Groundhog Punch List responsive to MSHA and DEP BDMS interactions Oct 8 & 10, 02

MSHA’s review on Oct 8 in Tridelphia addressed the regulations and specifications for issuing an approval per regulations for certifying machinery as a unit after component testing and evaluation of design.

DEP requires the MSHA approval and then also reviews the design and performs their own analysis before issuing an approval.  DEP is concerned that MSHA only addresses the use of equipment in the open face area of a mine for which regulations are written, and face conditions are not the same as those for abandoned mines.  The nature of abandoned mines requires design more like that required for a machine used in classified hazardous locations (Class 1 Division 1 Group D).  *** Developer’s note:  Standard design practice for addressing 1.1.D hazard (like gasoline vapor) is to purge and pressurize the equipment.  This is a Catch 22, since mine equipment certification recognizes intrinsic safing and explosion proofing, but not purge/pressurize design)***

If the equipment is certified by MSHA and DEP, DEP reviewers will still not approve the use of the equipment in an abandoned mine.  This decision will need to come from higher up in the DEP agency.  

Batteries – 

MSHA is ok with the battery enclosure we now have, since it is certifiable per regulations for bituminous mine face equipment.  To certify, we have to change the terminal connections to the double bolt type. Clamp type battery cables must be used in conjunction with the battery bolts.  A compression gland is needed on the battery box pass-through instead of the conduit interface we now have.

DEP calls for explosion proofing of batteries for operating in abandoned mines. How to prevent hydrogen build up in an explosion proof housing is not clear.  Possibly battery type other than lead-acid.  No external connector is needed for the batteries. DEP calls for a positive and safe way to drain batteries if the machine fails and is left in an abandoned mine.

Reel electronics

An explosion proof enclosure is required to house the WAN radio, batteries, media converter, and DC converters contained in the reel.    Explosion proof fiber optic pass throughs are required.  Only a fire rated fiber optic cable with a certified outer diameter can be used for the explosion-proof pass through.  If the explosion proof enclosure could be constructed from an rf-penetrable material like polycarbonate, then the radio antennas might work through the enclosure material without having to exit the enclosure.  If a conventional, metal explosion proof enclosure is utilized, then the antennas will have to be passed through certified coaxial explosion proof devices.   These devices are a BNC style connector with built in capacitors that limit power from escaping through the enclosure.  A consequence of capacitive antenna isolation is a degradation of signal strength for the radio. Frequencies must also be approved for working mines to assure against blasting cap ignition.  This battery might have to be shut down in conjunction with cutting the battery power to the rest of the machine.  Regulators suggest that a case might argue that there is no potential for danger since the battery is in an explosion proof enclosure.  A variance for this mode is practical since the level of protection is greater than would normally be necessary.  A battery bleed off circuit should still be implemented in the event of failure of the machine in the abandoned mine.

Chassis WAN radio

The chassis radio faces the same considerations listed above under the Fiber Optic Tether.  The chassis radio might fit into the existing Explosion proof box used for the computer and hydraulics.  New pass throughs would need to be drilled into the existing enclosure in order to accommodate the antennas.  This would require a review of the integrity of the explosion proof enclosure and permission from Joy to make changes.  If a plastic explosion proof enclosure is successful the radio would be moved into this enclosure on board and the wiring would be routed to this enclosure from an on board explosion proof breakout box.  See the wiring section.   

Gas Sensors

Industrial Scientific TMX 412 are intrinsically safe until they are connected to a serial line, as in Groundhog design.   To establish an intrinsic safety rating for the serial line, intrinsic safety wiring barriers with zener diodes must be installed. This modification is straightforward.

