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1.0 PROJECT SUMMARY 

1.1 Background'and Objectives 

Fine coal production is on the rise in the US., and it will continue to increase as underground 
mining companies invest in more productive equipment. Fine coal cleaning technologies have been 
developed which can efficiently and economically separate coal from clay and other mineral matter 
in the fine size fractions, but they have not gained universal acceptance in the coal industry because 
the product is considered too wet by most coal users. 

Historically, coal producers take one of two approaches in dealing with fine coal production. 
On the one hand, they may wash it and recover it as a wet cake which must be thermally dried prior 
to shipment. On the other hand, many operators make to attempt to recover fine coal, and dispose 
of it as a wet cake or slurry in refuse piles, slurry impoundments and abandoned deep mines. There 
are environmental problems related to both of these practices. 

The Mulled Coal process was developed as a means of overcoming the adverse handling 
characteristics of wet fine coal without thermal drying. The process involves the addition of a low 
cost, harmless reagent to wet fine coal using off -the-shelf mixing equipment. Based on laboratory- 
and bench-scale testing, Mulled Coal can be stored, shipped, and burned without causing any of the 
plugging, pasting, carryback and fieezing problems normally associated with wet coal. On the other 
hand, Mulled Coal does not cause the fugitive and airborne dust problems normally associated with 
thermally dried coal. 

The objectives of this project are to demonstrate that: 

e The Mulled Coal process, which has been proven to work on a wide range of wet fine 
coals at bench scale, will work equally well on a continuous basis, producing 
consistent quality at a convincing rate of production in a commercial coaI preparation 
plant. 

e The wet product ii-om a fine coal cleaning circuit can be converted to a solid fuel form 
for ease of handling and cost savings in storage and rail car transportation. 

A wet fine coal product thus converted to a solid &el form, can be stored, shipped, 
and burned with conventional he1 handling, transportation, and combustion systems. 

1.2 Project Overview 

It is usekl to describe the project in groups of activities in order to klly understand the 
interactions between activities and to better understand the information flow and decisions of the 
project. The project is organized around two major demonstrations: (1) the production of Mulled 
Coal in a commercial operating setting, and (2) the delivery of the Mulled Coal product through 
existing commercial storage, transport, and handling systems. 
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The initial project activities were performed largely at the EI facilities and were conducted 
to produce the formulations, test procedures, and design packages required to procure and install the 
Mulled Coal circuit at the Drummon Company, Inc., Chetopa Preparation Plant in Graysville, 
Alabama. The installed circuit will be used for the demonstration of Mulled Coal production. The 
second set of demonstrations will be the shipment and handling of Mulled Coal in existing coal 
transportation systems. Data collected from all phases of production and delivery will then be 
analyzed, evaluated, and reported. 

The Mulled Coal circuit has been installed in the operating preparation plant located at the 
Chetopa Mine site. The Chetopa Plant processes 360 to 450 tonneshr (400 to 500 tonshr) of raw 
coal to produce 250 to 320 tonne& (275 to 350 ton&) of clean coal for shipment to the steam 
coal market. Approximately 45 to 55 tonnes/hr (50 to 60 to&) of fine coal is cleaned in fioth cells 
to produce 40 to 45 tonnes/hr (45 to 50 tons/hr) of a fine clean coal that is 10-14 percent ash. Froth 
concentrate reports to a vacuum filter where a 24-27 percent moisture filter cake is discharged to a 
collecting belt. In current operations, the wet filter cake is combined with the coarser size fractions 
of clean coal for storage and delivery to market. The wet filter cake comprises about 15 to 18 
percent of the total clean coal product from the plant. 

The proof-of-concept (or POC) circuit will process a 2.7 tonne& (3 tonsh)  slipstream of 
fi-0th concentrate fiom the existing fioth cells in the Chetopa Plant as feed to the Mulled Coal circuit. 
The froth concentrate will be dewatered in a centrifbge to prepare a wet fine coal feed material for 
conversion into a free-flowing granular material. The Mulled Coal product will be directed to a 450 
tonne (500 ton) open storage pile. The POC unit will be of a design that can be scaled up to 135 
tonneshr (1 50 tons/hr). Figure 1 shows the key components of the Chetopa Plant cleaning circuit 
and the Mulled Coal circuit that has been installed. 

The Mulled Coal circuit has been installed in an empty bay at the Chetopa Plant. This area 
is convenient to the discharge location from the fioth cells and at a lower elevation. The use of 
gravity feeds will minimize field fabrication. Equipment has been installed to divert a 2.7 tonnes/hr 
(3 tons&-) slipstream of the fioth concentrate to a dewatering centrifbge. The concentrated wet coal 
fines fi-om the centrifLge wiU be dropped through a chute directly into a surge hopper and feed system 
for the Mulled Coal circuit. The Mulled Coal product will be gravity discharged fiom the circuit to 
a truck or product discharge area from which it will be hauled to a stockpile which will be located 
at the edge of the active clean coal stockpile area. 

During the 3-month operating period, the facility should produce 91 0 tomes (1 000 tons) of 
the Mulled Coal for evaluation in various storage, handling, and transportation equipment and 
operations. 
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2.0 PROJECT TECHNICAL WORK PLANS 

2.1 Technical Approach and Work Plan Overview 

This project focuses on achieving two demonstrations of the Mulled Coal technology: (1) 
Production in a commercial operating environment, and (2) Delivery of product in existing storage, 
transportation, and handling systems. To successllly complete these demonstrations, the project has 
been organized into a series of task activities which lead to the demonstrations, support the 
engineering and management needs of the project, and assess and report the activities and results. 
The development of the design basis and assessment of Mulled Coal technology application are direct 
parallels to activities that would be needed in any specific individual commercial application. 

The technical approach is comprised of the following: 

1.  

2. 

Prepare work plans at the beginning of the project with mechanisms for adding detail 
and updating the plans as new information is generated. 

Collect and evaluate information specific to the coal and plant operations at the host 
site that is needed to complete the circuit design, equipment selections, installation 
plans, and production scheduling and plans. 

3 .  

4. 

5 .  

6 .  

7. 

8. 

Use the evaluation results to complete the design, equipment selection, and 
production planning. 

Procure, install, and start-up the Mulled Coal circuit at the host site. 

Conduct the demonstration of production operations. 

Select delivery destinations and develop specific plans for monitoring dumping, fbel 
handling, etc. at each unique destination. Final decisions and detailed plans will be 
made when coal deliveries are ready to be scheduled, which in commercial practice 
is several months from the expected availability of product for shipment. 

Conduct the demonstration of Mulled Coal technology in existing storage, 
transportation, and handling operations. 

Prepare technical and economic assessment of the technology based on the data 
generated in the demonstration operations. 

2.2 Work Plan Assumptions 

Developing the work plans has required making key assumptions, which are: 

1. The fine wet clean coal produced at the Chetopa Plant can be mulled using the 
experience base of reagent formulations and dosage rates. 
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1.  The fine wet clean .coal produced at the Chetopa Plant can be mulled using the 
experience base of reagent fomulations and dosage rates. 

