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In Polish mining for backfilling the fly ash mixtures are used. Last time for fly ash mixtures preparation the saline wa-
ter from mine have been used, to thanks to that the saline water missing the surface waters. Usage of saline water for fly ash
mixture preparation causes the changes in energy looses during the flow in pipelines. The paper presents the results of en-
ergy looses measurement in laboratory pipeline installation with diameter D = 50 mm. The measurements have been per-
formed for different fly ash — saline water proportions. Tested fly-ash from Siersza power plant has typical properties
(grain size distribution curve, density) for ashes used for backfilling mixtures preparation. Increase of fluid (water)
salinity modifies fluid viscosity. Brine in comparison with pure water retains as liquid with increased viscosity. In-
creased viscosity can influence on the mixture ash-brine properties for example causing flocculation effect. Also
changeable salinity has an influence on proper determination of resistance (frictional) coefficient A during mixtures
flow in pipelines because it depends on Reynolds number which depends on liquid viscosity. Increase of fly-ash con-
centrations in fly-ash — brine mixtures cause increase of energy losses.
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Introduction. Exploitation of the natural raw material sources cause the creation of the after
exploitation underground voids of large capacities. These empty voids left without filling can con-
stitute the real risk for objects located on the earth surface and cause unfavourable changes in natu-
ral environment. For example the typical changes in natural environment in mining zone occurs as
disruption in ground water conditions, surface deformation etc. From the other side, the exploitation
of natural raw material sources, processing and end-usage cause creation of a significant waste
amounts. Mining processes cause two types wastes creation: wastes from mining (gangue etc),
wastes from process.

Second, significant group constitute wastes from power industry (from power and heat and
power plants) where hard or brown coal is heated. The basic kinds of wastes in this group are: fly
ashes, slag.

These wastes must be stored somewhere, the basic way to solve this problem is to store these
wastes on the earth surface in dumps. Disadvantage of this storing way is intending bigger and bigger
earth areas for that aim. Great dimension of these storage (dumps) causes changes in landscape and
natural environment. The physical and chemical properties of the materials stored in dumps cause spe-
cific difficulty in their reclamation [1-5]. These storage areas without right protection systems which
gives possibility of control the pollution migration are dangerous for natural environment resources
(ground and surface waters, air, soil etc.) and indirectly or directly to the human. Wastes created in min-
ing processes have not only the solid form, they can also have a liquid form. In natural resources exploi-
tation the other natural resources are used as for example water. The physical or chemical properties of
water after passing through the technological cycle are changed, for example it becomes strongly saline.
For the sake of content of different chemical substances and toxins, these waters can not be directly re-
leased to the surface waters and can not be subjected to natural biodegradation process. To save clear
natural environment there is a necessity to look for a new environmental friendly storage ways.

In mining materials as fly ashes slag etc. as materials for empty void backfilling can be used. This
way of waste development is not a pure storage because some of these materials properties for effi-
ciency and mining safety improvement are used. Some characteristic properties of fly ashes for self-
setting backfilling can be used.

Backfilling mixture. Most often a mixture for backfilling consist of specific proportions of
fly ash, saline water, gypsum etc. Hydraulic filling is transported to the build in place in pipeline
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Fig.1. Grain size distribution curves for fly ashes from
two Polish stations (Siersza and Opole) Fig.2. Pseudo-flow curves for pure water and different brines

installations. For proper hydrotransport pipeline installation design and work the knowledge of mix-
ture parameters (viscosity, concentration, density), energy looses is very important. Mixture properties
have big influence on pressure looses and flow conditions [6-9]. During mixture flow the pressure
looses are higher in comparison with the clear water flow. Mixture properties depend on solid parti-
cles concentration, fluid viscosity etc. Properties of flowing mixture change with increasing of fine
particles content. For low mixture concentration the Newtonian properties are characteristic, but if
concentration increasing above the specific limit concentration the properties change and mixture be-
comes non- Newtonian. Mixtures for backfilling must have specific features: good transportation
properties in pipeline installation, good migration parameters, adequate sedimentation and consolida-
tion time, compressive strength, load capacity, high a wash out resistance in contact with tailwaters.

