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ABSTRACT

The demand for sub-bituminous coal will continue to increase for 

uses such as power generation, steel making, and coking coal 

manufacturing, steam making for heating large buildings.

 More of it will be burned to make steam and generate power than 

with the burning of high sulfur eastern sub-bituminous coal. This 

has required the design and building of larger and larger "Off The 

Road" haulage trucks that have increased in size to carry up to 400 

tons in payload. These haul trucks burn millions of gallons of 

diesel fuel every year and must use very large rubber tires designed 

specifically for their individual hauling capacities, these tires are 
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very expensive, costing more than $60,000.00 United States 

dollars each. The machines are expensive to operate and maintain, 

require large parts inventories and consumables, require extensive 

driver training and have only a 50% rate of utilization due to 

returning empty each time to the coal pit face for reloading for its

next load of low-sulfur coal. The modern capsule pipeline in use 

today operates with little maintenance and is powered by 

electricity. It pushes a high volume of low-pressure air stream and 

uses the pressure gradient generated to push and pull the capsule 

liners through the pipeline to their destination at 2,200 feet per 

minute which is 25 miles per hour(40 kilometers per hour) or more 

if more speed is desired. The loading and unloading system is fully 

automated and operated by a personal computer.

One PCP system in operation since 1981 delivers broken limestone 

ore from a  "Sumitomo Group" owned quarry to a "Sumitomo 

Group" cement-making plant at the rate of two million tons per 

year with an availability rate of over 90 percent. The system  
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operates with little maintenance and is powered by electricity, 

pushing a high volume low pressure air stream, and uses the 

pressure gradient generated by it to push and pull the capsule liners 

through the pipeline to their destination at 2,200 feet per minute 

which is twenty-five miles per hour or more if more speed is 

desired. The loading and unloading system is fully automated and 

operated by a personal computer.

The PCP system in use since 1981 delivers broken limestone to a 

"Sumitomo Group" cement plant at the rate of two million tons per 

year with an availability rate of over ninety percent. The system 

in use there replaced a quarry-dedicated railroad. The pipeline 

diameter is approximately 1.0 meter and has two tubes, one for 

delivering limestone ore and a sister tube for returning empty 

capsules to the quarries loading station. Larger diameter capsule 

pipelines are fully capable of delivering millions of tons per year 

of ore and even finished products in boxes, crates, containers or on 

pallets, safely, economically over long distances as no diesel fuel is 
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required and operator labor is not required. The energy 

intensiveness of large PCP systems has been shown to, in 

BTU/TM (BTU energy consumed to transport each ton of cargo 

over one mile of distance), has been shown to be in the 

neighborhood of 100, which is about one-tenth of that of ordinary 

trucks. This is based on a DOE sponsored study," An 

Electromagnetic  pneumo capsule system for conveying minerals 

and mine wastes," Final Report; DOE contract No. DE-FG-26-

03NT41928 (Author: Henry Liu And Charles W. Lenau) March 1, 

2005.  
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1. INTRODUCTION

The increased demand for Wyoming low sulfur coal has put 

pressure on surface strip mine operators to increase production and 

railcar loading rates to meet new and old customer requirements 

for cleaner burning low sulfur coal. This in turn has required the 

designing and building of larger "OTR" (off the road) end dumping 

haulage trucks to carry more coal in each trip from the mine pit to 

the dumping station and returning empty to the pit face. These 

trucks are sized from 100 to 400 tons payload weight or larger. 

These machines use electric wheel drive methods.

Some Sub-Bituminous coal is extracted using large crawler 

mounted draglines (which must remove the overburden to expose 

the coal seam), electric mining shovels, and large front end 

loaders. Some strip mine operators must use explosives to remove 

the overburden by designing the mining pattern to cast the 

overburden away from the area to be mined with large bench 

mining and shooting techniques to expose the coal expose the coal 
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reserves. The coal is loaded into the waiting haul trucks to be 

delivered to the crusher station where it is crushed, and carried by 

a belt conveyor to a bulk storage or silo area for rail car loading 

and later delivery to the customer by the railroad operating 

companies serving the strip mine.

2. THE PROBLEM       

The haul trucks return to the coal pit face "empty" to be reloaded, 

and also burning diesel fuel unproductively in an empty haul back 

mode with only a 50% utilization rate. This is done 24 hours per 

day, 7 days per week 365 days per year in some of the coal strip 

mines currently operating worldwide. A large haul truck fleet 

requires large service shops,  a large labor pool for drivers and 

mechanics, and a large amount of diesel fuel to power the trucks.

For example, a 100-ton haul truck may use over 500,000 gallons 

of diesel fuel per year or more, oils, lubricants, and a large number 

of spare parts. Moreover each fleet of trucks will require at least a 
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spare truck to replace the ones out of service, and the spare tire 

inventory is also very expensive-a single off the road tire may cost 

$60,000.00 or more. The "OTR" tire itself requires large mobile 

machinery to mount and dismount it from the haul truck. The 

training of the drivers of these haul trucks requires much expense 

and time as well. Recently a number of companies are offering 

computer powered driving simulator programs like the flight 

simulator programs used to train airline and military pilots but the 

problem of returning to the coal pit face empty each and every time 

for another load still consumes 64 gallons per hour of diesel fuel 

if a 100 ton (electric wheel drive)haul truck is used and more diesel 

fuel when the larger haul trucks are used. If these employees are  

are new surface mine employees in the United States there is also 

the mandatory 24 hour training required by the Mine Safety And 

Health Administration for surface miners and the annual 8 hour 

refresher course related to the mining laws and procedures for the 

United States.                           
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3. UNDERSTANDING THE CAPSULE PIPELINE CONCEPT.

The pneumatic capsule pipeline (PCP) is based on the same 

concept as a pneumatic tube which is a century old proven 

technology using air pressure gradient to move capsules from

one point to another,  that pnuematic tube has been use for a  long 

time in many areas such as banks, supermarkets, and parts 

departments in factories. Even today, some pneumatic tubes are 

used at drive in banks, large hospitals(such as the Johns Hopkins 

Hospital), air port terminals and large factories. The modern PCP 

takes advantage of a pressure gradient (3-5 psi) high volume air 

stream for pressure and vacuum  to propel capsule trains at a speed 

of  2,200 feet per minute or greater to and from its destination in 

groups of up to five capsules from a loading point to the dumping 

point and returning the capsule to the loading point in a pipeline.

At the Karasawa Mine at Kuuzu in Japan, a dedicated railroad car 

transport system was replaced by a twin pipe capsule pipeline 

nearly one meter in diameter(.998 meter) in 1981. Except for the 
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inlet and outlet the twin pipeline is buried under the old railroad 

bed. At the quarry the capsules are batch loaded under a turntable 

and then sent to their destination, dumped and returned to be 

refilled with a fully automated batch loading system the same 

described previously for loading that is computer controlled and 

overseen by only one operator at the control center for the entire 

PCP system.  

The location for the Karasawa mine is:

1765, Aisawa, Kuuzu Town, Aso Gun, Tochigi Pref. Japan.

From Kuuzu Station (by Tobu Sano Line) ten minutes by car. 

The Karasawa mine has a home page on the Internet as well.

The Karasawa mine telephone is 0283-86-2281

Products 

(Limestone and Dolomite)

Raw material for cement       2,000,000 tons per year

Aggregate ………………     1,500,000 tons per year  

Dolomite…………………..    700,000 tons per year

Total…………………….     4,200,000 tons per year

Ore reserves of more than 300,000,000 tons
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The Karasawa Mine History

1937 Established as a limestone quarry for Tochigi Cement Plant of Fukoku Cement. 

1963 changed into Karasawa Mine of Sumitomo Cement Co.LTD.