2. The dilute froth concentrate will be a suitable alternative feedstock should the vacuum 
filter cake not be suitable. 

3. The slipstream from the froth cell discharge can be taken without disruption of the 
existing plant operations. 

4. The storage, transportation, handling, and stability characteristics of Mulled Coal will 
be similar to those properties as evaluated in the bench-scale engineering evaluations 
and testing. 
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3.0 TECHNICAL PROGRESS 

3.1 Overview 

During this reporting period, virtually all of the technical activities and progress was made in 
the areas of circuit installation and startup operations. Work in these activity areas will be described 
in the following sections. 

The approach used during this period of technical activities was to complete the plant 
modifications, install the MulledCoal circuit equipment, provide all necessary interfacing, and 
shakedown the operations of individual equipment components, followed by the shakedown of the 
complete circuit. All of these work functions were guided by the engineering, procurement, and 
procedures that were prepared during the previous task activities. As anticipated, adjustments were 
made to designs and installation plans as needed and determined during the activities on-site at the 
Chetopa plant. 

Based on the technical decision to utilize fi-0th concentrate as the project feedstock, a project 
schematic flow diagram for the Mulled Coal circuit to be installed at Drummond was developed and 
is shown in Figure 1. The initial concept as shown in this figure allows for the diversion of a 
slipstream of the froth concentrate from the discharge stream from the flotation cells. Modifications 
to the original plan and design for the slipstream take-off were made on-site when it was determined 
that it would be better to take the stream from a point in the horizontal run that was directly located 
above the Mulled Coal circuit. The detailed design and location of the slipstream take-off has been 
reviewed with Drummond for approval. 

With the selection of froth concentrate as the project feedstock, it is necessary to include a 
screen bowl centrihge to concentrate the solids content and produce a wet cake of acceptable 
moisture content for the mulling circuit. This centrihge has been supplied to the project by Decanter 
Machine at no cost to the project for the demonstration activities. The discharge from the centrifbge 
feeds through a surge feeder with a moisture probe to the pugmill for mulling. A major set of 
activities during the period was involved with the operation and adjustments of the centrifuge, its 
operation, and the moisture level of the fine coal stream discharged from the centrifuge. These 
adjustments and shakedown operations were conducted through the direct on-site involvement of the 
project's engineer, and the specifics needed to assess and respond to the operating characteristics of 
the equipment could not have been planned ahead or anticipated. 

During the shakedown operations of the equipment and circuit, a lot was learned about the 
design, specifications, and requirements for the equipment and the performance of the circuit for 
meeting the production needs of the project. By the end of the quarterly period, the installation and 
shakedown operations had reached near completion and the system was ready to begin the production 
operations in early April 1995. There were a number of remaining unanswered questions that were 
best addressed during the conduct of the production operations. These issues were all resolved in 
a satisfactory manner and it was demonstrated that the circuit was ready for producing a high quality 
Mulled Coal product over a range of operating conditions. 
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3.2 Circuit Installation I The circuit was installed in February and March of 1995. The mechanical subcontractor made 
structural changes, set equipment in place and connected up the pipe work and chutes. When the 
equipment was in place, the electrical subcontractor began wiring up the control circuit. There were 
some scheduling and weather related problems, but, in general, the installation went very smoothly, 
and the circuit went in precisely as it had been conceived and designed. 

3.2.1 Mechanical Subcontractor 

Sketches of the project, preliminary bills of material, and a detailed description of the scope 
of work were presented to several contractors for competitive bids. The bid list was limited to 
contractors who had successfblly completed small construction and erection jobs at Drummond plants 
in the Birmingham area. 

A construction subcontract was awarded to J. R. Henderson Mechanical Contractors, Inc. in 
early December 1994. Approved drawings from the engineering contractor were released for 
construction in late December and the first week of January. Construction was scheduled to start 
sometime in the first week of January and completed in 5 or 6 weeks, or sometime in mid-February. 

There were some administrative delays in January, and we were unable to get the mechanical 
contractor started until early February. Although the administrative delay was only a few weeks, it 
had the net effect of delaying the completion of construction by almost two months. By the time we 
got the mechanical contractor started in February, the company was committed to some other 
projects, and was never able to work on our project on a full time basis. The construction delay 
precipitated a chain reaction of delays with equipment vendors and the electrical contractor. 
Construction was not completely finished until April 4th, a full 8 weeks after the target date. 

We attempted to make up some lost time by adjusting the construction schedule so that the 
electrical contractor could come onto the job a little earlier in the construction process. We also 
rearranged the construction schedule so that run-in testing could begin while the mechanical and 
electrical contractors were putting the finishing touches on their work. Doing the run-in testing early 
reduced the scheduled delay of one month for run-in tests, but there was a price to pay. 

By the time we started production we knew how to control the circuit and maintain Mulled 
Coal quality, but we had not learned the proper way to operate the centrifuge, and we did not have 
any experience with our trucking and stockpiling operation. We maintained good quality Mulled Coal 
right from the start, but daily production suffered in the early weeks as a result of short cuts in the 
run-in test work. 

3.2.2 Electrical Installation 

The electrical installation was divided into two separate tasks. The first task, which had to 
be done at the beginning of construction and on a weekend, was to install a new circuit breaker in the 
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Chetopa motor control center and run a new power line over to the main circuit breaker for the 
Mulled Coal circuit. I 

The second, and by far the largest, task was to design, build, test and install a complete 
electrical system for the Mulled Coal circuit. 

The new main power line was installed by Sheffield Electrical Contractors, a Birmingham 
contractor who was experienced with preparation plant wiring and related codes and regulations. A 
new 150 AMP, 480 VAC AC Circuit breaker was installed in the Chetopa motor control center. The 
new power line was run in 1-1/2" conduit from the Chetopa MCC to within 3' of the location of the 
new control room for the Mulled Coal circuit (the new control room had not as yet been installed). 

3.2.2.1 Main Electrical Subcontractor 

A set of sketches of the various machinery bays and the new control room, a set of overall 
design criteria, a preliminary electrical bill of materials and a narrative description of the scope of 
work were submitted to a number of Pittsburgh area contractors for competitive bidding on a design, 
build, test and install type of contract. We wanted to use a contractor located near the E1 offices for 
good communications during the design and programming phases of the work, and we wanted E1 
personnel present for initial testing. A purchase order type of subcontract was awarded jointly to Hy- 
Tech Sales and Elcon Technologies. Hy-Tech Sales was to hrnish the PLC and most of the motor 
control center hardware. Elcon technologies was to design the system, hrnish a computer, printer 
and all hardware not finmished by Hy-Tech Sales, build the system, test it and send a crew to Alabama 
to install it and assist with starting it up. 

