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NOTICE OF DISCLAIMER

The attached report has been prepared by the Council of Industrial Boiler Owners Special Project
on Non-utility Fossil Fuel Ash Classification ( the “Special Project”) and ICF Kaiser Consulting
Group (“ICF Kaiser”) from sources believed to be reliable. However, none of the Council of
Industrial Boiler Owners (“CIBO”), the Special Project or any of its members, ICF Kaiser, or any
person acting on behalf of any of the aforementioned parties undertook to independently verify such
information and makes any representations or warranties whatsoever, whether express or implied, or
assumes any legal liability, regarding the completeness or accuracy of information contained herein;
with respect to the use of any information, apparatus, method, process, or similar item disclosed in
this report, including merchantability and fitness for a particular purpose; or that any such use does
not infringe on or interfere with privately owned rights, including any party's intellectual property.
CIBO, the Special Project and its members, and ICF Kaiser assume no responsibility resulting from
any person's selection or use of this report or of any information, apparatus, method, process, or
similar item described in this report. Reference to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not constitute or imply its
endorsement, recommendation, or favoring. The views and opinions of the authors expressed herein
do not necessarily state or reflect those of the United States Government, state government, or any
federal or state agency thereof. Any person wishing to utilize the technologies described herein
should consult with a qualified expert to ascertain the fitness for use of any of such technologies at
any specific location while using any specific fuel source or other throughput.
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APPENDIX A

1996 SURVEY OF FOSSIL FUEL FLUIDIZED BED
COMBUSTION BYPRODUCTS



Does this completed survey
contain CBI?

Yes NoQ Q

Facility Name:

COUNCIL OF INDUSTRIAL BOILER OWNERS
SPECIAL PROJECT ON NON-UTILITY

FOSSIL FUEL BY-PRODUCT CLASSIFICATION

FOSSIL FUEL FLUIDIZED BED COMBUSTION BY-PRODUCTS SURVEY

August 26, 1996



CIBO SPECIAL PROJECT ON NON-UTILITY
FOSSIL FUEL BY-PRODUCT CLASSIFICATION

FOSSIL FUEL FLUIDIZED BED COMBUSTION BY-PRODUCTS SURVEY

All information to be recorded on this survey will be site specific, unless otherwise noted. All
quantitative information should refer to the 1995 calendar year, unless otherwise stated. If
requested information is ONLY available at your facility for fiscal years not coinciding with
calendar years, then provide requested information for the most recent fiscal year and indicate the
period covered by the fiscal year in the section designated for comments (Section VII).

The information required for this survey should be derived from information already collected by
your facility/company -- THERE IS NO REQUIREMENT FOR ADDITIONAL TESTING OR
ANALYSIS.

In an effort to make this survey as clear and complete as possible, please do not leave any questions
unanswered. If specific questions are not applicable to your facility, please indicate by answering
those questions with “N/A”. If you do not know the information requested, the information is
unavailable, or release of such information would violate company policy, these questions should
be answered accordingly. No questions should be left blank.

Certain questions may require you to provide either process-specific information or
cost/management information that your facility/company may consider to be proprietary. The CIBO
Special Project Group has established strict procedures for handling proprietary or confidential
business information (CBI). Only the President of CIBO (Bob Bessette) and Bracewell & Patterson,
L.L.P. (Project Counsel) will be allowed to review CBI information. CBI responses will be
aggregated with non-CBI information when presented in all public reports, working drafts, and
other documents. If you believe that specific survey responses are CBI, please check the box on the
cover page and provide the CBI-response(s) on Attachment 3.

In this survey, attempts have been made to standardize the responses in order to make compilation
of the information less difficult. Wherever possible, please provide your responses in terms of the
specified units or time frames.

Please take time to review the attached glossary while completing the survey. You will understand
the questions better and some confusion will be eliminated.

Any questions regarding completion of the survey should be directed to Mr. Howard Finkel, ICF
Kaiser, at (703) 934-3940, between the hours of 9:00 a.m. and 7:00 p.m. EST, Monday through
Friday.

This survey should be completed (handwritten responses are acceptable) and returned by September
30, 1996 to RCRA Special Project, CIBO, 6035 Burke Centre Parkway, Suite 360, Burke, Virginia
22015. Lastly, please be sure to complete the respondent signature block on page 66.
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 Do not give a P.O. Box number. If there is no street address where the plant is located, identify1

by noting the city (or town/village) and state, and by providing a complete narrative description of
the location (e.g., on Route 29, six miles west of the intersection of Routes 117 and 219, directly
adjacent to Scott's Paper Co.).
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I. General Facility Information

1.01 Facility Name:

1.02 Facility Location :1

Street:

City: State:

1.03 Facility Owner:

1.04 Facility Contact Person:

Title:

1.05 Phone Number: ( )

Fax Number: ( )

1.06 EPA Facility Hazardous Waste Generator Number (if applicable):

1.07 Standard Industrial Classification (SIC) code:

1.08 Type and Numbers of Fluidized Bed Combuster Boiler(s):

Bubbling Bed - Circulating Fluidized Bed -Q Q
Other (please specify)Q

1.09 Type and Number of Other Boiler(s):

Stoker Pulverized Coal OtherQ Q Q
1.10 Total Facility Production Capacity

Electrical Output MW (sold) Electrical Output MW (internal)

Total Process Heating Load gross lbs/hr

1.11 Does this facility sell electricity?

Yes NoQ Q
1.12 Does this facility sell steam?