1981 capsule liner system established.

1985 B5-shaft (ore pass) completed. 

1985 B5-Face installed-new mining area opened.

1994 Dolomite limestone plant established.

The broken limestone is loaded by mining shovel into a haul truck and hauled and dumped into the ore pass, crushed and stockpiled and then loaded into the delivery system and sent via the capsule pipeline to the cement plant.     

A twin tube system is used to deliver the broken limestone in one tube and return the empty capsules in the second tube to the quarry. The capsule pipeline used at the Karasawa mine is almost one meter in diameter(.998) meter.

4. HOW THE CAPSULE PIPELINE ORE TRANSPORT  SYSTEM SOLVES THE PROBLEM OF ORE DELIVERY AT LOW COST TO THE USER.

The PCP method of ore transport is very efficient as it only uses a 

low pressure high volume stream of air and vacuum to move the 

capsule trains from the loading area to the unloading area and back 

to the loading area. Each capsule of the PCP uses a close fitting 

gasket that acts as a sail to propel the capsule through the pipeline 
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to its destination. Braking is accomplished by the front or leading 

capsule in each train entering a sealed end tube air lock in a branch 

Y creating resistance to the capsules flow in the tube. The capsules 

enter in the end tube and come to a stop due to the build up of air 

pressure in the tube in front of the capsule in a similar manner as 

capsules entering a pneumatic shock absorber. The capsules are 

captured with a locking mechanism and carried through the 

loading /unloading system. The PCP method of transport has a 

number of advantages over trains and trucks: it is unaffected by 

weather, railroad crossings, slow traffic patterns, traffic or railroad 

accidents, bad haulage roads, poor road visibility due to darkness 

and snow storms and it does not require an operator to run them or 

be affected by driver fatigue as the systems run by computer 

operation, and no diesel fuel is used  The PCP uses electricity to 

power the blowers used for pressure and vacuum service and 

control systems, and it requires much less maintenance and many 

fewer personnel than current methods of ore transport using haul 
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4. Continued.

trucks. The use of a linear induction motor (LIM) in a single pipe 

system or a loop system can increase throughput capacities 

eliminating the need for the air pressure pump bypass, which 

hinders the free movement of capsules around the air pumps of the 

PCP. Unlike blowers, which cannot pass capsules the LIM pump is 

a non-intrusive pump that allows both air and capsule to pass 

through the pump, thereby increasing the throughput and the 

efficiency  of the PCP system. LIM are used to launch and act as 

braking systems for the modern roller coasters, such as those used 

at the Six Flags Amusement Park in St. Louis, Missouri. The linear 

induction motor provides huge electromotive force to move the 

modern roller coasters built today and they are used for many other 

purposes requiring accurate positioning of materials in 

manufacturing processes. I have provided several work sheets 

describing the production capability of a 24 inch inside diameter 

capsule pipeline with up to five individual tubes for a single pipe 
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delivery system method of delivery. The single tube system is the 

least costly system to employ in operation from point to point.

(a) 7-mile-length system

I will describe a single 24-inch inside diameter seven miles in  

length with an eight thousand foot long receiving tube on both 

ends to store empty and full capsules, as well as a 14-mile loop 

system and its production capability.

The actual capsule outside diameter is 22 inches to allow for pipe 

clearances for a 24-inch inside diameter pipeline. Each capsule will 

have a seal plate/rubber gasket to reduce airflow to reduce airflow 

relative to the capsules, which makes the system more efficient and 

nearly eliminating air blow by during the propulsion and vacuum  

of the capsules during transport. The length of the individual 

capsule is 72 inches plus the length of the wheel assemblies for this 

assumption the wheel assembly  occupies one foot in length 

making the length of the individual capsule to be 8 feet.   

The capsule trains discussed are in units of five capsules with a 
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total length of forty feet. They can be grouped combining of a 

number of capsules up to five units in length per train. Each 

capsule  is  constructed of three-sixteenths inch thickness rolled 

sheet steel attached to the wheel assembly disks. The interior of the 

capsule hopper has several small gussets connecting the end discs 

to the sheet steel tube to maintain rigidity and strength,  including a

Full-length gusset welded along the bottom interior of the capsule 

at the six o clock position.  The single capsule volume is 

determined by the formula for a right cylinder.

3.14 * 11*11*72 = 27,356 cubic inches- rounded to the nearest 

inch,  which is 16 cubic feet rounded to the nearest cubic foot.

The volume for 5 capsules is 136,780 cubic inches or 79 cubic 

feet-rounded. Assuming sub-bituminous coal weighs 52 pounds 

per cubic foot the payload is 79 cubic feet times 52 pounds equals 

4,116 pounds or slightly over two tons of payload per five car 

train. Under the assumption that 200 five car capsule trains are 

used in a single tube system the total payload in one transit is:
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4,116*200=823,200 pounds, 411.6 tons per movement. If the trains        

are batch loaded in ten second intervals six trains will be loaded 

and shoved into the storage tube each minute. It will take 34 

minutes to load and stack the 200 trains prior to launching the 

group. If the trains are launched at 10 second intervals the first 

train will cover the distance in 17 minutes by that time train 

number 100 will have been launched into the tube to arrive at the 

dumping point 17 minutes later, by that time train number 200 

will have been launched and will arrive 17 minutes after that. 

When train number 200 arrives and is dumped and pushed into the 

receiving tube it will become train number one in the 

launching and return sequence, to be loaded and stacked in the 

filled capsule receiving tube again becoming train number 200 in 

the launching sequence. The round trip will consume one hour and 

forty two minutes not including the loading time when the capsules 

arrive at the coal pit face. Under the assumption that a single 

hopper is batch loading 6 trains  per minute and conveying them 
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into the storage tube for later launching the haulage time line upon 

commissioning of the PCP system at midnight is: 

12:00 train one is loaded and pushed into the storage tube.

12:01 train six is loaded and pushed into the storage tube 

12:02 train 12 is loaded and pushed into the storage tube.

12:03 train 18 is loaded and pushed into the storage tube.

12:04 train 24 is loaded and pushed into the storage tube. 

12:05 train 30 is loaded and pushed into the storage tube.

12:06 train 36 is loaded and pushed into the storage tube.

12:07 train 42 is loaded and pushed into the storage tube.

12:08 train 48 is loaded and pushed into the storage tube.

12:09 train 54 is loaded and pushed into the storage tube.

12:10 train 60 is loaded and pushed into the storage tube.

12:11 train 66 is loaded and pushed into the storage tube.

12:12 train 72 is loaded and pushed into the storage tube.

12:13 train 78 is loaded and pushed into the storage tube.

12:14 train 84 is loaded and pushed into the storage tube.
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12:15 train 90 is loaded and pushed into the storage tube.

12:16 train 96 is loaded and pushed into the storage tube.

12:17 train 102 is loaded and pushed into the storage tube.

12:18 train 108 is loaded and pushed into the storage tube.

12:24 train 114 is loaded and pushed into the storage tube.

12:25 train 120 is loaded and pushed into the storage tube.

12:26 train 126 is loaded and pushed into the storage tube.

12:27 train 132 is loaded and pushed into the storage tube.

12:28 train 140 is loaded and pushed into the storage tube.

12:29 train 146 is loaded and pushed into the storage tube.

12:30 train 152 is loaded and pushed into the storage tube.

12:31 train 158 is loaded and pushed into the storage tube.

12:32 train 164 is loaded and pushed into the storage tube.