MSHA is definately correct about the 10% oxygen and the TMX412s inability to detect Methane accurately below 10% O2.  This could present a problem but you probably have to look at it another way. As long as the oxygen is above 10% you can count on the reading being accurate.  However, just like the ATX620, the reading will definately be affected by the presence of other combustible gases.  If the O2 is reduced below 10% and the methane is reading anything at all, you should consider that the methane concentration is likely very high but the reading is inaccurate.  Now for the ATX620.  First problem, I cannot give you a serial interface to the ATX620 like the TMX412.  This is not available.  As for the ethane, it will have a significant interference in concentrations from 1% on up but it is hard to quantify exactly what the quantification would be.   It really shouldn't matter though, because if significant volumes of ethane are present it should be as much of a concern as methane.

I do not have anything available in an electrochemical sensor that responds to concentrations greater than 999 PPM. However, the methane sensor will detect hydrogen sulfide and respond if the concentration is such that it would be measureable on an LEL scale.  A reading of 0.1% CH4 would be approximatley 3% LEL H2S or 1200 parts per million.  You should know that concentrations of H2S this high for a lengthy period of time may adversely affect the methane sensor.

I do not know of any charts that correlate the LEL of methane to reduced oxygen levels.  I can tell you for sure that 5% methane will iginite in 10% oxygen.  Since methane will not ignite below 5% it is impossible to have it ignite in a concentration of oxygen less than 10%.

I trust that this helps you out.  If you have any questions, let me know.

Dave Wagner Industrial Scientific

Follow on message also indicated that condensing moisture is an issue for these sensors.  
We still need to obtain a gas sensor that can take methane readings in our working environment.  DEP represents that it is likely that there will be concentrated pockets of methane stratified near the ceiling of an abandoned mine.

Wiring

All of the wiring leaving the explosion proof enclosure must travel through a cable of a certified OD to exit the enclosure.  Once out of the enclosure if the cable is not a MSHA and P-number (PA certified) qualified cable then the cable will need to be covered by a conduit.  This cable must then go through an explosion proof breakout box.  Each device wired to the breakout box will need to follow the explosion proof wiring guidelines.  This would include devices such as explosion proof lights.  Other Intrinsically Safe devices wired to the breakout box may only need to pass through a certified gland before the wiring is connected to the device.  This wiring must be connected to an Intrinsically safe barrier inside of the explosion proof box.  This would include the E-stop, potentiometers, encoder, LED displays and other intrinsically safe devices.  On our Explosion proof enclosure there are 2 pass through glands dedicated to the wiring on board the vehicle.  A multipair cable that fits the gland can be installed from each of these 2 glands to 2 different explosion proof breakout boxes.  1 of the cables would be set up to maintain a fully explosion proof and intrinsically safe machine.  The other cable and breakout box would be set up with terminal strips that would allow quick field integration of non qualified devices such as the quantapoint, sick, or others.   The connection of these devices would only be allowed by executive decision during an operation that had shown that no hazard existed in this area by survey with the certified groundhog.  This path should only be pursued if an agreement with a high level DEP official can be secured.  

Cameras

Explosion proof housings exist for cameras at NREC from Joy.  These housings could be used for cameras and Chris Fromme has developed a system to pass the power and signals using only twisted pairs to the onboard computers.  Cameras must be purchased.  These cameras can be used to produce stereo images or to read light striping.  Since the housings exist the cameras can be integrated quickly.

Lighting

Battery operated miners lights will not be accepted for use in abandoned mines.  Lights for abandoned mines should be hardwired and explosion proofed.  Hardwired lights can be powered off during a shutdown in the mine.

Laser

The quantapoint and Sick lasers are not intrinsically safe and could only be deployed in an explosion proof enclosure.  If we leave wiring to terminals for field connections in a breakout box then we will be able to connect these devices if we are given executive variance for their deployment.  

SUMMARY

We can refine the Groundhog into a machine that is Explosion proof and Intrinsically Safe machine. Groundhog might even be certified for a class 1 division 1 operation. 

MSHA – Should be able to certify a machine with the following characteristics as an approved machine for an active mine.  This is not necessarily a certification that will carry any weight with an abandoned mine.  Timeframe and costs for processing and testing are not known.  The level of detail of the wiring we now have is not sufficient so documentation will need to be completed for a submission.  