Yes NoQ Q
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1.13 Is this Facility certified by FERC as a:

Cogeneration Facility Small Power Production FacilityQ Q
Exempt Wholesale GeneratorQ

1.14 Please attach a detailed facility map (preferably a 7.5-minute quadrangle map, but any available map -
such as one included with a permit application, will suffice) extending one mile beyond the perimeter
of the facility in each direction to include all equipment, storage facilities, waste management units,
environmental monitoring devices, geographical attributes, etc., discussed in this survey along with
the latitude/longitude of the site. We recognize that points beyond the boundary of the facility are not
owned by your organization, therefore, you may not be able to obtain information about these areas.
Please describe these areas and attributes to the best of your ability.

Instructions for completing the FACILITY SITE MAP:

a. Use either a 7.5-minute quadrangle map or an existing topographic map of any size (such
as one included with a permit application) that can adequately show the relative size and
location of waste management units, relevant environmental features, and monitoring
locations. Include topography, north direction arrow, and an appropriate scale for your
facility on the map. If a topographic map is unavailable, please provide a site map or plot
plan.

b. Waste management units include surface impoundments, waste piles, and landfills, etc.,
where solid wastes (as defined by 40 CFR 261; see Glossary) are treated, stored, or
disposed. Label each of these waste management units with a unique identifier (e.g.,
WASTE WATER TREATMENT POND - WWTP, ASH PILE #1 - AP#1, LANDFILL - LF)
as these will be referenced later.

c. Indicate relevant environmental monitoring locations (including NPDES & SPDES outfalls),
which include ground water monitoring wells, ambient surface water monitoring locations,
and ambient air monitoring locations.

d. Indicate which waste management units are or have been used to manage Fossil Fuel
Combustion By-products (FFCBs).

e. The following page is an example of a facility site map.

1.15 Which of the following categories describes the surface rights ownership of the land on which this
facility is located? (check all boxes that apply)

FederalQ
StateQ
IndianQ
PrivateQ
Other (please specify)Q
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insert map here....
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1.16 What is the approximate location of the center of this facility? (Report longitude and latitude OR

township, range, and section)

a. Longitude: degrees: minutes: West

b. Latitude: degrees: minutes: North

OR

c. Township: Range: Section:
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Answer questions 2.02 through 2.18 for each Fluidized Bed Combuster boiler at your
facility. If more than one boiler was operational during 1995, please photocopy and
complete this section for each boiler separately.

II. Process Input/Output Characteristics

2.01 Please review the attached FBC Fossil Fuel Power Plant Mass Balance which shows all of the relevant
inputs (designated as A - E), block operations (designated as I - V), and outputs (designated as 1 - 6)
at a typical FBC plant. Using this diagram as an example, please prepare a mass-balance diagram that
shows all of inputs, block operations, and outputs applicable to your facility. Take care to consider
all operations (and inputs/outputs) ancillary to power/steam production.

2.02 This portion of the survey refers to FBC unit number , which was manufactured by
 .

2.03 FBC unit number was put in to service on and is a:

Bubbling BedQ
Circulating Fluidized BedQ
Other (please specify)Q

2.04 Please complete the following table for FBC unit number using annual data.

Operational Data 1995 1994 1993 1992 1991 1990

Output - Process
Steam (million lbs)

Capacity Factor (%)
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SCHEMATIC DIAGRAM OF TYPICAL FBC FOSSIL FUEL POWER PLANT MASS BALANCE

[Cross-Out All Blocks That Do Not Apply]
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Plant Inputs

2.05 Please complete the following table for FBC unit number using 1995 data:

A:
Fuels Purpose Description Source Annual Annual Max. % of

(1) (2) (Mine/State) Usage Units (specify units) Total

Permit Limits

1

2

3

4

5

6

7

(1) Primary ($50 percent by weight), Secondary (co-fired), Start-Up, Flame Stabilization. If
other, please specify.

(2) Choose one of the following fuel types: anthracite coal, bituminous coal, lignite coal, sub-
bituminous coal, petroleum coke, coke breeze, anthracite culm, bituminous gob, waste oils,
wood chips, tires, natural gas, propane, No. 2 Oil, No. 6 Oil, other. If other, please specify.

