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M. Sc. Mech. Eng. Zygmunt Goldstein 

Chief Engineer, Central Mines Rescue Station, Bytom, Poland

Managing Rescue Operations in the Underground Mining Plants Exemplified by the Rescue Operations after Caving in the “Kazimierz – Juliusz” Colliery

1. Legislation regulating the issues related to the mines rescue organisation and principles for managing rescue operations in the Polish mining industry. 

The “Geological and Mining Law” passed by the Polish Parliament in 1994 defined a legal framework for functioning of the Polish mines rescue. This Act imposed the mines rescue responsibilities on the entrepreneurs as well as the obligation to the relevant Minister to define the issues related to the mines rescue organisation and managing rescue operations. This regulatory delegation made the Minister issue appropriate guidelines. It is a set of regulations  for all and any mines rescue issues. In compliance with the provisions of this document, the rescue operations is managed by a mining plant manager. In his absence, until he arrives, the rescue operations are managed by the plant operations manager or the person in the highest management position or operations supervision position. During the rescue operations, the rescue operations manager makes all and any decisions related to the way the rescue operations are carried out. He has the Advisory Staff available that includes the experts in different fields; his decisions are implemented by the underground rescue operations manager and the rescue headquarters manager. 

The rescue operations manager as well as the operations maintenance manager, underground rescue operations manager and rescue headquarters manager should have completed professional seminars and training courses in rescue operations management organised by the Central Mines Rescue Station. They are obliged to repeat these courses every two years (rescue operations manager and operations maintenance manager) or every five years (underground rescue operations manager and rescue headquarters manager).

The general rescue operations management scheme is presented in the Figure below.
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Fig. No 1 – Rescue Operations Management Scheme

The provisions of the mines rescue guidelines define in details the responsibilities of specific persons involved in the  rescue operations and in charge of the rescue management; they also define the principles for the rescue operations management in view of specific mining hazards.

One of the most significant provisions of the guidelines is the one that provides that the rescue operations, as a response to the event that put human health or life at risk or was likely to make people exposed to the environment unsuitable for breathing or harsh microclimate, should involve the rescue units i.e. the Central Mines Rescue Station or other entities professionally engaged in mines rescue. 

The “Geological and Mining Law” also requires mines to respond to an emergency situation in any other mining plant in the case of any risk to the safety of miners or mining operations. It results from the fact that the scope of mines rescue services performed during rescue operations usually exceeds the skills and capabilities of specific mines; thus, they are forced to seek assistance from the rescue teams from other mining plants. 

Rescue operations are supervised by mining supervision bodies such as District Mining Authorities and the Central Mining Authority. 

The above principles that are effective in the Polish mining industry and mines rescue have been followed during the rescue operations carried out in Kazimierz Juliusz Colliery in Sosnowiec as described under item 2 herein. 

2. The incident of caving in the cross heading of 331 longwall in the III layer of 510 coal-bed in the “Feliks” section, GR – II division at the depth of 360 m occurred on 22 October 1999.
The 510 coal-bed of the following parameters: 12 - 18 mm thick, up to 20° slope was classified as:

- tectonic hazard (rock-bursts) 1st and 3rd class,
- methane hazard - 1st class,
- water hazard – 2nd class
- coal dust explosion hazard – B class.
The roof of 510 coal-bed contained 2-m mudstone layer and 20-m fine sandstone.
The mining in the 510 coal-bed in the “Feliks” section was performed in the following way:

- in 1987-1997, the V roof layer that was 3.1 m thick was mined by the cut and cave method,
- 1991-1998, the I and II layers that was approximately 7 m thick altogether were mined by the backfilling method,
- the IV layer that was approximately 2.6 m thick was mined through the 342 longwall using cut and cave method from May 1998 to November 1998; during the described rescue operations, it was mined through 343 longwall that was approximately 2.6 m thick using cut and cave method.
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Fig. No 2 – Outline of the Caving Spot in Kazimierz – Juliusz Colliery

The preparatory work including construction of the 4/111 gallery and 331 cross heading in the III layer of the 510 coal-bed commenced in August 1999.
The cross heading of the 331 longwall was mined using AM-50 mining unit under the caving goafs of the IV and V layers that were mined out. The initial section that was approximately 10 m long was mined horizontally and then sloped to the level of 18°. The support was ŁP – 8 / V – 25 steel sets installed every 1.0 m and then every 0.75 m. By 22 October 1999, approximately 33-meter section of the cross heading of 331 longwall was completed. The working area was located under two dog headings in the IV layer of the 510 coal-bed. 