In Polish mining for self-binding filling the following materials are used: flu-ash, gypsum, Portland
cement 35 and saline water with salt concentration between 0-70 g/dm’. Content of free calcium oxide
and gypsum cause that the ashes have hydraulic binding properties (pozzolana) and in contact with wa-
ter they create ash-concrete with high compressive strength (1.9-6.8 MPa). Physical, chemical and
mechanical ash properties depend on kind of coal that has been burned. The fly ashes density p;
changing in a range 1.8-2.6 Mg/nr’. Specific for these materials is that they have characteristic grain
size distribution curves, practically all fractions are smaller than 1 mm. Typical grain size distribu-
tion curves for fly ashes from two Polish power plants are shown in Fig.l. One can observed that
these ashes have significant fractions content with diameter d < 0.2 mm and the percent fractions
bigger than 0,2 mm is rather small (up to 15 % in extreme case).

Brine Viscosity Meaurements. Rheological characteristics (pseudo-flow curves t = f(G,) for
pure water and brine have been measured with internal rotated cylinder viscometer Rheotest 2. All
rheological characteristics for pure water and brine have been performed with measuring system N —
especially designed for low viscosity fluids measurement. Pseudo-flow curves obtained for clear
water can be treated as comparative characteristics to show the influence of salt content on in-
creasing liquid viscosity [10-13]. The rheological measurements have been performed for clear
water and different brines. The characteristics of tested brines is shown in Table 1.

Measured pseudo-flow curves for different evaporated salt concentration are show in Fig.2.

Investigations for brine — fly ash mixture flow. For the sake of increasing usage of saline
water in hydraulic filling mixtures preparation, author performed

laboratory tests on influence of saline water on mixture parame- Table 1
ters and energy looses during flow in experimental pipeline in- The characteristics of tested brines
stallation with diameter D = 50 mm. The experimental set up has :

L - . . . Name of brine NaCl content
been built in the Hydraulic Laboratory of Institute of Environ- -
mental Engineering of Agricultural University of Wroclaw and grme z(s)o 175%*‘5 Ii?%l//ddcmg
. . . . rine al cm
its scheme is §h0wn in Figure 3. Measureme'nts have been per-  grine 200 200§NaCl/dcm3
formed accordingly to the methodology described in. Brine 264 264 g NaCl/dem’
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Results. For dry fly-ash the typical physical and
geotechnical parameters as grain size distribution
curve, density ps (kg/m3) have been determined.
Grain size distribution curve obtained form sieve
analysis 1s shown in Fig.1. Density has been deter-
mined with pycnometer method.

Grain size distribution curve shows that fly-ash
from power station Siersza have characteristic
diameter dso~ 0.036 mm. Sand fraction content
(0.05 £ d <£2.0 mm) constitute about 32 % of total
sample mass, however dust content (0.002 <d <
<0.05 mm) reaches 68 %. Ash from Siersza
power plant contains less than 2.5 % particles with

Fig.3. Scheme of the laboratory pipeline installstion
D = 50 mm for hydrotransport parameters measurement

1 — pump, 2 — mixture tank, 3 — measuring tank, 4 — pump speed
governor, 5 — inductive flow-meter, 6 — pressure difference transducer

54 ,
4] ® Ash & Brine 1.5:1 ° diameter smaller than 0.006 mm. Maximal grain
4] ©OAsh&Brine LIl ° size diameter is d = 1.0 mm. Accordingly to Polish
35 ®Ash&Brine Il ° 9 ¢ standards (PN-74/B-02480) grain size distribution
3] aAsh&Brine0.5:1 o’ e ¢ for investigated fly-ash correspond to grain size
g 2.54 ®Brine 70 o9 $ at di§tribut‘i0n characteristic for sand3 dust. Density of
E Ul owater 0 $ a4 this ash is equal p5 =2367.5 kg/m’.
~ s ) 0? At » As it can be seen from Fig.2 brine viscosity
T o8 $ ; A e L 8 increase with salt concentration. Brine retains as
! g ¢ np?l 8 liquid with increased viscosity.
0.51 g8 : :
For energy losses measurements with described
01 15 5 55 3 35 above installation (D =50 mm) the 70 gNaCl/dm’

brine and fly-ash have been used. Energy losses
have been measured in following sequence:

* characteristics / = f(v) measurement during
clear tap water flow in pipeline installation. This
characteristics constitute comparable — control characteristics for checking

» correct work of measuring installation and calibration formulas,

* energy losses measurement for brine 70 flowing in installation,

* energy losses measurements for different mass ratios fly-ash and Brine 70 mixtures, for following
different mass fly-ash — brine ratios: 0.5:1, 1:1, L1:1 and 1.5:1.

Measured characteristics of energy losses I = f(v) are shown in Fig.4.

From obtained characteristics it can be seen energy loses have increasing tendency during in-
creasing both flow velocity and fly-ash content in mixture. Simultaneously to energy losses meas-
urement the following basic mixture parameters have been measured: mixture density p,, mixture
temperature 7(°C).

Medium flow velocity V (m/s)

Fig.4. Measured losses I for different medium flow velocities

Table 2
Obtained and calculated investigation result
Kind of mixture
Parameters
Pure water Brine Ash-brine Ash-brine Ash-brine Ash-brine
Weight ratio fly-ash-brine - 70 g NaCl/dem’ 0.5:1 1:1 1.1:1 1,5:1
T(°C) 16 16*-17.5™ 21-21.5 25-26 27-27.5 28.5
P (kg/m’) 1000 1021.2 1253.7 1420.0 1433.0 1501.5
Y (KN/m®) 9.81 10.02 12.30 13.96 14.06 14.73
Cy - 0.018 0.185 0.307 0.317 0.366

" the test beginning, " end of test

On the basis of measured parameters the mixture density and volume concentration have been
calculated (see Table 2). The data for mixture density and calculation from placed container method
have been obtained. Density has been calculated from formula:
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p, =" 357 @ Ash & Brine 1,51
Vo 031 ©Ash&Brine 1,1:1 ¢
where p,, — mixture density, mo— container with mix- ¢ Ash & Brine 1:1 °
ture, m — container weight, V,, — mixture volume. 0257 4 Ash & Brine 0,5:1 ° ° ® f A
Mixture volume concentration has been from ; | ®Brine70 °o ..
equation: £ o Water § e L
¢ = Pu Py g ois gggss
| Ps =Py . 0.1 .”ii
where p,, — water density, ps — fly-ash density. 0.05 LR
On the basis of known mixture density p, ac-
cording to described in methodology the energy . s A 55 '3 3.5

losses in meter of mixture column have been calcu-

Medium flow velocity (m/s)
lated from formula:

Fig.5. Measured energy losses in meter of mixture colump
P,
l,=1,—,
Pm

where /,, — energy losses in meter of mixture column, /,, — energy losses in meter of water column.

Study results are presented in Fig.5. Results of energy losses measurements show that the en-
ergy losses magnitude increase with mixture flow velocity increasing and with increasing of ash
content (mixture concentration).

Concluding remarks. Tested fly-ash from Siersza power plant has typical properties (grain
size distribution curve, density) for ashes used for backfllling mixtures preparation. Increase of fluid
(water) salinity modifies fluid viscosity. Brine in comparison with pure water retains as liquid with
increased viscosity. Increased viscosity can influence on the mixture ash-brine properties for exam-
ple causing flocculation effect. Also changeable salinity has an influence on proper determination of
resistance (frictional) coefficient A during mixtures flow in pipelines because it depends on Rey-
nolds number which depends on liquid viscosity. Increase of fly-ash concentrations in fly-ash —
brine mixtures cause increase of energy losses.
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