3.2.2.2 Electrical Construction 

The original construction schedule called for the electrical contractor to begin field installation 
work on February 8,1995, Had construction gone according to schedule up until that date, all of the 
equipment would have been in place, the control room would have been built, and the mechanical 
contractor would have been down to finishing touches on pipe and chute work. There were 
administrative delays, and construction did not get M y  underway until February 1 st, and by February 
8th the control room had not even been started, and we were just beginning to set equipment into 
place. On the other hand, the electrical contractor had other field commitments which would have 
delayed our project by over two months if we did not begin the electrical installation as originally 
scheduled. Even though we were not ready, we began the electrical installation as originally 
scheduled. We knew that starting early would slow down the work, and it would force the contractor 
to leave the job after completing only part of the work, and then come back after all pipe and chute 
work was completed for startup operations. Staying with the original schedule would bring the 
project in five or six weeks sooner, and, while the cost of the electrical installation would go way over 
origmal estimates, the overall cost ofthe project would not be as high as it would have been if it was 
delayed another five or six weeks. 

On February 8th , the electrical contractor began stringing conduit and pulling lead lines and 
control wires. Although the equipment was not in place, we knew within a few inches where each 
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I junction box would be located. At the same time, the mechanical contractor stopped other work and 
began building the control room. By the time the control room was finished, the conduit was in place, 
and the electricians moved in the new motor control center and began making control room 
connections. As the control room work progressed, the mechanical contractor got all of the 
equipment in place, and electricians were able to make connections to motors and process control 
equipment. Concurrently the electrical contractor installed the new overhead lighting system, and set 
and wired-in all of the disconnect switches and E-stops located out in the machinery bays. 

The basic electrical work was completed in about 10 days, and, since nothing more could be 
done until the mechanical contractor completed all pipe and chute work, the electrical contractor left 
the job. On March 8th the electrical contractor was back with a different crew for the job of installing 
the computer, starting up individual motors, making last minute programming and logic adjustments, 
and testing the entire system. This final work took about 8 days. Starting before we were ready, and 
working side-by-side with the mechanical contracting crew in rather tight quarters resulted in some 
delay and grumbling. And there were some time consuming last minute adjustments and changes due 
to vendor supplied equipment not meeting original specifications. But under the circumstances the 
overall electrical installation went very well. The system went in almost exactly the way it was 
designed. It was flexible enough that changes could be made quickly and simply. It afforded us 
precise and reliable control over the Mulled Coal process. It could readily be integrated into the 
existing control circuit of a modern preparation plant, and it never caused a minute of downtime 
throughout the production demonstration. 

3.3 Shakedown Operations 

By March 13, 1995 all electrical connections were complete and, mechanically, the Mulled 
Coal circuit was in running condition except for the truck loading chutes (the leased haul truck was 
not due at the job site until the last week of March, and we kept the mechanical contractor busy with 
critical path jobs). 

Shakedown operations were originally to cover about 70 hours of circuit operation over a 5 
week period. This was a conservative estimate. We felt that the circuit was simple enough that we 
could complete shakedown tests in a much shorter time period. In the middle of the shakedown we 
would be forced to stop testing long enough to make the final installation and calibration of the on- 
line moisture monitor, which had to be done at a time when the circuit was available to produce coal, 
and it had to be done by Berthold factory technicians. 

We had already lost so much time in the original schedule, we decided to drastically reduce 
the shakedown period. We set a target of April 5, 1995 for the production start date. This gave us 
only three weeks total, and four days would be spent installing the moisture monitor - so we 
essentially cut the shakedown period from five weeks to two weeks. 

Generally the shakedown went very well, but the compressed schedule did not give us an 
opportunity to discover the best operating procedures for the screen bowl centrifuge, and, as a 
consequence, we paid for it in lost production time during the first three or four weeks of the 
production phase of the project. 
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Shakedown testing included abut 8 hours of dry runs and 18 hours of wet runs. Shakedown 
test objectives were to: 

0 

0 

0 

b 

Eliminate any bugs or defects in either the equipment installation or control circuit. 

Make certain that the general arrangement of equipment and chutes allowed for the 
free flow of coal through the circuit (eliminate any plugging problems). 

Establish procedures for pre- and post-operation inspection; starting, stopping, and 
running the circuit; and servicing (greasing and other maintenance) the circuit 
equipment and controls. 

Make certain that the Mulled Coal circuit could produce in accordance with design 
capacity and quality. 

The following is a brief description of shakedown test results. The installation and calibration 
of the on-line moisture monitor was by itself a major job, and some of the problems associated with 
it had a significant impact on the project, but it is described in this section because it was installed in 
the middle of the shakedown, and instrument calibration is really a part of the shakedown process. 

3.3.1 Dry Run Tests 

3.3.1.1 Light Running Motor Loads 

The centrifbge, surge feeder and pug mill motors were started-up and checked for proper 
directional rotation. After correcting for proper rotation, each motor was run a few times, and the 
light running motor load was recorded. The purpose of checking for light running loads was to 
make certain that there were no abnormally high loads resulting from mechanical problems (bad 
bearings, misalignment, etc.). Throughout the project we were on the lookout for changes in light 
running loads which might be an early indicator of a developing problem. Light load figures were 
also used to calculate the load which could be attributed to coal flow. Individual light running loads 
were as follows: 

Machine Screen Bowl Centrifhge Surge Feeder 

Horsepower 50 
Volt age 480 Vac - 3 p 
Light Running Load (amps) 22124 

3 
220 Vac - l p  

313.5 

3.3.1.2 Knife Gate Valve Operation 

Pug; Mill 

7.5 

1 
480 Vac - 3 p 

The reliable operation and precise control of the knife gate valve was a critical element of the 
project, and it was one of the first things we wanted to check in the shakedown. Our original plan 
was to operate the air-actuated valve with a bottled nitrogen system and use compressed air from the 
Chetopa plant as a backup. When the system was designed, the valve manufacturer indicated that 
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the valve positioning device would consume 0.5 fi3/min (at 65 PSI) when the valve was operating. 
We assumed that this was the air consumption only when the position of the valve was being changed. 

When we hooked up the nitrogen system and began running positioning checks, it became 
apparent that, because of a pressure equalization system, the positioning device would consume 0.5 
A3/min at &l times instead of only when the position was being changed. With this kind of air 
consumption, we would have only gotten a few shifis out of each air cylinder, so early in the 
shakedown (March 14th) we switched the primary air supply over to compressed air, and planned to 
use the nitrogen system only as a backup. 

Since compressed air became the primary air supply for the valve positioning system, we 
decided that we would not rely on the Chetopa plant air system (it was never intended to be used for 
instrument air). We purchased and installed a small compressor, water trap and line filter which was 
captive to the Mulled Coal circuit. 

When the new air system was installed, we began a series of tests to compare the actual valve 
opening to the indicated valve position which appeared on the computer screen. There was a 
mechanically operated gauge on the valve itself. Throughout the entire range (0-100% open) there 
was perfect calibration between the indicated opening and the actual opening. In fact there were 
three figures to compare. The valve control had both a positioning device and a separate position 
feedback device. In case the valve opening did not actually move to the specified set point, there 
were separate figures on the computer screen for "set point" and "actual opening". The two figures 
on the computer screen always remained the same, and they always matched the mechanical gauge 
reading. 