12:33 train 170 is loaded and pushed into the storage tube.

12:34 train 176 is loaded and pushed into the storage tube.

12:35 train 182 is loaded and pushed into the storage tube.

12:36 train 188 is loaded and pushed into the storage tube.
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12:42 train 194 is loaded and pushed into the storage tube.

12: 42:30 the vacuum system is started creating suction within the 

pipeline.  12:43 train (200) is loaded and launched in the pipeline 

becoming train number (1) in the return sequence rather than 

storing it. 

12: 43:45 the second pressure blower is started creating back 

pressure to drive the capsule trains to their destination in 

combination with the vacuum blower at the dumping station. 

The capsule trains are launched at 10 second intervals into the 

pipeline being pulled by the vacuum at the dumping station and 

pushed into the pipeline from the storage tube by the low 

pressure air blown into the end of the storage tube by one of the 

systems blowers. After train 200 hundred enters the tube train 1 

will have reached the dumping station 17 minutes later and will 

have been unloaded and  been pulled by vacuum into the rear of 

the 8,000-foot storage tube.  Seventeen minutes later train 200 will 

have arrived and been dumped and held in place on the dumping 
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station  becoming train number 1 for the return journey to the coal 

pit face for reloading and return.   

At 1:03:00 the vacuum blower at the coal pit face and the pressure 

blower at the end of the storage tube are started to begin the return 

 empty trip. Train 1, which was train 200 in the delivery phase, is 

released, and pulled by the vacuum created into the pipeline. The 

199 trains in the storage tube follow train one for the return leg of 

The trip. When train 200 enters the tube the second pressure 

blower is started to assist delivery speed along with the blower in 

the rear of the storage tube by remote control of the air or vacuum 

delivery valves. Any and all dust created by the transport of the

coal is pushed by the air seals on the capsule trains and suctioned 

into a cyclone system filter to be reclaimed and sold as coal dust in 

the product stream..  It will require 2 hours and 34 minutes to load, 

stack, launch, unload, return and reload the capsules for the second 

round trip. Using the above time line including the reloading for 

the return trip will allow for 9.35 trips per day, 65.45 trips per 
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week, 3,403 trips per year. The tonnage for 200 trains per trip is 

411.6 ton's, which is 3,848.46 ton's per day, 26,939.22 tons per 7-

day week, 1,400,839.44 ton's per year. This is equivalent to 

14,008.3944 load bearing trips and 14,008.3944 unloaded return 

trips to the coal pit face using 100-ton payload haul trucks.  

This is equivalent to 38.38 loaded and 38.38 unloaded return trips 

per 24 hour day consuming 1,536 gallons of diesel fuel and 24 

hours of labor per day; 10,752 gallons of diesel fuel per week, 

using 168 hours of labor per week; 560,640 gallons of diesel fuel 

consumed per year and 8760 hours of labor used yearly per 100 ton 

haul truck. 

(b) The seven mile loop system:

If a 14 mile " seven mile twin pipe" parallel loop system were 

employed to carry crushed coal away from the coal pit face it could 

be loaded and unloaded at a continuos rate of ten seconds for 

loading and ten seconds for unloading. The parallel loop would 

only require one unloading station where the five car capsule liners 
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would be received, rotated, dumped, air blasted to remove any 

residual coal, rotated back to the upright position, slid over to the 

return tube and sent back to the coal pit face for reloading. If the 

system was filled to eighty percent  capacity it would require 1,478 

five car trains and would be fully capable of loading and unloading 

trains every ten seconds around the clock delivering  17,781.12 

tons per day, 124,467.84 tons per 7 day week, 6,472,327.68 tons 

per 365-day year in  single 24-inch twin pipe loop which is 

equivalent to 64,723 loaded and 64,723 empty return trips to and 

from the coal pit face with a 100-ton haul truck. The further the 

coal pit face is in distance, the more capsule trains can be 

employed to increase production from the coal pit face to the 

unloading facility in any production plan to maintain a ten second 

per capsule loading and unloading rate with no need for haul 

trucks. The parallel twin pipe system would be attached to the 

same wooden tie saving space and assembly time. 

If two 7 mile twin pipe systems were used the production from the 
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coal pit face would double if an additional 1,478 capsule trains 

were added to the system. 

(c) A 36 inch-PCP system.

Using a larger inside diameter pipe system in a parallel loop or 

single pipe system has many advantages as more ore can be carried 

at one time in each capsule. In a 36-inch inside diameter pipe, a 

single 34-inch by 72-inch long capsule can carry 1,966 pounds of 

coal at 52 pounds per cubic foot. Five capsules in a train will carry 

4.915 tons per loaded transit.  If a seven mile single pipe of 36-

inch inside diameter was employed to using the 34-inch diameter 

capsule 72-inches long a 5-car PCP employing 200 trains it could 

deliver 938.08 tons per loaded transit from the pit face to the 

dumping station assuming a ten second loading time per train 

200-five car 36-inch capsule liners making 9 round trips per day 

will deliver 200 * 5 * 9.35 * 938.08 tons payload for 200 trains is 

4,386 tons per 24 hour day, 30,699 tons per seven day week,

1,596,331 tons per 365-day operating year.
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If a twin pipe parallel system were used as described above for the 

24 inch pipe example the 36-inch pipe could have an eighty 

percent fill rate with 1,478 five car capsule trains allowing loading 

and unloading every ten seconds delivering 5.9 tons per 

minute, 354 tons per hour, 8,493 tons per day, 59,452 tons per 

seven day week, 3,091,495 tons per 365 day year. Doubling of the 

number of tubes and capsule trains in an any production scenario 

doubles production instantly. The tonnage above is equivalent to 

30,915 loaded and 30,915 empty return trips to and from the coal 

pit face with a 100-ton haul truck per year consuming 560,640 

gallons of diesel fuel per haul truck 280,320 gallons is consumed 

in "haul back mode consuming 32 gallons per hour) returning 

empty to the pit face. 8,760 hours of labor per haul truck driving 

full loads from the pit face 4,380 hours of which is used returning 

to the coal pit face with an empty non-productive haul truck. The 

50 % empty  haul back rate is the same no matter the size of the 

haul truck or distance covered. Assuming a seven mile haulage 
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distance a 100-ton haul truck fleet will travel 216,405 miles with a 

productive loads and 216,405 miles with no load returning to the 

coal pit face consuming 64 gallons per hour per haul truck.       

5. CHANGES AT THE COAL PIT MINING FACE.

(a) The current mining practices would continue with several 

changes. The haul trucks would no longer be used and a large self 

propelled hopper will be stationed at the pit face.

The self-propelled hopper will be carried by crawlers  to 

move it from point to point at the pit face. The crawler drives 

would be operated from one control station when needed and 

the loading system operated remotely by the operator using the 

mining shovel or drag line excavator. The hopper would receive 

electric power from one of the nearby switch gears and 

high voltage transformers for its use. The hopper would be sized 

200 feet long, 40 feet wide and fifty feet high shaped as a trapezoid 

and its capacity would be 170,000 cubic feet and could be smaller. 

A 72 or 84 inch conveyor belt would feed a tripper belt with a pair 
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of ship trimmers to allow full filling of the hopper at all times. The 

conveyor belt tripper would have an all weather operators cabin 

allowing ease of  operation during bad weather. The tripper would 

be equipped with high intensity discharge lighting for night time 

use and times of  poor visibility. Positioned on one long edge of 

the hopper there would be a "Carhoe" to clear blockages and 

maintain flow to the 25 ore chute draw points under the hopper. 

The "Carhoe" would be powered electrically and move with the 

use of a rack and pinion drive system along the edge of the hopper. 

