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1.0

INTRODUCTION

A study conducted by Pittsburgh Energy Technology Center of sulfur
emissions from about 1,300 United States coal-fired utility boilers
indicated that half of the emissions were the result of burning coals
having greater than 1.2 pounds of SO, per million BTU. This was mainly
attributed to the high pyritic sulfur content of the boiler fuel. A
significant reduction in SO, emissions could be accomplished by removing
the pyrite from the coals by advanced physical fine coal cleaning.

An engineering development project was prepared to build upon the basic
research effort conducted under a solicitation for research into Fine Coal
Surface Control. The engineering development project is intended to use
general plant design knowledge and conceptualize a plant to utilize
advanced froth flotation technology to process coal and produce a product
having maximum practical pyritic sulfur reduction consistent with maximum
practical BTU recovery.

1.1  Scope of this Document

The Department of Energy (DOE) awarded a contract entitled
"Engineering Development of Advanced Physical Fine Coal Cleaning
Technology - Froth Flotation", to ICF Kaiser Engineers with the
following team members, Ohio Coal Development Office, Babcock and
Wilcox, Consolidation Coal Company, Eimco Process Equipment Company,
IT1inois State Geological Survey, Virginia Polytechnic Institute and
State University, Process Technology, Inc. The organizational chart
for this project is presented in Figure 1.1.

This document a quarterly report prepared in- accordance with the
project reporting requirements covering the period from October 1,
1993 to December 31, 1993. This report provides a summary of the
technical work undertaken during this period, highlighting the major
results. A brief description of the work done prior to this quarter
is provided in this report under the task headings.

1.2 Overall Project Scope

The overall project scope of the engineering development project is
to_conceptually develop a commercial flowsheet to maximize pyritic
sulfur reduction at practical energy recovery values. This is being
accomplished by utilizing .the basic research data on the surface
properties of coal, mineral matter and pyrite obtained from the Coal
Surface Control for Advanced Fine Coal Flotation Project, to develop
this conceptual flowsheet. The conceptual flowsheet must be
examined to identify critical areas that need additional design
data. This data will then be developed using batch and semi-
continuous bench scale testing. 1In addition to actual bench scale
testing, other unit operations from other industries processing fine
material will be reviewed for potential application and incorporated
into the design if appropriate.

The conceptual flowsheet will be revised based on the results of the
bench scale testing and areas will be identified that need further
larger scale design data verification, to prove out the design. The

168/DOE/QtrlyRep/Apr-Jun.94 Page 1
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1.3

Task 1
Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8
Task 9
Task 10
Task 11
Task 12
Task 13
Task 14
Task 15
Task 16

proof-of-concept will be accomplished by designing, constructing,
operating and testing a 2-3 ton per hour proof-of-concept plant.
This plant will be designed for continuous operation and will
include two consecutive 5 days, 24 hour per day runs on each of the
three test coals to demonstrate process performance on a commercial
basis. :

The data from the basic research on coal surfaces, bench scale
testing and proof-of-concept scale testing will be utilized to
design a final conceptual flowsheet.

The economics of the flowsheet will be determined to enable industry
to assess the feasibility of incorporating the advanced fine coal
cleaning technology into the production of clean coal for generating
electricity. This concept should provide an ability to reduce
sulfur oxide emissions more economically than FGD systems when
compared on a dollar per ton of sulfur removed basis.

Work Executed at Different Locations

The project team consists of research and engineering groups at ICF
Kaiser Engineers, Babcock and Wilcox, Consolidation Coal Company,
Eimco Process Equipment Company, I11inois State Geological Survey,
Virginia Polytechnic Institute and State University, Process
Technology, Inc. and Michigan Technological University Institute of
Materials Processing with ICF Kaiser Engineers as the prime
contractor with DOE. The work being conducted by different
organizations is based upon their area of expertise and this has
been incorporated into the project Work Plan. The work undertaken
by the different organizations is identified in Table 1.1. This
report is prepared in an integrated manner combining work done by
each organization by task. This is considered to be a more
effective way of presenting the technical data developed by each
organization.
Table 1.1
Task and the Responsible Team Member

Project PTanning ICF KE
Preliminary Conceptual Design ICF KE, B&W, EIMCO, TSG, TAC
Determination of Critical Areas ICF KE, B&W, EIMCO, TSG, TAC

Test Plan Formulation ICF KE, B&W, EIMCO, TSG

Bench Scale Testing ICF KE, B&W, EIMCO, PTI, TSG, TAC
Component Development VPI, TSG

Analysis of Test Results ICF KE, B&W, EIMCO, VPI, TSG
Revised Conceptual Design ICF KE

POC Module Design ICF KE, B&W, EIMCO, TSG, TAC

POC Procurement and Fabrication ICF KE
POC Installation and Startup ICF KE, B&W, EIMCO, TSG

POC Test Plan Formulation ICF KE, B&W, EIMCO, TSG, TAC
POC Testing and Operation ICF KE, B&W, EIMCO, TSG
Analysis of POC Test Results ICF KE, B&W, EIMCO, TSG
Final Conceptual Design ICF KE, B&W, EIMCO, TSG

POC Module Removal ICF KE
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2.0 TASK 2 PRELIMINARY CONCEPTUAL DESIGN
2.1 Overview and Scope

The previous completion of this task resulted in the preliminary
conceptual design of a 20TPH semi-works advanced froth flotation
facility. The non-site-specific plant was designed using the best
available information and technology to achieve continuous,
steady-state process operation with 90% availability. The process
plant is a fully instrumented, integrated, stand-alone facility. A
greenfield site was assumed for the plant.

Throughout the project, the work was organized along a task/sub-task
basis with each sub-task logically assigned to provide necessary
information for the next sub-task, ultimately resulting in
completion of the conceptual design. For Task 2, the first sub-task
determined the design criteria needed to meet or exceed the advanced
froth flotation process specifications. At completion, work under
this sub-task provided information to design the flowsheet of the
process, and provided an energy and material balance of all process
streams. A Tist of all major process equipment was prepared and
used as a basis for a factored estimate for the capital, operating
and maintenance costs of the semi-works process and plant.

ICF Kaiser Engineers, assisted by the project sub-contractors and
Technical Support Group, was responsible for the performance and
completion of this task. This conceptual design is the basis for
Tasks 3, 4, 5, and 6 and will be revised in Task 8 for use as a
basis for the 2-3TPH POC module design in Task 9.

2.2 Review of Work Completed This Quarter
On August 15, 1989, DOE approved Task 1.2 as submitted. With this
as a basis, ICF KE and the team members proceeded with the remainder

of the project. No additional work was planned nor completed during
this quarter.
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3.0

TASK 3 CRITICAL AREA DETERMINATION

3.1

3.2

Overview and Scope

Work performed during the conceptual design of Task 2 identified
areas where uncertainties exist in the design of the unit operations
for the advanced froth flotation process. Some of these problem
areas could not be solved based on currently available information
or technology. The objective of this task was to determine those
critical areas where more information would be necessary and outline
the work needed to obtain the design information.

A design deficiency 1list was generated, and the project team
determined the parameters needed for final design of the unit
operation - either by further engineering analysis or by
experimental data obtained from bench-scale tests. Other solids
processing industries, such as phosphate and clay beneficiation,
were examined to assess the means by which they effectively process
ultra fine particles.

Each identified design deficiency was then ranked according to its
relative importance to the successful continuous operation of the
advanced froth flotation process. Both a technical and economic
analyses of the consequences of not being able to gather the
required design information for each deficiency was evaluated.

ICF Kaiser Engineers, Consolidation Coal and the other members of
the Technical Support Team (B&W, VPI and EIMCO) have contributed to
this task. The process deficiencies identified in this task will be
addressed in Tasks 4, 5, and' 6 through additional engineering
computation and analysis and experimental techniques.

Review of Work Completed This Quarter

The final report of this task has been submitted to DOE. No
additional work was planned nor completed during this quarter.
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4.0

TASK 4 TEST PLAN FORMULATION

4.1

Overview and Scope

Work completed in this task produced the criteria for additional
engineering analysis, computation and detailed experimental bench-
scale testing for areas of uncertainty identified in Task 3. The
engineering analysis, computation, bench-scale testing and component
development was formulated to produce necessary design information
to define a commercially operating system.

In order to produce the required information by means of bench-scale
testing and component development, a uniform coal sample was
procured. After agreement with DOE, a selected sample of coal from
those previously listed was secured.

The test plan was developed in two parts. The first part listed
procedures for engineering and computational analyses of those
deficiencies previously identified that could be solved without
bench scale testing. Likewise, the second part prepared procedures
for bench-scale testing and component development for those
deficiencies previously identified in Task 3.

The first part, engineering analysis and computation, provided for
means of employing presently know theory from other industries to
address deficiencies. This included examinations of literature and
contacting proven experts and operating personnel in fields related
to this deficiency. From the information gathered, engineering
calculations will be utilized to resolve this type of deficiency.

The second part, bench-scale testing and component development,
became necessary when the part one information was unavailable or
when the theory had never been commercially applied. Justification
for the test work was provided to show that technical data and
process needs could only be obtained by test work and that the test
work results would produce necessary information to define a
commercially operating system.

The test work planned was based upon non-continuous and/or semi-
continuous bench-scale units of general laboratory design and would
include only those unit operations identified as deficiencies in
Task 3.

The detailed, quantified tests addressed obtaining data necessary
for solving problems uncovered in the deficiency review. Each
identified deficiency had a plan developed to address the reason for
the testing, the means for the test matrix to obtain results and the
expected results. Each test plan established procedures, adhering
as much as possible, to known and industry-acceptable procedures for
sampling and data collection. Raw data collection would be reduced
to minimize expenses and to better be able to compare results and
obtain meaningful information, especially scale-up factors.
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4.2

The Development Test Plan for both parts one and two contained
schedules, manpower requirements, and resources necessary to obtain
information to define a commercially available system.

The plan for use of the team members was developed to comply with
the results of the DOE uniform coal sample procurement and storage
procedures. The quantity of coal necessary for each testing program
was calculated. A sample of all three of the referenced coals was
to be obtained, preferably from the same source as the Surface
Control contractor. This coal would be stored and handled as
outlined in the coal procurement and storage plan. These
procedures, when properly followed, should minimize physical and
chemical changes to the raw coal.

Review of Work Completed This Quarter

The Task 4 Report was submitted to DOE as a final report. No
additional work was planned nor completed during this quarter.
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5.0

TASK 5 BENCH-SCALE PROCESS TESTING

5.1

5.2

Overview and Scope

The overall goal of Task 5, "Bench-Scale Process Testing" is to
develop the necessary unit operation design and process performance
data required to 1) vreduce or eliminate the technical and
engineering uncertainties of the preliminary 20TPH advanced Tocation
semi-works plant and 2) design, build and operate a 2-3 TPH advanced
flotation POC module.

The unit operation performance and process design information
required to support development of the advanced flotation process is
being examined in a multi-tier program at B&W and Process
Technology, Inc. Laboratory scale studies are being conducted in
several key process areas - conventional precleaning of the raw
coal, microgrinding of the pre-cleaned coal, advanced froth
flotation of the fine coal and dewatering of the product streams.
The results of these studies are then being used to guide small,
semi-continuous and continuous testing of the key unit operations at
approximately 100 1b/hr.

The bench-scale and semi-continuous process design evaluation test
programs will provide detailed information for developing process
material and energy balances. The material balance data will be
used to correctly design and size the equipment for the POC module.
The energy balance information will allow for estimation the cost
effectiveness of the design.

The bench-scale test programs will also identify the optimum
conditions for microgrinding the coal for maximum pyritic sulfur
rejection in advanced flotation and the most promising advanced
flotation technique which will then be integrated into the overall
processing scheme. The 100 1b/hr test program will provide
verification of the Taboratory tests results and demonstration that
these results can be scaled-up for application in the 20TPH semi-
works plant design.

Both the bench-scale, semi-continuous and continuous process design
evaluation tests will serve as critical reviews of the preliminary
process flowsheet. Process deficiencies and limitations discovered
in these programs will vrequire modification of the original
conceptual flowsheet. This information will aid in identifying
solutions to the successful implementation of advanced flotation
technology.

The bench-scale and process testing consists of eleven major
subtasks performed over a period of 12 months.

Review of Work Completed This Quarter
This task has been completed and the results of this task are

reported in the Task 7 report. No additional work was planned nor
completed during this quarter.
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6.0

COMPONENT AND UNIT OPERATIONS DEVELOPMENT

6.1

6.2

Overview and Scope

The Task 6 effort involves three main elements including column cell
development, flotation circuit testing and flotation cell modeling.
The work outlined is to research column designs and operation
parameters in developing an optimized column flotation cell (OCFC)
to meet the overall program objectives. The test results obtained
through this effort will be evaluated against the results obtained
from the round-robin test program in Task 5. Any design parameters
or operating conditions that are unique with the round-robin test
winner that were not evaluated as part of the optimized column
development work will be reviewed and tested so as to incorporate
all possible scenarios in presenting DOE with the best available
flotation process for use in the 2 to 3 ton per hour POC.

Following development of the OCFC, various flotation circuit
configurations will be evaluated determine the "best" circuit design
for the 2 to 3 ton per hour POC. Single and multiple stage
flotation, grab and run, rougher/scavenger/cleaner, etc., test
circuits will be tested as part of this effort. Upon completion of
this test work, the "best" possible flotation cell will have been
tested in a number of possible flotation circuit designs to possibly
provide the "best" flotation approach in meeting the design
criteria.

In conjunction with the flotation test effort, model development
work will be conducted to provide a tool in evaluating the various
flotation circuit configurations and in predicting flotation
performance. The model will be useful in selecting operating
conditions in the POC and in evaluating the performance of the POC.

Review of Work Completed this Quarter
This task has been completed and the results of this task are

reported in the Task 7 Report. No additional work was planned or
completed during this quarter.
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7.0

EVALUATION OF BENCH-SCALE AND COMPONENT TEST RESULTS

7.1

7.2

Overview and Scope

A bench-scale and component testing report was prepared and
submitted to DOE after compTeting Task 5 and Task 6.

The report included the preparation, presentation and analysis of
all the experimental data obtained in the bench-scale and component
unit operations, development and testing. A comparison of the
results obtained with the expected 1imitations and deficiencies that
occurred from bench-scale testing was compiled.

Following the evaluation of the bench-scale and component testing
results, a residual needs analysis was prepared. This was prepared
after comparing results learned in Tasks 5 and 6 with the original
residual needs analysis.

Finally, a bench-scale testing summary was prepared. It
specifically addressed the results of the bench-scale component
testing in respect to the information necessary to define a
commercially operating system. This included equipment selection,
sizing, evaluation and operation to achieve both coal cleaning as
well as the cost of system operation.

Review of Work Completed this Quarter
This task has been completed and the Task 7 Report submitted to DOE

in its final version. No additional work was planned or completed
during this quarter.
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8.0

REVISED CONCEPTUAL DESIGN OF SEMI-WORKS PLANT

8.1

8.2

Overview and Scope

Following DOE authorization to proceed with this task, the
preliminary conceptual design of a 20TPH semi-works plant (Task 2)
was redesigned from all information available at this point in the
project. This update of the conceptual design incorporated
information derived about fine grinding, advanced froth flotation,
and dewatering in Tasks 5 and 6. The summary report produced in
Task 7 describing bench-scale test results and component development
was used as a basis.

This task complied with all of the design requirements discussed in
Task 2. The process flowsheet was updated with complete energy and
material balances for all process flowstreams. The equipment list
was updated and supplied the base for a recalculation of the
factored estimate of the capital, operating and maintenance costs.
In addition, differences between the designs in Task 8 and Task 2
was highlighted and their effects on process and plant design
credibility, efficiency, maintenance, operation, complexity,
control, performance, and economics were discussed.

ICF Kaiser Engineers, with assistance from its sub-contractors and
the Technical Support Group, were responsible for the completion of
this task. This design will serve as a basis for the POC design in
Task 9 and the final semi-works design in Task 15.

Review of Work Completed this Quarter

This task has been completed and a final report submitted to DOE.
No additional work was planned or completed during this quarter.
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9.0

POC MODULE DESIGN

9.1

9.2

Overview and Scope

In order to develop additional confidence in the conceptual design
of the advanced froth flotation circuit, a 2-3 TPH Proof-of-Concept
(POC) facility was necessary. During operation of this facility,
the ICF KE team will demonstrate the ability of the conceptual
flowsheets to meet the program goals of maximum pyritic sulfur
reduction coupled with maximum energy recovery on three DOE
specified coals. The POC circuit was designed to be integrated into
the Ohio Coal Development’s facility near Beverly, Ohio.

0CD0’s facility will provide the precleaning unit operations and
ICF KE will add the advanced froth flotation circuitry. The work in
this task will include the POC conceptual design, flowsheet
development, equipment 1ist, fabrication and construction drawings,
procurement specifications and bid packages and a facilities
estimate at the completion of design. After DOE approval, the
design was finalized for the next task.

Review of Work Completed this Quarter

This task has been completed and the Task 9 report submitted to DOE.
No additional work was planned or completed during this quarter.
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10.0 POC MODULE FABRICATION
10.1 Overview and Scope

The overall objective of this task is to obtain the equipment,
materials and shop labor to fabricate and assemble each of the
individual modules which constitute the POC Module. The ICF KE
procurement team will solicit bids, place orders, and expedite all
vendors, materialmen and fabricators. Procurement will utilize the
drawings and specifications produced in Task 1.9 as the basis for
these activities. At the completion of the assembly procedure, a
ICF KE representative will inspect and perform a functional check of
each module before it Teaves the shop.

Several sub-tasks have been identified for their importance in the
successful completion of this task. Work will include placing
purchase orders, procurement of the equipment and materials,
fabrication of the modules, functionally checking the modules,
shipping the modules to the jobsite and preparing the installation
and maintenance manuals.

10.2 Review of Work Completed this Quarter

This task has been completed. No additional work was planned or
completed during this quarter.
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11.0 POC INSTALLATION AND START-UP
11.1 Overview and Scope

This task covers the functions necessary to install and successfully
start-up the POC module at the jobsite. The installation was
carried out by an installation subcontractor with construction
management provided by ICF KE. The start-up was supervised by
ICF KE and conducted using process engineers from the entire team
and craft Tabor supplied by the installation subcontractor.

This task includes several major subtasks which was carried out to
assure a successful, on-schedule installation and start-up. ICF KE
will conduct work on installation and interconnection of the
modules, preparation of start-up plans and procedures, the start-up
functions and the finalization of the operations manual.

DOE’s TPO was kept informed of construction progress and has access
to the site for inspection of the work. ICF KE’s construction
manager was assigned prior to the start of construction activities
and maintained the job progress through on-site assessment of the
work and was using the construction schedule produced in Task 9 for
control.

11.2 Review of Work Completed this Quarter

A11 construction has been completed. No additional work was planned
or completed during this quarter.
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12.0 POC TEST PLAN FORMULATION
12.1 Overview and Scope

The project team will coordinate its expertise and develop a testing
plan that will provide performance data, quality data, scale-up data
and operating data. The plan was submitted to DOE for approval
after completion of Tasks 9 and 10.

This plan, after approval/revisions, will become the final test
plan. The test plan will include Tlong term testing, steady-state
operation and effects of recycle operation. The testing program
will demonstrate 90% onstream capability, evaluate process control
instrumentation, develop information for scale-up, demonstrate
compliance with regulatory requirements, evaluate materials of
construction, and determine process economics. Ancillary
information such as quality of waste stream materials was gathered.

The finalized plan will include a budget and schedule to complete
all required tests and to produce batches of material for testing of
beneficiated coal.

12.2 Review of Work Completed this Quarter

No additional work was planned or completed during this quarter.
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13.0 POC OPERATION

13.1

13.2

Overview and Scope

This task is the actual demonstration of the advanced froth
flotation technology. Al1- previous work has led to this task.
ICF KE technicians and process engineers from the team will operate
the plant over a 10 month period to demonstrate the capability of
the technology to remove 85% of the pyritic sulfur from three
different test coals while covering at least 85% of the as-mined
coal’s energy content.

Six major subtasks have been included to better define the overall
work scope for this task. The ICF KE team will test the Pittsburgh
#8 seam, the I11inois #6 seam and the Upper Freeport seam; the team
will operate the circuit in a continuous run; the team will analyze
all samples generated in those runs and will develop a plan to store
and dispose of the coal and refuse products.

A1l laboratory data generated will be accessible to all team members
and the DOE. The TPO will be notified of all run days in advance
for the purpose of planning his trips to the site. Sufficient time
will be allowed in the test plan, developed in Task 12, to permit
quick analysis of data generated from a completed test before
continuing to the next test.

Review of Work Completed This Quarter

The recently enacted Clean Air Act Amendments (CAAA) contained
provisions that would set standards for the allowable emissions of
190 hazardous air pollutants (HAPS). These 190 air toxics could be
associated with any number of source categories that emit pollutants
to the environment. Many of these HAPS could possibly be emitted
from coal-fired electric generating stations.

Title III, the Hazardous Air Pollutants section of the CAAA,
requires the EPA to determine stationary source categories that have
the potential to emit any of the 190 HAPS listed in the act. Coal-
fired electric utilities are on a draft 1ist of 750 sources that the
EPA has already developed. The EPA will designate as major sources
those stationary sources that could emit 10 tons per year of any
single HAP or 25 tons per year of a combination of HAPS.

Considerable actual HAPS emission data exist for many of the
stationary sources that will be targeted as major sources. In these
cases, the EPA will be able to use sound scientific data to prepare
regulations. However, no such extensive data base exists for coal-
fired utility boilers. Many of the 1iterature accounts of toxic
emissions from coal combustors consist of calculated values based on
test burns under controlled conditions or incomplete material
balance studies that related the emissions of trace metals to the
inorganic composition of the input coal. Also, there is a high
degree of uncertainty concerning much of the data on some of the
more volatile components in flue gas. For example, results from a
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literature survey indicated that wet scrubbers remove anywhere from
20% to 80% of the mercury from utility boiler flue gas.

Efforts are underway to develop a more complete database on
potential HAPS emissions from electric utilities. In a limited
study, the Electric Power Research Institute (EPRI) has begun to
assess the emissions from power plants under the PISCES (Power Plant
Integrated Systems: Chemical Emission Studies) program using a
consistent and comprehensive analytical protocol that evaluates all
input and output streams at the utility.

The CAAA calls for the EPA to conduct a 3-year study of the
potential health risks specific to utility sources. The study is to
be completed by the end of 1993. At that time, EPA will determine
whether the air toxics emissions from electric utilities will need
to be regulated.

If regulations are promulgated, coal preparation could play a
significant role in controlling air toxics. Physical coal cleaning
can effectively reduce the quantity of power plant ash and S0,
emissions for most coals. New studies have shown that coal cleaning
can also decrease the concentration of many trace elements, reducing
the possibility of atmospheric release during combustion. Certain
trace elements have an affinity for the inorganic component of coal,
while others have an affinity for the organic portion. However,
organic and inorganic associations of trace elements can vary widely
from coal to coal, and can show both extremes in their affinities.
Because trace element removal before combustion is a relatively new,
and potentially very important application of coal cleaning
technology, new coal cleaning methods such as advanced flotation
were studied to find the extent of trace element reduction by the
process.