3.3.1.3 Start/Stop Sequences 

The control system could be operated in a manual mode (individual motor stadstop switches 
on the face of the motor control center), a semi-automatic mode (clicking on individual motor 
start/stop buttons on the computer screen) and full-automatic (clicking on auto start and auto stop 
buttons on the computer screen). All of the operating modes were checked and found to be in good 
operating order. 

In hll-automatic mode individual motors started and stopped according to a pre-determined 
time sequence. Basically, on startup the individual motors were started in the reverse order to the 
coal flow (the pug mill motor was the first to start and the knife gate valve was the last thing to 
open). On shutdown the gate valve was the first thing to close, and the pug mill was the last motor 
to stop. There were preset time delays between individual motors in the starting and stopping 
sequence which allowed motors to come up to speed before they were hit with coal flow and allowed 
machines to completely empty before shutting down. During the early wet runs, these time delays 
were adjusted. 
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3.3.1.4 Visible Disconnects & E-Stops 

A visible disconnect (fuzed knife blade switch) was located within easy sight of each machine 
in the circuit. This allowed an operator to de-energize and lock out the power on a machine before 
working on it. The machine could not be reenergized or restarted before the lock was removed from 
the visible disconnect. The only shakedown test on these devices was to insure that there were no 
short circuits in the disconnect switch which would allow the machine to be energized while the 
switch was locked out. All of the disconnects were operating properly. 

Each machine was also equipped with an emergency stop button which was located within 
easy reach of the machine. There was also an emergency stop button located on the face of the motor 
control circuit. Pushing any one of the emergency stop buttons would not simply shut down an 
individual machine, it would shut down all of the machines in the circuit. And it was not designed 
to shut the machines down in a sequence - everything would stop immediately when any one of the 
E-Stop switches was pushed. To restart, the E-Stop which was pushed to shut down the circuit had 
to be manually reset to the run position. These were safety devices, and they were not intended to 
perform any routine starts or stops. All of the E-Stops were found to be in good working order. 

3.3.1.5 Reagent Delivery System 

Shakedown of the reagent delivery system was not too complicated, and there were very few 
problems - we had assembled and tested the system in our laboratories before setting it up at the 
project site. 

When the system was tested in our laboratories, we did not have the fan spray nozzles which 
were to be used in the project. When we first started up the system in shakedown, all three spray 
nozzles plugged up immediately. The selected nozzles with a design capacity of five GPH have a 
very smaU spray orifice, and small pieces of debris (mostly little bits of thread tape) which remained 
in the lines after assembly, reported directly to the nozzles and plugged them up. Each nozzle had 
to be purged about three times on the day the system was started up. The system itself was tight and 
was equipped with a good suction filter. After the first day the system was started, there was never 
another plugged condition during the life of the project. 

During early testing we discovered that a dynamic pressure of between 18 and 28 PSI at the 
spray nozzle produced an ideal spray pattern. At flow rates of less than 10 GPH we were not able 
to keep pressure above 18 PSI, so we decided that, at low flow rates, we would only operate two 
of the three nozzles. We did not set up the switch fiom three to two nozzles to be automatic. The 
switch was to be made simply by closing a ball valve in the control room when the operator noticed 
that the process control was calling for less than 10 GPH. 

Next we connected a potentiometer to the PLC so that we could simulate 4-20 ma output 
signals fiom the on-line moisture monitor. We simulated moistures in the 19% to 28% range to see 
ifthe moisture signals would cause the control loop to produce the desired range of reagent flows. 
We also tested the reagent flow o&s which were activated by clicking on buttons on the computer 
screen. Finally, we disconnected lines in the flow meter and manually measured flow rates so that 
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the manual rates could be compared to flow meter rates. The entire reagent delivery system checked 
out perfectly. 

3.3.1.6 Alarm System 

Data were available on the computer by way of the PLC on motor loads, knife gate valve 
setting and position, moisture, reagent flow demand and actual reagent flow. We programmed a 
series of alarms to be triggered based on such events as intolerable motor loads or moisture levels, 
and intolerable imbalances between the set position and the actual position of the gate valve, or the 
set position for reagent flow and the actual reagent flow as measured by the in-line flow meter. 

The electrical contractor was able to electronically simulate events which would cause alarms 
and check to see that the appropriate alarm was triggered. The alarm system worked properly and 
based on actual operating experience, there were some adjustments made to motor load alarms. 

None of the events which would have triggered an alarm ever occurred in the project, 
however, we did blow a few fuses - indicating that some of our motor overload alarms were set a 
little high. 

3.3.2 Wet Run Testing 

Wet run tests began on March 13, 1995 and extended through March 28th, but, from March 
14th through March 19th, all work was limited to calibration tests for the on-line moisture monitor. 
The truck loading chutes had not been installed, so all Mulled Coal production during shakedown 
testing was dropped through the floor of the main project bay onto the ground beneath the plant. 

In order to coordinate the schedule of the various contractors and vendors, the mechanical 
contractor had been strictly concentrating on getting the circuit ready to run mechanically. When 
shakedown testing began on March 13th, the mechanical contractor moved over to non-critical tasks 
such as fabricating and installing hoist doors, stopping water leaks, and fabricating the loading chutes. 
The schedule called for completing the shakedown by March 29th and then shutting down for a few 
days while the truck loading chutes were installed and the roadway beneath the plant was improved. 

Because we were dumping Mulled Coal onto the ground in a limited space with poor 
drainage, no attempt was made during shakedown tests to run the circuit for extended periods of 
time. Individual tests were limited to the minimum amount of time required to obtain the desired 
information. 

Shakedown tests (not including calibration tests for the moisture monitor) spanned a period 
of nine working days. There were about twenty individual test runs resulting in about 18 total hours 
of circuit running time. About 50 tons of Mulled Coal was produced and stocked on the ground 
beneath the plant. At the conclusion of the tests, the Mulled Coal was hauled away and blended into 
the Chetopa clean coal stockpile. 

The following is a brief description of individual tests. 

13 



3.3.2.1 Overall Material Flow 

One of our greatest concerns was that wet cake (before the mulling process) would hang up 
somewhere between the centrifuge and the pug mill. On the first startup, we ran the circuit for 1-112 
hours. Then we shut down, and opened everything up to see if we could spot any problem areas in 
the chutes or equipment where wet cake was beginning to build up. 

The main dry coal chutes, the surge feeder, and the feeder discharge tube extension were all 
perfectly clear, but wet cake had started to build up right where the screw conveyor discharges dry 
coal fiom the rotating portion of the centrifuge. We knew that this was a potential problem area with 
all centrihges, and especially with the test machine, where the discharge chute was not designed to 
run unattended for extended periods of time. 

We learned from this test, and numerous other inspections after short runs, that material 
would begin to build up in the 24" discharge chute almost immediately after startup. But paddles on 
the centrifbge would impart a significant force to move the wet cake down through the chute, and 
eventually the material would find a fairly small flow path (48 in2 cross section flow path versus 124 
in2 cross section for the full chute) where it would continue moving down through the chute. 