The "Carhoe" would have an all weather cabin and high intensity 

discharge lighting for nigh time use or during conditions of poor 

visibility. The loading belt rising from the pit floor would have an 

all weather cover over it to reduce blowing coal dust and a avoid 

having a wet conveyor belt.  The head pulley and belt frame would 

be carried by the hopper using slewing bearings. The belt drive and 

take up would be under the frame of the conveyor structure 

attached to the crawler and frame carrying the coal crusher and 
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apron feeder. A large apron feeder would be employed and 

mounted near ground level on the crawler. The apron feeder will 

deliver the coal dumped by the excavating machine into the hopper 

above the crusher and after the coal is broken it will fall to the 

conveyor belt and be carried up to the transfer point and then to the 

tripper belt and dumped into the hopper. The hopper can be 

designed to have as many as five loading lanes for the 24-inch 

inside diameter pipe Five single pipe systems could be utilized to 

deliver coal from the mine face using 25 five car capsule trains the 

five single pipe systems will use five separate unloading stations  

capable of unloading five trains at once and returning them all at 

once to the loading lanes under the hopper. Five or six single pipe 

systems could be utilized carrying 200 five a capsule trains per 

tube at the starting point of the hopper in the mine plan. The 

dumping station would require 5 additional  lengths of 8,000 feet 

of pipe to store the 200 trains as they are emptied and ready to be 

returned to the coal pit face.                             
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At the pit face the front of the hopper would have five pipelines 

exiting it to the right or left and these five  pipelines would carry 

the 200 filled capsule trains and store them as they are loaded 

under the hopper. Each tubes capsule trains could be launched at 

the same time or separately delivering up to 1,000 loaded trains at 

once to the coal dumping station and load out at one time 

unloading up to 2,058 tons in one movement with a 24 inch inside 

diameter PCP system. The same thing could be accomplished with 

the 36" PCP system using four tubes and 800 five car trains and the 

same thing could be accomplished using a forty two-inch inside 

diameter pipe with 800 five car 40-inch capsule trains.  

The coal pits pipelines eight thousand-foot length would be 

extended every time the hopper moves to follow the mining 

equipment. This will only occur when the conveyor feeding the 

hopper has reached its maximum extended length. When the 

mining shovel has reached nearly its maximum reach with the 

conveyor feeding the hopper, the capsule loading system is shut 
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down. The mining shovel, front-end loader or crawler dragline 

fills the hopper to its maximum capacity and then stops. The 

mining shovel moves away from the front of the hopper to make 

room for the pipe handling equipment and pipe carriers, which are 

converted unused haul trucks with the dump beds removed and 

pipe racks installed in the dump beds place. While all this is 

happening the hopper is launching the 800 to 1,000 loaded trains in 

all the storage tubes to the unloading station for unloading and they 

will be sent back when the pipeline  work is completed for 

reloading. After all the trains have cleared the storage pipes and the 

hopper loading lanes the blowers are shut off on the loaded train 

storage pipes.  If the four or five pipes are turned and travel in the 

opposite direction of the hopper the curved sections of  the pipes 

connecting the front of the hopper to the storage pipelines are 

removed first. These sections of pipe are moved to the side of the 

hopper with the bridge crane and carried away and set aside out 

of the way of  traffic and any possible damage. The last eighty to 
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one hundred of feet of pipe is removed off the four or five the 

filled capsule train storage tracks. The end caps are reinstalled with 

the plumbing fittings for the blower and vacuum lines service. The 

blower pressure connections and vacuum connections are 

attached to the end of each pipeline.  The air control valves are left 

on the hopper for ease of maintenance and to reduce plumbing in 

the field. The check valves used to seal the system for either 

vacuum or low pressure service are attached to the end T fitting

at the rear end of the pipe. The blower and vacuum piping used 

is moved to the front of the line at the pit face for all the pipelines 

and will be reconnected when the pipeline extension is finished.      

seventeen minutes after the last trains leave the hopper loading 

lanes the pipelines connecting the rear of the hopper are 

disconnected and sealed with garbage bags and duct tape 

maintaining clean pipe joints. At this time the pipe clamps and 

gaskets are removed and put in a clean storage tool crib box on the 

hopper-loading lane floor to be reused. After all the pipe joints 
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have been removed from the front and rear of the hopper the   

hopper is moved forward the eighty or one hundred feet to allow 

for connecting the pipeline extensions at the front and rear of the 

hopper. The pipe carrier would carry 20 or 24 joints of complete 

ready to install pipe panels on the rear of the carrier. The pipe 

carrier would use a knuckle boom crane or jib crane to unload the 

pipe panels near the hoppers bridge crane for ease of  installation

using the bridge crane for the pipe panels. The front and rear of the 

hopper would have bridge cranes extending over the front and rear 

ends of the hopper body to handle pipe and other items related to 

the hopper such as replacement blower and vacuum packages,  

removing individual capsules with damaged wheel sets to be 

repaired and the carrying of the ore chutes and the three air 

operated batch-loading gates to be installed under the hopper for 

each loading chute for the individual capsule pipeline loading 

lanes. The loading lane floor walkways would have metal grating 

to eliminate coal dust and snow buildup and slippery floors from 
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rain and ice. The loading lane machinery and ore chutes would be 

installed as the hopper is built from the bottom up as the hopper 

can be constructed taking full advantage of open air construction 

methods and the speed of system construction with open air 

assembling of large machinery.  The ball park estimate I was given 

for the cost of a hopper system this size with track drive was 80 

million dollars plus or minus 15% from a P+H representative. 

(b) There is also no reason a smaller high capacity self propelled 

mobile crushing system could not be paired with the mining shovel 

a smaller loading hopper feeding a twin pipe system. A Spokane 

impact crusher could be paired with the self propelled crusher and 

break the oversize and feed it into the smaller hopper loading 

system. The smaller loading hopper would still be filling the 

capsule trains at ten second intervals per train on a continuos basis 

with any size capsule pipeline system or if a twin pipe system was 

used or a single pipe system was used with longer storage tubes at 

both ends of the system. The same rule still applies as the more 
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distance you have the more economical the system becomes to the 

end-user. If a 42-inch twin pipe PCP system was employed with a 

seven-mile starting distance and a pipeline fill rate of 80% 

carrying 1,478 five car capsule trains. The sytem will be loading 

and delivering 41 tons per minute, 2,460 tons per hour, 59,040 tons 

per 24 hour day, 413,280 tons per week, 21,490,560 tons per year 

to the railcar load out area  this is equivalent to 214,906 100-ton 

truck loads per year all with out the use of haul trucks and diesel 

fuel and only the use of electricity. The production rate can be 

doubled simply by adding an additional 42 inch twin pipe system 

and additional capsule trains. Larger positive displacement blowers 

in blower and vacuum service would be required for larger a PCP. 

(c) An even more productive PCP sytem employed in the 

construction of the Akima Railroad tunnel for the Japan Rail 

Company used in bullet train service could be employed.

This system was used to carry away tunnel spoil away from the 

shielded tunnel boring machine and deliver ready mix concrete that 
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was dumped into a concrete pump that was used to fill a movable 

form works following the shielded tunnel-boring machine.  