2.06 Are any of the fuels being processed on-site to improve characteristics such that anything is added to
or removed from the fuel?

Processing Description of Processing Operation
Fuel No. (Yes/No) (Do not include size reduction or drying operations)

1

2

3

4

5

6

7

2.07 Please attach a schematic diagram of the fuel processing operation(s) (if available). If not applicable,
please indicate “N/A”: .
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2.08 Please provide the range (minimum and maximum) and representative quality of each fuel as fired.
If more than one fuel is used, please photocopy the next two forms and complete for each fuel.

Note: If the fuel quality information is available in an electronic form please provide a copy on the
enclosed computer disk.

PROXIMATE ANALYSIS (weight %) - FUEL No.

Parameters - (units) Minimum Value Average Value Maximum Value

HHV - (BTU/lb)

Sulfur (%)

Ash (%)

Vol. Matter (%)

Moisture (%)

Fixed Carbon (%)

Btu per pound
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ULTIMATE ANALYSIS (weight %) - FUEL No.

Parameters - (units) Minimum Value Average Value Maximum Value

HHV - (BTU/lb)

Carbon (%)

Hydrogen (%)

Nitrogen (%)

Chlorine (%)

Sulfur - Total (%)

Sulfur - Pyritic (%)

Oxygen (%)

Moisture (%)

Ash (%)

Fuel Ash Mineral Analysis

 - SiO2

 - Al O2 3

 - TiO2

 - Fe O2 3

 - CaO

 - MgO

 - Na O2

 - K O2

Please attach the results of any Trace Element analyses for antimony, arsenic, barium, beryllium,
cadmium, chromium, lead, mercury, nickel, selenium, silver, thallium, vanadium, and zinc, if available.
In addition, please provide the results (if any) from analyses for radionuclides.
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2.09 Describe the types of fuels used over the past five years:

 

 

 

 

 

 

2.10 Describe the types of storage facilities employed for each type of fuel:

Fuel Type Storage

 1.

 2.

 3.

 4.

 5.

2.11 Describe any operational/engineering changes (if any) made since the initial construction of FBC unit
number to accommodate new/alternative fuels and/or changes in permit conditions:

 

 

 

 

 

 

 

 



SURVEY HELPLINE (703) 934-3940, Monday-Friday, 9:00 a.m. - 7:00 p.m. EST. PAGE - 11

2.12 Please complete the following table for FBC unit number using 1995 data:

B:
 Sorbents Description (tons) FBC Feed

Annual Usage Percent of Total

 1.

 2.

 3.

2.13 What are the range and typical value for the ratio of calcium used for sulfur dioxide control to the
amount of sulfur in the fuel?

Minimum Average Maximum

Ca/S Ratio

Limestone/Fuel

2.14 Please provide chemical analysis data for Sorbent “1” in the following table:

Parameters Minimum Value Average Value Maximum Value

CaCO (%)3

MgCO (%)3

Inert (%)

Moisture (%)

Please attach the results of Trace Element analyses of Sorbent “1” for antimony, arsenic, barium,
beryllium, cadmium, chromium, lead, mercury, nickel, selenium, silver, thallium, vanadium, and zinc
if available. In addition, please provide the results (if any) from analyses for radionuclides.

2.15 Please provide chemical analysis data for Sorbent “2” in the following table:

Parameters Minimum Value Average Value Maximum Value

CaCO (%)3

MgCO (%)3

Inert (%)

Moisture (%)
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Please attach the results of Trace Element analyses of Sorbent “2” for antimony, arsenic, barium,
beryllium, cadmium, chromium, lead, mercury, nickel, selenium, silver, thallium, vanadium, and zinc
if available. In addition, please provide the results (if any) from analyses for radionuclides.

2.16 Please provide chemical analysis data for Sorbent “3” in the following table:

Parameters Minimum Value Average Value Maximum Value

CaCO (%)3

MgCO (%)3

Inert (%)

Moisture (%)

Please attach the results of any Trace Element analyses of Sorbent “3” for antimony, arsenic, barium,
beryllium, cadmium, chromium, lead, mercury, nickel, selenium, silver, thallium, vanadium, and zinc
if available. In addition, please provide the results (if any) from analyses for radionuclides.

2.17 Please complete the following table for all non-combustible commodities (such as sand) used in FBC
unit number using 1995 data:

C: Non-Combustible
Commodities Purpose Usage Units

Annual

 1.

 2.

 3.

 4.

 5.

Please attach the results of any Trace Element analyses of the non-combustible commodities for antimony,
arsenic, barium, beryllium, cadmium, chromium, lead, mercury, nickel, selenium, silver, thallium, vanadium,
and zinc if available. In addition, please provide the results (if any) from analyses for radionuclides.
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2.18 Please complete the following table for all process chemicals used either as boiler inputs to FBC unit
number or other plant operations that generate wastes that are co-managed with FFCBs using
1995 data:

D: Process
Chemicals Purpose Description In Usage Units

System Used Annual

 1.