What we did not learn during the first run, or during shakedown, or even during the first 
month of production, was that there would eventually come a time where the chute had to be cleaned 
out, or it would completely blind OE And that same force which moved the wet cake down through 
the chute under normal conditions, would cause it to pack-in extremely tight when the chute became 
completely blocked. 

This is not a problem with a modern centrifbge for permanent installation, where chutes are 
specifically designed to eliminate build up. It did become a problem with the test machine in our 
circuit. The problem resulted from a combination of our own inexperience in the operation of a 
screen bowl centrifkge and the design of this particular discharge chute. Clear through the first month 
of production we had quite a few unplanned stoppages and breakdowns related to a plugged 
discharge chute. However, we were eventually able to develop a schedule for cleaning out the 
discharge chute which completely eliminated the plugging problem, and we were able to schedule it 
in such a way that we did not lose production time. 

During the first test run we also adjusted RPM for the surge feeder and pug mill. The surge 
feeder was equipped with a variable speed SCR/DC controller, and the pug mill was equipped with 
a variable frequency AC drive. Due to the short duration of the project, no attempt was made to 
integrate speed control for these two machines into the PLC/PC electrical control system. Speed 
control consols were mounted on the machines themselves, and each consol had a screen which 
displayed machine speed as a percentage of fit11 RPM. With the circuit feed rate set at about 3.5 tons 
per hour, speeds for the two machines were manually adjusted to bring material height up to a 
predetermined level. 

The manual speed settings worked well. They were adjusted one more time (in the second 
month of the production phase) when we decided to increase the circuit feed rate. In a full scale 
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commercial project, speed control would have been integrated.into the PLC/PC control circuit, and 
a process control loop would have been set up to automatically adjust RPM based on changes in the 
circuit flow rate. 

3.3.2.2 Initial Mulled Coal Quality 

After equipment speeds were adjusted on March 13th, we made a continuous 1-112 hour run 
to get the fkst indication of Mulled Coal quality. For this test we varied the feed from 35% to 47% 
open on the gate valve, and we varied reagent flow from 3 GPH to 10 GPH (reagent doses of 0.4% - 
2% by the dry weight of coal in the feed). We gathered a composite Mulled Coal sample in 5 minute 
grabs for the duration of the 1-1/2 hour run. There were some slight quality changes during the test, 
but overall the visible quality of the Mulled Coal throughout the test was excellent. 

At the completion of the test the composite sample was thoroughly mixed, and we ran two 
uniformity tests. We were interested in the first rough indication of product quality, and we were 
interested in the repeatability of uniformity test. Uniformity test results were as follows: 

+6 Mesh 
6Mx 14M 
14M x 28M 
28M x 0 

Test 1 
Sample Wt (G) YO Retained 

Handleability Index 

2.08 
11.35 
86.50 

162.47 
262.40 

0.79 
4.32 

32.96 
61.93 

100.00 

94.89 

Test 2 
Sample Wt (G) YO Retained 

3.17 
13.45 
83.59 

155.40 
255.61 

1.24 
5.26 

32.70 
60.80 
100.00 

93.50 

Conditions of feed rate, moisture and reagent dose were not closely controlled for this test. 
No matter what the conditions were, the Mulled Coal quality was excellent. Although the results of 
quality control testing will be reported in a later section, it can be noted here that Mulled Coal quality 
remained excellent throughout the entire demonstration, and it exceeded our expectations based on 
laboratory testing. 

3.3.2.3 Feed Rate Testing 

We next ran a three hour test where we concentrated only on estimating the feed rate at 
various gate valve settings. During the test we collected a composite feed sample for percent solids 
and a composite Mulled Coal sample for percent moisture. At each gate valve setting (6 individual 
settings between 27% and 55% open) we measured the effluent flow rates from both the centrifbge 
solid bowl drain and the centrifbge screen bowl drain. 

With feed solids, product moisture, and effluent flow rates, it is possible to make rough 
estimates of feed rates. Figure 2 shows the indicated feed rate (dry TPH) at progressive gate valve 
settings. 
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It should be noted that, at gate valve settings above 55% open, effluent flows from the solid 
bowl drain were too fast to measure with our simple 5-gallon bucket system, so feed rates at higher 
settings are based on regression curves. In order to simplify feed rate calculations, it was assumed 
that centrifige effluents contained no solids. We know that the effluents did contain low percentages 
of solids, so actual feed rates would have been slightly less than those indicated on the chart. A final 
factor affecting the accuracy of the feed rate calculations was the fact that we used push water in the 
screen effluent drain, and the amount of push water had to be subtracted from each effluent 
measurement. Prior to starting up the circuit for this particular test we measured the push water flow 
rate by itself (3.8 GPM). However, our push water line was connected directly to the main plant 
makeup water line. It is possible that there could have been changes in the flow through the push 
water line because of fluctuating overall demand on the plant makeup water system. 

Even with all the inaccuracies built into this test, the flow rate calculations proved to be fairly 
reliable when fioth concentrate was running at about 30% solids. As it turned out, there were fairly 
wide and fairly fi-equent swings in solids content in the concentrate, and we came to rely more on the 
motor loading of the centrifbge as an indicator of plant feed rate. 

3.3.2.4 Full Load Amps 

In order to record motor loadings at about the maximum feed rate we gradually opened the 
gate valve to the 65% open setting, and we ran that way for about one hour. Based on calculations 
from the previous test, feed rate should have been in excess of 5 TPH. Loadings on the main circuit 
motors were as follows: 

Screen Bowl Centrifbge 
Surge Feeder 
Pug Mill 

Light Running Load (amps) 

2 3  .O 
3 . 3  
1 .o 

Full Feed Load (amps) 

3 3 . 0  
8.5 
2.5 

These were not the l l l  load amp ratings of the various motors, but the apparent loads when 
the circuit was running at full capacity. The full load ratings of the motors were much higher, and 
circuit breakers were provided to kick off the motors when they reached full load amps. 

We used settings of 2 amps higher than the full feed load to trigger audible and visual alarms 
on the computer screen. In this way we would have a warning if we were beginning to overload the 
system, or if a mechanical problem was developing a low level overload. 

As it turned out, the results of this brief test were very reliable, and we used the marker 
overloads throughout the project. If we momentarily exceeded them or started to approach them too 
closely, we backed off on the gate valve setting. We learned the hard way early in the project that 
if we exceeded them for any length of time, we usually got into trouble. 
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3.3.2.5 Moisture Control 

Our primary target for the project was to demonstrate the effectiveness of the Mulled Coal 
process over a moisture range of 20% to 26% (the surface moisture range one would expect on a 
28M x 0 clean coal product which was dewatered on a vacuum filter). A secondary objective was 
to determine the highest moisture levels for which the process would be effective with the Chetopa 
fine coal product. 

The screen bowl centrihge we were using to dewater the slipstream was capable of producing 
product moistures down in the 14% to 18% range when operating at maximum drying efficiency. 
Early in the planning stages for the project, we h e w  that it would be necessary to operate the 
centfige at levels which were well below maximum drying efficiency. After consultation with the 
centrifuge manufacturer, we decided that it would be possible to maintain surface moisture in the 
target range by closely controlling the amount of water which was permitted to escape from the solid 
bowl emuent drain. 

