Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2016. Vol.15, n0.20. P.293-300. DOI: 10.15593/2224-9923/2016.20.10

BULLETIN OF PNRPU. GEOLOGY. OIL & GAS ENGINEERING & MININ(}/"
BECTHHUK ITHHUITY. TEOJIOT US1. HE(I)TEFA3OBOE N I'OPHOE ,Z[E i :

ISSN 2224-9923

Volume / TOM 15 Ne20 :Lm

YK 622.663.3

Article / CraTesa

© PNRPU / I[THUILY, 2016

METHOD OF THE SEPARATE VENTILATION OF OIL MINE'S GRADIENT EXCAVATIONS
AND UNDERGROUND MINE DRIFTS

A.V. Nikolaev

Perm National Research Polytechnic University (29 Komsomolskii av., Perm, 614990, Russian Federation)

CMNMoOCOBb PA3AEJNIbHOIO NPOBETPUBAHUA YKITOHHbIX BJIOKOB
W NOA3EMHbIX TOPHbIX BbIPABOTOK HE®TAHOM LLUAXThI

A.B. HukonaesB

IIepMmckuil HaLMOHAIBHBIN HCCIIEN0BATENBCKUM TOJIUTEXHUYECKUN YHUBEPCUTET
(614990, Poccus, r. Ilepmb, Komcomonsckuit mip., 29)

Received / TTonyuena: 16.03.2016. Accepted / ITpunsra: 29.08.2016. Published / Ony6nukosana: 30.09.2016

Key words:

oil mine, ventilation, natural
draught, thermal depression,
gradient excavation, main
ventilation unit.

Kurouesvie cnosa:

HedTelaxTa, POBETPUBAHHKE,

€CTECTBCHHAsI TATA, TEIIOBast
Jenpeccusi, yKIOHHBI GJI0K,
TIIaBHAsl BEHTUIIATOPHAS
yCTaHOBKa.

On the Yarega field (LUKOIL-Komi LLC) a thermal mining oil development is applied. With such method, there is a
considerable heat release in oil mines’ working areas (in drilling galleries of the gradient excavations). Increasing
temperature causes deterioration of hygiene and reduces miners’ productivity. Activities and ways proposed and currently
used to reduce the air temperature in gradient excavations require significant financial expenses for implementation — for
refrigeration equipment and air heater installations of ventilation boreholes, well excavation itself, as well as for the process
of the air treatment — expenses of electricity for air conditioning (cooling) and energy resources (mainly natural gas) for
heating the air supplied to wells during the cold season.

This paper proposes a method of gradient excavation's ventilation, which allows the use of a natural draft's positive effect
(thermal depression) arising between underground mine workings due to the temperature difference (density, specific
gravity) of air in them. The proposed method will reduce the cost of electricity for ventilation, as well as decrease the
temperature in oil mine’s underground mine drifts. Furthermore, the proposed method does not require equipping the
ventilation hole with heating system and air conditioning, which would also contribute to the energy and resource savings.
In addition, natural draft will occur between the trunks of oil mines. Calculations show that it will have a positive value,
that is, will facilitate ventilation. Controlling the performance and pressure developed by the main ventilation unit taking
into account the action of natural draft would also reduce the electrical energy consumption for airing.

Ha Sperckom mecropoxaennn (000 «JIYKOMJI-Komu») npumeHsiercs TepMomaxTHblii cocod no6ean Hedrr. Ipu
M0JJ0GHOM Ccroco0e HaGIIOAI0TCS 3HAYUTEIBHBIC TEIUIOBBIICICHNS. B pabounx 30HaX (B OypOBBIX rajiepesx yKJIOHHBIX
610K0B) He(TsAHBIX mIaxT. [IOBBIIICHHE TEMIIEPAaTypbl BO3AyXa CTAHOBHTCS HPHYNHON YXYIUICHHS CAHHUTapHO-
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HACTOSIIEE BPEMs. MEPONPHATHS M CHOCOObI CHIDKCHHMS TEMIEpaTypbl BO3IyXa B YKIOHHBIX OJIOKax TpeOyoT
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Introduction

In Yarega oil and titanium field the produced
oil, on top of the high density (952 kg/m?”, is
exceptionally viscous — 16,000 MPa-s. This
property causes the need for a uniquely designed
development system in order to extract the oil
reserves. Namely, the productive horizon is being
treated with injected hot steam, according to the
method called “thermal mining” [1, 2]. Due to the
horizon porosity, it heats up uniformly, thereby
reducing oil viscosity an enabling its recovery.

