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Abstract. This paper analysis the stability of the mining blocks in Estonian oil shale
mines, where the room—and—pillar mining system is used. The pillars are arranged in a
singular grid. The processes in overburden rocks and pillars have caused the subsidence of
the ground surface. Statistical analysis of the pillars cross—sectional area evaluated the
calculations. Normal distribution control allows determing the stability of a mining block. By
normal distribution of the pillars cross—section area a potential collapse of a mining block
can be expected. Theoretical and in situ investigations in Estonian oil shale mines showed
that their results are close to the modeling ones. The surface subsidence parameters will be
determined by conventional calculation schemes. Presented method suits well for mining
block stability analysis and spontaneous failure prognosis.

1. Introduction

The most important mineral resource in Estonia is a specific kind of oil shale. Its
deposit is located in a densely populated and intensely farmed district. It is estimated that
about 80-90% of the total underground oil shale productlon is obtained by room—and-pillar
method. The area mined by this method reaches 100 km?. It has become apparent that the
processes in overburden rocks and pillars have caused the mining block collapse accompanied
by significant subsidence of the ground surface. The first spontaneous collapse of the pillars
and surface subsidence took place on 1964. Up to present, 39 failures in Estonian oil shale
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mines have been registered, which make up 9% of the total number of mining blocks and

2.5% of the mined—out area.

Identification of the reasons of the mining block collapse, elucidation of the basic
mechanism of this process, elaboration of the method of analysis and prognosis are the main
aim of the presented work.

The potential prognosis methods for pillar and roof stability base on the following features:
1. The normal distribution control of the pillars cross—sectional area;
2. The rate of current rock strength;
3. Convergence curve;

4. Collapse time.
The paper deals with the prognosis method based on the statistical analysis of the

pillars cross—sectional area. Normal distribution control allows determing the stability of a
mining block. By normal distribution of the pillars cross—sectional area a potential collapse of
a mining block can be expected. Method is applicable for practical purposes and gives
excellent results. The land deterioration on the mined—out territories can be evaluated by the
parameters of ground movement mechanism, using the conventional calculation schemes. The
other methods are complicated and do not suit for practical application. They demand
supplementary investigations.
2. Geology and mining

The commercially important oil shale bed is situated in the north-eastern part of
Estonia. It streches from west to east for 200 km, and from north to south for 30 km. The oil
shale bed lays in the form of a flat bed having a small inclination in southern direction. Its
depth varies from 5 to 150 m. The oil shale reserves in Estonia are estimated approximately at

4 thousand million tons.
The oil shale seams occur among the limestone seams in the Kukruse Regional Stage

of the Middle Ordovician. The commercial oil shale bed and immediate roof consist of oil
shale and limestone seams. The main roof consists of carbonate rocks of various thicknesses.
The characteristics of the certain oil shale and limestone seams are quite different. The
compressive strength of oil shale is 2040 MPa and that of limestone is 40-80 MPa. The
strength of the rocks increases in the southward direction. The volume density is (.5~1.8
Mg/m? and 2.2-2.6 Mg/m’ respectively. The calorific value of dry oil shale is about 7.5-18.8
MJ/kg depending of the seam and the area in the deposit.

In Estonian o0il shale mines the room—and—pillar mining system is used. The field of an
oil shale mine is divided into panels, which are subdivided into mining blocks, approximately
300-350 m in width and from 660-800 m in length each. A mining block usually consists of
two semi-blocks (Fig.1). The oil shale bed is embedded at the depth of 40-70 m. The height
of the room is 2.8 m. The room is very stable when it is 610 m wide. In this case, bolting
must still support the immediate roof. The pillars in a mining block are arranged in a singular
grid. Actual mining practice has shown that pillars with a square cross—section (3040 m?)
suit best.

3. Theoretical background

Due to the complicated structure of the pillars and roof in Estonian oil shale mines, the
stability analysis and prognosis demand special calculation methods. In general, the used
methods are complicated (1,2). Statistical analysis and normal distribution control of th: pillars
cross—sectional area is suitable for practical application. Statistical analysis gives information
about the quality of the performed mining works in a mining block. The normal distribution
control of the pillars cross—sectional area allows determining the siability of a mining block.

Investigation is based on the following assumption: by normal distribution of the
pillars cross—sectional area a potential collapse of a mining block can be expected.
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It is known that if a measurement is subject to many small sources of random error,
the measured values (pillar cross—sectional area) will be distributed in accordance with bell-
shaped curve (3). It is claimed that a measurement subject to many small random etrors will
be distributed normally (Gauss distribution). The normal distribution control was made by
kurtosis and skewness (4).

1. Kurtosis characterizes the relative peakedness or flatness of a distribution compared with the
normal distribution. Positive kurtosis indicates a relatively peaked distribution. Negative kurtosis
indicates a relatively flat distribution.