In theory, water in the centrifbge feed must either come out with the effluent or the coal. 
Precise control on the effluent side would give us precise control of surface moisture. We also felt 
that operating at less than maximum drying efficiency would eliminate some of the fine coal product 
losses which are normally associated with the operation of a screen bowl centrifuge. 

We had also determined that another way to control product moisture was to precisely adjust 
percent solids in the feed by adding dilution water just ahead of the centrifuge. The theory was that, 
since we could precisely limit the amount of effluent, slight adjustments to water in the feed would 
translate into adjustments to product surface moisture. A 1" fresh water dilution line had been tapped 
into the pipe line just inches from where the slipstream entered the centrifuge. 

All of the moisture control plans ultimately relied on controlling effluent, but there were three 
separate approaches under consideration: 

1. With feed conditions remaining the same, raise and lower dams which control 
the effluent pool height. 

2. With the effluent pool height set, increase or decrease feed with adjustments 
to the opening on the slipstream take-off valve. 

3. With the effluent pool height set, add or subtract dilution water. 

In this important phase of the shakedown all three moisture control methods were tested. 
Results were mixed and inconclusive. 

Raising and LowerinP Dams 

Figure 3 is an exaggerated schematic representation of the principles involved in adjusting the 
effluent pool height in the centrifbge. There are four rectangular holes (measuring about 4" x 6" in 
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the project machine) in the end flange of the solid bowl section which allow effluent to discharge from 
the rotating solid bowl section into the effluent drain. Steel dams can be bolted onto the face of the 
end flange to cover a portion of the drain holes and restrict the flow of effluent. This results in raising 
the height of the effluent pool in the machine. The dams are made with slotted bolt holes so that they 
can be raised and lowered. 

In normal practice, restricting effluent flow with dams is done to improve product recovery. 
In our case we were raising the effluent pool height to force more 325M x 0 coal and water into the 
screen bowl section of the centrihge and thereby raise product moisture. 

Based on the percentage of 28M x 0 coal in the slipstream, we expected that when running 
"flat out", the centrihge would be capable of producing a product moisture in the 15% to 18% range. 
We wanted to establish this point of maximum efficiency right away, so when we first started the full 
circuit, we left the effluent drain holes wide open (no dams). 

The relative relationship of the pool height and drain holes when running "flat out" is 
schematically represented by the view of the end flange at the bottom left side of Figure 3. It should 
be noted that the dimensions of the various pool height adjustments are greatly exaggerated for 
illustration purposes. 

When we ran flat out, surface moisture was lower than expected. At low feed rates, the 
lowest moisture recorded was 12.5%. As feed rates were increased, there was a corresponding 
increase in moisture. However, even at fairly high rates, moisture only got up into the 14.5% to 
15.5% range. This was obviously too low for the project, so immediately after the first wet run, we 
installed the set of dams which were hrnished by the centrihge manufacturer. 

When we first installed the dams, we set them to give us an effluent pool height which was 
about midway between wide open and the height of the screen section of the centrihge 
(approximately in the position illustrated in the center view of the end flange in Figure 3). 

Setting the dam height was a trial and error process. We were always able to set each of the 
four dams at exactly the same height to keep the machine in balance, but from the outside of the end 
flange it was impossible to gauge the exact elevation of the screens. Our initial approach was to try 
to "bracket in" the proper dam settings. It should also be noted that, as we approached the ideal dam 
height, very slight adjustments in the dam height (as little as 0.062 in.) could result in major swings 
in moisture. 

We ran several hours at the first dam setting. Moisture increased, but it was still nowhere 
near our target range. During this run we reached moistures in the 19% to 20% range. 

We next raised this original set of dams to the maximum height obtainable which was 
somewhere between the arrangements illustrated in the center and right hand views of the end flange 
on Figure 3. At this maximum pool height set point, we were able to get moisture up over 21%. We 
knew we were on the right track, but we felt that we could not get the pool height high enough with 
the original set of dams. 
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We had a local shop machine a new set of dams which would allow us to cover another one 
inch of the effluent drain openings. The extended dams were ready in a few days, but the schedule 
was so compressed that the shakedown period was over. We ended up installing the extended dams 
during the four day shutdown between shakedown and production when the truck loading system was 
installed. 

Although subsequent dam height adjustments all took place, throughout the three month 
production phase of the project, they are reported here, because they were really an extension of the 
shakedown process. 

The extended dams were installed on April 3rd during the shutdown period while loading 
chutes and the truck haulway were being prepared for production operations. The new dams were 
set for an effluent pool height which was 1/2" above the maximum reach of the original dams (the 
approximate position illustrated in the right hand view of the end flange in Figure 3). 

The truck loading chutes and road improvements were not completed until late in the 
aflernoon of April 4th, and production was officially scheduled to start the next day. There was 
no opportunity to run the circuit at the new dam setting and make fbrther adjustments under the 
more relaxed conditions of shakedown testing. We did decide to delay the official start of 
production until 1O:OO AM on April 5th, so that gave us a few hours to experiment with the new 
dam settings. 

It should be noted here that we did not have the option of delaying the start of production. 
We were already a month behind schedule, and we had made a firm commitment to return the 
project centrifbge to the manufacturer on June 19th for a very important test for one of their 
customers. Starting up on April 5th gave us only 44 available production days as opposed to the 
60+ days provided in the original schedule. We were concerned that we would fall well short of 
the total production target if the start of production was delayed beyond April 5th. We were fairly 
certain that the circuit could handle almost any reasonable moisture, so we were not too concerned 
that we would be starting into production without good control over surface moisture. We felt 
that it would not take too long to find proper set points and control procedures, and, in the 
meantime, we were equipped to handle the ups and downs in moisture while we were "bracketing 
in" the proper settings. 

When we started up the circuit on April 5th, for the quick test of extended dam settings, 
we ran through ten individual gate valve settings between 40% and 55% open. Through the 
progression of feed rates, moisture increased from 18% to over 50%. As we got into gate valve 
(feed rate) settings above 45, moisture was extremely unstable. At the same gate valve setting, 
moisture might hold very steady at 23% for about 15 minutes. Then, suddenly, moisture would 
shoot over 50% and stay there until we lowered the gate valve setting. 

This change in moisture resulted from an effluent pool height adjustment of 1/2". It was 
the first time we had been able to get surface moisture over 21%. Although the moisture was 
now too high, we were satisfied that we had finally "bracketed in" the ideal setting. We felt that 
we could then reduce surface moisture at high feed rates down to the 27% range by simply making 
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fine adjustments to the dam height settings. In the meantime we thought that we could start up 
the production phase of the project by running at lower feed rates and maintaining moisture in the 
23% range. Immediately after the short run test on the morning of April 5th we started up, and 
considered the project to be officially in the production phase. Being in the production phase 
meant keeping accurate and detailed records of operations, producing as much Mulled Coal as 
possible in the available time, loading and weighing trucks, and dumping all production on the 
Mulled Coal stockpile. 

