soluble matt Standard methods 25 (C)APHA-AWWA -WEF 200!
Free CO, Calculated by the meth(BAS EN ISO 996-1:200(
Calciurr,., Standard methods 3500 (B)API-AWWA -WEF 200!
Magnesun,. Computationall
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Results of laboratory analyses for selected gecébgnvironments are presented in Table 2, which
shows the limit values from minimum to maximum21 3, 4, 5]. These parameters cannot be used for
geostatic analyses since they refer to the enteendiere the research was conducted.

COMMENT ON THE RESULTS

Soil samples refer to geological environment 1 avak samples to other geological medium. Due to
the presence of faults in the research area, depthwdividual mediums are different. In addition,
there are frequent alternations of mediums in gréical profile.

Values of parameters for all environments are ngwna slightly wider range and data that can be
reliably used for geostatic analyses, necessargidsign of buildings, are obtainedby their coriefat
and translation into parameters of rock mass.

Facilities located in the complex of future therrpalver plant are of different importance, bothizes
and content of the plants that require completiple structure to be installed on. For these regso
all necessary parameters were analyzed as webraditions prevailing in geological environments,
especially in the area of present faults.

Chemical analyses of the soil related to geologialironment 1 showed the presence of various
concentrations of individual elements. Concentratiare generally increased due to the presence of
the Thermal power plant Ugljevik 1. Most of thetpaes of certain elements are transferred to tiile s

to a certain depth by means of surface water tfidirates into the soil.

Various concentrations of particular elements inewgamples are characterized by their movement
through different geological environments at vasiaepths affectedbythe fault area. In some places
there is a direct connection of surface water with fault zone, that is water from geological
environment 1 interferes with water from the fazdine. In other parts of the field, the fault zone
intersects individual geological environments irajer depth, aggravating the connection with sarfac
waters.

The presence of the Thermal power plant Ugljevibravides increased concentrations of certain
particles in the air and on the ground and surfeaters. To which extent are particles reflected int
the surface water and further ontransferred towandterground water should be the subject of special
research.

For a more detailed study of various concentratioihsertain elements in underground water it is
necessary to establish an observation network efzopneters and determine the sampling
frequency.Filter construction should be installedpeezometers, in the media which the underground
water is coming from and being affected by thetfaul
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Tabel 2. Results of laboratory testing of soil,ugrd and water

Laboratory tests REZULTS
Geological environment| Geological environment| Geological environment| Geological environment| Geological environment
1 2 3 4 5
SOIL 1 2 3 4 5
Grain-size distribution
grave 0,00 %
sanc 7,15-38,45Y%
dus 41,79- 74,65 %
clay 10,59- 16,55 ¥
Consistency limits — Atterbeg limits
Yield point W, 28,91-51,33 ¥
Plastic limir Wp 13,36-21,20 %
Plasticity inde: Ip 15,58-34,40 ¥
Consistency inde c 0,582-1,32%
Liquidity Index I 0,113-0,37%
Specific gravity 25,61 — 27,06 kN/m
Volumetric weight of soil 17,25 — 20,35 kNim
Porosity 30,94 - 40,62 9
Soil humidity 9,68 — 24,87 %
Water permeability ratio 1,16xP07,06x10° cm/s
Direct shear te
Cohesion (c) CD and R c=14-28 / 12-25 kN/m
Angle of internal friction§) CD and R $=10-20/9-18
Soil compressibility test
Modulus of compressibilit Mv1gc.0c 1721- 10363 kN/n?
Modulus of elasticit Exc.10c 44444- 12654 kKN/n*
Porosity ratis €10C-200/20¢-10C 0,41:-0,599/0,55-0,36:
Coefficient of consolidatic Cv;gc.ooc 2,47x10>- 7,21x10° cnfls
Compressibility inde Cc 0,104- 0,20z
Water permeability rat 1,23x10-7,37x10" m/s
Optimum water content — Modified
Proctor's experiment 12,22 — 16,37 9
Determination of California bearir
ratio — CBR test 3,3-44%
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2

3

Chemical analyses of the ¢

Sulphates, Sg&¥

7,85 — 134,15 mg/k

Chlorides, ClI

21,29 — 128,89 mg/k

Calcium dissolved in water, €a

Magnesium dissolved in water, Kig

28,60 — 67,50 mg/k
21,10 — 32,20 mg/k

Bicarbonates, HCO

160,30 — 288,40 mg/k

Carbonates C§J < 0,5 mg/kg

Gypsum < 0,5 mg/kg

Total dissolved salts 1360,0 — 5360,0 mglkg

pH 6,04 — 7,47

ROCKS

Density 2346 — 2482 kgfin 2354 — 2558 kg/m 2491 — 2568 kg/m 2498 — 2651 kg/m
Porosity 0,875 — 2,541 % 0,269 — 2,148 % 0,46283.% 0,165 - 0,743 %
Humidity 1,11 - 8,65 % 1,72 -5,79 % 0,71 -5,42 % 0,64 — 3,84 %
Monoaxial strength 2,39 — 6,94 MPa 2,49 — 16,8AMP 4,68 — 14,96 MPa 12,02 — 49,55 MPa
Angle of internal friction 13,13 — 25,07 13,8033 16,49 — 33,56 27,27 — 40,25
Cohesion 0,44 — 1,48 MPa 0,84 — 1,92 MPa 1,282 BlPa 1,65 - 6,37 MPa
Poisson's ratio 0.111 - 0,306 0,115 - 0,309 010271 0,112 — 0,345
Modulus of deformation 148 — 778 MPa 140 — 131%BMP 292 — 1494 MPa 1316 — 10478 MPa
Youngmodulus of elasticity 210 — 798 MPa 269 -9 BBPa 398 — 1976 MPa 1447 — 13032 MPa
WATER

Total alkalinity 202,0- 1054,0 g/r®
Carbonate Faultzone — passing through geological environmen3,4,5 <10,0- 24,1 g/in®
Bicarbonate 248,0- 665,5 g/n°
Sum Ca an Mg [ 28,0-536,0 g/n°

NH;-N — ~7 0,07-0,75 g/n®

NO;-N <0,02-1,58 g/n°

Chloride: 27,74- 51,55 g/n™

Sulphate 0,56-109,2 g/ | )

Total of solid: 500,0- 1427,0 g/r®

Total of soluble matt 421,0- 1178 g/n®

Free CO, 217,0- 928,0 g/n°

Calciurm,. 8,7-155,8 g/n°

Magnesum. 1,6-35,9 g/n°
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