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Preface 
 
Dear Participants, 
 
Confronted with the ever-increasing complexity of technical processes and the growing demands on their 
efficiency, security and flexibility, the scientific world needs to establish new methods of engineering design and 
new methods of systems operation. The factors likely to affect the design of the smart systems of the future will 
doubtless include the following: 

• As computational costs decrease, it will be possible to apply more complex algorithms, even in real 
time. These algorithms will take into account system nonlinearities or provide online optimisation of the 
system’s performance. 

• New fields of application will be addressed. Interest is now being expressed, beyond that in “classical” 
technical systems and processes, in environmental systems or medical and bioengineering applications. 

• The boundaries between software and hardware design are being eroded. New design methods will 
include co-design of software and hardware and even of sensor and actuator components. 

• Automation will not only replace human operators but will assist, support and supervise humans so 
that their work is safe and even more effective. 

• Networked systems or swarms will be crucial, requiring improvement of the communication within 
them and study of how their behaviour can be made globally consistent. 

• The issues of security and safety, not only during the operation of systems but also in the course of 
their design, will continue to increase in importance. 

The title “Computer Science meets Automation”, borne by the 52nd International Scientific Colloquium (IWK) at 
the Technische Universität Ilmenau, Germany, expresses the desire of scientists and engineers to rise to these 
challenges, cooperating closely on innovative methods in the two disciplines of computer science and 
automation. 

The IWK has a long tradition going back as far as 1953. In the years before 1989, a major function of the 
colloquium was to bring together scientists from both sides of the Iron Curtain. Naturally, bonds were also 
deepened between the countries from the East. Today, the objective of the colloquium is still to bring 
researchers together. They come from the eastern and western member states of the European Union, and, 
indeed, from all over the world. All who wish to share their ideas on the points where “Computer Science meets 
Automation” are addressed by this colloquium at the Technische Universität Ilmenau. 
All the University’s Faculties have joined forces to ensure that nothing is left out. Control engineering, 
information science, cybernetics, communication technology and systems engineering – for all of these and their 
applications (ranging from biological systems to heavy engineering), the issues are being covered.  
Together with all the organizers I should like to thank you for your contributions to the conference, ensuring, as 
they do, a most interesting colloquium programme of an interdisciplinary nature. 
I am looking forward to an inspiring colloquium. It promises to be a fine platform for you to present your 
research, to address new concepts and to meet colleagues in Ilmenau. 
 
 
 
 
 
Professor Peter Scharff     Professor Christoph Ament  
Rector, TU Ilmenau             Head of Organisation 
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Pumping well optimization in the Shivee-Ovoo coal mine, 
Mongolia  
 
 

INTRODUCTION     
 

 
The Shivee-Ovoo coal mine is located in Sumber sum of Gobi-Sumber aimag. Surface is 

hilly with elevation 1180-1230m above sea level (Fig 1). The study area is characterized 

by extremely continental climate with short hot summer and cold winter, seasonal and 

annual variation is high, always windy, and sometimes wind velocity reaches to 20m/s, 

dominant wind direction is from northwest. Total rainfall varies from mm in 150. 

Approximately 90% of the rainfall occurs between June and August. Average monthly 

temperature ranges from -3.0 oC in January to 15.7oC in August.  

 
Fig 1. Coal deposit of the Shivee-Ovoo 

Hydrogeological condition 

Geologically the area belongs to Mesozoic formations, which are filled Choir graben 

basin, originated proterozoic geosynclinal and Dundgobi uplift zone. Foundation of Choir 

basin, coal bearing formation, cut by faults and consist of Jurassic volcanic sedimentary, 

Permian volcanic rocks [2].   