2. Skewness characterizes the degree of asymmetry of a distribution around its mean. Positive
skewness indicates a distribution with an asymmetric tail extending towards more positive
values. Negative skewness indicates a distribution with an asymmetric tail extending towards
more negative values.

The load on the pillar depends on the stiffness of the roof and pillar (5). The roof in
Estonian oil shale mines is enough stiff and in this case the bigger pillar receives the greater
load. The failure begins from the bigger pillars. Consequently, the distribution of the cross—
sectional area of the pillars determines the load on a pillar.

On the other hand, the pillar load depends on the width of the mining block, leading to
the concept of the critical width. The critical width is the greatest width that the rock above the
mine can span before its failure, or, if there are pillars, the width we must mine before the pillars
accept the full weight of the overlying materials (6). Typically, full load comes onto the pillars
closest to the center of a mining block. In fact, the best indicator of critical width in a given
situation will be provided from old mine maps, by records of failures and swface subsidence,
and from measuring roof-to—floor convergence in the mines. The critical width for Estonian oil
shale mines is presented by the following formula (7,8):

L>1.2H + 10,

where L — critical width, m; H — thickness of the overburden rocks, m.

In the three~dimensional case, the critical width transforms into the critical area.

The mining block stability depends on the real parameters of the roof and pillar.
Consequently, in—situ conditions the pillar loads vary from place to place within a mining block.
Investigation showed that the stability of a critical area determine the stability of a mining block
Likely enough, the collapse begins in one critical area (potential collapse center) and then
extends to the barrier pillars.

Normal distribution of the cross—sectional area of the pillars in a mining block is valid as
well for critical area (4). It means that the normal distribution of the cross—sectional area of the
pillars in a mining block determine the stability of a critical area. Take into consideration the
above mentioned; it is visible that if a normal distribution is present in mining block or semi—
block, then a potential collapse can be expected. Presented method does not determine the
exact location and time of the collapse in a mining block.

The method suits well for mining block stability analysis and spontaneous failure
prognosis. It is applicable for practical purposes. The surface subsidence parameters will be
determined by conventional calculation schemes.
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Figure.1. Schematic layout of room—and-pillar mining in Estonian oil shale mines

4. Results
The statistical analysis of the pillars was made for 12 mining blocks (the mines Ahtme
and Estonia). The investigation results of the mining block No. 41 of the mine Ahtme and
No.102 of the mine Estonia are given below.
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The statistical parameters and the results of normal distribution control of the pillars cross—
sectional area are presented in Table.

Table
Statistical parameters of the pillars cross—sectional area.
Statistical Mine
parameters
Ahtme No.41 Ahtme No.41 Estonia No. 102 Estonia No. 102
left semi-block right semi—block left semi—block right semi—block
Standard 6.02 6.07 9.6 9.04
deviation
Kurtosis 0.40 0.38 8.5 6.90
Skewness 0.55 0.35 2.49 2.31
Normal YES YES NONE NONE
distribution

Mine Ahtme, block No. 41

The commercial oil shale bed of the thickness of 2.8 m is embedded at the depth of 53
m. Barrier pillars border the mining block. The spontaneous collapse of the pillars in the left
semi block took place 16 months after the beginning of exploitation. It reached the surface.
The area of destructions was about 24 000 m* the age of the piilars being 3 to 9 months. The
analysis shows that there is one center of a potential collapse. The age of the pillars in the
center of the potential collapse was 8.5 months. Likely enough, the collapse begins in this
center and then extends to the barrier pillars. Normal Distribution analysis shows that if a
normal distribution is present in mining semi-block, then a potential collapse be expected
(Table, Fig.2).

Atmaming block nr. 41
left sids

Ahtms mine block nr.41
fight side

4 i 4 D ¥ + t + +
0 e n an 40 &1t W 0 W 20 30 A 50

pilar square pltar square
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Figure 2. Normal Distribution control of the pillars cross—section area for the
Ahtme mine semi~blocks

Mine Estonia, block No. 102
The commercial oil shale bed of the thickness of 2.8 m is embedded at the depth of
60,5 m. Mining block is bordered by barrier pillars. A spontaneous collapse and the normal
distribution of the pillars cross—sectional area are not present in mining block (Table, Fig.3).
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Figure 3. Normal Distribution control of the pillars cross—section area for the
Estonia mine semi—blocks

The results of theoretical and in situ investigations in Estonian oil shale mines showed
that they are close to the modeling results. The analysis was based on the geometrical
parameters of mining blocks. Presented method does not take into consideration the
theological rock parameters. These problems demand supplementary investigations.

3. Conclusions and recommendations
As a result of this study, the following conclusions and recommendations can be made.
1. Estonian oil shale mines are located in a densely populated and intensely farmed district
where the room-and-pillar mining method is used. The collapse of the pillars has caused the

- surface subsidence, which makes up 2.5% of the mined-out area.