To answer the question about the possibility of advanced flotation
making an impact on trace element removal, a test program was
arranged during the demonstration runs. The test program consisted
of collecting representative samples of the streams in the POC shown
in Tabie 13.1.
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Table 13.1
Sample Streams in POC

Sample Name . Sampler Number
Plant Feed ] 701
Plant Clean Coal 727
Refuse Thickener Feed 728
Ball Mill Feed 2733
Ball Mill Discharge 2734
Column Flotation Feed 2735
Column Flotation Concentrate 2736
Column Flotation Tailings 2737
Heavy Media Cyclone Reject 706

The samples were analyzed for trace elements and reported. The
results of the analysis are shown in Appendix A. The analysis work
was conducted at CONSOL Inc., one of the project’s team members.

At CONSOL R&D, the analytical technique that was developed to
determine most of the elements is inductively coupled plasma-mass
spectroscopy (ICP-MS), as its name implies is the mass spectrometric
determination of inorganic ions that are produced by an inductively
coupled plasma. The elements are ionized in the plasma and exit as
singly-charged positive ions. The ions produced in the plasma pass
through an interface region which extracts the ions from the 8000-
10000 K piasma at atmospheric pressure and introduces them to a
quadruple mass spectrometer at 10 atm. There, the ions are
separated by mass and detected by a channel electron muitiplier.

ICP-MS elemental analysis offers a number of advantages over other
techniques. It provides rapid, multi-element quantitative ana]ys1s
The entire periodic table can be scanned, reproduc1b1y, in a few
milliseconds. It has a wide Tinear range (10°) eliminating the need
for diTutions. It is extremely sensitive with detection 1imits in
the parts per trillion range. Most importantly, it is highly
selective since each ion exhibits only one peak.

The coal sample to be analyzed is burned in a muffle furnace under
controlied conditions according to ASTM D3683-78. The resulting ash
is then subjected to a multi-acid digestion of aqua regina and
hydrofloric acid. This solution is taken to dryness, the solids
redissolved in nitric acid, and finally introduced into the ICP-MS.
Because mercury and selenium are volatilized and lost during the
preliminary ashing step, they are analyzed by different techniques.
Mercury is analyzed by the double gold amalgam mercury vapor method.
A sampie of the coal is burned and the mercury collected on a gold -
wire. This wire is then heated and the mercury collected on a
second wire which is in turn heated causing mercury vapor to flow
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into an atomic absorption unit. A hydropyrolytic method originally
developed at CONSOL for fluorine analysis has proven effective for
the analysis of selenium. In this case, the sample is burned in the
presence of humidified air. The selenium in the sample is released
and captured in a weakly basic solution. An aliquot of the
condensate is then acidified and analyzed by ICP-MS.

The data generated for the POC was analyzed and the preliminary
results for each coal tested are shown on Tables 13.2 for Pittsburgh
No. 8, Table 13.3 for Upper Freeport, and Table 13.4 for I1linois
No. 6.

A final topical report will be prepared for this subject and will be
released during the month of November.
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Table 13.2
Pittsburgh No. 8 Trace Element
Overall Plant Rejection

Trace Feed Cal. Feed Refuse Coal Trace
Element PPH PPM PPM PPM Element
Rejection
As 31.20 24.75 20.94 3.81 41.32%
Ba 181.00 164 .88 153.27 11.61 45.40%
Be 2.55 2.40 1.76 0.64 35.85%
Cd 0.39 0.46 0.39 0.07 41.22%
Co 11.20 10.59 8.92 1.67 41.15%
Cr 55.00 54.77 46.99 7.78 41.91%
Cu 29.90 30.18 26.40 3.78 42.73%
F 486.00 497.25 457.70 39.55 44 .96%
Hg 0.10 | 0.1 0.07 0.04 30.77%
Lj 45.30 44,92 40.77 4.15 44 .32%
Mn 149.00 147.72 138.87 8.85 45.91%
Mo 3.37 3.35 2.35 1.00 32.24%
Ni 41.80 30.70 25.27 5.42 40.21%
Pb 19.00 18.86 16.65 2.21 43.12%
Sb 1.87 1.80 1.21 0.58 33.00%
Se 3.09 2.76 1.88 0.88 33.29%
Sn 2.22 6.92 6.44 0.48 45.48%
Th 7.64 7.15 6.29 0.86 42.97%
T1 1.94 1.58 1.37 0.20 42 .50%
2.62 2.49 1.99 0.50 39.00%
V 72.90 77.49 65.67 11.82 41.39%
Zn 54.90 49.06 42.46 6.60 42.27%
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Table 13.3
Upper Freeport Trace Element
Overall Plant Rejection

Trace Feed Cal. Feed Refuse Coal Trace

Element PPM PPM PPM PPM Element
Rejection

As 14.00 16.52 14.39 2.13 26.70%
Ba 201.00 209.62 162.67 46.95 23.79%
Be 4.31 4.13 1.00 3.13 7.40%
Cd 0.19 0.21 0.17 0.05 23.71%
Co 7.79 8.07 4.64 3.43 17.64%
Cr 28.90 35.19 17.99 17.20 15.67%
Cu 29.00 30.72 18.79 11.93 18.75%
F 123.00 165.45 111.01 54.44 20.56%
Hg 0.43 0.36 0.23 0.12 19.92%
Li 47.50 42.93 24.69 18.24 17.63%
Mn 114.00 166.73 134.13 32.59 24.66%
Mo 3.38 4.25 2.57 1.69 18.50%
Ni 23.90 126.52 15.01 11.51 17.35%
Pb 25.80 28.68 22.11 6.57 23.63%
Sb 1.03 1.14 0.63 0.51 16.90%
Se 3.88 4.03 2.40 1.64 18.21%
Sn 1.39 1.52 0.70 0.82 14.11%
Th 4.57 4.26 - 2.02 2.24 14.54%
T1 2.69 3.09 2.58 0.51 25.56%
U 21.80 2.82 1.39 1.43 15.13%
v 43.40 43.68 14.76 28.92 10.36%
In 41.80 47.40 36.10 11.30 23.34%
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Table 13.4
I11inois No. 6 Trace Element
Overall Plant Rejection

Trace Feed Cal. Feed |- Refuse Coal Trace
Element PPM PPM PPM PPM Element
Rejection
As 9.57 10.13 8.19 1.93 35.66%
Ba 162.00 161.13 139.99 21.14 38.30%
Be 2.10 2.12 1.28 0.84 26.60
Cd 6.00 2.71 2.57 0.14 41.81%
Co 9.32 8.72 6.71 2.00 33.96%
Cr 92.00 98.63 84.77 13.87 37.88%
Cu 36.10 28.78 23.23 5.55 35.58%
F 585.00 563.43 529.54 33.89 41.43%
Hg 0.17 0.15 0.10 0.05 29.09%
Li 20.10 20.49 16.19 4.30 34.83%
Mn 131.00 130.92 119.23 11.69 40.14%
Mo 26.40 26.49 17.77 8.72 29.56%
Ni 46.80 52.56 42.99 9.56 36.06%
Pb 48.00 44 .33 33.09 11.24 32.90%
Sb 1.55 1.63 1.32 0.31 35.77%
Se 9.58 10.79 8.95 1.84 36.56%
Sn 2.89 1.50 1.10 0.40 32.28%
Th 5.19 5.16 3.97 1.20 33.86%
T1 2.02 2.15 1.75 0.40 35.83%
U 10.60 12.74 7.86 4.88 27.19%
v 104.00 115.55 91.16 24.38 34.78%
In 207.00 162.31 149.50 12.81 40.60%
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14.0 TASK 14 POC OPERATIONS ANALYSIS
14.1 Overview and Scope

The completion of this task-will result in a complete analysis of
the results from all the test runs on all of the coals cleaned in
the POC module. The work will include, in an organized and readily
accessible manner, all available laboratory data and operating
results from the Advanced Flotation technology. The information
will be utilized to generate results that will be compared to the
batch and semi-continuous results with respect to quality and
equipment design parameters. This information will then be used for
the Final Conceptual Design of the 20 TPH semi-works facility. The
results will be contained in a formal POC Testing Summary Report.

14.2 Review of Work Completed This Quarter

As stated above, the Task 14 report will result in a complete
analysis of the results from all the test runs on all the coals
processed in the POC module. While this data was being compiled, a
flowsheet was being developed for Task 15. This quarterly report
will highlight the results from the three seams of coal tested in
the POC, Pittsburgh No. 8, Upper Freeport, and IT1linois No. 6.

PITTSBURGH NO. 8 TESTING

The Pittsburgh No. 8 coal was obtained from Windsor Coal Company,
Brooke County, West Virginia. The mine is an underground mine and
is a subsidiary of Ohio Power Company. The Pittsburgh No. 8 coal
was donated by Ohio Power Company for the POC operation. This coal
is not the same coal as tested in Tasks 5 & 6. There was a logistic
problem in obtaining the coal from the Task 5 and 6 supplier and the
coal supplier was switched to Windsor Coal Company.

The Pittsburgh No. 8 coal was the primary testing coal in the POC
operation. This coal was tested to determine the best cyclone
configuration in the heavy-media cyclone, water-only cyclone, the
classifying cyclone, the ball mill classifying cyclone, the grinding
circuit, and finally a factorial testing program to establish the
operating parameters for the advanced column flotation cell.

Unit Operations
Heavy-Media Cyclone

The heavy-media cyclone was the first precleaning unit operation in
the circuit. Four (4) tests were conducted on the heavy-media
cyclone over a range of specific gravities of media from 1.70 -
1.85. The determining factor was the Towest specific gravity that
produced 97% Btu recovery. The results are shown in Tables 14.1 -
14.4. The results show that with 1.75 specific gravity the Btu
recovery of 97.8% was obtained. This was the specific gravity used
in the remainder of the Pittsburgh No. 8 test program.
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Water-Only Cyclone

The product of the heavy-media cyclone was crushed in a closed
circuit to minus-48 mesh and combined with the natural 48 mesh x
zero and processed in a water-only cyclone. The water-only cyclone
was used to remove high-ash, free-pyrite, and low Btu reject
material ahead of conventional flotation. The water-only cyclone
has the ability to remove free Tliberated pyrite that may be
collected by flotation. An extensive testing program was
implemented in an attempt to maximize Btu recovery and reject free
pyrite. The parameters tested for the water-only cyclone involved
the different arrangements of vortex diameter/length, apex diameter
and feed pressure. The water-only cyclone manufacture was consulted
to determine the best arrangement. The test numbers and parameters
are shown in Table 14.5.

Table 14.5
HWater-Only Cyclone Parameters
Test No. Vortex Dia, Vortex Apex Dia., Pressure,

in. Length, in in. psig
93031002 3.0 7.0 1.0 14.5
93031701 2.5 14.0 1.0 15.0
93031901 3.0 10.5 1.0 14.5
93032201 2.5 14.0 1.0 10.0
93032202 2.5 14.0 1.0 19.5
93032302 3.0 7.0 1.0 30.0
93032501 3.0 7.0 0.625 19.5
93032502 3.0 7.0 .050 19.5
93032601 3.0 7.0 0.625 19.5

168/DOE/QtrlyRep/Apr-dun.94

A total of -nine (9) tests were conducted in an effort to
determine the best parameters for the water-only cyclone. The
results of these tests are shown in Tables 2.6 - 2.14. The
best combination was from test 93031002 that produced a Btu
recovery of 98.0%. This arrangement was used in the remainder
of the Pittsburgh No. 8 test program.

Conventional Flotation

The heavy-media cyclone and the water-only cyclone were
operated at the determined conditions and testing of the
conventional flotation began. The Task 5 test work indicated
that no grab-and-run product could be obtained for the
Pittsburgh No. 8 Coal. This was demonstrated in the first
test conducted in the conventional flotation. These results
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are shown in Tables 14.15 and 14.16. Both tests indicate no
grab-and-run product was obtained and that the data gathered
did not material balance, so it was forced to balance. In any
case, an observation of the tailings ash for either side A or
side B demonstrates Tow Btu recovery.

After determining that no grab-and-run product could be
obtained, five more tests were conducted to maximize Btu
recovery. The results are shown in Tables 14.17 thru 14.21.
None of the tests resulted in a product that achieved the goal
of 97% Btu recovery. In addition to a low Btu recovery, large
amounts of frother had to be employed to produce high
recoveries. The Targe amounts of frother contaminated the
recirculating water. The contaminated recirculated water
caused operating problems throughout the POC.

Based upon Tow Btu recovery and the contaminated recirculation
water, conventional flotation was eliminated from the POC
flowscheme. There are advantages to not incorporating
conventional flotation. The capital cost of conventional
flotation as well as operating costs can be saved because of
the elimination of conventional flotation. 1In addition, the
probability of obtaining 85% Btu recovery in the final product
is enhanced.

Grinding

The first system tested in the advanced DOE POC was the
grinding circuit. The grinding circuit consisted of the mill
classifying cyclones in reversed closed circuit with the ball
mill. Reversed closed circuit means the incoming feed and the
ball-mi1l product are sized in the mill classifying cyclones
ahead of the mill. This permits removal of natural-sized
material and ground-sized material before recirculation
through the ball mill.

Numerous tests were conducted to establish the correct
combination of orifice sizes, pressures, and grinding media to
meet the design criteria of 95% passing-200 mesh in the column
flotation feed. The results from this test work are shown in
Table 14.22, Grinding Circuit Test Results and graphs show
Microtrac and screen analysis comparison by test, Figure 14.1,
and mean particle size versus ball mill feed rate, Figure
14.2.

Our examination of the data indicated that the ball mill must
have the smaller grinding media, and the mill-classifying
cyclone must be arranged as shown in test 93041901. A second
conclusion is that the feed rate to the column would have to
be very Tow in order to reach the second grinding criteria of
90% passing-325 mesh. In fact, the probability of obtaining
this result would be very Tow. For this reason, and because
the testing was behind schedule, the minus-325-mesh test
portion was eliminated from the test program.
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Steady-State Condition Testing

The testing program set up for the POC was a very aggressive
approach. The project required conducting a test procedure,
collecting the samples and qimmediately transferring the
samples to a commercial coal testing laboratory for overnight
analysis. At the beginning of the program a number of
analysis errors showed up in the reported values. The team
stopped the program to examine what was required to improve
results and still maintain the overnight analytical results.

The team working with the commercial laboratory arrived at
several conclusions. The first was that the sample size was
too large. The second was that the drum Tiners, which were
plastic bags, were not strong enough to resist rough handling.
The last conclusion was that the commercial laboratory must
improve the sample preparation QA/QC program.

The above conclusions were recognized and remedied. The
sample size was reduced especially for all of the slurry
samples. The size or quantity of material was reduced but the
minimum of eleven (11) cuts during any one test was never
compromised, thus insuring that a proper representative sample
was collected. The problem of the plastic liners was
eliminated by purchasing 20 gallon polyethylene barrels that
required no Tliner. Finally, the laboratory reviewed the
sample preparation procedure and improved its quality control.

In order to determine if the changes made any difference, a
test was conducted and three sub-samples of six (6) samples
were collected and delivered to three (3) Taboratories for
comparison of results. These results are shown on Table
14.23. The following Table 14.24 indicates the
reproducability of results submitted by different
laboratories, different equipment, operators, date of test and
different portions of the same pulp.
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Table 14.24
ASTM Reproducability Chart

Analysis Reproducability
ASH % '
No Carbonates Present 0.3%
Carbonates Present 0.5%
Coals __ more than 22% Ash 1.0%
Containing Carbonatew & Pyrite
SULFUR %
Less 2% Sulfur 0.10%
Greater 2% Sulfur 0.20%
BTU =+ 100 Btu

168/DOE/QtrlyRep/Apr-Jun.94

The following Table 14.25 indicates a comparison between the
three Tlaboratories: Standard/Consol, Consol/AEP and
Standard/AEP. The first figure indicates the absolute
difference and the second symbol plus (+) compares with ASTM

reproducability and minus (-) does not compare with ASTM
reproducability criteria.
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Table 14.25

Inventory Comparison

Analysis Sampler STD/CON CON/AEP STD/AEP
ASH % 702 -1.14/(-) 1.07(-) ~0.07/(+)
708 ~0.85/(+) 0.31/(+) -0.54/(+)
7128 ~2.58/(-) 0.57(+) -2.02/(-)
7138 ~1.57/(-) -0.41/(+) -1.98/(-)
7148 -3.71/(-) 0.52/(+) -3.19/(-)
7178 -2.23/(-) 1.10/(-) -1.13/(-)
SULFUR% 702 0.29/(-) 0.05/(+) 0.34/(-)
708 0.18/(+) ~0.01/(+) 0.08/(+)
7128 0.34/(-) 0.11/(+) 0.23/(-)
7138 0.48/(-) -0.16/(+) 0.32/(-)
7148 0.20/(+) -0.08/(+) 0.15/(+)
7178 0.07/(+) 0.24/(-) 0.31/(-)
BTU 702 194/ (-) -151/(-) 43/ (+)
708 249/ (-) 17/ (+) 266/(-)
7128 172/(-) 24/ (+) 148/ (-)
7138 ~167/(-) 15/ (+) -182/(-)
7148 480/ (-) -148/(-) 332/(-)
7178 333/(-) ~325/(-) 8/(+)

168/DOE/QtrlyRep/Apr-Jun.94

The above comparisons indicate that Standard did not compare
favorably with CONSOL or AEP. There is a good comparison between
CONSOL and AEP. This data resulted in a trip to Standard Laboratory
in South Charleston, WV to review their QA/QC program. This
resulted in a change to their internal QA/QC program. The change
required providing higher ash blanks, higher sulfur blanks, and
higher pyrite sulfur blanks for repeatability testing. These
unknown blanks were incorporated into the samples run for the test
program. A check on repeatability later in the program showed good
repeatability results.

The quality of the results from the commercial laboratory improved
as a result of the 1ab comparison test and the improvement of the
Tab QA/QC program. The variation of the feed, the manner of
sampling and collection, as well as laboratory procedures all
contribute to the possibility of higher than normal reproducability
values. In addition, the Targe number of samples and the rapid
turnaround of results could also contribute to the problems. Even
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though no additional inter-laboratory tests were conducted, the
analytical results greatly improved as evidenced by considerably
fewer reruns of analyses being reported. Al1 in all, the 1aboratory
results were quite accurate for the purpose of the test program.

In addition to a problem of Taboratory results, a question was
raised concerning the possibility of the POC not operating at
steady-state when the samples were collected for a given test. In
order to answer this question of steady-state operation, a testing
program was developed to determine if indeed steady-state was
occurring.

Test work was conducted to attempt to determine the steady-state
time elapsed for given unit operations in the OCTAD precleaning
circuit and the POC circuit. The test program was begun, and the
plant operated for four (4) continuous hours. Each hour of
operation was documented as one sampled test result. The unit
operations were analyzed to attempt to determine the performance of
each unit operation. The test numbers were designated 701, 702,
703, and 704.

The first two (2) unit operations are the heavy-media cyclone and
the water-only cyclone. The performance of these unit operations
was determined by probable error plots. With this as a basis,
detailed washability of the clean coal and refuse of both unit
operations were conducted for test 701 and test 704. An ash balance
was used to determine recovery.

The probabie error curves shown on Figures 14.3 and 14.4, as well as
Table 14.26 indicates the results. If the performance had not
reached steady state, then there should be a change in the
performance between the first and last test. As can be seen, no
change took place. The conclusion can be drawn that the performance
of both the heavy-media cyclone and the water-only cyclone did not
change with time.

Table 14.26

Performance Comparison of Heavy-Media Cyclone and Water-Only Cyclone

Heavy-Media Cyclone Water-Only Cyclone
Near Org. Near Org.
Test Number 450 Ep Gravity Eff % 450 Ep Gravity Eff %
93070701 1.883 | .0305 2.76 99.8 1.73 .31 6.81 91.39
93070704 1.877 | .0435 4.55 99.6 1.73 .23 4.41 95.02
The next unit operation was the mill-classifying cyclone. Again,

168/DOE/QtrlyRep/Apr-Jun.94

the performance of the classifying cyclone was determined by the
recovery curve. The cyclone overflow and underflow were sampled and
analyzed for size by Microtrac. The mass balance is based on sample
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sizes, because no feed sample was obtainable. The recovery curves

and backup data are shown in the Figure 14.5 and Tables 14.27 and
14.28. Again, there was no apparent change in the performance of
the classifying cyclone; therefore, it was operating at steady
state.

The next parameter examined was the size analysis of the feed to
column. In order to better understand the size analysis, the ball-
mill feed and product were also sampled. This information is shown
on Table 14.29 entitled "Size Variation With Time." This table
clearly indicates that all three of the size analyses were similar
during the entire four-hour test program. This again demonstrates
steady-state operation.

During tests 701 through 704, ICF KE monitored instruments and then
printed out several plots. In particular, the feed rate, mill-
cyclone-feed density, and column- feed density were recovered.
These plots are shown on Figures 14.6 -14.8. As can be noted, the
plant feed appears to be fairly constant, the mill-classifying-feed
density appears to increase with increasing time, and lastly, the
column-feed density likewise appears to increase with time.

The above data were compared statistically to determine if test 703
was different than test 704. The statistical analysis shown on
Table 14.30 indicates that the plant feed rate has values that are
of the same set; however, both the mill-classifying feed and column-
flotation feed indicate that indeed the tests are different.

Two comments should be made concerning what appears to be a major
problem. The first comment is that this variation caused ICF KE to
stop and re-evaluate several operating conditions within the
circuit. - There were two closed-loop circuits, one around the
cagepactor and one around the ball mill. The circuits were then
investigated. The second comment is extremely important, and that
is, even though statistically the data points indicate different
tests, all of the values are within the operating ranges of the unit
operations. Therefore, even though different, the outcome of the
tests were not compromised.

The variation in density led ICF KE to explore the possibility of
other changes, perhaps in the quality of the different feed streams
to different unit operations. A variation did appear during this
investigation. The water-only-cyclone (WOC) overflow quality should
be the same quality as the feed to the column flotation cell. Time
and again, the quality of the feed to the column was variable in
pyritic sulfur and total sulfur when compared to the WOC overfiow
quality. The comparison between the WOC overflow and the column
flotation feed is shown on Table 14.31.