The PCP was constructed of pre-stressed concrete panels that were 

assembled to create a  pair of concrete tubes following the 

shielded tunnel boring machine and the moveable concrete 

form works used to create the tunnel lining for the twin train 

sytem. The paired concrete tubes were assembled installed along 

the side of the access road/rail bed to the tunnel to maintain a clear 

path for the cement deliveries, construction company employees 

and rescue vehicles if need. The ready mix plant was near the 

tunnel entrance to facilitate the quick delivery of cement to the 

constantly progressing form works lining the tunnel behind the 

shielded tunnel-boring machine. One tube was use to remove the 

tunnel spoil and carry it away to the nearby dumping site and the 

second tube was used to deliver the ready mix concrete to the 

mobile concrete form works. The pneumatic capsules were 

designed as a rectangular shaped capsule with a hopper that 
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completely empties with straight sides and utilizing a fall away flat 

bottom to empty to allow full ejecting of the tunnel spoil or ready 

mix concrete. The spoil dumping point was set up with a gantry 

system to allow the capsules to proceed to the end of the structure,  

the bottom would drop away and eject the tunnel spoil in one quick 

movement dumping the load completely with no residue remaining 

to reduce the tonnage hauled to the spoil dumping point.

The capsules were retrieved and launched back to the ready mix 

plant for filling with concrete for the moveable tunnel form works 

following the shielded tunnel boring machine. The capsules were 

designed with four rubber tires used to carry the capsule and with 

four smaller rubber tires on the side of the hopper to center the 

capsule within the tube to avoid contact and a possible collision 

with the side of the tunnel. The end size of the rectangular capsule 

was almost the exact size of the tube in cross section area to allow 

 suction and propulsion of the capsules to the interior of the tunnel 

or to the spoil dump due to the rear or front of the capsule acting 

like a ships sail.                            34   

A concrete box culvert could be used to create the pneumatic tubes 

at the black thunder mine instead of  a steel pipeline.  

If a rectangular PCP was employed the system capacity will 

increase significantly. A capsule 47.5 by 47.5 inches in cross 

sectional area and 144 inches in length would carry 9,572 pounds 

of sub-bituminous coal or 4 tons 1,572 pounds in one trip. 

If the concrete box culvert PCP is filled to 80% capacity it would 

be carrying 4,224 capsules being 1408 three car capsule trains 

loading and unloading every ten seconds delivering  9,572 pounds 

of coal every ten seconds, 57,432 pounds per minute, 3,445,920 

pounds per hour being 1,723 tons per hour, 41,351 tons per 24 

hour day, 289,457 tons per week, 15,051,779 tons per year. This is 

equivalent to 150,518 100-ton truck loads and 150,518 empty 

return trips and done without haul trucks or diesel fuel consumed 

at 64 gallons per hour.  The capsule loading would be 

accomplished using a carousel turntable batch loading system at 
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the loading point at the coal pit face similar to the sytem employed 

at the "Karasawa Limestone Mine" used in batch loading their fleet 

of capsule liners. Any residual coal dust would be carried in the air 

stream to either end of the tube and be filtered out of the air 

system. The maintenance of the capsule fleet is easily 

accomplished as the capsules will be in full view at the loading 

station and unloading station. The capsules can be removed easily 

without disrupting production by guiding the damaged units to a 

holding area or lifting them out of the ends of the loading or 

unloading station where they are fully exposed for inspection.

The box culvert sections will be advanced one in front of the other  

 just as adding track panels are done with a railroad; no wiring will 

be needed as the only place electricity will be needed is at the pit 

face and the dumping area. The box culvert sections would have 

gaskets to seal the ends of the culverts and the system could be 

made air tight as well and allowing full use of the low pressure air 

stream to push the capsules and vacuum to pull them to their end 
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points with ease simply due to the 6 general gas laws noted on the 

following page and the fact that the payload weighs more than the capsule.

PERFECT GAS LAW
PV = nRT

P equals pressure in atmospheres.

V equals volume in liters.

n= number of moles

R= gas constant (0.0821 liter-atmosphere/K/mole)

T= temperature in K

If constant pressure           V1/V2=T1/T2 

If constant temperature      P1/P2=V2/V!

If constant volume             P1/P2=T1/T2

Boyle's Law

If temperature is kept constant, the volume of a given mass of gas 

is inversely proportional to the pressure which is exerted upon it.

Initial Pressure   equals   Final Volume

Final  Pressure                 Initial Volume 
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Charle's Law                                    

If the initial pressure is constant, the volume of a given mass of gas 

is directly proportional to the absolute temperature. 

Dalton's law of partial pressures

The pressure which is exerted on the walls of a vessel is the sum of 

the pressures of each gas if presented alone.

PV=V(P1+ P2+…Pn) these are ment to be P subscript 1 and P subscript 2)

Graham's law of Diffusion

Relative rates of diffusion of two gasses are inversely proportional to the square roots of their densities.

Avogadro's Law

Equal volumes of gasses, measured under the same conditions

of temperature and pressure, contain equal numbers of molecules.

Air velocity in a pipe

V = the square root of  25,000 DP divided by L

V= Velocity in feet per second

D= Pipe inside diameter in inches

L= Length of pipe in feet
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Air volume discharged from a pipe  

CFM = 60VA

CFM = air volume in cubic feet per minute.

V = air velocity in feet per second as determined in the equation 

above.

A = the cross section area of the pipe in square feet 

Theoretical horsepower to compress air

HP = 0.2267 Q [ PSI   + 1 ] 0.283 -1]

                           14.7

HP = theoretical horse power

Q   = system airflow rate in cubic feet per minute.

PSI= Outlet gauge pressure in pounds-force per square inch. 

Conditions: (1) dry air at sea level atmospheric pressure = 14.7 PSI 

                    (2) single stage adiabatic compressions

(d) A Linear induction motor system as described in Dr. Lius final 

report to the Department of energy, mentioned previously can be 

used in a box culvert PCP to propel the capsules back and forth 

from the loading point to the dumping point if the capsules were 

mounted on railroad wheel sets and used a narrow gauge railroad 

track in the box culvert system overcoming the resistance of air 

pressure in the tube to deliver full loads of coal and return the 
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empty capsules much faster than is possible with a blower system. 

by using electromagnetism as he describes in his projects final 

paper to the Department Of Energy.

(d) Many current and future mining operations both on the surface 

and underground with long haulage distances from the mine face to 

the railcar loading areas or stockpiles,  can and will benefit greatly 

from the use of the Pnuematic Capsule Pipeline system due to its 

simplicity and low maintenance and high through put capacities. 

As long as the payload weight is greater than the weight of the 

capsule carrying the ore the tare weight of the capsule liner it is 

zero and no issue as the weight of the ore is what is being driven 

by the air stream or pulled by the vacuum of a PCP system.  

Any belt conveyor must be designed to carry a given tonnage of 

ore per hour and the capacity to pull the weight of the belt and ore 

at  the same time, at the same time the conveyor drive must pull 

over troughing idlers through a conveyor drive unit over its head 

pulley, through the drive pulley and back over the return idlers and 
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continue on to the tail pulley to repeat the trip.  

The PCP system overcomes these issues simply due to the fact 

that the entire system is in the pipe with no restrictions from idlers, 

rollers, belting, skirt boards, impact idlers and impact bars at tail 

pulleys. The PCP systems do not require the maintenance a belt 

conveyor requires such as greasing idlers and main pulley bearings

oiling drive chains and gears checking gear cases and adding oil if 

needed.   The conveyor belt requires reduction gearboxes or fluid 

drive couplers high voltage power at every transfer point and 

drive unit, belt splices to connect the lengths of belt together 

conveyor belt speed switches and emergency stop pull cords the 

entire length of the conveyor system, foundations for the drive 

units and tail pulleys unless they are anchored to hard rock. The 

conveyor belt must be trained to stay centered  in the troughing 

idlers with permanently mounted training idlers and discreet 

movements of troughing and return idlers. If the bearings in an 

idler go bad the idlers must be moved and replaced. The hydraulic 
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take up unit pressure exerted on the belt used to maintain contact 

and traction must be reduced on the conveyor belt to be able to lift 

the belt above the idler, remove it,  and install a new one.