Choir basin filled by Lower Cretaceous volcanic, sedimentary rocks and upper 

Cretaceous, sedimentary rocks, Shainshand formation.  The Cretaceous rocks in the 

study area consists of, from oldest to youngest, the Bayanerkhet, the Tevshyn gobi and 

the Sainshand formations.  Cretaceous rocks covered by Quaternary deposits. Tevshyn 
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Gobi formation, which belongs to the Lower Cretaceous, consists of alternating beds of 

sandstones, siltstone and coal. Sand grains range from fine to coarse and the degree of 

cementation vary. Upper Cretaceous rocks are distributed in high elevated areas, and 

consists of gray sand, brown to light gray clay and yellow gray sandstones. The 

groundwater in the aquifer occurs under confined condition that overlying confining 

layers of clay stone and siltstone [1].  Geologists of Central geological expedition carried 

out exploration in coal mine and evaluated coal resources in 1986 [1].  

 
Fig 2. Dewatering well location 

Based on aquifer test, Jadambaa.N determined hydraulic conductivity ranges from 

0.0081 to 0.1m/d in siltstone and clay stone.   Hydraulic conductivity in sandstone varies 

between 0.12-0.75m/d. For the model, hydraulic conductivity in overlying layer of coal 

bearing formation is taken averages 0.054m/d, 6.24*10-7m/s. No one has investigated 

vertical hydraulic conductivities, although vertical hydraulic conductivities are likely lower 

than horizontal hydraulic conductivities in sedimentary rocks due to compaction. Vertical 

hydraulic conductivity is taken 10-8m/s based on previous investigation. Horizontal 

hydraulic conductivity of coal bearing formation is estimated by pump test value is 

5.035*10-6m/s, vertical hydraulic conductivity is 10-7m/s [2].  Geoecological institute is 

estimated confined storativity of 0.0065 for pump test in the coal bearing formation.  

 

According to the hydrostratigraphy and conceptual model, three layers are designed in 

the model. Each layer has 57 rows 36 columns for a total of 2052 cells in the model (Fig 

2). Cell thickness depended on elevation of contact between the different layers. 

 

The boundary conditions are constant head in coal bearing formations and uniform 
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recharge in upper boundary, whereas no-flow conditions were imposed on the lower 

boundary.   

 

Report of hydrgeological investigation done by Geoecological Institute is notes that 6-7 

percentage of precipitation recharges groundwater system.  Recharge is 10.5mm/y.  

 

Main purpose of the study is to determine pumping well rate in the Shivee-Ovoo coal 

mine. We used well optimization code of Visual MODFLOW Pro, a widely used finite 

difference flow code developed by Dr.Chunmiao Zheng and Patrick Wang from the 

University of Alabama [5]. Pumping well optimization was developed under steady state 

condition [4].  Objective of this optimization model was to maximize the total pumping 

rate. Strongly Implicit Procedure (SIP) and Slice-Successive Overrelaxation Package 

(SOR) solvers are used for solving numerical equation. Both solvers are solving a large 

system of simultaneous linear equations by iterations. Results solving by SOR and SIP 

methods are shown in table 1and 2.  

Table 1 

Well Ñ1
  

C2
  

C3 C4 C5 C6 C7 C8 C9 C10 C11
  

C12
  

C13 C14
 

C15

Discharge, 
m3/d 

1000 1000 741 838 1000 967 768 903 967 838 999 903 1000 999 999 

 

After optimization a new dewatering system was installed parallel to the B dewatering 

wells 160m. Distance between wells is 160m. When total extraction is 13 922m3/d 

drawdown will be 25-65m near open pit (Fig 3).  

Table 2 

Well Ñ1
  

C2
 

C3 C4 C5 C6 C7 C8 C9 C10 C11
  

C12
  

C13 C14
 

C15 

Discharge, 
m3/d 

1000 871 870 0 709 741 935 0 516 999 806 96 1000 999 515 

 

If 10057m3 water pumps per day from 15 wells groundwater drawdown will be lowered 

from 10 to 40m.  
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Fig 3. Groundwater drawdown near open pit 

Conclusion 

When 13922cubic meters water pumped from 15 wells per day its drawdown was 25-

65m below surface near the open pit. The result shows that groundwater level is under 

coal bearing formations when mine is producing 2 millions tons of coal a year in east and 

south part of the mine. During 15 years exploitation these dewatering wells will be hold 

groundwater level at calculated depth and sustain good working condition in the pit.     
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