168/DOE/QtrlyRep/Apr-Jun.94 Page 44




0" LOLEB

V O

€0LL

89’9 08°L

(SNOHOIW) 32Z1S

LL'LL eL:al €e'ce  8g8'le  Lovp  Lli‘e9 €£'68

€£'921L 99'8L1 99°CaC

ivQ 68°0 ov'iL 86l 68Le 96°C
MRS

8 g

O X
O &k
O &

oc

oy

09

08

ool

{% LM) MOT4HIANN OL AHINO0D3Y

G'$T 84nbLy

Page 45

ERR G W e




00°001 §¢°09 GL°6€ 00°001 8Y°69 ¢5°0¢ Tviol
00°0 90°0 00°0 90°0 00°0 10°0 00°0 10°0 Iv'o
00°0 Iv°0 00°0 Iv°0 00°0 81°0 00°0 810 66°0
00°0 08°0 00°0 08°0 00°0 ev'o 00°0 Ev'0 ov'1
000 e’ 00°0 El°1 00°0 £9°0 00°0 £9°0 86°1
00°0 9€°1 00°0 9e°1 00°0 88°0 00°0 88°0 6L'¢
£¢ 01 G1°¢ ¢e’o £6°1 v0°G 6e°1 L0°0 ¢e’l G6°¢€
§8°8I El°¢e 6G°0 vG°2 88°€El 60°¢ 6¢°0 08°I 89°9
LE°61 I1S°€ 89°0 €8°¢ 6¢°61 vG°¢ 6v°0 50°¢ 06°L
£8°G¢ S1°G €e’l ¢8°¢ 81°6¢ 0¥ JARN! ¥8°¢ LT°TT
89°0¢€ 8L°9 80°¢ 0L ¥ S1°9¢€ 96°§ 10°¢ S6°¢€ 6L°SI
69°G€ 1971 89°¢ £8°tY 6¢°Gb 91°9 6L°¢ LE°¢E ge ec
L1°6} Le°01 G0°S (XA LE"HS 8E'6 01°§ 8¢V 8G° 1€
Ly’ 99 ve vl 8l°6 90°S L9°1L L8°ET v6°6 €6°¢€ L9° Vb
6.°8L 68°G1 e5°¢l LE'E ve" 48 v6° L1 e1°SI 18°¢ L1°€9
LE°68 EL°ET Le’el 9’1 6€°16 80° /LI 19°S1 JAN £E'68
ve* L6 G9°8 ¢v's €2°0 Gv'S6 12284 26°01 ¢s°0 €€ 921
00°001 X2 4 Le'y 00°0 18°t6 6E°G IT°§ 8¢°0 99°8L1
00°00T 960 96°0 00°0 €L°98 86°0 68°0 El'o §9°¢SG¢
aNTVA % 1M % 1M % 1M ANTVA % 1M % 1K % 1M JZIS Nv3W
" 1dvd a33d LUNENR] LUNERY *Ldvd 334 LURERL LURE R ENJEDR. (U
¢0£0L0E6 ¢0L0L0€6 | ¢0L0L0€6 | 20L0L0E6 | 10L0L0E6 | T0LOLOE6 | T0LOLOE6 | T0LOLOEG "ON 1S3l

S3ns3y 8aduURWACSABd BUO| DAY BuLhjLsse[d LW

[2°pT 2lqel

Page 46

e o




00°00I 90°19 ¥6°8¢€ 00°001 [°19 68°8¢ viol
00°0 G0°0 00°0 S0°0 00°0 ¢0°0 00°0 20’0 Iv°0
00°0 A 00°0 AN 00°0 6¢°0 00°0 6¢°0 66°0
00°0 18°0 00°0 18°0 00°0 ¥9°0 00°0 ¥9°0 ov°1
00°0 I¢°1 00°0 I2°1 00°0 00°I 00°0 00°I 86°1
00°0 6v°1 00°0 6v°1 00°0 1e°1 00°0 1€ 1 6L°¢
v0°01 6¢°¢ €¢°0 90°¢ 08°01 €1°¢ €20 06°T G6°¢
gy " 81 [€°¢€ 19°0 0L°¢ 00° L1 00°€ 1S°0 6v°¢ 8G°§
99° L1 89°¢ §9°0 €0°€ LG°91 A 8670 LL°2 06°L
Ly ¥e €2°§ 8¢'1 G6°€ vy ve 8'Y 61°1 89°¢€ L1711
XA 26°9 €2'¢ 69V LE°62 €2°9 €8°1 ob°v 6L°ST
LE"LE 144 8L°¢ 99" Le've LL°9 (A Sh't €€’ ¢¢
ob" LY Iv°6 9"t G6°t ¢L6¥ 19°6 LY 68"V 8G° 1€
10°€9 v 2t é8°L 69"V ve 69 1AV A 91°6 88°t L9y .
¢¢'6L LG ET GL°0I é8°¢ 8€°8L 8¢°91 9.°¢1 ¢S't L1°€9
06°68 80°¢1 98°0I ¢¢’1 0L°[8 88°¥1 G0°€l £8°1 £e°68
€9°96 09°8 1€°8 6¢°0 Iv°€6 10°01 SE°6 99°0 €€ 921
00° 001 é8°S é8°§ 00°0 18°96 0Lt SS°Y ST°0 99°8.1
00°00T 9¢°§ 9¢°§ 00°0 68186 06°0 68'0 10°0 §9°¢S¢
aNva % 1N % 1M % 1N aNVA % 1M % 1N % 1M JZIS NvIW
*LHvd 334 LR E )] H014.0 *Livd a3ad HOd <N HO14.0 ERIENR ()
¢0/0L0€6 ¢0/0L0€6 | ¢0L0L0E6 | 20L0L0E6 | T0LOLOE6 | 10LOLOE6 | TOLOLOE6 | TOLOLOEG "ON 1s3lL

S}1|nsay 8duewnojdad auo|af) BuLLyisse|d [LLW

8¢ b1 2LqeL

Page 47




Table 14.29

Size Variation with Time

TEST NUMBER 93070701 93070702 93070703 93070704

COLUMN AVERAGE

MICROTRAC +200 100.00 100.00 100.00 100.00 100.00
200 X 270 92.14 95.76 93.18 96.12 94.30
270 X 325 82.93 87.28 84.12 88.89 85.81
325 X 0 76.88 81.31 78.17 83.49 79.96

SCREEN +200 100.00 100.00 100.00 100.00 100.00
ANALYSIS 200 X 270 88.02 91.76 91.63 91.70 90.78

270 X 325 78.33 83.99 83.60 84.03 82.49
325 X 0 73.81 79.47 79.12 79.23 77.91

BALL MILL FEED

MICROTRAC +200 100.00 100.00 100.00 100.00 100.00
200 X 270 71.93 73.12 85.05 78.66 77.19
270 X 325 54.39 55.78 70.24 63.69 61.03
325 X 0 46.20 50.19 62.13 56.07 53.65

SCREEN +200 100.00 100.00 100.00 100.00 100.00

ANALYSIS
200 X 270 77.81 73.12 70.56 69.20 72.67
270 X 325 61.79 55.78 55.32 54.48 56.84
325 X 0 54.60 50.19 50.40 49.46 "~ 51.16

BALL MISS DISCHARGE

MICROTRAC +200 100.00 100.00 100.00 100.00 100.00
200 X 270 53.23 56.97 54.44 50.46 53.78
270 X 325 31.45 36.19 33.56 32.86 33.52
325 X 0O 23.20 27.72 25.12 25.72 25.44

SCREEN +200 100.00 100.00 100.00 100.00 100.00

ANALYSIS
200 X 270 38.47 36.00 31.92 30.49 34.22
270 X 325 23.35 23.10 23.89 21.37 22.93
325 X 0 20.32 19.62 18.36 18.58 19.22
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Obs

Maximum
Minimum

Average
Std. Dev.
No, of Obs,

Calculated Z

OCONOUN& N —H

Statistical Comparison of Hour 3 and Hour 4 for Cyclone
Feed Density, Column Feed Density, and Plant Feed Rate

Tab1e_14.30

Classifying Cyclone . Column Flotation ! Plant Feea Rate
Feed Density ' Feed Density ! Tons per Hour
!
Hour 4 Hour3 Hour 4 Hour 3 2
Sq.Gr. 35 Sol. Sqg.Gr. 35 Sol. i Sg.Gr. 35 Sol. Sq.Gr. %5 Sol. ! Hourd Hour 3
1.0269¢  11.33%! 1.0232. 9.82%! | 1.0082: 3.52%- 1.0080! 3.45%1 | 5.15- 5.20
1.02647  11.14%: 1.0234 9.92%: | 1.0081: 3.48% 1.00801 3.43%1 | 4.94. 5.89
1.02631  11.08%!I 1.0228! 9.67%! | 1.0082! 3.53%: 1.0080! 3.43%1 | 5.39¢ 4.95
1,0257¢ 10.85%! 1.02301 9.75%1 1.00821 3.51%. 1.00801 3.45%! | 35.13. 4.94-
1.0251* 10.61%: 1.0231 9.78%i 1.0081!1 3.48%1 1.0080i 3.43%1 | 5.01° 3.59
1.02431  10.28%! 1.027' 9.62%1 1.00801 3.45% 1.00781 3.36%! | 5.26 5.04.
1.02431  10.27%! 1.022! 9.43%1 1.0081! 347%: 1.0078! 3.37%! 5.18! 5.26
1.02471  10.43%| 1.025! 9.53%| 1.00811 3.4%%1 1.00781 3.38%l 5.27; 5.03
1.02471 10.44%| 1.02251 9.51%| 1.0081! 3.45%1 1.00801 3.46%1 | 5.081 4.94i
1.02431  10.26%I 1.0226| 9.57%| 1.00811 3.49%! 1.0078! 3.41% 1 5.391 5.01
1.02431 10.27%I 1.0261 9.58%I | , 1.00811 3.49%1 1.0079! 3.38%| 5.081 8.22
1.02401 10.16%! 1.02301 9.74%!1 | : 1.00811 3.49%! 1.0079i 3.41%| 5.21. 5.58
1.02461  10.38%1 1.02201 9.34%! | 1.00801 3.45%] 1.00781 3.3%%1 5.18i 5.12
1,02451  10.35%] 1.0222! 9.42%1 | | 1.0081] 3.47%1 1.0078! 3.36% 4.841 5.14.
1.02411  10.18%! 1.02221 9.42%1 | . 1.00811 3.46% 1 1.0G301 3.43% | 4.95! 5.31
1.02421  10.25%| 1.0218! 9.26%! | !  1.0081I 3.46%1 1.00801! 3.42% 5.001 5.20!
1.02371 10.02%I| 1.02201 9.32%| 1.00801 3.43% 1 1.0079! 3.3%% 5.24i 5.39:
1.0242¢1 10.24%1 1.02191¢ 9.27%| 1.00801 3.44% 1 1.0079! 3.41% 5.21: 5.441
. 1.0244)1 10.32%I 1.0212! 9.01%1 1.0081! 3.47%i 1.00781 3.41%| 5.14! 5.20!
1.0244)  10.33% H 1.02181 9.2%%| 1.00811 3.47%1 1.00791 3.3%%1 | 1 5.281 5.37°
1.02431  10.28% H 1.02171 9.1F%| 1.0081! 3.47%1 1.0079! 3.41%1 5,201 5.451
1.02391 10.13% 1 1.02131 9.03%1 | | 1.00801 3.45%| 1.0078! 3.36%| 5.181 5.44!
1.02381  10.08% i 1.02151 9.14%1 | 1 1.00801 3.42%1 1.00781 3.41%| 5.35 5.18'
1.02431 10.26%I1 1.02201 9.34%1 | . 1.0080! 3.44%1 1.00791 3.40%1 5.321 5.11
1.02421  10.24%1 1.02181 9.28%l | ., 1.00801 3.45%| 1.00801 34261 | 5.21! 5.06!
1,02441 10.30%I - 1.02141 9.06%1 | 1 1.00801 3.44%1 1.00791 3.41%!1 | i 5.13i 5.461
1.02431  10.27%! 1.0201 9.31%! | i 1.0080! 3.44% | 1.00781 3.37%!1 | ¢ 5.261 5.30i
1.02401 10.16%( ! 1.02181 9.23%!1 | ! 1.00801 3.43%| 1.00791 3.40%1 | . 5.191 511
1,0235] 9.95%1 1.02271 9.60%1 1.00801 3.44% 1 1.00791 3.41%1 5.41! 4.91
1.02361 10.00%i 1.02221 9.41% 1.00801 3.43% | 1.0080! 3.43% | 5.12i 5.01°
1.02371  10.02%1 i 1.0222 | 9.41%] 1.00801 3.44%1 1.00801 3.43%| 5.881 5.26i
1.02371 10.04%1 i 1.0211 9.37% 1.00801 3.45%1 1.0080! 3.43%1 | 5.251 4.96i
1.0231! 9.77%1 - 1.0228¢ 9.64%1 1.00801 3.46% | 1.0079! 3.41%1 5.221 4.78!
1.02331 9.86%! 1.02241 9.49%1 | ¢ 1.0080! 3.45% | 1.0030t 3.42%1 5.12! 5.03:
1.0232; 9.82%1 1.02261 9.57%1i | . 1.00811 3.46%1 1.00801 3.44% | 5.27: 5.161%
1.0231° 9.78%1 1.02231 9.43%1 | . 1.00801 3.45% | 1.00801 3.43% | 5.241 4.981
1,0237: 10.02% 1.022! 9.40%1 | : 1.00801 3.44% i 1.0079i 3.41%1 5.061 5.38:
1.02341 9.8%%| 1.0241 9.48%1 | i 1.00811 3.46%| 1.00801 3.42%1 4.91! 5.18"
1.0230! 9.76%| 1.02261 9.58%! | : 1.00801 3.45% 1 1.00791 3.39%| 5.21: 4.77°
1.0232; 9.84%1 1.0251 9.54%! | : 1.0080! 3.43%1 1.00801 3.44%1 5.181 5.09:
1.0237:  10.02%1 1.0220! 9.32%1 | i 1.00801 3.43%1 1.0079! 3.40%1 | - 5.101 5.20.
1.02351 9.93%I1 - 1.0223! 9.44%1 1.00311 3.46%1 1.00791 3.41%]1 | ! 5.27! 5.14!
1.02341 9.8%%I1 ! 1.02231 9.46% | 1.00801 3.45%1 1.00791i 3.38%1 [ ¢+ 5.281 5.26-
1.02311 9.76%!1 i 1.02201 9.33%I 1.00801 3.43% | 1.00791 3.41%1 | i 5.231 5.16-
1,02301 9.74%1 1.02181 9.253%1 1.00801 3.44% | 1.00781 3.41%1 | ! 5.481 4.79°
1.02361 9.97%I1 ! 1.0215! 9.11%!1 | ! 1.0081! 3.4%61 1.0078! 3.38%1 5.191 5.03:
1.02381  10.06%I1 - 1.0241 9.80%! | ¢ 1.0080! 3.46%| 1.0079! 3.3%%61 | - 5.03: 543!
1.02361  10.01%I1 1.02201 9.33%! | 1.0079! 3.41%! 1.00791 3.39%1 | » 5.33i 5.38!¢
1.0237!  10.08%1 | 1.02161 9.15%i | . 1.00801 3.43% 1.00801 3.42%1 5.571 5.18.
1.02391  10.11%1 ! 1.02171 9.18%I 1.00801 3.45% 1 1.0081! 3.47%] | i 5.191 5.03.
1,02331 9.87%] 1.02201 9.33%, 1.00801 3.43% | 1.00801 3.46%1 | i 4.991 5.15!
1.02321 9.81%l 1.0221! 9.36%1 | ! 1.00801 3.43%1 1.00801 3.44% H 5.031 4.881
1.02331 9.85%| 1.02211 9.38%I | ! 1.00801 3.46% 1 1.00301 342%1 | 5.351 544
1.0235: 9.95%| 1.0222! 9.40%I | i 1.00801 3.45%1i 1.00801 3.45%| i 5359 5.07}
1.0229! 9.68%1 | 1.02181 8.26%1 | 1.0080! 3.43% | 1.00801 3.44%1 | . 4.891 5.13:
1.02301 9.76%!1 . 1.0221¢ 9.38%1 | ! 1.00791 3.41%1 1.00801 3.44% : 5.141 5.18!
1.0231! 9.80%1 | 1.02201 9.31%1 | i 1.00801 3.46%1 1.00801 3.43% 5.19! 5.34:
1.02291 9.71%1 1.02151 9.10%! | ! 1.00811 3.46%| 1.00301 3.44% 5.021 4.961
1.0235! 9.93%1 - 1.02151 9.10%1 | ; 1.00801 3.43%1 1.00301 3.43%1 | 5.141 5.07°
1.0238! 10.08%1 1.0221} 9.36%1 | ¢ 1.00801 3.45%1 1.00801 3.44%1 | ! 5.091 497!
1.02361  10.00%1 1.02101 8.93%!1 | . 1.0080! 3.44%| 1.0030! 3.43%1 | 5.10¢ 4.78!
11.33%1 : 9.92%1 f 3.53%1 3.47% : 5.881 5.59!
9.68%| . 8.93%| | 3.41%!1 3.36% L 4841 4.77!
10.13%| : 9.3%%| 3.46%1 3.41%1 | ! 5.201 5.16!
0.37%1 . 0.22%| ! 0.03%| 0.03% ! 0.19251 0.2110:
611 H 611 . 61i 61 L 611 61
13.5208| | i 8.426! | __1.0042i
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Table 14.31

Comparison of WOC Analysis with Column Flotation Feed Analysis

HYDROCYCLONE OVERFLOW COLUMN FLOTATION FEED
ASH SULFUR PYRITIC BTU/LB ASH SULFUR PYRITIC BTU/LB
RUR #
93070701 16.37 2.95 1.60 12385 18.66 3.32 2.16 11938
93070702 20.52 2.58 1.45 11338 21.91 2.81 1.63 11304
93070703 20.93 2.66 1.41 11549 22.91 2.42 1.30 11166
93070704 21,84 2.68 1.51 11484 21.24 2.23 1.07 11459

168/DOE/QtrlyRep/Apr-Jun. 94

In an attempt to further establish why the pyritic sulfur was
changing in the column flotation feed, a series of size analyses
were conducted on the mill feed, mill product, and the column-
flotation feed. These data are also shown on Table 14.32. The data
indicates that pyritic sulfur at first increased, and with time,
finally decreased below the WOC analysis in the column flotation
feed.

An explanation of this phenomena is that, upon startup, pyrite that
was retained in the ball mill from the previous day’s operation was
released to the column flotation. As time passed, the previous
day’s pyrite was depleted, indicated by the decrease in the column
flotation feed. As time further passed, the column flotation feed
continued to indicate a decrease in pyritic sulfur. A1l indications
point to the condition that the ball-mill circuit was concentrating
pyritic sulfur as the test period increased in time.

The unit operation that appears to be causing this concentration was
the ball-mill-classifying-cyclone. The unit operation made a size
split based upon particle size and specific gravity. The difference
is the specific gravity of coal and pyrite is about 4. Therefore,
if the coal was being sized at a d;, of 74 microns, then the pyrite
was being sized at a d;, of 18-20 micron. This appears to be what
was happening in the ball mill circuit. The pyrite was liberated
from the coal, and because of the fineness of the pyrite, was
recycled back to the ball mill. This means this closed circuit
became a holding tank for Tiberated pyritic sulfur.

The problem was solved by changing the unit operation utilized to
close the ball mill circuit. ICF KE arranged to install a Krebs
Varisieve to make the 200 mesh sizing of the ball-mill product
before the column fliotation cell.

Five (5) plots of pyritic sulfur versus time are shown in Figures
14.9 - 14.13. These plots further prove that the precleaning unit
operations were at steady state through the WOC unit operation.
From the WOC unit operation, there was a strong indication that even
though the size consist and rates were at steady state, the pyritic

Page 53




gz'l vSee £2'6L
ozoTT|el's  [ogb

ero " lsge T |97 |
860 Jogiz’ ~oe's

HAd% || HSv% _JLHOEM %]

[5iiiEAd% I 18

L_g33iNoILYIOTId NWN109 ]

0s'L ___|szee gi6l
08'0 029 8’y
§Z0__|ol9 £0'8
860 [11°Z 188

SY% _LHOIIM %

0334 NOILYLOTd NWN10O

sI't T leElR L6l
120" Tlee’s 2’y
el'o  |sLg LLL
960 ~_'|ge9 v2'8
 [_HSV% __JIHDIIm %]
G333 NOILV1O1d NWN 100
oge _ [eilig " ]isEL
260 £2°9 25’y
06'0 ov'9 69'6
880 £2'8 g6°L1
[511i6Xd% [_HSY% JiHOIBM %]
0334 NOILV1071d NWN109

(4R 4 82'€C av'eb
£e'e 90°El c0's

68'L gLt cl'yl
iyl 29’6 08'0¢e

OILIHAd% || HSV% _JIHDITIM %

3OHVHOSIA TIIW 1VYOD

8e'd €5'02 0v'0s
60'¢ ot c6'p

19°1 €20l ve'si
ve'l 90'6 yv'éc

OILHAd% || HSV%_ |IHOIIM %

80°'S 69°02 6108
92 SG'LE 65'S

191 686 ve'lZl

ect 89°8 88°92
[OILIHAdD% | HSV% |ILHDIIM %

[ —_39uvHOsIa 1IN 1¥0D

6E'C g8'cl 09'bS
60°1 £1'8 61°L

$8'0 L9 0’9l
48°0 48'S 6lce

[OILIHAd% || HSV%_[1HDI3IM %)

| JOHYHOSIJ TIIN V00

5’6 622 858l
IS°E €202 6.2

FER T 2re

181 szl 15'69
[OILBAd% |[_Hsv% _JiHOEM %)
| @334 TN V0D ]
00’9 86'9€E oe'gl

002 vI'El €52

951 €001 E0°LE

601 0e'Z 80°89
[OLLIHAd% | HSY% JLHOEM %]
l 4334 T1IW V0D ]
21's 19°ve 29'61

s0'2 vLer 8v'e

og’L ___fese___|oeel
b0l 18'9 2079

[OIEAd% |_HSY% __JLHOIIM %]

l Q334 TIIN1V0D |
626 |26IE 2e0e
961 vo'iL £0'e
WL 16'8 2L'st
260 vb'9 €5°19

[DILIHAd% [ HSV% JIHOIIM %
l @334 TN 1¥0D ]

pas4 uoL1e3o{4 uwnjo) pue abaeydsiqg [LLW-1e0)
‘psad || LW-1B0) 40} SLSA|euy 3zLS 40 uostueduo)

e VT 3lqel

0 X Wsee
Wsee X Nole
WoLe X Woo2

wooe +

37i5
¥02020€6 : # NNH

0 X Wsee
WszZe X Wole
W0ie X Woozg

wooe +

3715
€0L0L0€6 - # NNY

0 X WNece
Weee X NoLe
WoZe X Wooz2

wooe +

EFiS
€0.0L0€6 - # NNH

0 X Nsee
ns2e X Woz2
nozz X ooz
wooe +
3azis
102020€6 : # NNH

Page 54

—

S PR/ P




30303y OWH “39NPOUd JWH “PB34 JUB|J 404 BMIL| *SA UNSINS ILILIAY

00V

6 %1 24nbL4

100loY DINIH  —¢—

awiy
| md _ Ny _
68:L 22l blLiLL €00l 008
1 ! { 1 o
........... e s s s s oo G ()
.................................................................................................. (.r
gl

H1onpodd ONH  —g—

peogjueld .,

€

9'€

(%) 1yIng onuAg

Page 55

STy




SA3puf BlL|SdF PUR SUUA() oiil[SBQ A0 BUL| °*SA ANJLNS LI LAY

siepun ewjseq
SiaAQ ow|seq —j—

OT° 4T @4nbL4

awiy
_ (d _ Wy |
00ir  6€1L  2€TL  PLLL  €00L 008
| 1 1 | c
..... st e s s sty e s s o G0
......................................................................................... SR )

(%) inying onuAd

€

Page 56




MOLJ43PUN JOM PUB MO[JUDAQ JOM 404 BUILL *SA UNLLNS IL3Lfd

MOIE18PUN DOM- g
MO|HeAQ DOM I¢I

TT"¥T d4nbLy]

aw)
| wd wy -
00 6¢€-L ctct vLLL £0:01 00:8
: T | . ™ — hu
..... P e s s e s i e e e ] |
............................................................................................................... 1z
............................................. T TR T TRR TITIOSTT SN TTPOPNTPRRP [ <

(%) Angng onAd

L

Page 57




aBuaeydsLq LLLW PUe Pas4 [[LW 404 BWLL *SA Jng|ng O11LdAY

eBleyosig N ——
pood N —.—

2T°HT 24nbLy4

aw)
_ id _
00'v 6eE-L CE2CL

Wy
PLLL £€0:0L 00:

14
(%) anying onuAd

Page 58




308(8Yy uwn|0) pue 3dNpodqd UWN[O) “pPaaj UWN[O) 404 BWL] *SA JNS[NS LI LAAY

joslay uwnjon
- 30npold uwnjon

pee4 uwnjon

. 4
et

—g—
—¥—

€1 %1 94nbL4

aw |

| Ind | Ny

00:¥ 6E‘l (4314 L LL €0:01 00:8

cerrmrinnnne] GUO

(%) Inyng oppAd

¢ ) >

Page 59




sulfur was definitely not at steady state. This problem was solved
by means of replacing the mill classifying cyclone with a Krebs’
Varisieve screen.