The idler must be aligned correctly or the belt will wander and be 

damaged by over running the belt trough,  return idlers have the 

same problem as well. The conveyor belt must be installed 

properly as well. In recent years conveyor designs are allowing the 

belt systems to curve  to follow terrain  and follow the right of way 

for an overland belt. Conveyor belts must be inspected for wear 

and bad belt splices being either vulcanized or mechanical, the tail 

pulleys must be shoveled to eliminate build-ups of fines taken off 

the bottom belt by the v plow in the front of the tail pulley and the 

It must be done at the conveyor belt drive units as well as they 

typically have belt scrapers under the head pulley.  

None of the above maintenance, machinery or spare parts is 

required with a pneumatic capsule pipeline system .

The PCP transport method of materials proven to work efficiently 
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at low cost in many applications. It has proven itself to be an 

effective less costly method of removing tunnel spoil and 

delivering ready mix concrete at the AKIMA railroad tunnel 

project for the contractor excavating the tunnel and pouring the 

tunnel lining and in the tunnels quick completion for the Japan Rail 

Corporation.

(f) Any planned project such as the Mary River iron ore project in 

Canada proposed by the Baffin land Iron Mines Corporation which 

intends to deliver iron ore by rail from the mines to the planned 

port 145 kilometers-90 statute miles from the mine properties 

would benefit greatly from the use of a 24 inch capsule 

pipeline system due to the systems simplicity and it can be run 

around the clock 365 days a year delivering iron ore in the amounts 

required without labor, and railroad hopper cars and locomotives 

rail car rotary dumpers, rail car loading equipment and the fuel and 

labor needed to operate the dedicated locomotives and hopper car 

trains. The iron ore delivery system would only require a single 
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tube system due to its distance for transport and the weight of the 

mined ore and eliminating the tare weight of a 24-inch capsule 

liner to transport it.

With the Mary River iron ore projects desired tonnage of 

12,600,000 tons per year the tonnage per day for a 365 day 

delivery operation is 34,521 tons transported per 24-hour day. 

If a 24-inch inside diameter pneumatic capsule pipeline was 

installed for the delivery system it would  require two blowers 

stations, one at the mine loading area and one at the port discharge 

area the blower stations would require two packaged blowers each 

using the model 624 Gardner Denver "Heliflow" blower; one used 

for vacuum service and one used for pressure service at each 

location. These blowers can and will deliver the vacuum of 16Hg 

and low pressure air flow of 2,800 3,300 to CFM  at 5 psig or 

greater needed to deliver the filled capsule liner trains and return 

the empty ones between 3,167 CFM to 3,300 feet per minute at 16 

Hg vacuum at a travel speed of 25 miles per hour or 40 kilometers 
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per hour. The capsule pipeline could be buried next to the 

dedicated railway for the settlement  and mine taking full 

advantage of the terrain used for the railroad.  The 24-inch PCP 

would deliver 1,439 tons per hour 24 hours per day 365 days per 

year unaffected by weather such snow storms, ice, high winds, 

times of low visibility due to fog and rain, all without labor as 

everything is in the pipe out of the weather and unaffected by the 

weather. With a 365 day operating schedule fewer capsule trains 

will be needed as a single capsule liner fleet could make one 

journey per day and return in the same day.

Using the formula for a right cylinder:

3.14 * R*R*L

3.14 * 11* 11 * 96    

for a single capsule capacity this gives us 4,243 cubic inches of 


theoretical capacity in the capsule liner.  Allowing for the opening 

to fill the capsule liner would reduce the volume slightly so using 

20 cubic foot of iron ore would be the desired capacity per capsule 
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liner. Five capsule liners would be considered a train carrying 100 

cubic feet at 201 pounds per cubic foot and the payload weight 

would be  20,100 pounds per five car capsule liner train slightly 

over 10 tons in payload per train. The capsule trains would be 

loaded every ten seconds and it would require 24 minutes 

to load and launch 144 five car capsule trains per hour for the 

journey to the port to achieve the 365-day tonnage target.

It would require the building of 17,280 capsules for the PCP 

system plus spares at the Baffin Land Iron Mines complex.     

The capsules built for the PCP system at the Mary River site would 

cost less to build than the rail cars needed as they require less steel 

to build the capsules, they will weigh much less than the payload 

weight of the iron ore and the tare weight of the individual capsule

will not be of any consequence as the iron ore weighs more than 

the capsule, and the only weight being moved is the actual iron ore 

payload weight. The first capsule liner train traveling at 2,200 feet 

per minute would arrive 3 hours and 36 minutes later. The last 
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capsule train number 3,456 would arrive 9 hours and 36 minutes 

later and be unloaded  The capsule liners would return to the mine 

loading station  with the first train arriving ten hours later to be 

reloaded for the return trip to the port to maintain the desired daily 

tonnage of 34,521 tons per day operating 365 days per year using 

no additional diesel fuel, labor or machinery delivering the iron ore 

to the port for ship loading and returning to the mine load out. An 

added benefit would be shipping of small freight packages and 

mail in the pipeline to the mine as well using a sealed capsule to 

allow for the clean delivery of small freight parcels and supplies 

arriving at the mine. The tonnage required and the long nearly flat 

distance of  the  path for ore delivery and return twin tubes will 

allow easy installation to the mine and port and efficient operation. .

(g)A twin pipe PCP system can be buried below ground next to the 

proposed railway line and will run continually delivering loaded 

capsule trains to the port unaffected by inclement weather, sub-

freezing temperatures, poor visibility, high winds, derailments,  
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poor track conditions due to washouts, bearing failures on hopper 

cars, broken connecting knuckles and main beams on the gondola 

cars, air leaks in the braking systems and the brake pipes and 

braking cylinders of the gondola car or cars, slack action damage 

created by empty and loaded gondola cars impacting upon each 

other, the need for replacing wheel sets, the main beam and springs 

on the gondola car trucks. If a train derailment occurs the cars 

damaged are quite often cut up and destroyed  and pushed to the 

side of the right of way or scrapped. If an engine derailment occurs 

during the derailment the possibility of major environmental 

damage from fuel and oils spills is also a major negative factor 

with the use of  rail transport. The weight of the iron ore itself will 

be a major factor in building the railroad bed and the needed 

drainage ditches to allow water to be carried away from the 

railroad bed to maintain its rail road ballast profiles keeping the 

rail road ties anchored to the railroad ballast bed. A twin pipe 

system would need four of the Gardner Denver model 624 Heli-
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Flow Blowers, two for vacuum service, and two for pressure 

service. Each pipeline would have a blower set up for vacuum 

service at opposite ends of the two pipeline and two blowers set up 

for pressure service at opposite end of the pipelines.

(f) The delivery pipeline (Pipe1) carrying iron ore from the mine 

loading station to the port would have a blower for pressure service 

at the loading station to launch the capsules in the tube. At the port 

 (Pipe1) and the second blower is creating a pressure gradient to 

pull the capsule liners to the port destination at twenty five miles 

per hour or faster if desired to the dumping station where the 

capsule liners are moved to the dumping station and then unloaded 

by rotating them and allowing the loads to fall out, compressed air 

may be used to blast the capsules clean of any sticking iron ore. A

poly liner could be installed to make the hopper a no stick surface

also. Then the cars are righted and sent along a small loop to (Pipe 

2) where it is pushed into the pipeline and pushed into the low 

pressure air steam delivered by the Gardner Denver Model 624- 
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Heliflow blower used in pressure service at the base of (Pipe 2). At 

the other end of  Pipe 2) the Gardner Denver Model 624 Heliflow 

blower is creating the pressure gradient to pull the capsules to the 

mine for reloading and return to port with iron ore at a speed of  25 

miles per hour(40 KPH) Essentially what we have created is a drag 

strip in a pair of pipes with  pressure gradients at opposite ends 

moving filled soda cans on wheels to either end at twenty-five 

miles per hour (40 KPH) or faster if desired.    