The thermal mining technology applied at
Yarega field is implemented essentially via the
following development systems [3, 4].

1. Double-horizon development system
(Figure 1) that suggests steam injection from an
overlying horizon located in 10-30 m above the
reservoir roof, via vertical and steep injection wells,
while oil production is performed through gently
ascending production wells up to 300 m long, drilled
from the gallery located in the productive horizon.

2. Surface-underground development system
[5] suggesting that mine operations are performed
in the productive reservoir or below, while the
production wells are drilled as gently tilted and are
planned in rows (Figure 2). Steam distribution
wells are drilled in between the production wells,
wherein hot steam is injected from the surface.

The existing high viscosity oil and natural
bitumen field development methods enable
production of maximum 20-30 % percent of
balance reserves. Yarega field development experience
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Figure 1. Double-horizon development system

proves that by way of thermal mining method it is
possible to produce from 50 to 70 % of hydrocarbon
reserves [1]. However, the underground oil recovery
method, apart from high cost of steam heating
required to sufficiently raise the reservoir
temperature (2.7 tons of steam per 1 ton of oil in
average), has another significant drawback — massive
heat liberation into the mine tunnels which causes
two important problems:

1. Breach of mineworker
requirements.

2. Reservoir heating efficiency reduction due to
heat leakage into the rock, resulting in the need to
use extra volumes of steam and related steam
preparation financial cost increase.

Several traditional ways to solve the first
problem (breach of oil mine worker labor health
requirements) exist:

— increase of total amount of air supplied to the
well;

— installation of a central cooling station on the
surface to cool down the entire volume of air
supplied to the mine (air conditioning stations);

—use of cooling machines inside the well at the
entrance to the tilted sections or the drilling
gallery.

The above solutions are unable to bring the
desired result in the oil mine conditions; besides,
their implementation requires material electric
energy contribution related with operation of the
main mine fan (MMF) and air conditioning
system, etc. [6]. Moreover, cooling of air supplied
to the tilted sections of the oil mine will result in

labor health
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Figure 2. Surface-underground
development system
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rock mass cooling, which in its turn will reduce the
effect of oil production measures.

Since it appears to be impossible to eliminate
both problems using traditional methods,
currently efforts are made to develop alternative
solutions.

For instance, study [7] suggests cooling down a
jet of air in the drilling gallery using a heat
exchanger unit with special purpose design [8]. In
this case the problem of additional financial burden
related with reservoir heating is not being solved.
Besides, the heat exchanging unit efficiency is
poorly proven.

In paper [9] it is suggested to perform partial
heat insulation of the tilted section heated surface.
It is noteworthy that heat insulation will be unable
to fully eliminate heat loss due to its own heat
consumption, especially as it will lose its
insulating properties over time [6]. Another
drawback of the proposed solution is a fact that
the heat field will spread across the mine
bypassing the insulation, i.e. the air will heat up
beyond the boundaries of the insulating layer.
Besides, due to the high cost of materials with
required insulating properties and their significant
quantity this option is unfeasible financially. Heat
emissions from the rock mass are not exclusive.
There are other sources of heat in the tilted
sections, such as heated fluids, steam and
condensate migrating from production wells, i.e.
via uninsulated areas, constituting 60—70 % of all
heat emitted during the drilling gallery operations
[10]. In the cited study, these other sources of
heat are unaccounted for.

In paper [11] it is proposed to use a radiation
conditioner for induced generation of heat
balancing jackets around the mine operation areas.
However this method requires material financial
expenditure related to air conditioning thereby
reducing reservoir temperature and resulting in oil
production losses.

In view of the above mentioned, it is required to
develop a method which will create satisfactory
conditions in the oil mine in terms of health
requirements, and, taking into account the drawbacks
and high cost of heat insulation solutions, maximally
use the heat produced by the rock mass.

One of the options to deal with the existing
problem is to retrofit the existing and/or develop a
new algorithm to vent the tilted section and oil mine
in general.

Oil mine tilted section
ventilation methods

The new ventilation algorithm of the oil mine
tilted section can take maximum advantage of the
negative phenomenon of heat loss to the mine
tunnels. Since according to the convective heat
exchange law warmer (lighter) air tends to move
up and colder (heavier) air — to move down, a drop
in hydrostatical pressure will occur between the oil
mine tunnels, also referred to as “thermal
depression” or “natural draught” [12-15].