The plot of specific gravity versus time for the column flotation
feed is shown in Figure 14.8. There was every indication that, with
increasing time, the feed rate to the column increased. At no time
during any of the previous test work did the feed rate exceed the
operating parameters of the column flotation cell. Therefore, all
tests conducted on the Pittsburgh No. 8 coal were valid tests. The
increasing feed rate to the column flotation was traced to the
operation of the weigh feeder.

The weigh feeder was operated in automatic mode. The automatic mode
required a set point tonnage input, and the electronics of the weigh
feeder controlled the feeder output by matching load cell tonnage to
the set point. The existing Toad cell accuracy was marginal at the
low feed rates the POC was operating. As a result of observation
and physical sampling, it was determined that indeed the feed rate
increased with time.

To remedy this-condition, the scale manufacturer was contacted and
a new control system was installed that permitted the feed rate to
be accurately measured and controlled. After this change the feed
rate control was quite accurate.

In conclusion, it has been determined that all of the precleaning
circuit operations were operating at steady-state conditions. The
balT-mi1l circuit, 1including the <classifying cyclones, were
operating at steady state with regard to size, and pyrite analysis.
The increase of percent solids to the column flotation cell was
related to the weigh feeder operation. ICF KE concluded that a new
size separation device be installed in the mill circuit to prevent
pyrite build-up, and the operation of the weigh feeder was modified
by changing the control system.

The operational procedure for testing continued to be observed. The
plant was started up and operated for two (2) hours prior to any
test work being conducted. After two (2) hours of operation at a
test condition, sampling was conducted for one (1) hour. The
testing conditions were changed. If reagents dosages and/or air
rates were changed, one (1) additional hour was operated before
testing again began. If a feed rate was changed, two (2) hours were
operated before testing. This procedure insured steady-state
conditions before testing.

In addition to steady-state testing an investigation of the
necessity of the water-only cyclone was questioned. To answer this
question a series of tests were conducted in an attempt to determine
the practicability of the WOC inclusion in the POC.

Figure 14.14 shows the results of the performance of tests 609-627

which were the column flotation factorial tests indicated by the
squares and the results of the four tests, 305-308, which were the
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tests without the WOC in the circuit, indicated by the "X". The two
tests that show high Btu recovery were tests 305 and 306. One would
note a decrease in the plant rejection of pyritic sulfur. This is
the result of two conditions: 1) the increased Btu recovery as a
result of greater weight recovery also resulted in more pyritic
sulfur reporting to product because of increased weight recovery;
and 2) free pyrite that would have been rejected by the WOC was not
rejected, thus reducing pyrite rejection. Tests 306 and 308 were
not representative tests because of a large recycle load from the
clean-coal thickener. Test 308 was the operation of the POC at a
high feed rate without the WOC and ball-mill circuit. Again, these
results were inconclusive. The results show an increase in pyrite
rejection, but this was a result of poor recovery. The results of
the four (4) tests are shown on Tables 14.33 - 14.36.

The conclusion that can be drawn from these results was that the WOC
should remain in the circuit to provide the potential of improving
pyrite rejection. This was the original intention for installing
this unit operation. The operation of the POC without the WOC and
ball mill was inconclusive.

The results of the SEM analysis are shown in Figures 14.15 - 14.16.
The concentrate indicates no free pyrite in the product. The only
pyrite evident in the concentrate 1is Tlocked within the coal
particle. The reject shows free pyrite and locked pyrite in the
tailings.

Factorial Column Flotation Test

The next step in the test plan was the 16-test resolution IV
fractional factorial experiment of a 2% experiment to determine
major interaction of operating parameters. The column flotation
independent variables are shown on Table 14.37 and the proposed test
matrix is shown in Table. 14.38.
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Water-Only Cyclone Test 305 Results

Table 14.33

ASSAYS:
STREAM WEIGHT (tph) ASH (%) Btu/LB
EXP CALC EXP CALC EXP CALC
1 3.45 2.85 38.63 38.57 85.89 8565
8 0.70 0.7562 82.23 82.24 1375 1370
11 -17 1.81 2.09 22.72 22.78 11142 11165
19 0.63 0.4925 74.40 74.22 2755 2749
18 1.53 1.60 6.95 6.94 13761 13756
STREAM WEIGHT (tph) TOTAL SULFUR (%) PYRITIC SULFUR (%)
EXP CALC EXP CALC EXP CALC
1 3.45 2.85 3.30 2.85 2.37 1.97
8 0.70 0.7562 2.96 3.06 2.87 3.02
11 - 17 1.81 2.09 2.77 2.78 1.63 1.59
19 0.63 0.4925 3.16 3.23 2.83 2.95
18 1.53 1.60 2.50 2.64 1.11 1.17
RECOVERIES
STREAM WEIGHT (%) ASH Btu/LB
'EXP CALC EXP CALC EXP CALC
1 121.12 100 100 100 100 100
8 24.58 26.55 56.51 56.61 4.25 4.25
11 - 17 63.54 73.45 43.20 43.39 95.29 95.75
19 22.12 17.29 33.30 33.27 5.55 5.55
18 53.71 56.16 10.10 10.11 89.98 90.20
STREAM WEIGHT (%) TOTAL SULFUR PYRITIC SULFUR
EXP CALC EXP CALC EXP CALC
1 121.12 100 100 100 1002 100
8 24.58 26.55 23.81 28.45 32.15 40.71
i1 - 17 63.54 73.45 61.66 71.55 50.52 59.29
19 22.12 17.29 16.56 19.57 20.64 25.90
18 53.71 56.16 42.55 51.98 26.30 33.39
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Water-0Only Cycloe Test 306 Results

Table 14.34

ASSAYS:
STREAM WEIGHT (tph) ASH (%) Btu/LB
EXP CALC EXP CALC EXP CALC
1 5.81 5.16 39.58 39.63 8536 8274
8 1.50 1.51 79.35 79.26 1005 1001
11 - 17 3.46 3.65 23.18 23.24 11207 11283
19 0.86 0.7698 77.25 77.10 2361 2362
18 2.58 2.88 8.84 8.83 13440 13669
STREAM WEIGHT (tph) TOTAL SULFUR (%) PYRITIC SULFUR (%)
EXP CALC EXP CALC EXP CALC
1 5.81 5.16 3.13 2.87 2.12 1.99
8 1.50 1.51 3.14 3.22 2.79 2.86
i1 - 17 3.46 3.65 2.63 2.72 1.54 1.63
19 0.86 0.7698 2.89 2.90 2.67 2.65
18 2.58 2.88 2.64 2.67 1.38 1.36
RECOVERIES
STREAM WEIGHT (%) ASH Btu/LB
EXP CALC EXP CALC EXP CALC
1 112.63 100 100 100 100 100
8 29.08 29.27 58.68 58.53 3.45 3.54
11 - 17 67.07 70.73 41.42 41.47 92.86 96.46
19 16.67 14.92 29.13 29.03 4.13 4.26
18 50.01 55.81 12.46 12.44 87.87 92.2
STREAM WEIGHT (%) TOTAL SULFUR PYRITIC SULFUR
EXP CALC EXP CALC EXP CALC
1 112.63 100 100 100 1002 100
8 29.08 29.27 29.36 32.86 38.52 42.07
11 - 17 67.07 70.73 59.43 67.14 51.38 57.93
19 16.67 14.92 13.78 15.10 ~ 18.79 19.86
18 50.01 55.81 47.07 52.04 36.33 38.06




Water-Only Cyclone Test 307 Results

Table 14.35

ASSAYS:
STREAM WEIGHT (tph) ASH (%) Btu/LB
EXP CALC EXP CALC EXP CALC
1 8 7.75 38.62 38.51 8833 8663
8 2.07 2.26 82.05 82.22 1496 1501
11 - 17 4.68 5.48 20.53 20.48 11549 11618
19 2.04 1.99 40.25 40.26 8358 8375
18 6.70 3.49 9.18 9.19 13445 13469
STREAM WEIGHT (iph) TOTAL SULFUR (%) PYRITIC SULFUR (%)
EXP CALC EXP CALC EXP CALC
1 8.00 7.75 3.22 2.90 2.23 1.94
8 2.07 2.26 3.07 3.16 2.91 3.06
11 - 17 4.68 5.48 2.74 2.79 1.43 1.48
19 2.04 1.99 3.06 3.11 2.08 2.11
18 6.70 3.49 2.54 2.60 1.10 1.11
RECOVERIES
STREAM WEIGHT (%) ASH Btu/LB
EXP CALC EXP CALC EXP CALC
1 121.12 103.28 100 100 100 100
8 24.58 26.72 62.06 62.36 4.95 5.06
11 -17 63.54 60.42 37.63 37.64 92.55 94.94
19 22.12 26.34 26.81 26.89 24.34 24.87
18 53.71 86.49 10.71 10.75 68.68 70.07
STREAM WEIGHT (%) TOTAL SULFUR PYRITIC SULFUR
EXP CALC EXP CALC EXP CALC
1 103.28 100 100 100 100 100
8 26.72 29.21 27.85 31.83 38.12 46.07
11 - 17 60.42 70.79 60.24 68.17 45.39 53.93
19 26.34 25.72 24.44 27.65 23.99 28.01
18 86.49 ' 45.07 35.55 40.52 22.23 25.93




Water-0Only Cyclone Test 308 Results

Table 14.36

ASSAYS:
STREAM WEIGHT (tph) ASH (%) Btu/LB
EXP CALC EXP CALC EXP CALC
1 7.8 7.82 33.57 33.64 8628 9146
8 1.92 1.89 83.58 83.54 12.78 1277
11 - 17 5.62 5.93 17.88 17.88 11832 11652
19 2.52 2.95 26.85 26.80 10486 10269
18 6.83 2.98 8.61 8.61 13385 13018
STREAM WEIGHT (tph) TOTAL SULFUR (%) PYRITIC SULFUR (%)
EXP CALC EXP CALC EXP CALC
1 7.80 7.82 3.31 3.16 2.44 2.13
8 1.92 1.89 3.03 3.06 2.98 3.09
11 - 17 5.62 5.93 3.37 3.19 1.93 1.83
19 2.52 2.95 3.08 3.20 1.89 2.01
18 6.83 2.98 3.05 3.17 1.57 1.65
RECOVERIES
STREAM WEIGHT (%) ASH Btu/LB
EXP CALC EXP CALC EXP CALC
1 99.73 100 100 100 100 100
8 24.54 24.15 60.14 59.99 3.58 3.37
11 - 17 71.83 75.85 40.40 40.01 104.01 96.63
19 32.21 37.70 30.10 30.22 45.82 42.33
18 87.30 38.15 9.78 9.78 59.18 54.30
STREAM WEIGHT (%) TOTAL SULFUR PYRITIC SULFUR
EXP CALC EXP CALC EXP CALC
1 99.70 100 100 100 100 100
8 24.54 24.15 22.11 23.41 29.50 34.99
11 - 17 71.83 75.85 77.22 76.59 59.99 65.01
19 32.21 37.70 35.08 38.25 29.20 35.47
18 87.30 38.15 35.15 38.34 24.55 29.54
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Figure 14.15

SEM Results for Pittsburgh No. 8 Column Concentrate

Figure 14.16

SEM Results for Pittsburgh No. 8 Column Reject
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"~ Table 14.37
Column Flotation Independent Variables
Variable Code Letter (-) Factor (+) Factor
Feed Rate (tph) A 2 4
Air Rate (CM/SEC) B 1.5 2.5
Frother Rate (LB/TON) C 0.7 1.4
Water Rate (CM/SEC) D 0.1 0.3
Frother Type E MIBC Sherex 214
Collector Rate (LB/TON) F 0.5 1.0
Table 14.38
Proposed Test Matrix
Variable

Run No. A B C D E F
1 - - - - - -
2 + - + - - -
3 - + - + - -
4 + + + + - -
5 - - + + + -
6 + - - + + -
7 - + + - + -
8 + + = - + -
9 - - + + - +
10 + - - + - +
11 - + + - - +
12 + + - - - +
13 - - - - + +
14 + - + - + +
15 - - + +
16 + + + +

The test matrix was completed as outlined. In addition to the
experimental data collected around the column flotation cell, enough
data were collected to determine the operation of the heavy-media
cyclione, water-only cyclone, the precleaning circuit, and the
overall plant.
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The data shown in Table 14.39 shows the Btu recovery and pyritic
sulfur rejection for the heavy-media cyclone, the water-only
cyclone, the column, the precleaning circuit, and the overall plant
results. These tests were conducted to develop the parameters to
perform the Box-Behnken design experiment. The test results
indicate that 85% Btu recovery and 85% pyritic sulfur rejection were
possible. The results of the unit operations and the different
circuits are shown graphically in Figure 14.17 through Figure 14.21.

At the beginning of the experimental design, the first seven (7)
tests were run. The results of these tests showed 1ittle or no
beneficiation of the column flotation feed. This was of great
concern and an investigation concluded that the feed to the column
was being flocculated by excess flocculant in the recirculation
water. This necessitated improving the way the flocculants were
added to the refuse and clean coal thickeners and to control the
amount of flocculant added to the refuse belt press.

The flocculant addition to both thickeners was reduced. An attempt
to reduce the flocculant addition to the refuse belt press prevented
optimum operation of the belt press. The conclusion made after
several experimental runs was that the refuse belt press could not
be operated if performance of the column flotation was to be
improved. Therefore, a decision was made to eliminate the refuse
belt press from the circuit in order to improve the performance of
the column.

The decision did not affect the operation of the DOE POC. The
thickener underflow now bypassed the refuse belt press and was
disposed of in the Ohio Power’s impoundment.

In Tight of these data, an attractive operating region occurred
around test number 618 (i.e., 88% energy recovery and 70% pyritic
sulfur rejection). On this basis, it was recommended that the
following column operating parameters (Table 14.40) be examined in
the Box-Behnken test program.

Table 14.40

Parameter Low Middle High
Feed Rate 2.0 3.0 4.0

Frother 0.5 0.90 2.30
Collector 0.5 1.00 1.50

The wash water rate and aeration rate were maintained at 100 gpm and
140 scfm, respectively. MIBC was used as the frother for these
tests.
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Box-Behnken Test Matrix

The Box-Behnken test matrix for the Pittsburgh No. 8 coal is given
in Table 14.41. Three different operating variables were examined
in the parametric test program, i.e., feed solids rate, collector
dosage, and frother dosage. The results are included in Task 14
Report appendix.

The factorial test program recommended a series of feed rate
tonnages of Tow - 2.0 TPH, middle - 3.0 TPH, and high - 4.0 TPH. It
was determined that in order to produce a relatively fine grind and
Tiberate the pyrite, it was necessary to modify the feed rate
parameter. The feed tonnages for the Box-Behnken program would be
lTow - 1.0 TPH, middle - 2.0 TPH, and high - 3.0 TPH.

Figure 14.22 shows the Btu recoveries as a function of ash
rejection, pyritic sulfur rejection, and total sulfur rejection for
the overall POC circuit. Although the flotation tests were
conducted over a wide range of operating conditions, most of the
experimental data points were found to fall within a single grouping
of data. These results indicate that several different combinations
of operating parameters can be used to achieve the same level of
separation performance. This implies that other factors (e.g.,
column capacity, operating cost, maintenance considerations, etc.)
should be used to select the preferred column operating point. 1In
any case, the Box-Behnken test data indicate that a clean-coal
concentrate can be readily obtained at a 75% ash rejection, 35%
pyritic sulfur rejection, and 95% Bturecovery.

Table 14.41
Experimental Conditions Examined for the Pittsburgh No. 8 Seam Coal

Run Feed Rate Collector Dosage Frother Dosage
Number (tph) (1b/ton) (1b/ton)
1 1.0 1.00 1.12
2 2.0 0.50 1.92
3 2.0 1.50 1.12
4 3.0 1.50 1.52
5 3.0 1.00 1.12
6 2.0 1.00 1.52
7 1.0 1.00 1.92
8 2.0 1.00 1.52
9 1.0 1.50 1.52
10 1.0 0.50 1.52
11 3.0 0.50 1.52
12 2.0 1.50 1.92
13 3.0 1.00 1.92
14 2.0 0.50 1.12
15 2.0 1.00 - 1.52
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CoTumn Circuit Results for the Testing of the Pittsburgh No. 8 Seam Coal
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Table 14.42 is the result from the Box-Behnken test program that was
utilized in the Demonstration Testing.

Table 14.42
Conditions for Column for Pittsburgh No. 8

Plant Feed Column Feed Collector Air
Rate (tph) Rate (tph) Dosage Holdup

(16/Ton) (%)

3.1 2.0 1.0 2.4

The results of the net effect calculations for the Pittsburgh No. 8
tests are summarized in Table 14.43. As shown, Btu recovery was
found to increase with feed rate and collector dosage, but decreased
with frother dosage. In contrast, pyritic sulfur rejection
increased with frother dosage, and decreased with feed rate and
collector dosage. The results indicate that feed rate was the
primary factor controlling column recovery, ash rejection, and
pyritic sulfur rejection.

Response surface plots for the Pittsburgh No. 8 seam coal are
provided in Figures 14.23 - 14.25 for Btu recovery, ash rejection,
and sulfur rejection, respectively. In each case, the appropriate
column response was plotted as a function of collector and frother
dosage. Five separate plots were constructed representing feed
rates of 1.0, 1.5, 2.0, 2.5, and 3.0 tph. The plots indicate that
the relationship between the column response and the various
operating parameters was non-linear and very complex.

Table 14.43
Net Effects Obtained for the Pittsburgh No. 8 Seam Coal

Test Low High Btu Ash Pyritic-

Variable Units Value Value Recovery Rejection | Rejection
Main adaid Fkk Fkk +96.107 +68.42 +28.81
Feed Rate tph 1.0 3.0 +1.516 +3.28 -2.68
Frother 1b/ton 1.12 1.92 +0.389 -1.04 +1.17
Collector Tb/ton 0.50 1.50 +1.055 +0.26 -1.49

UPPER FREEPORT TESTING

168/DOE/QtrlyRep/Apr-Jun.94

Unit Operations

The Upper Freeport coal was obtained from Camelot Coal Company,
Somerset County, Pennsylvania. This is not the same Upper Freeport
utilized for Tasks 5 and 6. At the time of procurement of the Upper
Freeport coal, the mine where the Upper Freeport was obtained for
Tasks 5 and 6 was no longer in operation. Therefore, Camelot Coal
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Figure 14.23
Effects of Collector Dosage and Frother Dosage on Btu Recovery for the

Pittsburgh No. 8 Coal at Feed Rates of (a) 1.0, (b)<2.0, and (c) 3.0 tph
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was selected as a substitute. The mine was a strip mine, and at

times the raw coal contained oxidized material. The indication of
oxidized material originally was suspected because the pH of the
plant recirculation water became acidic. Subsequently, tests were
conducted in the Taboratory to confirm that indeed the coal was
oxidized. The Upper Freeport coal required pH adjustment during
processing. However, because of the crushing and grinding in both
the precleaning and advanced circuits, the oxidation of the raw coal
had 1ittle effect on the flotation results.

Heavy-Media Cyclone

The heavy-media cyclone was the first precleaning unit operation in
the circuit. Four (4) tests were conducted on the heavy-media
cyclone over a range of specific gravities of media from 1.70 -
1.85. The determining factor was the lowest specific gravity that
produced 97% Btu recovery. The results are shown in Tables 14.44 -
14.47 "HMC Test Results - Upper Freeport." The results show that
with 1.75 specific gravity, the Btu recovery of 97.5% was
accomplished. This will be the specific gravity used in the
remainder of the Upper Freeport test program.

Water-Only Cyclione

The product of the heavy-media cyclone was crushed in a closed
circuit to minus-48 mesh and combined with the natural 48 mesh x
zero and processed in a water-only cyclone. The water-only cyclone
was used to remove high-ash, free-pyrite, and Tlow-Btu-reject
material. The performance of the hydrocyclone had been previously
determined in the Pittsburgh No. 8 test program. However, two (2)
tests were conducted to demonstrate the orifice size arrangements
selected in the Pittsburgh test program were best for the Upper
Freeport. The results for the two (2) tests are shown on Tables
14.48 and 14.49, "WOC Test Results - Upper Freeport.” The
arrangement of orifice for Test No. 93100401 resulted in a Btu
recovery of 97.8%. This arrangement was used in the remainder of
the Upper Freeport test program.

Conventional Flotation

The heavy-media cyclone and the water-only cycione were operated at
the determined conditions, and testing of the conventional flotation
began. The Task 5 test work indicated the possibility of a grab-
and-run product from conventional flotation. However, as shown in
Tables 14.50 - 14.52, "Conventional Flotation Test Results - Upper
Freeport”, no grab-and-run product was produced, and the Btu
recovery was too Tow to guarantee 85% Btu recovery in the final
product. For this reason the conventional flotation was eliminated
from the Upper Freeport test program. =

Grinding

The first system to test in the advanced DOE POC was the grinding
circuit. The grinding circuit consisted of the mill classifying
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WATER ONLY CYCLONE TEST RESULTS -~ UPPER FREEPORT

Table 14.48

TEST RUN HUMBER: 93100401
SAMPLER TOTAL
SAMPLER NAME NUMBER ASH % BTU SULFUR

.|

* DESLIME
U'FLOW 702 15.62 12372 2.84
WOC CLEAN COAL 708 14.53 12562 2.55
WOC REFUSE 7178 43.84 7454 13.71
WOC WT% RECOVERY 96.28
HMC BTU RECOVERY 97.76
Table 14.49
WATER ONLY CYCLONE TEST RESULTS - UPPER FREEPORT
TEST RUN NUMBER: 93100402
SAMPLER TOTAL
SAMPLER NAME NUMBER ASH % BTU SULFUR
DESLIME
U’FLOW 702 20.06 11699 4.45
HMC CLEAN COAL 708 15.08 12269 2.83
HMC REFUSE 7178 46.91 6769 17.71
HMC WT% RECOVERY 84.35
HMC BTU RECOVERY 88.46
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cyclones in reversed closed circuit with the ball mill. Reversed
closed circuit means the incoming feed and the ball mill product
were sized in the mi1l classifying cyclones ahead of the mili. This
permitted removal of natural-sized material and ground-sized
material before recirculation through the ball mill.