A five - member team was appointed to continue mining of the cross heading in the 331 longwall in the first shift on 22 October 1999. After the 0.75 m roof section of the working head was mined using the web method, the ŁP-8/Y-25 roof bar was hanged on metal horseheads.
The face foreman and the mining unit operator remained in the working face area to move the mining unit and mine the right side of the cross heading and the remaining 3 miners headed in the direction of the 4/III gallery to transport the gallery support elements. At about 9:50 a.m. when the AM-50 mining unit manoeuvring began in the face area, there was a rapid roof caving that affected the sloped 14.5 section of the cross-heading and stopped approximately 11 m from the 4/III gallery and about 7.5 meters from the working face. Two miners: the face foreman and the mining unit operator were trapped in the affected area.
Course of rescue operations 

In compliance with the effective principles included in the mines rescue scheme developed in every mine, the Plant Operations Manager assumed command over the rescue operations. The rescue staff including, but not limited to, the representatives of the professional mines rescue unit - the Central Mines Rescue Station in Bytom - was appointed. In compliance with the provisions of the “Geological and Mining Law”, the rescue operations was supervised by the District Mining Authority in Katowice. 

In reference to the hazard that occurred, the Rescue Operations Manager decided to have two teams on duty in “Kazimierz Juliusz" Colliery involved in the operations. The obligation to have teams on duty is required by the provisions of the Mines Rescue Guidelines; every plant mining combustible minerals is obliged to have such teams on duty on working days and holidays. It ensures quick response of the rescue teams to any emergency in an affected mine. 

As the miners from the GR-II division who mined the cross heading were available, some of them were delegated to provide assistance in the rescue operations. 
In view of the human life exposure, the Rescue Operations Managers instructed the mines dispatcher to summon rescue teams from the District Mines Rescue Station in Jaworzno that provided rescue services to Kazimierz – Juliusz Colliery. It is one of the most significant decisions made by a rescue operations leader as speed and efficiency of the decisions made at an initial stage of the rescue operations is  substantial for the success of the operations in a situation when human life is in danger. 

In line with the standards effective in the Polish mines rescue, the rescue teams from the district station should arrive within 30 minutes after mobilisation.

The District Mines Rescue Station was informed at 10:05 a.m. They arrived to the mine at 10:28 a.m. 
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Fig. No 3 – Rescue Team from the District Mines Rescue Station before the Departure to the Rescue Operations

In line with the principles of the rescue operations organisation developed by the Rescue Operations Manager and consulted with the representatives of the mines rescue unit in the appointed Operations Staff, the assumptions of the hazard liquidation plan and steps to be undertaken were as follows: 
· to evaluate the risk to staff and mining operations,

· to isolate the hazard area and define the ways to protect it,

· to localise the rescue headquarters,

· to appoint an underground rescue operations manager and rescue headquarters manager,

· to determine a number of rescue teams and staff members as well as other personnel required to liquidate the hazard,

· to agree the type and amount of equipment required to carry out the plan,

To meet the objectives of the rescue operations plan, the Rescue Operations Manager gave instructions to:

1. reinforce the verge of the caving from the 4/III gallery side,
2. supply air behind the caving debris,
3. start-up the output haulage and start caving debris search,
4. make boreholes from the 4/III gallery in the working face direction to establish air circulation, drain the working face and establish communication with the affected miners.
The initial work under the rescue operations consisted in reinforcing the cross heading with timbering. Wooden props were installed in the centre of the working place and on the left and right sight of the cross heading was continued. Simultaneously, the work related to a start-up of haulage using the push-plate conveyor buried in the cross heading. The conveyor was started-up at 12:50 p.m. as a result of its shortening and connecting new switch point. Simultaneously, the attempt was made to inject compressed air into the caving by connecting the mining unit sprinkler to the compressed air piping. The fire piping was used for this purpose 
As this attempt failed (the sprinkler was probably blocked by the caving debris), the compressed air piping was connected to the working face drainage piping. This time the attempt was successful and air was injected into the caving; initially, it was stopped, then (after the trapped miners cut a rubber hose connecting the piping terminal with P-1 pump) there were no further problems. 