Accounting for the thermal depressions in the
course of ventilation algorithm development for
excavation area of a potassium mine with
aerodynamic parameters similar to those of the oil
mine in question enabled significant improvement
in the ventilation conditions and energy efficiency
of venting [16, 17].

Based on the experience of venting algorithms
development for the excavation area of a
potassium mine, study [18] proposes a venting
algorithm for a tilted section of the oil mine
presented in Figure 3.

The main idea of the method was to use heat
emission from the heated reservoir to vent the tilted
section where fresh air was delivered via pass-way /,
and removed via vent channel 3. Natural draught 4,
occurring in the process of excavation due to the
temperature difference between the surface and the

Figure 3.
considered venting algorithm for the oil mine tilted
section: a — top view; b — side view. [/ — pass-way;
2 — drilling gallery; 3 — ventilation well; 4 — air lock
consisting of partitions; 5 — man gate; 6 — tilted section;
7 — well entrance; 8§ — pipe; 9 — draught source
(deflector or fan); A, — natural draught

Simplified schematic drawing of the

drilling gallery 2 directs the used air to the surface. In
order to improve the venting conditions, a draught
source (ventilator or deflector 9) is installed on the
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surface in the ventilation well entry (pipe &). Airlock
consisting of partitions 4 located in tilted section 6
prevents hot air from entering the mine.

In terms of energy efficiency and maximum use
of heat emission from the rock mass, the presented
method is the most effective of the currently existing
options. However this venting algorithm has one
definitive drawback. Mine workers have to move
around all the underground excavation areas, i.e.
fresh air has to be delivered to all parts of the oil
well. In case of emergency, mine evacuation is
performed via ventilation tunnels (tunnels receiving
air from the tilted sections) which are not provided
by air in the described method.

In this relation, in order to improve the last
described algorithm venting algorithm and provide
the required amount of air to all working areas, a
new venting algorithm was developed for the tilted
section and oil mine in general [19], as shown in
Figure 4.

a h

Figure 4. The proposed algorithm of oil mine tilted section
venting: a — top view; b — side view. / — fresh air; 2 — heated
air, 3 — outgoing air flow; 4 — pass-way; 5 — tilt;
6 — connecting tunnel; 7 — air channel in the connecting
tunnel; 8 — fixed dam; 9 — door; /0 — air lock partition;
11 — drilling gallery; /2 — ventilation pipe; /3 — deflector;
14 — surface ventilator; /5 — ventilation well; /6 — ventilation
well entrance; /7 — local ventilation fan; /8 — air flow sensor;
19 — temperature and pressure sensor or density meter;
20 — additional air flow sensor; 2/ — additional temperature
and pressure sensor or density meter

Portion of fresh air / with temperature equal to
the rock temperature passes via the underground
mine tunnels to pass-way 4 of the oil mine tilted
section, and from there to the drilling gallery /1,
where it heats up and becomes lighter. Due to
temperature difference between fresh air /, heated air
2 coming out of the drilling gallery //, and outer air,
due to the natural draught 4, air flow is directed to
the surface of the oil mine via the ventilation well /5.
To maintain steady air flow direction in the

ventilation well, it is equipped with surface draught
sources in form of deflector /3 and surface ventilator
14. To prevent heated air 2 from entering the tilted
section, it is equipped with an airlock consisting of
two partitions /0. For mine workers passage from the
drilling gallery to the tilted section and back, the
partitions are equipped with door 9.

The advantage of the proposed algorithm is that
the area behind the airlock and, consequently, the
outgoing ventilation wells will be filled with fresh air
owing to the local ventilation fan (LVF) /7.

In order to ensure energy efficiency and resource
saving mode of the tilted section ventilation, the process
of air flows distribution has to be automated.

Data from air flow sensors (/8, 20), pressure
and temperature sensors or density meters (19, 21)
arrives to the medium level of automation —
programmable microcontroller (PLC). Depending
on the fresh air volumetric flow required for
venting of the drilling gallery and the desired
health-ensuring conditions in it (to be controlled by
sensors /9, 21) LVF mode of operation is selected
in PLC and surface fan /4 (see Figure 4). When
the depression from the natural draught 4. is
sufficient for venting of the tilted section, surface
fan is deactivated. Volumetric air flow (LVF
performance) is defined by the air flow sensor 20.
The required mode of operation is maintained by
means of the guided electric drive.

Thus with increase of temperature in the
drilling gallery, the value of natural draught %, will
grow, i.e. without additional energy costs, the
proposed algorithm improves the venting
conditions, resulting in the decrease of temperature
in the drilling gallery. Therefore the system is self-
regulating based on the parameter of temperature
in the working area.