During the testing of the Pittsburgh No. 8 coal, it was determined
that experiments were needed to improve the product size from the
mill and also improve the relationship in quality between the water-
only cyclone overflow and the column flotation feed. An attempt to
improve the size characteristics was made by installing smaller
diameter grinding media and conducting speed .changes to the ball
mill. The quality relationship was improved with the addition of
the Varisieve on the mill classifying cyclone underfiow. This step
eliminated recirculating pyrite in the mill circuit.

The test work done for the mill circuit for size distribution is
shown on Table 14.53, "Mill Circuit Test Results - Upper Freeport."
The mill was adjusted at two different speeds in an attempt to
decrease the mean particle size. However, the results indicated
little or no improvement. Therefore, the mill was operated at 27.7
rpm or the maximum rpm for operation. The data points out that the
fineness of grind was influenced by the feed rate. The data are
shown graphically in Figures 14.26 and 14.27.

The quality of the mill-circuit product was the feed to the advanced
column, and this should have been of the same quality as the water-
only cyclone overflow which was the feed to the mill circuit. Table
14.54, "Statistical Analysis of WOC Quality and Column Feed Quality
- Upper Freeport," demonstrates that indeed the comparison of means
shows a statistical similarity between the two streams for all
parameters measured.

The conclusions that can be determined from the previous paragraphs
about the mi1l circuit are that the fineness of grind was related to
the feed rate, and that the quality of the mill circuit feed and
mill circuit product were similar. The feed rate for obtaining 90%
minus-200 mesh was 1 tph or Tless. This rate was too low to
demonstrate the POC rate capability. Therefore, a feed rate of
around 2.5 tph was selected to operate,resulting in a grind of 65-
70% minus-200 mesh. This was a direct result of the size and
horsepower of the ball mill. In this case, the ball mill was
undersized, and the unit should have been Targer in size in order to
handle the larger than anticipated recirculated ioad to the mill.

The heavy-media cyclone, water-only cyclone, and the ball mill
grinding circuit were operated at their respective best operating
conditions, and a Box-Behnken test matrix was conducted on the
advanced column flotation unit operation.
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Table 14.53

Mill Circuit Test Results - Upper Freeport

TEST NUMBER 93100701] 931007021 93100601; 931006021 93100603] 931006041 931006051 931006061
MILL SPEED — RPM 27.7 18.0 27.7 27.7 277 i 277 | 277 | 277 -
COL.FD.RATE — TPHI  3.86 4.76 089 : 335 172 1 276 + 112 1.82

SIZE FRACTION WT% WT% WT% WT% WT% WT% WT% WT% |
MICRONS PASSING | PASSING | PASSING | PASSING | PASSING | PASSING | PASSING | PASSING ;

| f

296.00 92.56 98.78 100.00 98.94 99.79 99.24 99.92!  100.00|
248.90 87.32 96.16 100.00 97.04 99,22 98.46 99.61] 99.89]|
209.30 81.10 91.52 99.60 94.00 97.98 96.57! 98.731 98.99]!

176.00 | 74.02 85.01 98.93 90.04 96.24 | 93.63] 97.41 97.33|

148,00 66.31 76.80 98.07 85.46 94.20} 89.661 95.76 94.81

124.45 57.47 67.40 96.84 80.24 91,53 84.681 93.54 91.33

104.65 51.02 57.42 95.02 74.42 87.89 78.73]  90.49 86.77!

88.00 44.06 47 .51 92.47 68.06 83.17 72.08 86.53 81.16

74.00 37.71 38.30 89.00 61.20 77.22 65.001 81.52] 74.51

62.23 31.99 30.32 84.57 54.23 70.41 57.81 75.75 67.19

52,33 26.88 24.09 79.17 47.53 63.14 50.83 69.53 59.56

44.00 22.49 19.26 73.00 41.30 55.78] 44.32] 63.01 52,04l

37.00 18.88 15,51 66.26 35.72 48,67 38.47| 56.34 45,02

31.11 15.96 12.66 59.54 31.00 4227 33.45 50.01 38.85

26.16 13.64 10.52 53.45 27.36 37.011 29.41 4451 33.91

22,00 11.65 8.78 47.67 24,14 32.39] - 2588 39.44| 29.60

18.50 9.73 7.19 41.91 20.73 27.93 22.41 34.46] 25.39

15.56 7.95 5.75 36.32 17.41 2373 19.10 29.65i 21.39

13.08 6.37 4.46 31.00 14.41 19.80] 15,98] 25,01 17.66

11.00 5.02 3.39 26.26 11.82 16.38] 13.28 20.91 14.47

9.25 3.97 2.64 22,40 9.79 13.71! 11.23 17.70 12.11

7.78 3.12 2.06 19.12 8.13 11:511 9.56 15.02 10.21

6.54 2.40 1.55 16.19 6.71 9.53] 8.06 12.58 8.48

5.50 1.74 1.08 13.42 5.37 7.691 6.591 10.26 6.86|

4,62 1.06 0.58 10.59 3.90 5.85] 4.96 7.86 5.25

3.89 0.52 0.19 8.15 2.64 4.291 3.54 5.80 3.88

3.27 0.27 0.04 6.52 1.92 3.30] 2.72 450 3.01

2.75 0.15 0.00 5.27 1.49 2.58] 2.18 3.57 2.35

2.31 0.06 0.00 4.05 1.17 1.87 | 1.71 2.68 1.68

1.94 0.00 0.00 295 0.89 1.26| 1.28 1.90 1.09

1,64 0.00 0.00 2.06 0.59 0.80| 0.87 1.27 0.67

1.38 0.00 0.00 1.31 0.32 0.451 0.50 0.74 0.37

1.16 0.00 0.00 0.65 0.12 0.171 0.19 0.29 0.14

0.97 0.00 0.00 0.19 0.00 0.00] 0.00 0.00 0.00

0.82 0.00 0.00 0.04 0.00 0.00] 0.00} 0.00 0.00

SUMMARY DATA

dv 0.1035 0.1346 0.1711 0.0790 0.22871 0.0672 0.1458 0.1831

5% 10.97 14,11 2.65 5.27 4.23] 464 3,53 450

50% 102.12 91.99 23.60 55.85 38.261 51.23 31.10 41.90
95% 328.69 236.70 104.47 220.34 157.75 189.50 138.66 149.70

mv 128.69 104.30 34.64 75.78 52.25 67.75 45.00 53.83

ma 43.43 49.38 10.62 21.64 16.25 18.99 13.33 17.61

cs 0.1380 0.1220 0.5650 0.2770 0.3690 0.3160 0.4500 0.3410

sd 97.53 67.06 27.29 63.17 39.88 54.401 36.01 41.83
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Box-Behnken Test Matrix
Operational Data

The Box-Behnken test matrix for the Upper Freeport coal is given in
Table 14.55. The three operating variables examined for this
particular coal included feed solids rate, collector dosage, and air
holdup.

Table 14.55
Experimental conditions examined for the Upper Freeport Seam Coal.

Run Feed Rate Collector Dosage Air Holdup
Number (tph) (Ibfton) (%)
1 2.50 0.20 18
2 2.50 1.00 24
3 1.00 0.60 24
4 1.00 0.20 21
5 1.00 0.60 18
6 1.00 1.00 21
7 4.00 0.60 18
8 2.50 0.20 18
9 2.50 1.00 24
10 2.50 0.20 24
1 2.50 0.60 21
12 2.50 1.00 18
13 2.50 0.20 18
14 250 1.00 24
15 2.50 0.20 24
16 2.50 0.60 21
17 4.00 0.20 21
18 4.00 1.00 21
19 2.50 1.00 18
20 250 0.60 21
21 4.00 0.60 24

Analytical Data

Figure 14.28 shows the test results obtained using the Upper
Freeport coal. Btu recoveries were plotted as a function of ash
rejection, pyritic sulfur rejection and total sulfur rejection for
the circuit. Al1 of the data points were found to fall along unique
grade-recovery curves. The curves represent the trade-off between
energy recovery and product quality. The "knee" or "elbow" in this
curve was found to correspond to the point of maximum separation
efficiency. When operating at this point, a 90% Btu recovery could
be achieved at ash and pyritic sulfur rejections of approximately
50% and 38%, respectively.

Conclusions

The net effect calculations for the Upper Freeport tests are
provided in Table 14.56. In this case, Btu recovery was found to
decrease with feed rate, and increase with air holdup and collector
dosage. Ash rejection increased with feed rate, and decreased with
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Figure 14.28

Column Circuit Results for the Testing of THe Upper Freeport Seam Coal




air holdup and collector dosage. Pyritic sulfur rejection followed
the same trend. These trends are in good agreement with those
typically observed for the column flotation of fine coal. The
statistical analyses also indicate that air holdup is the dominant
factor controlling column recovery, ash rejection, and pyritic
sulfur rejection. Feed solids rate was found to have only a small
impact on column performance for this coal.

Response surface plots for the Upper Freeport coal are provided in
Figures 14.29 - 14.31. As before, separate plots were constructed
for Btu recovery, ash rejection, and pyritic sulfur rejection as
functions of collector dosage, air holdup, and feed rate. The plots
again suggest that the relationship between the column response and
the various operating parameters is very complex.

Table 14.56
Net Effects Obtained for the Upper Freeport Seam Coal

Test Low High Btu Ash Pyritic
Variable Units Value Value Recovery | Rejection | Rejection
Main Fokk Fkx Fkk +84.97 +55.463 +40.09
Feed Rate tph 1.0 4.0 -3.28 +2.22 +0.46
Air Holdup % 18 24 +13.84 -12.62 -13.14
Collector T1b/ton 0.20 1.00 +6.22 -4.98 -6.72

The following Table 14.57 shows the results from the Box-Behnken
test program that were utilized in the demonstration testing.

Table 14.57
Operating Conditions for Column for Upper Freeport

Plant Column Collector Air
Feed Rate Feed Rate Dosage Holdup
(tph) (tph) (1b/ton) (%)
2.3 2.0 1.0 21
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DESIGN-EXPERT Analysis

a) Mode!:
Quadratic 1.000
- Response:
Recovery
Actual variables: 0.867
X = Air Holdup
Y = Collsctor 07334
Actual constants: 5
Feed Rate = 1.000 3§
= 0.600¢
(&)
13
0.467-
0.3334
.200
02018.00 19.00 2000 21.00 2200 23.00 24.00
B: Alr Holdup
b) Model: DESIGN-EXPERT Analysis
Quadratic 1.000
Response:
Recovery
Actual variables: 0.867
X = Air Holdup
Y = Collsctor
Actual constants:

Feed Rate = 2.000

C: Collsctor
o o 3
§ 8 4

0.333
0.200
18.00 19.00 20.00 21.00 2200 23.00 24.00
B: Air Holdup
c) Model: DESIGN-EXPERT Analysis
Quadratic 1.000
Response:
Recovery
Actual variables: 0.867¢
= Collector
0.733
\ Actual constants:
Feed Rate = 3,000

C: Collactor
o
3
[~

0.333y;

0.200.30:00
18.00 19.00 20,00 21.00 22.00 2300 24.00

B: Air Holdup

Figure 14.29

Effects of Collector Dosage and Air Holdup on Btu  Recovery for the
Upper Freeport Coal at Feed Rates of (a) 1.0, (b) 2.0, and (c) 3.0 tph
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a) Model: DESIGN-EXPERT Analysis

Quadratic 1.000

Response: \4 '
Ash Rej 5.00 B
Actual variables: 0.867
X = Air Holdup N
Y = Collector 07331 .
Actual constants: 00
Feed Rate = 1.000 00 AW
0.6001 0 .
0.333+
0.200

18.00 19.00 20.00 21.00 2200 23.00 24.00
B: Air Holdup

C: Collactor

:

b) Model: DESIGN-EXPERT Analysis
Quadratic 1.000

Response:
h Rej

Actual variables:
X = Alr Holdup
Y = Collector

Actual constants:
Feed Rate = 2.000

0.8677

- 60\00 0
70100

C: Collsctor
o o 3
§ 8 4

75,00

0333
0.200
18.00 19.00 20.00 21.00 2200 23.00 24.00
B: Air Holdup
©) Model: DESIGN-EXPERT Analysis
Quadratic 1.000

C: Collactor
o o 3
3 8 8

Response: ~o
Ash Re]
Actual variables: 0.867 -
X = Air Holdup ‘
Y = Collactor _
Actual constants: * o
Feed Rate = 3.000 00
600+ \ 70\00
5 60,00
467475.00
0.3334
0.0 -
0.200

18.00 1900 20.00 21.00 22.00 23.00 24.00
B: Air Holdup

Figure 14.30 :

Effects of Collector Dosage and Air Holdup on Ash Rejection for the
Upper Freeport Coal at Feed Rates of (a) 1.0, (b) 2.0, and (c) 3.0 tph
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a) Mode: DESIGN-EXPERT Analysis
Quadratic 1.000 -
Response; B
Pyritic Rej
Actual variables: 0.8671
X = Air Holdup
Y = Collector 0733l
Actual constants: %

Feed Rate = 1.000 3
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o
(2
0.467+
0.3334,
0 !
0'2018.00 19.00 20.00 21.00 22,00 23.00 24.00
B: Air Holdup
b) Model: DESIGN-EXPERT Analysis
Quadratic 1.000
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Actual variables: 0.867¢
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B: Air Holdup
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Figure 14.31

Effects of Collector Dosage and Air Holdup on Pyritic Sulfur Rejectior. for the
Upper Freeport Coal at Feed Rates of (4, 1.0, (b) 2.0, and (c) 3.C tph
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ILLINOIS NO. 6 TESTING
Unit Operations

The ITTinois No. 6 coal was supplied by Kerr-McGee Coal Corporation,
Saline County, Illinois. This was not the same I1linois No. 6
utilized in Tasks 5 and 6. At the time of the procurement of the
IT11inois No. 6 coal, the mine where the I11inois No. 6 was obtained
for Tasks 5 and 6 was experiencing a prolonged contract dispute.
Therefore, the Kerr-McGee coal was selected as a substitute.

The testing procedure for I11inois No. 6 was the same procedure as
the two previous coals. The precleaning equipment was first tested
and then operated at selected conditions and then the advanced
circuit unit operations were tested.

The precleaning unit operations were tested to establish the best
operating conditions for each unit operation. The heavy-media
cyclone, the water-only cyclone and the conventional flotation unit
operations were tested. The procedure was altered because of
experience gained during the testing of the previous two coals. The
change was a result of not being able to produce adequate Btu
recovery from conventional flotation. Therefore, the I11inois No.
6 conventional flotation was tested simultaneously with the water-
only cyclone testing program in an attempt to limit the time
required to set up the precleaning circuit.

Heavy-Media Cyclone

The heavy-media cyclone was tested at three (3) specific gravities
from 1.70 - 1.80. Again, the determining factor was the lowest
specific gravity that produced 97% Btu recovery. The results of the
test program are shown in Tables 14.58 - 14.60 - HMC Test Results -
IT1inois No. 6. Although 97% Btu recovery was not obtained in any
of the test work, the test results from 902 were selected to operate
the HMC.

Water-only Cyclone/Conventional Flotation

The water-only cyclone and conventional flotation tests were
combined in order to save time and expense of separate testing
programs. It was anticipated that the conventional flotation would
be eliminated from the precleaning circuit. However, testing was
conducted to confirm this. Based on past experience only two tests
were conducted. The water-only cyclone results are shown in Tables
14.61 - 14.62 - WOC Test Results - I11inois No. 6. The conventional
flotation test results are shown in Tables 14.63 - 14.64 -
Conventional Flotation Test Results - I11inois No. 6. The 202 test
results and set up were selected for the WOC. The conventional
flotation results indicated adequate Btu recovery. However, the
amount of reagent necessary to obtain the results resulted in heavy
concentrations of frother in the recirculation water. The operation
problem and the economic expense made operation of the conventional -
flotation impractical. Although no measurement of flotation
reagents in the recirculated water were obtained, visual problems -
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such as the heavy-media circuit frothing - centrifugal pumps
cavitating, and the inability to control reagent to the advanced
column were clear indications of heavy frother concentration in the
recirculated water. This was enough to discontinue conventional
flotation. ~

Grinding

The data collected in the previous testing programs had determined
that the mill circuit was lTimited by feed rate in producing a given
grind size analysis. Therefore, no formal testing for this circuit
was conducted. Data were collected during the Box-Behnken test
series. These data are partially presented in Table 14.65 and shown
graphically in Figures 14.32 and 14.33.

The data demonstrated the same characteristics as the previous two
coals in that the higher the feed rate, the coarser the grind. This
was true except for Test 93120313 which was somewhat suspect. The
mill again needed to operate at a feed rate of 2.5 tph producing a
90% passing 88 microns. This was somewhat finer than the Upper
Freeport. The quality of the mill circuit product was the feed to
the advanced column, and this should have been the same quality as
the water-only cyclone overflow which was the feed to the mill
circuit. Table 14.66 shows the comparison of the quality of these
two streams, and the comparison of means shows a statistical
similarity between the two streams for all parameters measured.

Box-Behnken Test Matrix

The heavy-media cyclone and the water-only cyclone circuit were
operated at their respective best operating conditions, and a Box-
Behnken test matrix was conducted on the advanced column flotation
unit operation.

Operational Data
The Box-Behnken test matrix for the I1linois No. 6 coal is given in
Table 14.67. The same operating variables were examined in this

series of tests as examined for the Upper Freeport coal, i.e,, feed
solids rate, collector dosage and air holdup.
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Table 14.65

Mi1l Circuit Test Results - IT11inois No. 6

TEST NUMBER 93120301 93120302] 931203061 93120307 931203081 93120311] 93120312] 931203131,
MILL SPEED — RPM 27.7 277 277 | 217 277 | 217 277 i 217
MILL FD. RATE — TPH 2.54 2.26 159 i 3.07 342 : 4.06 1.31 443
SIZEFRACTION WT% WT% Wi | Wi | WI% | WI% WI% | WI%
MICRONS PASSING | PASSING | PASSING | PASSING | PASSING | PASSING | PASSING | PASSING i
' Y
296.00 100.00 100.00 100.00 100.00 100.00| 100.00 100.001  100.00%
248.90 100.00 100.00 99.91 98.84 98.09 98.57 99.63| 98.40
209.30 99.51 99.65 99.46 97.01 97.37 96.17 98.71| 98.63
176.00 98.76 99.09 98.76 94.65 95.03 93.05 97.52| 97.68I
148.00 97.96 98.40 97.91 91.93 92.29 89.51 96.32| 96.53ll
124.45 96.75 97.38 96.80 88.46 88.88 85.46 94.93| 95.17l
104.65 94.75 95.81 895.31 83.87 84.54 80.89 93.18| 93.63l
88.00 91.77 93.39 93.09 78.04 79.15 75.62 90.79| 91.72
74.00 87.56 89.73 86.57 70.82 7252 69.45 87.41| 89.22
62.23 82.36 85.02 85.22 62.66 65.22| 62.84 83.10| 86.411
52.33 76.74 79.47 79.92 54.07 57.851 56.24 77.911 83.85|
44.00 69.98 73.19 73.88 45.51 50.74| 49.90 71.94| 80.65i
37.00 62.98 66.27 67.22 37.42 44.231 44.04 65.27 77.55
31.11 56.17 59.43 60.46 30.37 38.56 38.83 58.52 74.39
26.16 50.24 53.41 54,17 24.90 33.99 34.46 52.33 71.27
22.00 44.73 47.80 48.05 20.45 28.99| . 30.53 46.32 67.97
18.50 39.26 42.26 41.84 16.51 26.07 26.64 40.13 64.28
15.56 33.91 36.85 35.69 13.06 22.29 22.86 34.04 60.25]
13.08 28.70 31.54 29.69 10.02 18.65 19.21 28.24 55.89
11.00 24.04 26.78 24.35 7.56 15.44 15.96 23.141 51.50
9.25 20.34 23.01 20.15 5.87 12.941 13.40 19.14| 47.411
7.78 17.26 19.84 16.73 4.64 10.891 11.29 15.881 43.42l
6.54 14.53 16.95 13.81 3.62 9.081 9.45 13.07 39.39|
5.50 12.00 14.21 11.19 273 7.41| 7.74 10.55 35.13
4.62 9.46 1145 8.61 1.86 5.75] 5.98 8.12] 30.39
3.89 7.27 9.05 6.43 117 4.33| 4.46 6.07 25.76
3.27 5.78 7.37 4.98 0.81 3.371 3.45 4.70 21.83
.2.75 4.62 6.01 3.89 0.59 2.62| 2.68 3.66 18.12
231 3.49 4.62 2.84 0.36 1.861 1.92 267 14.15
194 248 3.35 1.94 0.17 1.20] 1.27 1.82 10.50
1.64 1.68 235 1.26 0.06 0.74| 0.80 1.18 7.70
1.38 1.01 1.62 0.73 0.00 0.41 0.45 0.68 5.39
1.16 0.42 0.78 0.28 0.00 0.15 0.17 0.26 3.27
0.97 0.04 0.26 0.00 0.00 0.00 0.00 0.00 1.59
0.821 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.54
[ SUMMARY DATA
av 0.1462 0.1966 01477 0.2689 0.21081 0.1846 0.1858 0.1176
5% 2.92 242 3.28 8.22 4.241 4.16 343 1.34|
50% 2597 23.57 23.25 48.23 43.191 44.14 2447 10.34
95% 106.67 97.99 101.71 180.34 175.67 195.53 125.49 121.95
mv 36.84 33.79 34.49 63.03 58.01 62.68 38.26 28.32
ma 11.59 10.14 11.89 27.03 17.071 16.87 12.41 5.04
cs 0.5180 0.5920 0.5050 0.2220 0.3520 | 0.3560 0.4840 1.1890
sd 29.18 27.01 26.09 43.54 45.68| 53.25 28.25 25.61
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Table 14.67
Experimental Conditions Examined for the I1linois No. 6 Seam Coal

Run Feed Rate . Collector Dosage Air Holdup
Number (tph) (1b/ton) (%)
1 2.00 1.50 24
2 2.00 1.00 21
3 2.00 0.50 18
4 2.00 1.50 24
5 2.00 0.50 18
6 1.00 1.00 24
7 3.00 1.00 24
8 3.00 1.50 21
9 2.00 1.00 21
10 2.00 0.50 24
11 3.00 1.00 18
12 1.00 0.50 21
13 3.00 0.50 21
14 2.00 1.50 18
15 2.00 1.00 21
16 1.00 1.50 21
17 1.00 1.00 18
18 2.00 1.50 18
19 2.00 0.50 24

Analytical Data

Btu recoveries as a function of ash rejection, pyritic sulfur
rejection and total sulfur rejection for the column circuit are
plotted in Figure 14.34. The results again fall along unique grade-
recovery curves. The maximum separation efficiency was observed to
fall at a Btu recovery of approximately 90-95%. The corresponding
ash and pyritic sulfur rejections were approximately 75% and 35%,
respectively. These results could be obtained under several
different combinations of operating conditions. This again
suggested that other factors such as column capacity, maintenance
considerations, etc., should have been considered in the selection
of the preferred operating point for the advanced flotation column
circuit.