(g) A railroad car building company could build the capsules at 

the port and be contracted to maintain the fleet with the available 

local labor pool in the local as the rubber tires and wheel bearings 

would need to be replaced as needed. A maintenance and repair 

shop at the dumping station and at the loading station at the mining 

area would take up little physical area near the loading and 

unloading facilities.  
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51.  A basic drawing for the possible use of a twin pipe PCP at the Baffin Iron Mines Corporation Mary rive mine complex.
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A concrete box culvert capsule pipeline twin tube system using 

rectangular capsules rather than a large conveyor could be used to 

move coal ore from a long wall coal mine face.  

The placing of the capsule pipeline in the fresh air "inby" to the 

long wall face or exhaust air "outby" will enhance the ability to 

escape in the event of a fire or smoke condition as the culvert 

would be a known secure pathway for egress from the mine face as 

it would be a safe exit point to the surface protected from roof 

falls. The PCP will not require railroad track or rail ties as the 

capsules ride on rubber tires inside the concrete tube from the mine 

face to the surface pushed by air pressure and pulled by vacuum.  

The box culvert PCP system will not require any special equipment 

as it is simply a reinforced concrete culvert section. It would be 

possible to leave the PCP system in one position if the new ore 

block is next to either the in by or out by where the PCP tubes are 

located. The concrete culverts would act as an exhaust air conduit 

to remove the bad air from the long-wall mine face due to the 
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pressure gradient created by transporting the capsules in the tube to 

the surface. Large expansive room and pillar mines such as the two 

salt mines in the State of Texas at Hockley, Texas and Grand 

Saline Texas, the flat seam salt mines in Goderich, Ontario,  

Magdelan Islands, Painesville, Ohio, Windsor Ontario, Pugwash, 

Nova Scotia and Hampton Corners, New York, and salt domes at 

Weeks Island and Cote Blanche, Louisiana would benefit as the 

PCP system would allow them to carry salt faster and with less 

expense and work than long distance conveyor belts and the 

ventilation in the mines would improve greatly simply due to the 

increase in air flow due to the use of the large blowers creating a 

pressure gradient for ventilation increasing fresh air flow at the 

mine face by 6,000 CFM or more with no additional effort using 

the pressure gradient of the air flow in the tubes as an added 

benefit as an additional air conduit for fresh air or exhaust air 

without adding larger main fans to increase air flow. Mines with 

long declines used as conveyor belt corridors would benefit as the 
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significantly simply due to the pressure gradient created in either a 

twin pipe PCP or with a single pipe PCP system used to carry ores. 

An added benefit is the ability to recoup some of the energy used 

by capturing the exhaust from the vacuum blower and energizing a 

vertical axis wind turbine with the air flow from its exhaust to 

recapture the blower exhaust for energy manufacture using a 

vertical axis wind turbine.

Unfortunately for the coal mining companies and other companies 

that use haul trucks to move overburden spoil to access deposits of 

valuable ores, and carry those ores for further processing the fact 

remains that the haul truck is still under used by 50% due to the 

fact that the haul truck always returns empty to the pit face or the 

underground mine face in thick seam or dome mines so the 

machine is unproductive fifty percent of its operating time and that 

by itself has an effect on a mines operating expenses and net 

potential revenues in a fiscal year.  
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This page illustrates the basic layout for a twin tube, four tube or five or six tube single pipe system without carousels diagramed for the twin and four pipe PCP

  ==========================================
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This drawing is not to scale.
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The basic layout for a single pipe system with loading carousel, capsule storing pipes, mobile crusher, coal loading conveyor, coal silo used to feed the carousel loading sytem.

The drawing is not to scale:

=========================================                                       
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The drawing is not to scale.
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The following is the estimated cost for a single tube five thousand-foot Pneumatic Capsule Pipeline System 

4 Gardner Denver Heliflow Blower packages  $200,000.00

8,800 wooden ties                                                 90,000.00

8,800 steel straps to anchor                                   88,000.00   

pipe to wooden ties. 

Pennsylvania crusher mountaineer sizer            $12,000,000

with a complete crawler system to carry sizer,

apron feeder hopper, loading carousel, 

blower system at coal pit face.                           

single lane 

LIM system for dumping station                        $500,000.00

to move and rotate 5 capsule liner 

trains over dumping hopper 

hopper                                                                   $20,000.00

Compressor and piping for capsule                      $30,000.00       

cleaning at dumping station to remove 

stuck coal from five capsule trains at once.

8,000 feet 24 inch OD pipe consisting of:                                           

1,600 pipe joints estimated

.283 pipe thickness plus freight                               552,000.00

Additional pipe fittings                                            500,000.00

17,000 fine thread half inch by                             $   12,361.00     

8 inch stainless Allen bolts, 

17,000 Allen spring washers,

35, 000 half inch flat washers,

8,800 3/4 inch nylon lock nuts  
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One 24 inch pipe grooving machine                       $8,000.00

250-24 inch Victaulic pipe clamp joints             $327,000.00 

2 pipe panel assembly jigs for assembling 

each pipeline panel, price each                           $  20,000.00

The subtotal of almost $15,347,361.00 does not include labor for 

installation and assembly for the system, crane service, taxes, 

freight for components, fuel surcharges for delivery expenses,  

generator rentals, legal expenses, temporary lodging and food 

expenses for the installation crews etc.     

The total could increase 50 percent with other possible expenses 

and inflation or could be less. A PCP system will have expenses 

relating to tire and bearing replacement on the capsule liners, any 

blower repairs and maintenance for the blower systems used to 

create the pressure gradients to push and pull the capsule line fleet 

from the mine pit to the dumping station and back 

The wear parts used in the carousel loading system if a carousel is 

used to load the capsule trains with the replacement of the main 

bearing on a loading carousel would take the most time due to the 

need for a crane to lift the carousel up and away to replace a 
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complete main bearing. 

If an overhead hopper mounted on tracks is used in combination 

with an in pit breaker mounted crusher and take away conveyor the 

the end product size would be ready for railcar loading. The in pit 

expenses would relate to daily maintenance, replacement of idlers, 

maintaining the "Carhoe", replacing wear parts in the loading lanes 

relating to the guide ways under the loading chutes, electric 

lighting repairs, the occasional replacement of the individual 

loading gates over the loading lanes. 

The PCP would occasionally require the replacement of a joining 

gasket in a pipe joint for the PCP.  The PCP would advance as fast 

as the mining shovel following the coal pit face and the carousel 

or hopper loading system would take coal with no waiting from the 

in pit crushing system. A mining shovel could feed an pit breaker 

which in turn would feed a pair of 500 ton per hour electrified 

Komatsu in pit crushers to deliver the final product to the capsule 

loading system.   
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The above cost does not include the installation of a basic wireless 

radio control remote operating system to operate up to 12 channels 

for the system including the carousel operating system emergency 

stop system, blower controls at the loading point etc. 