When we officially started production on April 5th we ran the circuit for about 3-3/4 
hours and partially loaded and weighed two trucks. At feed rates corresponding to a gate valve 
position between 40 and 43 percent open, we averaged 22% moisture, but the measured feed rate 
was only 2 TPH. At feed rates with the gate valve position greater than 43 percent, the moisture 
immediately went up into the low 30% range. 

The effluent pool height was obviously too high after the first setting of the extended dams. 
It took as long as 1-1/2 hours to open up the centrikge and adjust the dam height. We did not 
immediately shut down each time an adjustment was indicated. An adjustment would be scheduled 
for some time during the next 8 hours of production. If there was a plant breakdown or any other 
interruption during that period, we would have the opportunity to make the adjustment without 
losing production time. Ifthere were no breakdowns during the eight hour period, we would shut 
down the circuit and make the adjustment. 

On April 6th during a plant shutdown, we adjusted the dam height to lower the effluent 
pool by 1/8". The adjustment allowed us to run at a 2.4 TPH feed rate at 22% moisture, but 
higher feed rates still resulted in moistures over 30%. We needed another adjustment which would 
allow us to hold moisture in the target range while producing Mulled Coal at a rate of over 3 TPH. 

Over the next month of production, we made about 15 more adjustments to the dam 
heights looking for the ideal setting. Within a few days we hit a point where a .125" adjustment 
took us from too wet to too dry. The next 12 adjustments were in the 0.062" range, but we could 
never find a spot where we could produce over 3 TPH in the target moisture range. 

We would have situations where we would lower the dams by about 0.125", and find that 
we could get the feed rate up to well above 5 TPH, but we could not get moisture above 20%. 
Then we could raise the dams by about 0.032", and find that we could not produce over 2.75 TPH 
and hold moisture below 30%. In the cases where moisture was too high, it was usually also very 
unstable. We could be running along for an extended period of time at 27% moisture, and 
suddenly the feed would go to a slurry state (moisture over 50%). Sometimes when this would 
happen, we would back off the feed rate by about 5% and find that we could no longer hold the 
moisture above 20%-22%. 

We M y  came to realize that we were never going to find the "ideal" dam height setting 
which would allow us to produce in complete control at the target feed rates and within the target 
moisture range. We were evidently operating at a pool depth which was right on the edge of the 
screen elevation. When the pool height exceeded the screen elevation by just a fraction of an inch, 
too much water was forced over the screen with the dry coal. When the pool height dropped just 



a fraction of an inch under the screen elevation, we could not force enough water over the screen 
to get moisture above 22%. 

When we were operating at effluent pool depths which were right on the edge of the 
screen elevation, the amount of effluent discharging from the centrifuge was essentially fixed at 
a certain GPM. With a 30% solids feed, at a feed rate of 3.5 TPH and a product moisture of 27%, 
the effluent from the centrikge was about 27% GPM. Any change in feed conditions to the froth 
cells, or any change in froth cell performance could completely upset moisture control. Under the 
foregoing conditions, a decrease of only one percent in solids content in the concentrate could 
cause product moisture to jump from 27% to 32%. A 1% increase in solids content could cause 
moisture to jump 5% in the other direction. 

For the duration of the production phase of the project we were continuously looking for 
that "ideal" dam setting, or a combination of dam setting, feed rate and dilution water, which 
would allow us to produce 3-5 TPH in a controllable moisture range of 20% to 27%. We never 
found it. When we were looking for over 3 TPH at moistures in excess of 23%, no matter 
whether we were working with dam settings, feed rate or dilution water, we always arrived at the 
same point - a pool height on the edge of the screen elevation and loss of moisture 
control. 

We ended up lowering the effluent pool height on some days and producing low moisture 
coal (19%-23%). On other days we went into the centrifuge, raised the dam height and produced 
high moisture coal (23%-30%). During the periods when we were producing high moisture coal, 
we did not have good control over moisture due to the unstable condition which existed when the 
effluent pool height was raised to the level of the screen elevation. 

Due to the stability problem, the circuit was much harder to operate in the high moisture 
range, and we failed to reach the weighted average moisture target of 23%. Weighted average 
moisture for the 966 tons produced in production demonstration was only 19.3%, but we 
succeeded in testing the circuit over a moisture range of 17.5% to 32%, and we produced Mulled 
Coal with excellent handling characteristics throughout the entire moisture range. 

It should be noted that the problems we had with the centrifbge have no bearing on a 
conventional screen bowl centrifbge application. Our problems were all related to attempting to 
produce coal with an arbitrarily high moisture content, and to do so, we were forced to operate 
just above the top edge of the capacity of the test machine. Had we been interested in the standard 
objective of producing the lowest possible moisture at the highest possible recovery, effluent pool 
heights would have been much lower, feed rate would have been reduced, we would have been 
producing a product with about 14% surface moisture, and we would not have experienced any 
of the operating problems encountered in this project. 

3.3.2.6 On-Line Moisture Monitor 

Moisture, ash and size distribution are the three most important wet cake characteristics 
which must be considered in designing a Mulled Coal circuit. Of the three, surface moisture is the 
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principal feed characteristic which determines the amount of reagent required to improve the 
handleability of the end product. And, of the three, surface moisture is the characteristic which 
will usually vary the most in a fine coal preparation circuit. From the earliest planning stages for 
this project, we decided to use an on-line moisture monitor which would be tied into a process 
control loop which would control reagent flow rates. 

In September 1992, we obtained a budgetary quote on a microwave type on-line moisture 
analyzer from the principal supplier of this type of equipment to the coal industry. At the time, 
the cost of the analyzer was $63,000, and it was available for short term lease at $2,500 per 
month. By the time we began soliciting actual quotes for krnishing equipment for the project 
(May 1994), the purchase price of the analyzer had risen over 25%, and the manufacturer had a 
new policy which prohibited lease arrangements on that particular instrument. There was no way 
we could justifjr an outright purchase at the current price. The moisture analyzer would have cost 
over three times as much as any other major component in the project. 

In discussions with the manufacturer, we learned that they had a new scaled-down model 
of the microwave type analyzer which they were just then introducing to the market. The cost of 
the scaled down unit was less than one-third of the cost of the model originally quoted, and 
leasing terms were available. Factory representatives had tested the new unit on coal in Germany, 
and they thought that it might work in our application. 

According to the manufacturer, the main difference between the two models was one of 
accuracy and the ability of the more expensive unit to read accurately in the face of wide swings 
in density and moisture. The less expensive unit operates with only two measuring frequencies 
in a narrow frequency band; while the more expensive unit uses about 48 frequencies in a very 
wide band, and reliably interprets moisture within 0.3%. We only required an accuracy of +/- 1%, 
so we decided to do some testing to see if the scaled-down unit would work for our project. 

We submitted three known moisture samples of dewatered froth concentrate from the 
Chetopa plant. One sample was at 20% moisture, one was at 25% and one was at 30%. The 
scaled-down unit read the individual samples within 1%, so we arranged to lease the unit for the 
duration of the project. 