Conclusions

Table 14.68 provides the results of the net effect calculations for
the I1Tinois No. 6 tests. Btu recovery was again found to decrease
with feed rate, and increase with frother dosage and coliector
dosage. However, all of the operating parameters were found to have
a negative impact on the rejection of ash and pyritic sulfur. Air
holdup was found to be the primary factor controlling column
recovery and pyritic sulfur rejection. While this variable was also
found to have a large influence on ash rejection, collector dosage
was found to have a slightly larger influence. These unexpected
trends may be related to variations in the population of middlings

168/DOE/QtrlyRep/Apr-Jun.94 Page 107



Rejection (%)

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

Column

lllinois No. 6 - Column

*
DB
DD

<
*e %
u]
M Ash Rejection & ,.D—
> o .
O Pyritic Rejection .

¢ Sulfur Rejection

{ [ !
t i I

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

Btu Recovery (%)

Figure 14.34 ' _

’

Circuit Results for the Testing of the I1linois No. 6 Seam Coal

Page 108




particles for each coal brought on by difference in their liberatijon
characteristics.

Net Effects Obtained for the IT11inois No. 6 Seam Coal

Table 14.68

Test Low High Btu Ash Pyritic

Variable Units Value Value Recovery Rejection | Rejection
Main il Fxk Fkek +91.33 +74.04 +32.62
Feed Rate tph 1.0 3.0 -0.30 -0.14 -2.67
Air Holdup % 18 24 +3.91 -2.68 -7.29
Collector 1b/ton 0.50 1.50 +3.32 -4.02 -3.90

Response surface plots for the IT1inois No. 6 seam are provided in

Figures 14.35 -

14.37.

The plots again

indicate that the

relationship between column response and operating parameters is

difficult to predict from simple cause-effect analyses.

The following Table 14.69 shows the results from the Box-Behnken
test program that were utilized in the demonstration testing.

Table 14.69
Operating Conditions for Column for I11inois No. 6

Plant Column Collector Air
Feed Rate Feed Rate Dosage Holdup
(TpH) (TpH) (1b/ton) (%)
2.6 2.0 1.0 21
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DESIGN-EXPERT Analysis

Model:
a) Quadratic " 1500
Rasponse:
Recovery
Actual variables: 1.333¢
X = Air Holdup
Y = Collector 1.4678
Actual constants: 5
Feed Rate'= 1.000 ©
< 1.000%
[+
(3]
0.833+
0.6671
0.500.82:50
18.00 19.00 20.00 21.00 22,00 23.00 24.00
B: Alr Holdup
b) Model: ) DESIGN-EXPERT Analysis
Quadratic 1.500
Response:
Racovery
Actual variables: 13337
X = Air Holdup
Y = Collector 14670
Actual constants: x5
Feed Rate = 2000 3T
< 1.000¢
o
(3]
0.833+
0.667+
0.500.20.00
18.00 19.00 20.00 21.00 2200 23.00 24.00
B: Air Holdup
c) Model: DESIGN-EXPERT Analysis
Quadratic 1.500
Response:
Recovery
Actual variables: 13331
X = Alr Holdup
Y = Collector 11670
Actual constants: %
Feed Rate = 3.000 ©
= 1.000
o
S
0.833}
0.667+
0'5qI08.00 18.00 20.00 21.00 22.00 23.00 24.00
B: Air Holdup

Figure 14.35

Effects .af .Collector Dnsage and Air Holdup on Btu  Recovery
For the I11inois No. 6 Coal at Feed Rates of.(a) 1.0, (b) 2.0, and (c) 3.0 tph
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Model: DESIGN-EXPERT Analysis

a) Quadratic 1.500
Response:
Ash Rej
Actual variables:
X = Air Holdup
Y = Collector

Actual constants:
Feed Rate = 1.000

1.333+

1.167¢

C: Collsctor
P
S

0.833+
0.667+
0.500
18.00 19.00 20.00 21,00 2200 23.00 24.00
B: Air Holdup
b) Modet: DESIGN-EXPERT Analysis
Quadratic 1.500
Responsa: 8
AshpRel Y
Actual variables: 1.333¢ )
X = Alr Holdup
Y = Collector 1.4671
Actual constants: 5
Feed Rate = 2.000 B
= 1.000+
(&)
Ia]
0.833+
0.6671
0.500
18.00 19.00 20.00 21.00 2200 23.00 24.00
B: Alr Holdup ’
c) Modal: DESIGN-EXPERT Analysis
Quadratic 1.500
Response:
Ash Rej
Actual variables: 1.333¢
X = Air Holdup
Y = Collector 14671
Actual constants:
Feed Rate = 3.000 T
= 1.000
(&}
<]
0.833}
0.667+
0'501%.00 19.00 20.00 21.00 2200 23.00 24.00

B: Air Holdup

Figure 14.36

Effects of Collector Dosage and Air Holdup on Ash Rejection
for the I11inois No. 6 Coal at Feed Rates of (a) 1.0, (b) 2.0, and (C) 3.0 tph
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a) Mode: DESIGN-EXPERT Analysis
Quadratic 1.500
Response: Q0
Pygtic Rej ?50\
Actual variables: 1.333¢
X = Air Holdup
Y = Collector 1.4671
Actugl constants: 5
Feed Rats = 1.000 B 3000
< 1.000¢
e 00
(3]
0.833+
0.667+ 45\00
0'501(!8.(]0 13.00 20.00 21.00 2200 23.00 24.00
B: Alr Holdup
Model: DESIGN-EXPERT Analysis
b) Quadratic 1.500
Respanse:
Pyritic Rej
Actual variables: 1.333;
X = Alr Holdup
Y = Collsctor 11671
Actual constants: &
Feed Rate = 2.000 T
< 1.000+
(3]
S
0.833+
0.667-3
.00
0.500 ;
18.00 138.00 20.00 21.00 22.00 23.00 24.00
B: Ailr Holdup
c) Modal: DESIGN-EXPERT Analysis
Quadratic 1.500
Response:
Pyritic Rej
Actual variables: 1.3337
X = Afr Holdup \Q0
Y = Collector 1.4671
Actual constants:
Feed Rate = 3.000 3
= 1.000
‘.’. 300
[&3
0.833+
0.667-
o'quB.OO 19,00 20.00 21.00 2200 23.00 24.00
B: Air Holdup

Figure 14.37

“Effacts of Collector Dosage and Air Holdup on Pyritic Sulfur Rejection
for the I11inois No. 6 Coal at Feed Rates of (a) 1.0, (b) 2.0, and (c) 3.0 tph
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15.0 TASK 15 FINAL SEMI-WORKS CONCEPTUAL DESIGN

15.1 Overview and Scope
At the completion of this task, a conceptual design for a 20 TPH
semi-works facility will be available. The design will based on all
knowledge gained previously in Tasks 5, 6, and 13. The work in this
task will be primarily concerned with updating the conceptual design
that was available in Task 8 with results of the POC scale-up
operations from Task 13. Further, the team will project the design
to a 200 TPH commercial facility and provide a conceptual estimate
of the capital and operating costs for that facility.
The task will include several deliverables - the final report,
design drawings for the semi-works plant, a detailed capital cost
estimate of the semi-works plant and a preliminary conceptual
estimate for the commercial plant.
15.2 Review of Work Completed This Quarter
During this quarter, work was initiated on the Task 15 Final Report.
Based on the information from Task 13, a revised 20 TPH Semi-works
flowsheet for each coal seam was calculated. In addition, a
material balance for each coal seam was also produced. The
flowsheets and material balances are shown in Figures 15.1 - 15.6.
Once the flowsheets were completed, a mechanical layout of the plant
could proceed. This mechanical layout is the first step in a
complete engineering design of the 20 TPH Semi-Works preparation
plant.
During this quarter, the following engineering was completed on this
project by the end of the quarter. The results are shown in Table
15.1.
Table 15.1
Engineering Table
DISCIPLINE # OF DWGS. % COMPLETE PREDICTED FINISH
20 - Foundations 4 70.0 July 6
30 - Structural 6 96.3 July 6
40 - Architectural 6 99.3 July 6
50 - Mechanical 6 100.0 Completed
55 - HVAC 3 96.0 July 15
60 - Piping 12 71.7 July 15
70 - Electrical 15 84.7 July 15
TOTAL PROJECT 52 86.0 July 15
168/DOE/QtrlyRep/Apr=-dJun.94 Page 113
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16.0 TASK 16 POC MODULE REMOVAL

16.1

16.2

Overview and Scope

This task involves removing -the POC module from the host facility,
restoring the site, and protecting and shipping all Contractor-
procured government property to PETC.

In decommissioning the process equipment, strict adherence to
removing process reagents and contaminants and to capping and
blanking all openings on the POC module and OCDO host facility
interfaces. A1l government property will be protected from
environmental damage prior to and during shipment to PETC. A11 DOE
and 0CDO host facility property will be restored to its condition
prior to the start of Task 11.

Review of Work Completed This Quarter

During this quarter, work was conducted to convert the DOE POC
flowscheme back to the OCTAD flowscheme. Piping was rerouted,
screen decking was changed, instruments reinstalled, and plant
interlocking was completed. The plant modifications were completed,
and the facility was operated under the DOE contract to process
excess ITlinois No. 6 and Pittsburgh No. 8 raw coal. The excess
inventory was processed by the end of May and the DOE POC equipment
was properly stored.

The negotiations between DOE, OCDO, AEP, and ICF Kaiser continued
regarding the possibility of retaining the DOE equipment at the
OCTAD facility.
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TRACE ELEMENT ANALYSIS
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CONSOL INC.

RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

SAMPLE NUMBER CWK-209  T1T75¥8 Soam

PROXIMATE (Dry)%

ASH 45.61
VOLATILE MATTER 25.79
FIXED CARBON 28.60
SULFUR, TOTAL 3.03
BTU 7550
MAF BTU 13881

SULFUR _FORMS (Dry)%

PYRITIC 2.40
SULFATE 0.11
ORGANIC 0.52
SULFUR, TOTAL 3.03
OTHERS Hspermned,
HG 0.15 pom

AS DETERMINED MOISTURE:

DISTRIBUTION:
R. KOSKY

DOE/ICF KE 24 HR "CONT. TESTS PLANT FEED — %7¢0;
DATE LOGGED
DATE COMPLETED 11/12/93
PROJECT NUMBER 1621-013-013

10/07/93

ANALYTICAL NUMBER 936668

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.072
SULFUR 3.03
ASH 45.61
1.94 %
C. KOCH

‘Approved for transmittag /ﬁz

MAJOR ASH ELEM

IGNITED AT 750 C

Si02
Al203
Ti02

Fe203
Ca0
Mg0
Naz0
K20

P20s5
SO3
UND

56.81
22.06

o
[0}
~d

%




ce. Wk
Gew

Trace Element Report

<

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

12/14/93
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS PLANT FEED - #7s]

4
Anal. No. : 936668 Prrs. g Serm
VALl VAL2 Average
As 30.8 31.5 31.2
Ba 182 . 179 181
Be 2.41 2.69 2.55
cd 0.38 0.40 0.39
Co 10.8 11.6 11.2
cr 53.2 56.8 55.0
cu 29.7 30.1 29.9
F 488 483 486
Hg 0.10 0.10 0.10
Li 42.3 48.3 45.3
Mn 143 154 149
Mo 3.28 3.45 3.37
Ni 42.1 41.4 41.8
Pb 19.1 18.9 19.0
Sb 1.87 1.86 1.87
Se 2.94 3.23 3.09
Sn 2.24 2.19 2.22
Th 7.72 7.56 - 7.64
71 1.84 2.03 1.94
U 2.63 2.60 2.62
v 69.5 76.3 72.9

Zn 58.6 51.1 54.9




CONSOL INC.

. RESEARCH & DEVELOPMENT
~ ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION
SAHPLE NUMBER CWK-300

frrrs. 9 Sesm

ANALYSIS REPORT

AS DETERMINED MOISTURE: 2.01 %

DISTRIBUTION:
R. KOSKY

C. KOCH

10/07/93

PROXIMATE Dry)% ULTIMATE (Dry)% MAJOR ASH ELEM
IGNITED AT 750 C
ASH 7.74 CHLORINE 0.126
VOLATILE MATTER 38.68 SULFUR 2.51 Si02 44
-FIXED CARBON 53.58 ASH 7.74 Al203 21.
Ti02 1
SULFUR, TOTAL 2.51
Fe203 23.
BTU 13732 Ca0
MAF BTU 14884 Mgl
Na20
K20
SULFUR_FORMS (Dry)%
P20s
PYRITIC 1.26 SO03
SULFATE 0.06 UND
ORGANIC 1.19
SULFUR, TOTAL 2.51
OTHERS As Peteannc
HG 0.10 ppm™

=N o NO O

DOE/ICF KE 24 HR-CONT. TESTS PLANT CLEAN COAL — *aZ, 727
DATE LOGGED
DATE COMPLETED 11/12/93
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 936669

.81
21

23

91
.97

.02
.21
.25

%

>
\/' h)
Approved for transmitta]fﬁégg:J
PP =




Trace Element Report

~

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

12/14/93
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS PLANT CLEAN COAL
- Mg 727

Anal. No. : 936669 Prrs. 8 Setn
VAL1L VAL2 Average

As 9.53 9.71 9.62
Ba 24.8 25.5 25.2
Be 1.44 1.47 1.46
cd 0.12 0.13 0.13
Co 3.85 3.91 3.88
cr 16.9 17.1 17.0
cu 7.96 8.07 8.02
F 84.6 78.5 81.6
Hg 0.12 0.10 0.11
Li 10.2 10.5 10.4
Mn 18.9 19.6 19.3
Mo 2.13 2.25 2.19
Ni 12.0 12.4 12.2
Pb 5.02 5.09 5.06
Sb 1.08 1.12 1.10
Se 1.80 1.68 1.74
Sn 1.01 0.91 0.96
Th 1.71 1.78 ©1.75
1 0.47 0.47 0.47
U 0.97 0.99 0.98
v 24.3 25.2 24.8

Zn 14.3 14.3 14.3




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

o e— -

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

FEED ~*72.8

SAMPLE NUMBER CWK-301

irrs. 48 serm

ANALYSIS REPORT

DOE/ICE KE 24 HR*CONT. TESTS REFUSE THICKENER

DATE LOGGED 10/07/93
DATE COMPLETED 11/12/93

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 936670

PROXIMATE Dry)% ULTIMATE (Dry)% MAJOR ASH ELEM %
IGNITED AT 750 C
ASH 73.58 CHLORINE 0.035
VOLATILE MATTER 15.30 SULFUR 2.88 Si02 57.27
FIXED CARBON 11.12 ASH 73.58 A1203 21.44
Ti02 0.72
SULFUR, TOTAL 2.88
Fe203 11.05
BTU 2835 Ca0 2.29
MAF BTU 10731 Mgo0 1.29
Naz0 0.33
K20 3.02
SULFUR_FORMS (Dry)%
. P205 0.25
PYRITIC 2.68 S03 0.95
SULFATE 0.11 UND 1.39
ORGANIC 0.09
SULFUR, TOTAL 2.88
OTHERS _ s debermmed ()
HG 0.12

AS DETERMINED MOISTURE: 2.33 %

DISTRIBUTION:
R. KOSKY

C. KOCH




Trace Element Report

-

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

12/14/93
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS REFUSE THICKENER
Feeb~ €923

Anal. No. : 936670 Pirrs. é8 Setm
VALl1 VAL2 Average
As 35.3 34.4 34.8
Ba 302 304 303
Be 3.61 3.63 3.62
cd 0.60 0.58 0.59
Co 17.2 18.1 17.7
cr 98.9 99.5 99.2
cu 49.5 50.1 49.8
F 822 864 843
Hg 0.12 0.13 0.13
Li 74.5 74.4 74.5
Mn 212 217 215
Mo 5.30 5.45 5.38
Ni 54.8 54.8 54.8
Pb 28.6 26.5 27.6
Sb 2.76 2.79 2.78
Se 3.27 3.87 3.57
Sn 3.98 4.17 ~ 4.08
Th 11.1 10.7 "10.9
T1 2.37 2.30 2.34
U 3.47 3.42 3.45
\' 151 151 151

Zn 79.3 80.7 80.0




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

BAy
DESCRIPTION DOE/ICF KE 24 HR CONT. TESTS &6At MILL FEED
- #2733 DATE LOGGED 10/07/93
SAMPLE NUMBER CWK-302 /”mz*B Seron DATE COMPLETED 11/12/93
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 936671

ANALYSIS REPORT

PROXIMATE _ (Dry)% ULTIMATE . (Bry)% MAJOR ASH ELEM
- IGNITED AT 750 C
ASH 15.77  CHLORINE 0.106
VOLATILE MATTER 36.49  SULFUR 3.50 §i02 50.16
FIXED CARBON 47.74  ASH 15.77 Al1203 18.88
Ti02 0.80
SULFUR, TOTAL 3.50
Fe203 21.76
BTU , 12387 . Ca0 2.09
MAF BTU 14706 Mg0 0.89
Na20 0.53
K20 2.04
SULFUR FORMS  (Dry)%
P205 0.18
PYRITIC . 2.23 SO3 1.51
SULFATE 0.06 UND 1.16
ORGANIC 1.21 :
SULFUR, TOTAL 3.50
OTHERS
HG 0.13.5/4

AS DETERMINED MOISTURE: 1.69 %

DISTRIBUTION:
R. KOSKY C. KOCH

—
Approved for transmitta(&?& P
(2

/




Trace Element Report

£Y

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

12/14/93
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

AML
Description : DOE/ICF KE 24 HR CONT. TESTS GOaE-MTILL FEED

- 32733

Anal. No. : 936671 Prrs. P8 Sewm

VALl VAL2 Average
As 19.4 19.0 19.2
Ba 50.5 50.4 50.5
Be 1.75 1.67 1.71
ca 0.20 0.21 0.21
Co 5.79 5.68 5.73
Cr 23.5 23.3 23.4
Cu 14.3 13.9 14.1
F 131 108 120
Hg 0.12 0.13 0.13
Li 17.5 17.3 17.4
Mn 44.0 44.6 44 .3
Mo 2.79 2.73 2.76
Ni 18.7 18.2 18.5
Pb 8.58 8.76 8.67
Sb 1.20 1.24 1.22
Se 2.89 2.81 2.85
Sn 1.19 1.17 . 1.18
Th 2.42 2.51 T 2.47
Tl 0.90 0.91 0.91
U 1.23 1.24 1.24
v 35.5 34.6 35.1

Zn 23.6 23.6 23.6




CONSOL INC.
RESEARCH & DEVELOPMENT

ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DO
2734
SAMPLE NUMBER CHK 303

PROXIMATE Dry)%
ASH 16.61

VOLATILE MATTER  36.31
FIXED CARBON 47.08
SULFUR, TOTAL 3.60
BTU 12208
MAF BTU 14640
SULFUR FORMS  (Dry)%
PYRITIC . 2.24
SULFATE 0.14
ORGANIC 1.22
SULFUR, TOTAL - 3.60
OTHERS

HG 0.12 ug/

/%17; ‘3 LEMn

E/ICF KE 24 HR CONT. TESTS BALL KILL DISCHARGE
DATE LOGGED
DATE COMPLETED 11/12/93
PROJECT NUMBER 1621-013-013

10/07/93

ANALYTICAL NUMBER 936672

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.105
SULFUR 3.60
ASH 16.61

AS DETERMINED MOISTURE: 2.63 %

DISTRIBUTION:
R. KOSKY c.

KOCH

Approved for transmittaPijil_ak
(X

MAJOR ASH ELEM
IGNITED AT 750 C

Si02 49.25
Al203 18.71
Ti02 0.78
Fep03 22.37
Ca0 1.98
Mg0 0.92
Naz20 0.49
K20 2.07
P205 0.18
S03 1.78
UND 1.47
<o~

%

/




Trace Element Report

=

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

12/14/93

Subnitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS BALL MILI. DISCHARGE
— £273¢

Anal. No. : 936672 Pirrz. #8 semn
VALl VAL2 Average

As 20.2 20.1 20.2

Ba 50.2 51.1 50.7

Be 1.34 1.32 1.33

cd 0.25 0.25 0.25

Co 5.34 5.41 5.38

cr 21.6 21.7 21.7

Cu 14.3 14.3 14.3

F 110 110 110

Hg 0.12 0.12 0.12

Li 15.6 15.0 15.3

Mn 42.0 42.1 42.1

Mo 2.66 2.73 2.70

Ni 18.9 18.7 18.8

Pb 9.74 9.21 9.48

Sb 1.57 1.58 1.58

Se 3.00 2.53 2.77

sn 1.18 1.22 1.20

Th 2.58 2.54 " 2.56

T1 0.90 0.92 0.91

U 1.28 1.27 1.28

\' 32.3 32.0 32.2

Zn 22.1 22.1 22.1

T pterrimmgrry T AL AN TP L AR S Sl - T AV & e o 2 Lo



CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
: FEED - # 2235
o DATE LOGGED  10/07/93
P, ¥8 satm DATE COMPLETED 11/12/93
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 936673

SAMPLE NUMBER CWK-304

ANALYSIS REPORT

PROXIMAT Dry)% ULTIMATE (Dry)% - MAJOR ASH ELEM
IGNITED AT 750 C
ASH 26.35 CHLORINE 0.088
VOLATILE MATTER 31.95 SULFUR 2.42 Si02 55.90
FIXED CARBON 41.70 ASH 26.35 A1203 22.15
. A Ti02 0.84
SULFUR, TOTAL 2.42
’ . Fep03 11.45
BTU 10699 Ca0 1.61
MAF BTU 14527 MgO 1.27
Na20 0.39
K20 3.02
SULFUR_FORMS (Dry)%

. ) P20s 0.22
PYRITIC 1.48 S03 1.12
SULFATE 0.05 UND 2.03
ORGANIC 0.89
SULFUR, TOTAL 2.42
OTHERS
HG 0.09,,gp%

AS DETERMINED MOISTURE: 1.88 %
DISTRIBUTION:
R. KOSKY C. KOCH

r.
Approved for transmittal ( %\’ /f(,




Trace Element Report

~

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

12/14/93

Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION

Anal. No. : 936673 /rﬂ; S Serm
VALl VAL2 Average

As 13.9 14.1 14.0

Ba 106 107 107

Be 1.71 1.72 1.72

cd 0.31 0.31 0.31

Co 7.16 7.25 7.21

Cr 36.7 37.1 36.9

cu 17.0 17.1 17.1

F 290 297 294

Hg 0.09 0.09 0.09

Li 24.7 25.6 25.2

Mn 59.1 60.0 59.6

Mo 2.62 2.68 2.65

Ni 22.7 23.1 22.9

Pb 10.4 10.3 10.4

Sh 1.91 1.94 1.93

Se 2.00 2.11 2.06

Sn 2.99 2.40 2.70

Th 4.29 4.35 " 4.32

71 0.86 0.87 0.87

U 1.70 1.72 1.71

v 53.1 54.3 53.7

Zn 31.4 32.0 31.7




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
CONCENTRATE —#273¢
DATE LOGGED  10/07/93
SAMPLE NUMBER CWK-305 Ot ¥8 SRR pare CopLETED 11/12/93
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 936674

ANALYSIS REPORT

PROXIMATE Dry)% ULTIMATE (Bbry)% - MAJOR_ASH ELEM
IGNITED AT 750 C
ASH 6.84 CHLORINE 0.118
VOLATILE MATTER 39.24 SULFUR 2.27 Si02 43.96
FIXED CARBON 53.92 ASH 6.84 A1203 21.97
Ti02 1.32
SULFUR, TOTAL 2.27
Fe203 23.90
BTU 13821 Ca0 1.86
MAF BTU 14836 MgO 1.01
Naz0 0.84
K20 2.06
SULFUR FORMS (Dry)%
) P205 0.22
PYRITIC 0.90 S03 2.21
SULFATE 0.13 UND 0.65
ORGANIC 1.24
SULFUR, TOTAL 2.27
OTHERS
HG O.OBJQW?