Ventilation management
in the entire oil mine

Since according to [20] MMF is one of the
main power consumers (approximately 30 % of the
overall power consumption of the mining plant), to
increase venting power efficiency taking into
account operational safety requirements [21] it was
propose to automate the of underground mine
ventilation process.

For the proposed method of separate venting of
the tilted section and oil mine in general, the working
principle of the ventilation automation will be
identical to the algorithm described in [21].
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Information from temperature sensors, pressure
sensors (or density meters) and air flow /4, 15, located
in the entrance /2, shaft insets /3, main outgoing
ventilation tunnels /4 and in MMF channel 6 (Figure 5)
will be transferred to PLC which will calculate the
overall mine natural draught between the mine shafts.

Figure 5. Method of separate ventilation of tilted
sections and oil mine in general: / — fresh air;
2 — heated air; 3 — outgoing air flow; 4 — air intake
shaft; 5 — MMF; 6 — MMF channel; 7 — oil well
ventilation shaft; 8 — tilted section; 9 — pass-way;
10 — tilted section; // — drilling gallery; /2 — air intake
shaft entrance; /3 — intake shaft inset; /4 — main
outgoing ventilation tunnel; /5 — air flow sensor;
16 — temperature and pressure sensor or density meter;
17 — additional air flow sensor; /8 — additional
temperature or pressure sensor or density meter

U,
i1t

= AVI

CCSB

Figure 6. Implementation of forced draft ventilators electric
drive control based on u/f control scheme with
IR-compensation: Us — set voltage; PS — power-up sensor for
change of the set velocity (o;) and frequency (f); FVT —
frequency-voltage transducer; CTD — coordinates transducer
for direct transformation of two-coordinate voltage system (x, )
to three-phase system (U, U, Uc) of controlled voltages of an
autonomous voltage invertor (AVI); CS — three-phase current
system sensor; CCSB — current compensation system builder;
U, — CTD control voltage; U, — IR-compensation voltage;
0 — angle of positioning of two-coordinate system x, y of a
generic electric and mechanical electric motor system;
p — differentiation system; U, — FVT voltage; Uy, — mains
voltage; M — forced fraught fan motor

The outstanding feature of the method is that apart
from the above mentioned sensor data, the
microcontroller will receive information from sensors
installed in all tilted sections, and the role of executive
devices (apart from MMF electric drive) will be
performed by the electric drives of LVF and surface fans.
LVF and surface ventilators control may be
implemented by means of compensating voltage drop
on the active stator resistance of an induction motor
with squirrel cage rotor (feedforward and feedback)
with w/f control /R-compensation (Figure 6) [22, 23].

Depending on the natural draught value between
the shafts which can be determined with a required
degree of probability based on the design formulas [14,
24], it 1s required to regulate the MMF operating mode.
Provided that the positive overall mine draught exists, it
is possible to achieve a significant saving of power
consumed by MMF [25].

Summary

To summarize, the method of separate
ventilation of the tilted section and the entire oil
mine described in this paper has following
advantages in comparison with the previous
methods:

1. It is proposed to use heat emission from the
heated reservoir as the main source of thermal
depression (natural draught) between the mine
tunnels, while the existing methods are mainly
focused on local temperature reduction in the
working area.

2. Automation of integrated operation of LVF,
surface fans of all tilted sections and MMF will
help increase power efficiency of venting, i.e. to
provide all oil mine areas with fresh air in the
desired volume. Besides, in case the natural
draught is sufficient for venting of an individual
tilted section, its surface fan will be deactivated
and ventilation is performed only due to the
convective heat exchange (reinforced by
deflector).

3.Use of LVF during venting of the tilted
section will allow providing fresh unheated air to
the outgoing ventilation tunnels, improving the
environment therein and, in case of emergency
(e.g. fire), enabling their use as evacuation ways to
exit the oil mine.

4. Improvement of  occupational health
conditions in the drilling gallery occurs naturally
without additional power expenditure. When
temperature in the working area increases, natural
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draught 4., increases as well, causing the
intensification of fresh air intake into the tilted
section (air temperature is relatively low —
approximately 9-10 °C). Consequently the air
temperature in the drilling gallery starts to
decrease, resulting in the reduction of natural

draught and, as a consequence, decrease of
incoming fresh cooling air. Thus the venting
system will be self-regulating based on its
temperature depending on the occupational health
conditions in the working area without additional
power consumption.
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