About haul trucks:

Regarding the capital cost for a Caterpillar model 777 end dump 

haul truck,  the base price is three million dollars excluding sales 

taxes and freight expenses. This price does not include spare parts, 

spare tires, the fuel cost for 500,000 gallons of diesel fuel to power 

it per year, the oils and lubricants it will consume, the liability 

insurance necessary for its operation at an open pit mine, the 

operator training required to properly drive the machine at all times 

and many other related expenses for its proper service at the open 

pit mine where it is used. As with any mining operation operating 

costs will increase with increases in fuel expenditures. 
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The drawings I have submitted for your inspection are for 

preliminary designs for a linear loading and dumping system and a 

carousel loading system and not draw to scale to display the 

diameter of a loading carousel sized to fit one to six 40 foot long 

capsule liner trains on a pass through batch loading turntable at one 

time dump loading into one capsule liner at a time every ten 

seconds.   

Mr. Fiscors, thank you for allowing me to present this white paper 

regarding the possible use of a Pnuematic Capsule Pipeline for the 

transport of mined ores and overburden   I hope it is worthy of  

being presented at the Haulage and Loading 2009 conference 

meeting.

Leon Edward Zaharis

All rights reserved March 29, 2009.
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This is a preliminary side view of the hopper loading system for 

a rectangular crawler mounted hopper system without the crawlers.










                 coal pile inside hopper







The delivery belt from the pit floor is not illustrated 
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Hopper loading system continued;



           















Upon start up the first mass flow gates are closed and the bin is 

filled. After a sufficient amount of ore is dumped into the hopper 

the upper gate is opened to allow a predetermined amount of ore 

above the closed second batch gate. The first gate is closed. The 

second batch gate opens, and allows that ore to drop to the third 
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closed gate and the second batch control gate is closed.

The third batch gate opens and then the ore is dropped to the 

closed forth gate. After the batch is dumped the third gate is closed 

and the fourth gate opens to dump the measured batch to the fifth 

gate. The fourth gate closes and that batch chamber is refilled.  

The fifth gate, which is the pant leg bin is filled prior to the arrival 

of the capsule trains in that loading lane. The final three dump 

gates and chutes are sized to fill the individual capsule liner in each 

system used in a system. The five capsule trains are loaded, shoved 

back into delivery tube for launching or pushed into the stacking 

tube for later launching depending upon the delivery system set up. 

One air cannon is installed above the final loading gates in case of 

ore plugging.
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pipe 1 delivering iron ore to  the port loading and stockpile area.  








unloading station and port stock pile includes  the iron ore  unloading dump and loop to return empty capsule trains to pipe two for the return trip to the mine loading station 





pipe 2 returning


empty capsules


trains to the  


mine loading station 





mine stockpile and loading station  utilizing a carousel large enough to load six trains per rotation  by batch loading and  move them to pipe one for the return to the port.





vacuum duty blower station for pipe one. 


same as pipe 2





pressure blower station for pipe 2 same as pipe 1





pressure duty blower system for pipe 1





vacuum duty blower system for pipe 2





Pressure 


service blower station for pipe 1 


Gardner Denver 


Heliflow Model 624 


blower for pipe one 2,200-3300 CFM @ 5 -12 PSI. 





The position of the twin pipelines is simply an illustration in the drawing.


in practice they would be buried next to each other in a properly bedded pipeline trench or mounted to concrete or wooden ties for the entire 


distance except where they exited at the port 


or mine stockpiles.








Vacuum service blower station for pipe 2


Gardner Denver Heliflow model 624 blower for pipe two


3,167 CFM at 16" Hg. vacuum.





Coal pit face area. face width is not to scale.





electric


mining shovel











self propelled tracked in pit roll sizer,  sized to electric mining


shovel capacity: 


examples, Komatsu, Kawasaki,


Terex, Pegson,


etc.








Inclined


product belt exiting sizer to hopper and carousel loader





Overhead silo  


for 


carousel 


loading system 








Filled capsule train  storage tube exiting


carousel loader





PCP carousel


loading system 





Apron feeder from silo to capsule loading carousel hopper





PCP exiting carousel loader to dumping station





pipe line route to dumping station





blower station for pressure gradient generation





CarHoe 





Air pipelines from blower station





Hopper length 


and width is not to scale.





PCP dumping station and railcar  loading area.





coal pit face





mining shovel





Primary breaker,  tracked in pit crusher


and take away belt follow electric mining shovel





in pit storage silo on crawlers


loading lanes are not shown. Both the loading and unloading lanes would use linear induction motors to move the capsule trains for loading and rotate the capsules for dumping and into storage for launching 


to pit or dumping station





inclined conveyor to tripper above hopper





Carhoe on rack drive 


on one long 


side of hopper.


 





tripper belt





Depending upon the desired size of the hopper and the number of loading lanes, and whether storage tubes 


exiting the pit face


are used on the pit face side of the hopper  for filled capsule liners prior to launching hundreds of capsules can be filled stacked and launched at one time to the mine load out area.





dumping station and  mine load out area





up to six loading lanes, singly or pairs 





Moisture


drain





blower station for pnuematic capsule pipeline





air pipelines for pressure gradient generation





The silo could load 3 pairs of  24 inch PCP systems depending  on its width


using a sliding table to move filled and empty trains in large numbers at one time in a multiple twin pipe system





storage tube for empty capsule liners 





moisture drain





pnuematic capsule liner travel direction to and from dumping station





The systems delivery direction can be reversed if needed with a few minor modifications





two way travel in single tube system the emptied capsules pass through the dumping station to the storage tube





linear induction motors can be used to move capsules through the dumping station for rotating and dumping payloads


to reduce equipment needs.





Carhoe boom and dipper arms





A twin pipe carousel system would have one pipe entering the carousel and one pipe exiting it on the opposite side returning


to the dumping station with a pipe loop returning to the coal pit face  





pnuematic capsule liner travel direction





CarHoe crowding and dipper booms





Hopper  wind screen on both long sides





primary coal 


chutes, five 


chutes per


 loading lane. 








First mass flow loading gates for flood loading  the individual loading lane





Secondary batch gates 





Tripper  belt








tripper control





Third batch control gate 





tripperchuteschutes





left side ship trimmer facing you





Five loading gates per per capsule train for example





upper, middle and final batching gates for loading individual capsules





The last gates control the final flow to the capsule loading spout and prevent over filling, opening and closing in a one, two, three sequence after the capsule 


train arrives under the pant leg bin to be loaded





Air cannons located here on all chutes





individual pantleg bins sized to capsule liner


opening 











In pit conveyor 


rising from pit floor


to hopper





elevated mobile hopper-


ore and overburden silo























Twin or triple


electrified 


Komatsu in pit crushers





electric


mining 


shovel





Hopper wall





slewing bearings for conveyor





incline conveyor 


from pit floor





conveyor angle of attack  "X"








Conveyor drive


hydraulic take up and hydraulic power for crawlers under conveyor and crusher





Dumping hopper for twin or triple in pit crushers example








The twin or triple crusher example  uses a common hopper for dumping. 





The crushers and hopper are carried


by a twin crawler unit not shown





Elevated in pit hopper





apron feeder tail end





Apron feeder head end





Hopper under apron feeder discharge





PCP loading carousel under hopper. the carousel is sized to fill any number of trains at one time the carousel has one common ore chute to fill all capsule train hoppers at each rotation





each individual  loading hopper  is sized to each capsule liners capacity and dumps into a common chute to 


load each capsule 








PCP entering under 


carousel





5 loading


chutes 





The pnuematic capsule pipeline is pushed through in a linear or circular path depending on the design of the loading system


and its size and available area.





chute to batch loaders





bottom discharge to loading carousel