AS DETERMINED MOISTURE: 3.26 %
DISTRIBUTION:
R. KOSKY C. KOCH

Approved for transmittal :‘%;%‘ VfL




Trace Element Report

~

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

12/14/93

Submitted By: DISTRIBUTION
Project No. : 1621~ 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
Con CEWTRATE — # 2931,

Anal. No. : 936674 /”73 ,Lg}

VAL1 VAL2 Average

As 7.57 7.33 7.45
Ba 22.4 22.9 22.7

Be 1.28 1.22 1.25
cda 0.14 0.14 0.14
Co 3.32 3.19 3.26
Cr 15.2 15.1 15.2

Cu 7.29 7.46 7.38
F 78.3 76.2 77.3

Hg 0.08 0.08 0.08
Li 8.33 7.90 8.12
Mn 17.1 17.4 17.3

Mo 1.93 1.98 1.96
Ni 10.6 10.5 10.6

Pb 4.30 4.35 4.32
Sb 1.14 1.13 1.14
Se 1.82 1.62 1.72
Sn 0.92 0.94 0.93
Th 1.71 1.65 " 1.68
Tl 0.39 0.40 0.40
[¢) 0.98 0.97 0.98
v 23.4 22.7 23.1

Zn 13.0 12.7 12.9

vw— Ty —r s A ————



CONSOL 1INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
TAILINGS — #2737
DATE LOGGED 10/07/93
SAHPLE NUMBER CWK-306 /,m #8 sewn DATE COMPLETED 11/12/93
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 936675

ANALYSIS REPORT

PROXIMATE (Drv)% ULTIMATE (Dry)% - MAJOR ASH ELEM
IGNITED AT 750 C
ASH 82.93 CHLORINE 0.031
VOLATILE MATTER 11.48 SULFUR 2.12 Si02 59.90
FIXED CARBON 5.59 ASH 82.93 Al1203 22.35
Ti02 0.73
SULFUR, TOTAL 2.12
: Fe203 8.07
BTU 1392 Ca0 1.59
MAF BTU 8155 Mg0 1.37
Na20 0.36
K20 3.30
SULFUR FORMS (Drv)%
. P20s 0.22
PYRITIC 2.00 SO03 0.97
SULFATE 0.07 UND 1.14
ORGANIC 0.05
SULFUR, TOTAL 2.12
OTHERS
HG 0.10 Aj4

AS DETERMINED MOISTURE: 2.47 %
DISTRIBUTION:
R. KOSKY C. KOCH

g
Approved for transmitt%1_/X




Submitted By:
Project No. :

Description

Anal. No. :

Trace Element Report

S

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

12/14/93
DISTRIBUTION
1621- 13- 13

DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
TAILINGS - #2737

VALl
As 27.0
Ba 346
Be 3.67
cd 0.77
Co 18.0
Cr 120
Cu 53.6
F 1059
Hg 0.10
Li 70.1
Mn 189
Mo 5.13
Ni 64.0
Pb 28.6
Sb 3.53
Se 2.56
Sn 5.74
Th 12.1
Tl 1.99
U 3.66
v 143
Zn 87.8

936675 r”ms g{a
VAL2 Average
27.3 27.2
349 348
3.65 3.66
0.78 0.78
18.3 18.2
119 120
55.2 54.4
1056 1058
0.09 0.10
72.3 71.2
194 192
5.25 5.19
64.3 64.2
29.1 28.9
3.58 3.56
2.54 2.55
6.44 6.09
11.2 "11.7
2.06 2.03
3.60 3.63
147 145
87.7 87.8




SAHPLE NUMBER CWK-307

ROXIMATE Dry)%

ASH 84.22
VOLATILE MATTER 12.87
FIXED CARBON 2.91
SULFUR, TOTAL 3.34
BTU 958
MAF BTU 6071

SULFUR FORMS (Dry)%

PYRITIC 3.18
SULFATE 0.07
ORGANIC 0.09
SULFUR, TOTAL 3.34
OTHERS

HG 0.15

AS DETERMINED MOISTURE:
DISTRIBUTION:
C. KOCH

CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DOE/ICF KE 24 HR CONT. TESTS HEAVY MEDIA CYCLONE
REJECT (COMP.) ~ *70f

DATE LOGGED 10/13/93

ﬂﬂs ‘8 Semn. DATE COMPLETED 11/17/93

PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 936771

ANALYSIS REPORT

ULTIMATE (Dry)%s MAJOR ASH ELEM
IGNITED AT 750 C
CHLORINE 0.012
SULFUR 3.34 Si02 57.70
ASH 84.22 A1203 22.17
Ti02 0.84
Fe203 7.26
Ca0 4.91
MgO 1.46
Naz0 0.35
K20 2.89
P205 0.32
SO3 1.24
UND 0.86
1.96 %
R. KOSKY

%

Approved for transmittal €i§§?221152
o 7




Submitted By
Project No.

Description :
Anal. No. :
VALl
As 47.0
Ba 320
Be 3.60
cd 0.90
Co 18.5
Cr 92.6
Cu 55.9
F 990
Hg 0.15
Li 88.0
Mn 318
Mo 4.55
Ni 49.5
Pb 37.7
Sh 2.34
Se 4.00
Sn 20.1
Th 13.9
T1 3.05
4] 4.41
v 122
Zn 87.6

Trace Element Report

~

CONSOL Inc.

Research and Development

4000 Brownsville Road
Library, PA 15129

24 HR CONT. TESTS HEAVY MEDIA CYCLONE

Frrs. ¥g SEHm_

12/14/93

DISTRIBUTION

1621~ 13- 13

DOE/ICF K
(omt) ~ 470y,

936771

VAL2 Average

47.9 47.5
320 320
3.61 3.61
0.92 0.91
18.6 18.6
96.4 94.5
57.1 56.5
992 991
0.15 0.15
89.1 88.6
329 324
4.43 4.49
50.5 50.0
37.8 37.8
2.30 2.32
4.03 4.02
16.6 18.4
14.1 ‘14.0
3.10 3.08
4.43 4.42
127 125
94.2 90.9

Faara e e sy
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CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

SAMPLE NUMBER CWK #402

PROXIMATE Dry)%

ASH 22.15
VOLATILE MATTER 32.78
FIXED CARBON 45.07
SULFUR, TOTAL 3.67
BTU 11417
MAF BTU 14665

SULFUR_FORMS (Dry)%

PYRITIC 2.08
SULFATE 0.24
ORGANIC 1.35
SULFUR, TOTAL 3.67
OTHERS

HE wq/q 0.43

U.Alecrosr Serm

ANALYSIS REPORT

DOE/ICF KE 24 HR CONT. TESTS PLANT FEED SL #701

DATE LOGGED 01/03/94
DATE COMPLETED 01/27/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940012

ULTIMATE (Dry)% MAJOR ASH ELEM

’ IGNITED AT 750 C

CHLORINE 0.070

SULFUR 3.67 Si02 48.

ASH 22.15 Al203 20.
Ti02 1.
Fep03 20.
Ca0 1.
Mg0 0.
Na20 0.
K20 2.
P205 0.
SO3 1
UND 2.

AS DETERMINED MOISTURE: 2.16 %

DISTRIBUTION:
C. KOCH

R. KOSKY

Approved for transmittal g;;gggz\ C
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Submitted By:
Project No. :

Description :

Anal. No. :
VALl
As 13.9
Ba 203
Be 4.30
cd 0.20
Co 7.61
Cr 28.5
Cu 28.5
F 121
Hg 0.42
Li 47.5
Mn 113
Mo 3.40
Ni 23.6
Pb 26.3
Sb 1.04
Se 3.94
Sn 1.39
Th 4.72
Tl 2.66
U 22.3
v 43.4
2n 44.1

Trace Element Report

CONSOL Inc.

Research and Development
4000 Brownsville Road

Library, PA

03/04/94

DISTRIBUTION
1621~ 13- 13

15129

DOE/ICF KE 24 HR CONT. TESTS PLANT FEED SL #701

940012

VAL2

14.1
188

4.31
0.18
7.96
29.2
29.4
124

0.43
47.4
115

3.36
24.2
25.2
1.01
3.81
1.39
4.41
2.71
21.2
43.4
39.5

u.ﬁamﬁMT.gnhk

Average

14.0
201
4.31
0.19
7.79
28.9
29.0
123
0.43
47.5
114
3.38
23.9
25.8
1.03
3.88
1.39
© 4.57
2.69
21.8
43.4
41.8

R T 23 " LS R A AR LTS APt < Sale .



CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

SAMPLE NUMBER CWK #403

PROXIMAT Dry)%

ASH 66.66
VOLATILE MATTER 19.22
FIXED CARBON 14.12
SULFUR, TOTAL 16.43
BTU 3263
MAF BTU 9787

SULFUR_FORMS Dry)%

PYRITIC 14.72
SULFATE 0.14
ORGANIC 1.57
SULFUR, TOTAL  16.43
OTHERS

HG oo/ 1.37

W. fitgfedr Sem

DOE/ICF KE 24 HR.CONT. TESTS HMC REFUSE SL #706
DATE LOGGED

01/03/94

DATE COMPLETED 01/27/94
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 940013

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.086
SULFUR 16.43
ASH 66.66

AS DETERMINED MOISTURE: 0.78 %

DISTRIBUTION:
C. KOCH

R. KOSKY

MAJOR ASH ELEM
IGNITED AT 750 C

Si02 40.13
Al1203 12.14
Ti02 0.45
Fep03 39.13
Ca0 1.73
MgO0 0.81
Naz0 0.21
K20 1.77
P205 0.09
S03 1.19
UND 2.35

Approved for transmittal @l & \FC

%
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Trace Element Report

CONSOL Inc.’

Research and Development
4000 Brownsville Road
Library, PA 15129

03/04/94
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS HMC REFUSE SL #706

Anal. No. : 940013 U. Floctotr Sewm
VALl VAL2 Average
As 90.7 91.8 91.3
Ba 282 272 277
Be 2.45 2.47 2.46
cd 0.47 0.50 0.49
Co 17.7 18.0 17.9
Cr 35.6 35.8 35.7
Cu 73.5 71.4 72.5
F 195 196 196
Hg 1.31 1.42 1.37
Li 59.7 63.2 61.5
Mn 539 551 545
Mo 12.4 12.7 12.6
Ni 51.9 52.6 52.3
Pb 110 111 111
Sb 2.82 2.87 2.85
Se 9.82 9.30 9.56
Sn 1.58 1.62 1.60
Th 5.50 5.26 - 5.38
T1 16.0 16.0 16.0
U 6.93 6.81 6.87
v < 0.40 { 0.40 < 0.40

Zn 123 132 128




CONSOL 1INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DOE/ICF KE 24 HR CONT. TESTS PLANT CLEAN COAL

SL #727
U. fRetelT Semn  paTE 10GGED  01/03/94

SAMPLE NUMBER CWK #404 DATE COMPLETED 01/27/94
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 940014

ANALYSIS REPORT

%

PROXIMATE (Dry)% ULTIMATE (Drv)% MAJOR ASH ELEM
IGNITED AT 750 C
ASH 10.07 CHLORINE 0.086
VOLATILE MATTER 36.79 SULFUR 2.15 Si02 46.20
FIXED CARBON 53.14 ASH 10.07 Al203 24.87
Ti02 1.63
SULFUR, TOTAL 2.15
. : Fe203 18.75
BTU 13459 Ca0 1.35
MAF BTU 14966 MgO 0.89
Naz0 0.74
K20 2.43
SULFUR FORMS (Dry)%
P20s5 0.46
PYRITIC 0.92 S03 1.85
SULFATE’ 0.07 UND 0.83
ORGANIC 1.16 s
SULFUR, TOTAL 2.15
OTHERS
HG x~3{% 0.20

AS DETERMINED MOISTURE: 1.49 %
DISTRIBUTION:
C. KOCH R. KOSKY

Approved for transmittal %‘ :/"')C

i




Trace Element Report

-

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

03/04/94

Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DQE/ICF KE 24 HR CONT. TESTS PLANT CLEAN COAL
-=72

Anal. No. : 94001Z \A-fiaﬂ5lr Sewvn
VAL1 VAL2 Average

As 3.81 3.74 3.78

Ba 79.0 76.7 77.8

Be 4.45 4.67 4.56

cda 0.10 0.09 0.10

Co 5.33 5.40 5.37

Cr 25.3 25.8 25.6

Cu 18.8 19.0 18.9

F 78.0 82.0 80.0

Hg 0.21 0.19 0.20

Li 28.8 29.3 29.1

Mn 48.3 48.9 48.6

Mo 2.36 2.45 2.41

Ni 17.9 18.1 18.0

Pb 10.9 10.7 10.8

Sb 0.73 0.74 0.74

Se 2.57 2.37 2.47

Sn 2.20 2.24 2.22

Th 2.94 3.01 - 2.98

Tl 0.88 0.84 0.86

U 1.80 1.80 1.80

v 43.9 43.6 43.8

Zn 18.5 17.8 18.2




CONSOL INC.

RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

PROXIMATE
ASH

VOLATILE MATTER

FIXED CARBON
SULFUR, TOTAL

BTU
MAF BTU

Dr

%

51.71
22.34
25.95

4.28
6309

13065

SULFUR FORMS (Dry)%

PYRITIC
SULFATE
ORGANIC
SULFUR, TOTAL

OTHERS

HG s/

3.48
0.24
0.56

4.28

U.Frschir Som.

DATE LOGGED
DATE COMPLETED 01/27/94
PROJECT NUMBER 1621-013-013

DOE/ICF KE 24 HR CONT. TESTS REFUSE THICKENER
FEED SL #728

SAHPLE NUMBER CWK #405

01/03/94

ANALYTICAL NUMBER 940015

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.033
SULFUR 4.28
ASH 51.71

AS DETERMINED MOISTURE: 1.65 %

DISTRIBUTION:
C. KOCH

R. KOSKY

MAJOR ASH ELEM

%

IGNITED AT 750 C

Si02 50.25
A1203 18.27
Ti02 0.68
Feo03 24,97
Ca0 0.74
Mg0 0.87
Na20 0.27
K20 2.49
P20s 0.14
S03 0.94
UND 0.38

Approved for transmittal &‘ 5.4




Trace Element Report

-

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

03/04/94
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS REFUSE THICKENER

Fe> ~ #7508

Anal. No. : 940015 W. FRectaks Sewm.

VALl VAL2 Average
As 21.9 21.8 21.9
Ba 672 676 674
Be 3.74 3.66 3.70
cd 0.56 0.58 0.57
Co 13.5 13.7 13.6
Cr 72.0 71.3 7r.7
Cu 55.6 54.3 55.0
F 452 460 456
Hg 0.42 0.39 0.41
Li 84.5 88.0 91.3
Mn 376 378 377
Mo 6.01 5.97 5.99
Ni 47.1 47.0 47.1
Pb 49.3 51.0 50.2
Sb 1.59 1.63 1.61
Se 6.89 6.79 6.84
sSn 2.62 2.69 2.66
Th 7.46 7.10 - 7.28
Tl 4.09 4.16 4.13
u 3.24 3.21 3.23
v 76.3 73.8 75.1

Zn 109 114 112




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

SL #2733
SAMPLE NUMBER CWK #406

PROXIMATE Dry)%
ASH 22.78

VOLATILE MATTER  33.49
FIXED CARBON 43.73
SULFUR, TOTAL 4.59
BTU 11320
MAF BTU 14659
SULFUR FORMS  (Dry)%
PYRITIC 3.46
SULFATE 0.12
ORGANIC 1.01
SULFUR, TOTAL 4.59
OTHERS

HE s/ 0.40

AS DETERMINED MOISTURE:
DISTRIBUTION:
C. KOCH

DOE/ICF KE 24 HR CONT. TESTS BALL MILL FEED
. (hz'/otr Seam.  DATE LOGGED

01/03/94

DATE COMPLETED 01/27/94

PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 940016

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.058
SULFUR 4.59
ASH 22.78
1.15 %
R. KOSKY

MAJOR ASH ELEM
IGNITED AT 750 C

Si02 47.
Al203 18.
Ti02 0.
Fe203 25,
Ca0 1.
Mg0 0
Na20 0
K20 2.
P20s5 0
SO3 1.
UND 1

%

Approved for transmittal<i%§52‘§éi

/




Trace Element Report

-

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

03/04/94
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS BALL MILL FEED

- #5733

Anal. No. : 940016 K. frestorT Seam

VALl VAL2 Average
As 10.4 11.0 10.7
Ba 249 275 262
Be 4.49 4.50 4.50
cd 0.23 0.26 0.25
Co 7.78 8.49 8.14
Cr 30.0 31.5 30.8
cu 39.4 41.5 40.5
F 96.0 95.0 95.5
Hg 0.40 0.39 0.40
Li 50.8 49.7 50.3
Mn 145 157 151
Mo 3.21 3.26 3.24
Ni 29.2 31.0 30.1
Pb 26.1 25.3 25.7
Sb 1.15 1.21 1.18
Se 4.32 4.90 4.61
Sn 1.96 1.94 1.95
Th 4.49 4.49 " 4.49
T1 2.32 2.21 2.27
U 2.23 2.14 2.19
v 34.8 36.5 35.7

Zn 49.8 54.5 52.2




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

SL #2734

SAMPLE NUMBER CWK #407

DOE/ICF KE 24 HR CONT. TESTS BALL MILL DISCHARGE
U. Feectoky Serm  DATE LOGGED

01/03/94

DATE COMPLETED 01/27/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940017

ANALYSIS REPORT

PROXIMATE Dry)% ULTIMATE (Dry)% MAJOR ASH ELEM
IGNITED AT 750 C
ASH 22.15 CHLORINE 0.061
VOLATILE MATTER 33.92 SULFUR 4.37 Si02 46.
FIXED CARBON 43.93 ASH 22.15 Al1203 19.
Ti02 0.
SULFUR, TOTAL 4.37
Fe203 24.
BTU 11431 Ca0
MAF BTU 14683 Mg0
Na20
K20
SULFUR_FORMS Dry)%
P20s
PYRITIC 3.23 S03
SULFATE 0.14 UND
ORGANIC 1.00
SULFUR, TOTAL 4.37
OTHERS
HGuﬁs/g 0.39
AS DETERMINED MOISTURE: 1.38 %
DISTRIBUTION:
C. KOCH R. KOSKY

Approved for transmittal
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Trace Element Report

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

03/04/94

Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

.y

Description : DOE/ICF KE 24 HR CONT. TESTS BALL MILL DISCHARGE

~ #2713

Anal. No. : 940017¢ U Frectoer Setm

VALl VALZ2 Average
As 10.3 10.2 10.3
Ba 239 228 234
Be 4.23 4.48 4.36
cd 0.23 0.23 0.23
Co 7.72 7.66 7.69
Cr 32.1 31.5 31.8
Cu 3%.2 38.6 38.9
F 92.0 - 100.0 96.0
Hg 0.38 0.39 0.39
Li 47.2 48.1 47 .7
Mn 149 150 150
Mo 3.15 3.10 3.13
Ni 29.4 28.9 29.2
Pb 24.1 23.7 23.9
Sh 1.10 1.11 1.11
Se 4.51 4,37 4.44
Sn 1.98 1.79 1.89
Th 4.32 4,27 - 4.30
Tl 2.14 2.16 2.15
§) 2.08 2.05 2.07
v 32.5 31.6 32.1

Zn 47.4 48.2 47.8

— L8 LA R T o i Tt e PSR A oy . sl v T T - e



CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION

FEED SL #2735
i y DATE LOGGED 01/03/94
SAMPLE NUMBER CWK #408 « fectotr Sotn DATE COMPLETED 01/27/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940018
ANALYSIS REPORT

9

PROXIMATE Dry)% ULTIMATE (Dry)% MAJOR ASH ELEM
IGNITED AT 750 C
ASH 20.00 CHLORINE 0.071
VOLATILE MATTER 33.81 SULFUR 2.56 Si02 49,
FIXED CARBON 46.19 ASH 20.00 Al1203 22.
Ti02 1.
SULFUR, TOTAL 2.56
Fe203 18.
BTU 11774 N Ca0 1.
MAF BTU 14718 MgO 0
Na20 0
K20 2
SULFUR_FORMS (Dry)%
P205 0
PYRITIC 1.51 S03 1
SULFATE 0.10 ~ UND 2
ORGANIC 0.95
SULFUR, TOTAL 2.56
OTHERS
HG”‘.‘D[9 0.24

AS DETERMINED MOISTURE: 1.32 %
DISTRIBUTION:
C. KOCH R. KOSKY

Approved for transmitta1§ )f'x




Submitted By:
Project No. :

Description :

Anal. No. :

VAL1
As 7.29
Ba 234
Be 4.18
cd 0.23
Co 6.95
Cr 34.4
cu 27.0
F 121
Hg 0.23
Li 42.1
Mn 109
Mo 3.18
Ni 23.6
Pb 19.9
Sb 0.99
Se 3.68
Sn 3.80
Th 4.65
Tl 1.50
U 2.39
v 46.1
Zn 39.0

Trace Element Report

-

CONSOL Inc.
Research and Development
4000 Brownsville Road

Library, PA

03/04/94

DISTRIBUTION

1621~

13- 13

15129

DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION

fan —
940018

# 273¢

VALZ2

7.11
214

4.41
0.24
6.91
34.5
26.9
127

0.24
44.5
109

3.20
23.7
18.7
1.01
3.52
3.56
4.28
1.46
2.26
46.0
39.1

u.fifsﬂur' Cenm

Average

7.20
224
4.30
0.24
6.93
34.5
27.0
124
0.24
43.3
109
3.19
23.7
19.3
1.00
3.60
3.68
- 4.47
1.48
2.33
46.1
39.1




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

CONCENTRATE SL #2736

SAMPLE NUMBER CWK #409

PROXIMATE ___ (Dry)%

ASH 9.46
VOLATILE MATTER  37.04
FIXED CARBON 53.50
SULFUR, TOTAL 2.01
BTU 13577
MAF BTU 14996

SULFUR FORMS (Dry)%

PYRITIC 0.86
SULFATE 0.07
ORGANIC 1.08
SULFUR, TOTAL 2.01
OTHERS

HGkﬁég 0.18

AS DETERMINED MOISTURE:
DISTRIBUTION:
C. KOCH

U. Aee oty Serm.

ANALYSIS REPORT

DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION

DATE LOGGED 01/03/94
DATE COMPLETED 01/27/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940019

Approved for transmittal %—%L

ULTIMATE (Dry)% MAJOR ASH ELEM
IGNITED AT 750 C

CHLORINE 0.082

SULFUR 2.01 Si02 46.72

ASH 9.46 Al1703 25.38
Ti02 1.75
Feo03 17.31
Ca0 1.40
Mg0 0.87
Na20 0.75
K20 2.46
P20s5 0.47
S03 1.46
UND 1.43

1.44 % -
R. KOSKY

%

S—F




Trace Element Report

-

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

03/04/94
Submitted By: DISTRIBUTION
Project No. : 1621~ 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
CONCENTLATE —~ + 27314