The Polish mining regulations require that all staff member descending underground have personal mining lamps equipped with the location transmitters. It allows to locate them using a location system available in a given mines rescue unit. The Jaworzno District Mines Rescue Station team had the location set in their equipment, so the Rescue Operations Manager decided to undertake the location of the face foreman and the operator using the GLON-LOP system receiver at 1:00 p.m. The bearings indicated that one of them was located 12 meters, and the other 13 meters from the verge of the caving. 
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Fig. No 4 – Location Bearing Using GLON – LOP System

In line with the “Rescue Operations Plan”, the rescue gallery started to be constructed using a special 5-section steel support adopting its size to the size of the rescue gallery. The first arch of this support was installed at 5:00 p.m. 

The availability of the drilling equipment and experts from the mines rescue unit made the Rescue Operations Manager decide to drill communication and supply boreholes. The location of the rescue borehole no 1 was determined. A drilling rig was supplied to the 4/III gallery at 7:50 p.m. and the drilling of the 52-mm borehole was initiated. However, the cavity was detected after 33 meters of drilling (which meant, that the working face was reached). Air flow was restored. Then, the work to expand the borehole diameter to 110 mm was commenced. This work was accomplished at midnight. 

An introscope camera was brought from the Mining and Metallurgy Academy in Cracow, one of the major Polish mining universities, and inserted to the borehole to observe the caved-in section of the working place. However, water was encountered in the 24th meter of the borehole. The borehole no 1 was found to be blocked and an attempt to use an introscope camera failed. 

Simultaneously, the work on searching the debris as well as the removal of the destroyed elements of permanent support and construction of a temporary rescue support was continued. 

The Rescue Operations Manager as well as the Staff considered an option to apply chemicals to consolidate the crushed roof. Due to a significant slope of the working place as well as a possibility of flooding the miners to be rescued, the idea of injecting the chemicals was given up. 
The Rescue Operations Manager made a decision to drill a borehole no 2 from a new spot on the second day of the rescue operations. The selected spot in the 4/III gallery allowed gravitational drainage of water. The designed borehole was to be 63 meters long. After transportation and positioning of the drill rig at 2:30 p.m., the drilling of the borehole with a slope of +2.20 was commenced. The caving debris search was continued in the rescue working face. The 5th timbering bar was installed at 7:00 p.m. 

In compliance with the provisions of the rescue guidelines, the Rescue Operations Manager instructed to monitor the microclimate parameters in the rescue working face. 

The air composition at the working face was as follows: O2 = 20.5%, CH4 = 0.0%, CO2 – 0.2%, CO = 4 ppm, ts = 25.4°C, tw = 24.2°C, relative humidity (= 94%.
A 68-meter section of the borehole no 2 was accomplished at 9:55 p.m. Unfortunately, the borehole turned out to reach the working face floor. Therefore, the Rescue Operations Manager decided to drill a borehole no 3 from the same position but at the angle of + 3,50 in the third shift. The drilling began on 24 October 1999, at 0:50 a.m. At 4:20 a.m. after the borehole no 3 that was approximately 70 m long and 52 mm wide, the communication with the trapped miners was established by hitting the drilling rods. After the borehole was expanded to the width of 100 mm, a sheet of paper and a ball-paint were pushed through. This is the original information that returned from the working face: 

[image: image6.jpg]



Fig.. No 5 – Xerox Copy of the Original Message from the Rescue Operations 

“There are two of us. We are all right. The pipe runs 1 meter from the floor. Send us anything. We are running out of light".

(the original spelling was retained)

At noon, the supply container with glucose, spotlights, wound dressing and rescuer telephone of the radio communication system was pushed through the borehole. The voice communication was established by means of a microphone-speaker. This communication was maintained until the end of the rescue operations. At 1:00 p.m., the second containers with food and beverages was supplied. The trapped miners informed that that the distance of 7.5 m was not caved-in and they could reach the mining unit loader.

Two more food and beverage containers were supplied through borehole no 3 during the second shift. The gear box of the suspended conveyor of the AM-50 mining unit was burnt in the rescue working face and the 6th arch of the rescue support was installed. The debris searching work continued in the third shift. Two wooden roof bars supported by the SALZGITTER props were installed. The total of 8.4 rescue gallery was constructed. 
On 25 October 1999, at about 4:00 a.m., a visual contact with the miners trapped in the working face was established. After the roof was supported and the rescue gallery was expanded, two miners were taken out from the affected area at 4:30 a.m. 

Fig. No 6 – The Rescuers and the Rescued 
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