Figure 4 shows a schematic representation of how a microwave type moisture analyzer is 
normally installed in a coal preparation plant, and the right hand view shows how it was installed 
for this particular project. Accurate readings cannot be obtained when microwaves are transmitted 
through metal surfaces, so the microwave transmitters and receivers are normally located above 
and below the carrying side (top belt) of the clean coal belt conveyor. Since coal thickness or bulk 
density on the conveyor can change from time to time, a radiometric mass compensation unit is 
installed nearby with the nuclear source and scintillation detector in the same relationship to the 
belt conveyor as the microwave transmitting and receiving antennae. 

There was no belt conveyor in the Mulled Coal circuit, and from the time dewatered wet 
cake left the centrihge until the time it was discharged to the pug mill, the material was always 
completely enclosed in a metal machine or free falling through an enclosed plastic chute. We 

24 



Figure 4 

Moisture Analyzer Installation 
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decided to provide a place to install the moisture analyzer by adding a flanged plastic extension 
to the end of the discharge tube on the surge feeder (Figures 5 and 6) .  In fact the surge feeder 
manufacturer agreed to shorten the normal length of the discharge tube and auger, and provide 
a steel companion flange which allowed us to bolt the tube extension onto the feeder. To provide 
for the best possible surfaces for mounting equipment and interpreting signals, the tube extension 
was made rectangular in shape. To provide the least resistance to pushing the material through, 
the tube extension was made from UHMW PVC material. 

Prior to approving final drawings for the tube extension, we made an 8" extension for the 
discharge tube on the 1000 lb/hour surge feeder in our pilot plant (a scale model of the machine 
to be used in the project). We learned that not only would the auger push the material through 
the extension with ease, we would actually be presenting wet cake to the analyzer in a much 
better configuration than on a belt conveyor. Since a belt conveyor always travels at the same 
speed, any change in feed rate causes the level of coal on the conveyor to rise or fall. But when 
the wet cake moved through the extension with nothing pushing it but the material coming in 
behind it, it quickly filled the rectangular cross section of the extension and always kept the same 
shape. Changes in feed rate would simply change the velocity of the material as it moved through 
the extension. 

Although fitting in the moisture analyzer components, the transfer chute, and the related 
guards all together at the confined intersection of the pug mill and surge feeder would be a tight 
squeeze and would require a complicated support structure, we felt that we had created an ideal 
setup for accurate measurement, and we were taking the measurement at the proper spot -just 
inches ahead of the reagent spray nozzles. 

During the construction phase of the project the plastic tube extension was installed on the 
feeder, all mounting hardware was fabricated and installed at the feeder/pug mill intersection, the 
microprocessor for the moisture analyzer was installed in the control room and wired into the main 
control circuit, and conduit for analyzer component leads was extended from the control room to 
within a few inches of the final location of each component. 

Actual installation of the components, connecting leads and calibrating microprocessor was 
the responsibility of the manufacturer's field technicians, and this final work could not be done until 
the circuit was running and processing coal. 

Installation of the moisture analyzer was scheduled for the first week of the shakedown 
operations. 

The equipment was all installed according to schedule on the first two days of the week. 
On the third day the circuit was operated and moisture readings were compared to field moisture 
measurements run on an infi-ared moisture balance. Based on the comparison of analyzer readings 
against actual moisture (the comparison was not good) the manufacturer's representative decided 
to realign the microwave antennae. As luck would have it, the preparation plant was broken 
down the entire shift on the fourth day. Calibration tests resumed on the fifth day, and based on 
comparisons between analyzer readings and actual moisture (which again were not good), a new 
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job site that day. 

With the latest calibration curve we were still getting differences by as much as 11% 
moisture between actual and analyzer unit readings. We decided to start up the production phase 
of the project by controlling moisture input to the process control loop manually. (This procedure 
turned out to be a satisfactory method of controlling the process. In the meantime, the on-line 
analyzer would be left on - it just was not connected to the control loop. We would continue to 
record analyzer versus actual moisture readings and forward the data to the manufacturer. The 
manufacturer would calculate a new curve, and forward the information back to the job site. We 
would program the new curve into the microprocessor (a simple procedure) and begin a new 
comparative data series. 

The first new calibration curve was based on a series of comparisons covering the first ten 
(10) operating days. It was the end of April by the time the new calibration curve was entered into 
the microprocessor. The new calibration curve narrowed the gap between actual and analyzer 
readings, but the readings still differed by as much as 3%, and there were rare occasions where the 
analyzer reading would be off by as much as 10%. Calibration was definitely better, but we were 
still nowhere near the point where we could connect the analyzer to the process control loop. 

For the next ten operating days we collected a new comparative data series, but we 
decided that it would not serve any useful purpose to calculate and enter a new calibration curve. 
By the time we could be operating with a new calibration curve, the production phase of the 
project would be nearing an end. 

At the same time we were having good success with operating the process control loop 
manually. The control loop was set up so that at any given level of moisture, the reagent pump 
would deliver a predetermined dose of reagent. These predetermined reagent doses were based 
on previous expe;-ience and parametric testing conducted at the beginning of this project. The 
predetermined doses were programmed into the computer and PLC. 

As previously reported, we actually used far less reagent than originally anticipated or 
originally programmed into the control circuit. In operating the control loop manually, we did not 
input the same moisture reading as the one determined on the infrared moisture balance. Instead, 
knowing the reagent flow rate we wanted at different moisture levels, we manually adjusted 
moisture input until reagent flow attained the desired rate. To get the desired reagent flow, 
manual moisture input was always lower than actual moisture. 

This explanation of manual operation is included here because, even if we would have 
achieved perfect calibration on the on-line moisture analyzer, we would not have been able to 
connect the analyzer to the control loop. Setting up the process control loop for complete 
automatic operation would also have required reprogramming the computer and PLC for lower 
reagent doses. Only 44 days of scheduled production did not give us enough time to fine tune the 
process control circuit. 
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Given enough time, we may have achieved perfect calibration with the moisture analyzer. 
In the worst case the more expensive multi-frequency unit (which would be much more affordable 
for a permanent full scale installation) would certainly have worked (it is currently working in 
many coal preparation plants). While time constraints prevented going to "full automatic" on the 
process control loop, we were able to demonstrate that the overall design of the control loop was 
appropriate, and we were able to deliver reagent at about the right dose for the full range of 
moisture and feed rate conditions. 
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4.0 SUMMARY 

During this fifth quarter of the contract, activities were underway under Task 3 of the Work 
Statement. The major activities of the period were the modifications to the plant structures to 
accommodate the installation of the circuit, the installation of the circuit equipment, the integration 
and interfacing of the circuit with plant operations, and shakedown operations. By the end of the 
quarter, the demonstration circuit was in place and ready for the start of production operation to 
begin in early April 1995, It was clear from the shakedown runs that excellent quality Mulled Coal 
would be produced during the production period over a range of operating conditions. 
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