Anal. No. : 940019 U. Ateeborr Seom
VAL1 VAL2 Average

As 3.06 3.08 3.07
Ba 66.5 68.9 67.7
Be 4.52 4.51 4.52
cd 0.07 0.07 0.07
Co 4.96 4.91 4.94
cr 24.8 24.7 24.8
cu 17.0 17.4 17.2
F 80.0 77.0 78.5
Hg 0.18 0.17 0.18
Li 26.0 26.5 26.3
Mn 46.1 47.8 47.0
Mo 2.43 2.43 2.43
Ni 16.6 16.6 16.6
Pb 9.47 9.46 9.47
sb 0.73 0.74 0.74
se 2.35 2.37 2.36
sn 1.17 1.18 1.18
Th 3.15 3.31 - 3.23
T1 0.74 0.74 0.74
U 2.04 2.07 2.06
\' 41.9 41.4 41.7

Zn 16.3 16.3 16.3




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

DESCRIPTION

SAMPLE NUMBER CWK #410

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129
DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION

TAILINGS SL #2737

ANALYSIS REPORT

U. Frectorr Seam

DATE LOGGED 01/03/94
DATE COMPLETED 01/27/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940020

PROXIMATE  (Dry)% ULTIMATE (Dry)% MAJOR ASH ELEM %
IGNITED AT 750 C
ASH 57.10  CHLORINE 0.033
VOLATILE MATTER 19.79  SULFUR 3.34 Si0z 52.71
FIXED CARBON 23.11  ASH 57.10 Al203 19.91
Ti02 0.65
SULFUR, TOTAL 3.34
Fe203 18.66
BTU 5389 Ca0 0.72
MAF BTU 12562 Mg0 0.93
Naz0 0.30
K20 2.75
SULFUR FORMS  (Dry)%
P205 0.15
PYRITIC 2.60 S03 0.90
SULFATE 0.34 UND 2.32
ORGANIC 0.40
SULFUR, TOTAL 3.34
OTHERS
HG‘“fslgv 0.33
AS DETERMINED MOISTURE: 1.86 %
DISTRIBUTION:
C. KOCH R. KOSKY

Approved for transmittaT‘S%iSEEz—— 3
> />




Trace Element Report

-

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

03/04/94
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
TAILNGS - #2737

Anal. No. : 940020 o U . Fterotr Sem
VALl1 VAL2 Average
As 21.1 20.7 20.9
Ba 791 806 799
Be 4.36 4.38 4.37
cd 0.51 0.61 0.56
Co 12.9 12.8 12.9
Cr 82.0 81.7 81.8
Cu 55.4 55.6 55.5
F 538 554 546
Hg 0.34 0.32 0.33
Li 104 101 103
Mn 361 363 362
Mo 6.41 6.34 6.38
Ni 49.3 48.6 49.0
Pb 54.0 53.0 53.5
Sb 1.75 1.81 1.78
Se 7.93 8.33 8.13
Sn 11.3 10.6 11.0
Th 8.47 8.44 * 8.46
Tl 4.13 4.09 4.11
U 3.68 3.69 . 3.69
v 62.2 61.7 62.0

Zn 120 121 121




ILLINOIS NO. 6




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DOE/ICF KE 24 HR CONT. TESTS PLANT FEED - 701
IW A, Senm DATE LOGGED 02/14/94
SAMPLE NUMBER CWK #434 DATE COHMPLETED 04/08/94
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 940606

ANALYSIS REPORT

PROXIMATE Dry)% ULTIMATE Drv)% MAJOR ASH ELEM %
IGNITED AT 750 C

ASH 36.73 CHLORINE 0.163
VOLATILE MATTER 29.14 SULFUR 4.14 Si02 49.40
FIXED CARBON 34.13 ASH 36.73 Al1203 17.79
Ti02 0.69
SULFUR, TOTAL 4.14
Fe203 13.77
BTU 8789 : Ca0 6.92
MAF BTU 13891 Mg0 1.65
Na20 0.76
K20 3.19
SULFUR FORMS (Dry)%
P20s 0.51
PYRITIC 3.22 SO3 3.08
SULFATE 0.12 UND 2.24
ORGANIC 0.80
SULFUR, TOTAL 4.14

AS DETERMINED MOISTURE: 1.35 %

DISTRIBUTION:
C. KOCH R. KOSKY

Approved for transmittal & (;5?2
7 O
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Trace Element Report

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

04/04/94
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS PLANT FEED - 701

TLL. ¥{ Senn

Anal. No. : 940606
VAL1 VAL2 Average

As 9.47 9.67 9.57
Ba 164 160 162
Be 2.14 2.06 2.10
cd 6.49 5.50 6.00
Co 9.29 9.36 9.32
Cr 96.3 87.7 92.0
Cu 38.9 33.2 36.1
F 588 582 585
Hg 0.17 0.16 0.17
Li 20.6 19.6 20.1
Mn 131 131 131
Mo 26.2 26.5 26.4
Ni 46.3 47 .2 46.8
Pb 48.2 47.8 48.0
Sb 1.48 1.62 1.55
Se 10.1 9.06 9.58
Sn 2.59 3.18 2.89
Th 5.21 5.17 - 5.,19
Tl 2.01 2.03 2.02
U 10.7 10.4 10.6
v 103 105 104

Zn 219 194 207




DESCRIPTION

DOE/ICF KE 24 HR CONT. TESTS HMC REFUSE - 706
Tu . ¥, Sean.

CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

SAMPLE NUMBER CWK #435

PROXIMATE Dr

%

DATE LOGGED

02/14/94

DATE COMPLETED 04/08/94
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 940607

ANALYSIS REPORT

ULTIMATE

CHLORINE
SULFUR
ASH

ASH 81.62
VOLATILE MATTER  18.38
FIXED CARBON 0.00
SULFUR, TOTAL 7.50
BTU 1835
MAF BTU 9984
SULFUR FORMS (Dry)%
PYRITIC 7.22
SULFATE 0.06
ORGANIC 0.22
SULFUR, TOTAL 7.50

AS DETERMINED MOISTURE: 0.76 %

DISTRIBUTION:
C. KOCH

R. KOSKY

(Dry)% MAJOR ASH ELEM
IGNITED AT 750 C
<0.010
7.50 Si02 45,
_ 81.62 Al203 16.
Ti02
Fe203 13.
Ca0 11.
Mg0
Na20
K20
P205
SO3
UND
-

Approved for transmittal
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Trace Element Report

LY

CONSOL .Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

04/04/94
Submitted By: DISTRIBUTION
Project No. : 1621~ 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS HMC REFUSE - 706

I VAR
Anal. No. : 940607 T Ay Soam
VAL1 VAL2 Average
As 23.9 23.8 23.9
Ba 295 304 300
Be 3.15 3.37 3.26
cd 8.41 9.11 8.76
Co 16.3 16.1 16.2
cr 235 241 238
cu 61.4 62.8 62.1
F 1495 1470 1483
Hg 0.26 0.27 0.27
Li 39.5 38.7 39.1
Mn 300 305 303
Mo 56.1 56.5 56.3
Ni. 121 121 121
Pb 93.5 93.1 93.3
Sb 3.80 3.98 3.89
Se 28.2 30.1 29.2
Sn 2.25 2.20 2.23
Th 9.47 9.58 - 9.53
71, 5.52 5.45 5.48
U 25.9 25.6 25.8
v 247 250 249

Zn 457 462 460




CONSOL INC.

RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

SAMPLE NUMBER CWK #436

PROXIMATE Dry)%

ASH 6.91
VOLATILE MATTER  38.08
FIXED CARBON 55.01
SULFUR, TOTAL 2.75
. BTU 13596
MAF BTU 14605

SULFUR_FORMS Dry)%

PYRITIC 0.98
SULFATE 0.05
ORGANIC 1.72
SULFUR, TOTAL 2.75

AS DETERMINED MOISTURE:

DISTRIBUTION:
C. KOCH

TUW. #] Senm

. PLAr
DOE/ICF KE 24 HR CONT. TESTS,CLEAN COAL - 727
DATE LOGGED

02/14/94

DATE COMPLETED 04/08/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940608

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.382
SULFUR 2.75
ASH 6.91
1.68 %
R. KOSKY

* MAJOR ASH ELEM

%

IGNITED AT 750 C

Si02 45.
Al1203 19.
Ti02 1.
Fe203 20.
Ca0

Mg0

Na20

K20

P205

S03

UND

PN O NO~MN
. . ¢ o o

Approved for transmittal /k@

T ——y



Trace Element Report

-

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

04/04/94

Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

PlasT
Description : DOE/ICF KE 24 HR CONT. TESTS ,CLEAN COAL - 727
Anal. No. .: 940608 T ¥ Sewm
VALl VAL2 Average
aAs 3.35 3.46 3.41
Ba 35.9 36.7 36.3
Be 1.43 1.44 1.44
cq 0.27 0.25 0.26
Co 3.67 3.72 3.70
Cr 29.3 27.4 28.4
Ccu 10.4 11.1 10.8
F 68.1 55.9 62.0
Hg 0.09 0.09 0.09
Li 7.34 7.29 7.32
Mn 21.4 22.0 21.7
Mo 15.7 15.5 15.6
Ni 18.3 19.0 18.7
Pb 19.2 19.3 15.3
Sb 0.53 0.60 0.56
Se 3.74 3.42 3.58
Sn 1.12 1.14 1.13
Th 1.95 1.98 ©1.97
T1 0.70 0.69 0.70
U 8.34 8.08 8.21
v 46.5 48.1 47.3

Zn 25.8 24.9 25.4

e ————— S Son BB PG TR R AR e =1 AP g MR SarT P4 o a e -y 4 o C T



CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY
4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION DOE/ICF KE 24 HR TONT. TESTS REFUSE THICKENER

FEED -728
Tu. 8l Seum DATE LOGGED  02/14/94

SAMPLE NUMBER CWK #437 DATE COMPLETED 04/08/94
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 940609

ANALYSIS REPORT

PROXIMATE (Dry)% ULTIMATE (Dry)% MAJOR ASH ELEM
IGNITED AT 750 C

ASH 65.34 CHLORINE 0.073
VOLATILE MATTER 17.73 SULFUR 3.03 Si02 56.93
FIXED CARBON 16.93 ASH 65.34 A1203 19.52
Ti02 0.69
SULFUR, TOTAL 3.03
Fep03 10.36
BTU 4371 Ca0 3.13
MAF BTU 12611 MgO 1.71
Na20 0.44
K20 3.66
SULFUR FORMS Dry)%
P20s 0.29
PYRITIC 2.65 S03 1.64
SULFATE 0.08 UND 1.63
ORGANIC 0.30
SULFUR, TOTAL 3.03

AS DETERHINED MOISTURE: 1.53 %
DISTRIBUTION:
C. KOCH R. KOSKY

Approved for transmittal ﬁg@/




Trace Element Report

~

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

04/04/94
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : ?OE/ICF KE 24 HR CONT. TESTS REFUSE THICKENER
EED - 728

Anal. No. : 940609 TLL #L setm
VAL1L VAL2 Average
As 11.8 © 11.8 11.8
Ba 341 338 340
Be 2.51 2.35 2.43
ca 2.07 2.14 2.11
Co 13.8 14.2 14.0
cr 132 135 134
Cu 40.5 40.8 40.7
F 849 895 872
Hg 0.16 0.15 0.16
Li 34.1 33.3 33.7
Mn 228 229 229
Mo 19.4 20.4 19.9
Ni 66.4 68.7 67.6
Pb 52.8 50.8 51.8
Sb 1.87 1.86 1.87
Se 9.26 8.64 8.95
sn 2.70 2.98 2.84
Th 8.46 8.18 - 8.32
T1 2.02 2.04 2.03
U 7.78 7.55 7.67
v 152 154 153

Zn 186 184 185




DESCRIPTION

CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129
BAw
DOE/ICF KE 24 HR CONT. TESTS €6At MILL FEED

- 2733 Lo #( Sewn
SAMPLE NUMBER CWK #438

PROXIMATE (Dry)%

ASH
VOLATILE MATTER
FIXED CARBON

SULFUR, TOTAL

BTU
MAF BTU

20.27
33.97
45.76

4.19

11471
14387

SULFUR_FORMS (Dry)%

PYRITIC
SULFATE
ORGANIC

SULFUR, TOTAL

2.78
0.05
1.36

4.19

AS DETERMINED MOISTURE:

DISTRIBUTION:
C. KOCH

DATE LOGGED 02/14/94
DATE COMPLETED 04/08/94
PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940610

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.294
SULFUR 4.19
ASH 20.27
1.56 %
R. KOSKY

MAJOR ASH ELEM

%

IGNITED AT 750 C

Si02 53.
Al203 16.
Ti02 0.
Fe203 19
Ca0 3
Mg0 1
Na20 0.
K20 2
P20s5 0
SO03 1
UND 0

50
72

.31
.68
.17

.34
.24

.86
.50

Approved for transmittal }6k<é5%2~
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Trace Element Report

-

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

04/04/94

Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

. BALL

Description : DOE/ICF KE 24 HR CONT. TESTS €6aF MILL FEED

- 2733

Anal. No. : 940610 TLe. % Setm
VAL1 VALZ2 Average

As 8.97 9.21 9.09

Ba 77.6 76.6 77.1

Be 1.61 1.57 1.59

cd 1.22 1.18 1.20

Co 6.74 6.82 6.78

Cr 41.6 41.7 41.7

Cu 21.2 21.8 21.5

F 119 110 115

Hyg 0.14 0.15 0.15

Li 13.9 13.5 13.7

Mn 74.8 76.9 75.8

Mo 19.5 19.6 19.6

Ni 33.6 34.2 33.9

Pb 56.4 55.9 56.2

Sb 1.15 1.22 1.19

Se 6.21 6.17 6.19

Sn 0.84 0.77 0.80

Th 3.18 3.02 - 3.10

Tl 1.72 1.65 1.69

U 10.0 9.23 9.62

v 59.0 58.9 59.0

Zn 97.1 95.7 96.4




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129°

DESCRIPTION

- 2734

SAMPLE NUMBER CWK #439

PROXIMATE Dry)%
ASH 17.44

DATE LOGGED

DOE/ICF KE 24 HR CONT. TESTS BALL MILL DISCHARGE
T Setm

02/14/94

DATE COMPLETED 04/08/94
PROJECT NUMBER 1621-013-013
ANALYTICAL NUMBER 940611

ANALYSIS REPORT

VOLATILE MATTER  35.27
FIXED CARBON 47.29
SULFUR, TOTAL 3.75
BTU 11966
MAF BTU 14494
SULFUR _FORMS (Dry)% -
PYRITIC 2.03
SULFATE 0.07
ORGANIC 1.65
SULFUR, TOTAL 3.75

AS DETERMINED MOISTURE:
DISTRIBUTION:
C. KOCH

ULTIMATE (Dry)% MAJOR ASH ELEM %
IGNITED AT 750 C
CHLORINE 0.321
SULFUR 3.75 Si02 54.40
ASH 17.44 Al1203 17.18
Ti02 0.79
Fe203 18.50
Ca0 3.53
MgOo 1.23
Naz0 0.73
K20 2.49
P20s 0.23
S03 2.33
UND -1.41
1.75 %
R. KOSKY

Approved for transmittal
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Submitted By:
Project No. :

Description :
Anal. No. :
VALl
As 7.25
Ba 67.7
Be .51
cd 0.94
Co 6.01
Cr 44.3
Cu 19.1
F 109
Hg 0.14
Li 13.3
Mn 64.7
Mo 19.3
Ni 32.3
Pb 42.2
Sb 1.06
Se 5.31
Sn 1.00
Th 2.70
Tl 1.35
U 9.27
v 57.4

Zn 72.5

Trace Element Report

-

CONSOL Inc.
Research and Development
4000 Brownsville Road
15129

Library, PA

04/04

DISTRIBUTION

1621~

/94

13- 13

DOE/ICF KE 24 HR CONT. TESTS BALL MILI DISCHARGE

- 273y
940611

VAL2

7.36
67.6
1.51
0.87
6.08
43.9
19.1
98.0
0.14
12.4
65.4
19.1
32.2
42.4
1.29
4.66
0.97
2.70
1.36
9.25
59.1
73.4

TLC. ¥4 Soam

Average

7.31
67.7
1.51
0.91
6.05
44.1
19.1

104

0.14
12.9
65.1
19.2
32.3
42.3
1.18
4.98
. 0.99
2.70
1.36
9.26
58.3
73.0

SR Nvrey v



CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

PROXIMATE Dry)%

ASH 23.23
VOLATILE MATTER  32.49
FIXED CARBON 44.28
SULFUR, TOTAL 2.61
BTU 11041
MAF BTU 14382
SULFUR_FORMS (Dry)%
PYRITIC 1.11
SULFATE 0.04
ORGANIC 1.46
SULFUR, TOTAL 2.61

AS DETERMINED MOISTURE:
DISTRIBUTION:
C. KOCH

JUW . #( somn

DATE LOGGED

DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
FEED 2735

SAMPLE NUMBER CWK #440

02/14/94

DATE COMPLETED 04/08/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940612

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.250
SULFUR 2.61
ASH 23.23
1.89 %
R. KOSKY

MAJOR ASH ELEM
IGNITED AT 750 C

Si02 55.33
A1203 20.23
Ti02 0.88
Fep03 11.24
Ca0 2.66
MgO 1.75
Nas0 0.53
K20 3.79
P20s 0.19
S03 1.71
UND 1.69

%

Approved for transmittal _ 3¢ igEfw-

O



Submitted By:

Project No.

Description

Anal.

As
Ba
Be
cd
. Co
Cr
Cu

Hg
Li

Mo
Ni
Pb
Sb
Se
sSn
Th
T1

Zn

No.

VALl1

4.83
125

1.85
0.48
6.28
54.0
18.3
366

0.11
14.4
70.1
l6.1
29.7
23.8
0.82
3.97
1.48
3.88
0.95
7.87
67.7
51.4

Trace Element Report

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA

04/04/94

DISTRIBUTION
1621~ 13- 13

VAL2

4.84
122

1.74
0.50
6.45
57.5
19.0
366

0.11
14.6
72.2
17.2
31.1
23.2
0.81
3.44
1.13
3.83
0.96
7.64
72.1
51.7

15129

DOE/ICF KE 24 HR CONT.
FEEd =~ 2738
940612

Average

4.84
124
1.80
0.49
6.37
55.8
18.7
366
0.11
14.5
71.2
16.7
30.4
23.5
0.81
3.71
1.31
" 3.86
0.96
7.76
69.9
51.6

TESTS COLUMN FLOTATION
T .# SEm




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

PROXIMATE Dry)%

ASH 7.20
VOLATILE MATTER  38.42
FIXED CARBON 54.38
SULFUR, TOTAL 2.85
BTU 13544
MAF BTU 14595

SULFUR_FORMS Dry)%

PYRITIC 0.99
SULFATE 0.04
ORGANIC 1.82
SULFUR, TOTAL 2.85

AS DETERMINED MOISTURE:
DISTRIBUTION:
C. KOCH

TUL . #( Senm

ANALYSIS REPORT

Approved for

DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
CONCENTRATE 2736

SAHPLE NUMBER CHWK #441

DATE LOGGED 02/14/94
DATE COMPLETED 04/08/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940613

ULTIMATE Dry)% MAJOR ASH ELEM
IGNITED AT 750 C
CHLORINE 0.375
SULFUR 2.85 Si02 48.
ASH 7.20 Al1203 20.
Ti02 1
Fe203 19
Ca0 2
Mgl 1
Na20 0
K20 2.
P20s5 0
S03 2.
UND -0.
1.79 %
R. KOSKY

transmittal

43
87

.38

.70
.59
.27
.84

76

%




Trace Element Report

~

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

04/04/94
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION

GRCENTIATE ~ 2730
Anal. No. : 940613 L. # Sown
VALl VAL2 Average

As 3.46 3.45 3.46
Ba 37.2 38.4 37.8
Be 1.52 1.48 1.50
cd 0.24 0.25 0.25
Co 3.59 3.57 3.58
Cr 24.8 24.7 24.8
cu 10.0 9.85 9.93
F 63.0 58.2 60.6
Hyg 0.09 0.09 0.09
Li 7.63 7.75 7.69
Mn 20.9 20.8 20.9
Mo 15.5 15.7 15.6
Ni 17.2 17.0 17.1
Pb 20.1 20.1 20.1
Sh 0.55 0.54 0.55
Se 3.44 3.14 3.29
sSn 0.71 0.73 - 0.72
Th 2.16 2.11 2.14
T 0.72 0.72 0.72
U 8.75 8.71 8.73
\' 43.6 43.6 43.6

Zn 22.9 22.8 22.9




CONSOL INC.
RESEARCH & DEVELOPMENT
ANALYTICAL LABORATORY

4000 BROWNSVILLE ROAD, LIBRARY, PA 15129

DESCRIPTION

TAILINGS 2737
SAMPLE NUMBER CWK #442

PROXIMATE Dry)%
ASH 71.34

VOLATILE MATTER  15.48
FIXED CARBON 13.18
SULFUR, TOTAL 2.84
BTU 3430
MAF BTU 11968
SULFUR FORMS (Dry)%
PYRITIC 1.97
SULFATE 0.09
ORGANIC 0.78
SULFUR, TOTAL 2.84

AS DETERMINED MOISTURE:
DISTRIBUTION:
C. KOCH

DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
ZUL. ¥ Sens  DATE LOGGED

02/14/94

DATE COMPLETED 04/08/94

PROJECT NUMBER 1621-013-013

ANALYTICAL NUMBER 940614

ANALYSIS REPORT

ULTIMATE (Dry)%
CHLORINE 0.048
SULFUR 2.84
ASH 71.34
1.46 %
R. KOSKY

Approved for transmittal /@

MAJOR ASH ELEM
IGNITED AT 750 C

Si02 60.
Al1203 19.
Ti02 0.
Fep03 9
Ca0 2
Mg0 1
Na20 0
K20 3
P20s5 0
SO03 1
UND -1

64
96
65

.99

77
.45
72

.19
.33
.16

%
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Trace Element Report

-~

CONSOL Inc.

Research and Development
4000 Brownsville Road
Library, PA 15129

04/04/94
Submitted By: DISTRIBUTION
Project No. : 1621- 13- 13

Description : DOE/ICF KE 24 HR CONT. TESTS COLUMN FLOTATION
TAILINGS — 2737

Anal. No. : 940614 T Hl serun
VALl VAL2 Average
As 10.6 10.2 10.4
Ba 395 393 394
Be 2.76 2.77 2.77
cd 1.17 1.22 1.20
Co 14.0 14.1 14.1
cr 140 146 143
Cu 40.4 41.1 40.8
F 855 870 863
Hg 0.15 0.15 0.15
Li 38.3 37.8 38.1
Mn 249 232 241
Mo 16.8 17.9 17.4
Ni 70.6 73.6 72.1
Pb 44.2 44.1 44.2
Sb 1.57 1.62 1.60
Se 6.83 6.99 6.91
sn 2.98 3.58 3.28
Th 9.51 9.57 " 9.54
T1 1.79 1.79 1.79
U 6.63 6.45 6.54
v 137 141 139

Zn 144 146 145

e VRN IR SR AL AN A <k A T