Batteries

· Change the terminals on the battery cables and cables from the explosion proof enclosure to be clamp type so we can qualify our machine using the double bolt method.

· Need a compression gland for the cable.

Reel Electronics

· Explosion proof housing

· Drain circuit for the battery

· Fiber optic cables with certified pass through glands

· Schematics of the system wiring

· Isolators and pass throughs for the pair of antennas on the WAN radio.

Chassis WAN radio

· Explosion proof housing

· Schematics of the system wiring

· Isolators and pass throughs for the pair of antennas on the WAN radio.

Gas Sensors

· Use the Industrial Scientific TMX-412 gas sensors

· Wire the individual serial cables through explosion proof glands.

· Add intrinsically safe barriers inside the explosion proof enclosure to isolate the wiring.

· Complete wiring schematics that show how these sensors are used to shut down all of the power on the machine.

· The power shutdown will need to be tested and confirmed as a certifiable configuration by MSHA testing.

Or

· Buy an explosion proof methane shut down system that is already certified and used on other face equipment in the mines.  (this eliminates the certification testing for the circuitry)

· Integrate the IS TMX-412 unit as described above so remote environmental readings can be taken.

Wiring

· Install an explosion proof breakout enclosure near the front of Groundhog

· Obtain a multipaired cable with a certified OD that can be sealed in explosion proof glands.

· Obtain glands for the 2 explosion proof enclosures

· Obtain the correct mine certified conduit that matches the glands

· Obtain Glands and matching cables for:

· 2 lights

· 2 gas sensors

· 2 to 4 cameras

· 1 potentiometer

· 1 E-stop switch

· 1 wheel encoder?

· 2 antennas (some sort of coaxial antenna pass through)

· Obtain intrinsically safe barriers for the following:

· 2 gas sensors

· 1 potentiometer

· 1 E-stop switch

· 1 wheel encoder?

· 2 antennas

· Obtain explosion proof enclosures for the following:

· 2 lights

· 2 to 4 cameras

· Test performance on twisted pair cabling.

· Produce schematics and obtain cut sheets for everything

Cameras

· Obtain cameras

· Obtain twisted pair camera signal drivers

· Obtain twisted pair camera decoders to interface to our computer

· Obtain explosion proof camera housings

· Obtain twisted pair wiring and glands to match the camera housing and breakout box.

· Test the performance of the cameras in the explosion proof housings on the twisted pairs

Lighting

· Obtain explosion lights

· Obtain glands and wiring for the lights

Or

· Obtain miners lamps (this is probably the more expensive route)  A means of shutting of the lights and draining these batteries with the rest of the equipment must be devised.

Laser

· Explosion proof housing

· Test operation

· Obtain a certification for the explosion proof design 

Or

· Do not use the laser

Submittal

· Discuss details of the submittal process with MSHA

· Submit a letter to begin the certification process

· Submit all of the required documentation

· Allow an unknown amount of weeks and dollars for the review and testing process

· Address all rework issues or concerns

· Receive a preliminary approval

 Installing the batteries into an explosion proof enclosure will represent a significant weight and performance impact on the existing machine.  Even if we accomplish this level of integration and all of the certifications associated with this level of protection we will still need a high level order in the Pennsylvania DEP to allow us to deploy the machine in an abandoned mine. 

PA DEP and Other State and Federal Agencies

Once the MSHA process is completed and an approval is obtained then the PA DEP will review all of the documentation and the machine construction.  There should be only minor to no comments in order to satisfy the state.  The DEP would then issue a working face permit for Groundhog in an active mine.  This will not qualify the machine to go into an abandoned mine.  Since no precedence exists for equipment in abandoned mines a conversation to address the Class 1 Division 1 location will likely take place.  UL and FM are the only groups (?) that certify equipment for these locations.  I expect that the mining agencies would recognize and accept one of these certifications for operations in an abandoned deep mine.

Because of the time and cost of these submittals all agencies that we approach for certification should be coordinated from the outset.

.  