2. Prognosis method based on the normal distribution contro! of the pillars cross—sectional
area, which allows determing the stability of a mining block. It is applicable for practical

purposes.
3. Ifnormal distribution of the pillars cross—sectional area is present in a mining block, then a

potential collapse can be expected. Theoretical and in situ investigations in Estonian oil shale
mines showed that their results are close to the modeling ones.

4. The proposed method suits for stability analysis and failure prognosis.

5. Further investigations are aimed at the rheological and strength behavior of the rocks to
determine the time and exact location of the collapse of pillars and ground surface.

Estonian Science Foundation, Grant No. 3651, 1999-2001, supported the research.
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NOTECU NO ORGANISKAJIEM MESLIEM SAMAZINASANA
REDUCTION OF LEAKAGE FROM ORGANIC MANURE

Imants Plime, Mgr.sc.ing,, lektors
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Cakstes bulv. 5 Jelgava, Latvija, LV-3001.
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Abstract. Environmental problems of leakage minimisation from solid manure
handling in Latvia are discussed. Volume and composition of leakage from solid manure are
investigated in storage period. Amount of plant nutrients in effluents are measured 0,099 kg
nitrogen, 0,029 kg phosphorus and 0,381 kg potassium per tonne manure in 14—day period of
accumulation and storage of solid manure in trailer. Plant nutrients losses in effluent from
densely stockpiled manure are 0,40 kg nitrogen, 0,197 kg phosphorus and 1,372 kg potassium
per tonne manure in 5—-moth storage period while leakage were occurred. In first 2—month
period nutriert losses are 74 % nitrogen, 54 % phosphorus and 54 % potassium of whole
amount of losses in 5—month period. Proposed recommendations are aimed to minimise the
leakage from solid manure in farms in Latvia.

Keywords: solid manure, manure effluent, pollution reduction

1. Ievads

Viens no bitiskiem vides piesarpoSanas avotiem ir noteces no kitsmésliem, kas
nevérigas uzglabafanas rezultdtd piesirpo gruntstidenus ar slapek]a un fosfora savienojumiem.
Slapekla zudumi no kiitsmesliem var sasniegt pat 20 — 50 %, tadé] noteu samazina$ana ir
nozimiga ka no dabas resursu raciondlas izmantoSanas, td ari no vides aizsardzibas
viedokliem. UzglabaSanas perioda ar noteci no katras svaigu kiitsméslu tonnas vidé nopliist
0,14 — 0,26 kg slapekla [1]. Lauksaimniecibas piesarnojuma samazina$anai Eiropas Savieniba
(ES) ir piengmusi Nitrdtu direktiva (EEC/91/676), kas biis japilda ari Latvijai, iestdjoties
Eiropas Savieniba. Helsinku konvencijas par Baltijas jiiras vides aizsardzibu (HELCOM)
pienemtie 1idziga rakstura pasakumi (HELCOM Rekomendacijas 7/2, 9/3 u.c.) Baltijas jliras
piesdrpojuma samazindSanai jau kopS 1992. gada ir saisto§i Latvijai ka konvencijas
dalibvalstij. Pieméram, HELCOM Rekomendacija 7/2 iesaka veidot monitoringu augu baribas
vielu zudumu kontrolei un veikt lauksaimnieciskds raZoSanas metozu ietekmes uz vidi
zindatnisko izpé&ti. Lielakajai- dalai no Latvijas mazajam fermam nav ierikotas kiitsméslu
kratuves ar §kidrumu necaurlaidoSu pamatni, pie kam daudzam kiitim nav vircas uzkrasanas
tvertnu. Notec€m nonakot gruntsGdenos, nereti pasliktinds dzerama fidens kvalitate akas.
Piem@ram, no apsekotajam astonpadsmit Zanas pagasta zemnieku saimniecibu dzerama tidens
akam slapekla koncentracija se$ds un fosfora koncentracija divas akds bija augstaka par
pielaujamo. Noteces no kiitsméesliem veidojas no svaigos kiitsméslos esosa gravitacijas
§kidruma (masa neuzsiktais un gravitacijas spéku ietekmé notekoSais 8kidrums) un no
komposté$anas procesa raditd Skidruma summas. Racionala kiitsmeslu uzkrdSana ar
palielinatu pakaiSu devu un to kompostéSana kratuvé var samazindt vai pat noverst
piesdrnojoso note¢u nopliides gruntsiidenos. Ipadi aktudla minétd probléma ir nelielam un
vidéjam (lidz 5 majlopu vienibdm) saimniecibam, jo tam Sobrid netiek paredzéta prioritdte
subsidiju sapem$anai modernu kiitsméslu kratuvju biivei vai progresivu Skidrméslu
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