 2.

 3.

 4.

 5.

2.19 Please complete the following table for the entire facility using 1995 data:

E: Raw
Water Purpose Source (MG/day)

Annual
Usage

 1.

 2.

 3.
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System Descriptions

2.20 I - FBC Combuster: Provide a brief written description of the FBC combuster unit (including heat
exchangers and air pollution control devices) and operating parameters and their relationship to the
steam boiler(s). In addition, please attach a schematic diagram of the FBC combuster unit. (An
existing plant drawing will suffice.)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Examples of materials that may be co-managed with FFCBs include: boiler chemical cleaning2

wastes, demineralizer regenerant and rinses, coal/storage pile runoff, general site runoff, pyrites,
boiler blowdown, coal mill rejects/pyrites, cooling tower blowdown, low pressure plant service water,
non-contact cooling water, wastewater treatment sludge/residuals, contaminated and dredged soils,
floor drains and sumps, air heater and precipitator wash, laboratory wastes, water treatment wastes,
domestic/municipal wastes, and other miscellaneous plant wastes.
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2.21 Please describe any operations conducted at the facility that either affect the quantity/characteristics
of the FFCBs or generate materials that are co-managed with the FFCBs. In particular, describe the2

types of ash collection, conditioning, and transport equipment and practices used at your facility. In
addition, please attach a schematic diagram showing the specific operations - an existing plant drawing
will suffice.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plant Discharges

2.22 Referring back to your process flow diagram requested on page 6, please complete the following table
to describe any plant discharges or by-products that are co-managed with FFCBs:
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Plant
Discharges

Description (units) Applicable Permit/Regulatory Control

Annual
Quantity

Combustion By-Products

 2A.

 2B.

 2C.

Special & Contract Disposal

 3A.

 3B

 3C

 3D.

 3E.

SANITARY SEWAGE

 4A.

 4B.

 4C.

NPDES/SPDES Discharge

 5A.

 5B.

 5C.

Storm Water Run-Off

 6A.

 6B.

 6C.
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2.23 Referring back to your process flow diagram requested on page 6, please complete the following table
to describe any plant discharges or by-products that are not co-managed with FFCBs:

Plant
Discharges

Description (units) Applicable Permit/Regulatory Control

Annual
Quantity

Air Emissions

 1A.

 1B

 1C

Combustion By-Products

 2A.

 2B.

 2C.

Special & Contract Disposal

 3A.

 3B

 3C

 3D.

SANITARY SEWAGE

 4A.

 4B.

 4C.

NPDES/SPDES Discharge

 5A.

 5B.

 5C.

Storm Water Run-Off

 6A.

 6B.

 6C.
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2.24 How often are plant turn-arounds (maintenance) conducted?

2.25 Are any wastes generated during plant turn-arounds co-managed with FFCBs?

Yes No (Skip to Section III)Q Q
If yes, please complete the following table:

Plant Turn-Around Wastes Source Description Quantity Units

1.

2.

3.

4.

5.

6.
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Answer questions 3.01 through 3.06 for each FBC boiler at your facility. If more than one
boiler was operational during 1995, please photocopy and complete this section for each FBC
boiler separately.

III. Fossil Fuel Combustion By-Products Generation

3.01 This portion of the survey refers to FBC unit number .

3.02 What type of FBC by-product collection devices are used?

MulticycloneQ
BaghouseQ
Electrostatic PrecipitatorQ
Other (specify)Q

3.03 What is the configuration of these units (e.g., cyclone followed by a baghouse)? (Refer to process
schematics provided earlier)

 

 

 

3.04 Please describe how (and where) the fossil fuel combustion by-products (FFCBs) are removed from
the FBC unit.
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3.05 Please describe the frequency with which the FFCBs are removed from the combuster.

 

 

 

3.06 Are FFCBs temporarily stored on-site prior to final disposition?

Yes NoQ Q

If yes, please describe where the FFCBs are stored, how long they are stored on-site, and how they are
removed.

 

 

 

3.07 Are FFCBs temporarily stored off-site prior to final disposition?

Yes NoQ Q

If yes, please describe where the FFCBs are stored, how long they are stored on-site, and how they are
removed.
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3.08 Are the FFCBs conditioned (e.g., water added) prior to storage?

Yes NoQ Q
If yes, please provide a description of the conditioning process, including the sources of water (e.g.,
surface water, ground water, municipal water, storm water runoff, mine drainage, plant wastewater)
and/or the identity of other additives.

 

 

 

3.09 Are the FFCBs conditioned (e.g., water added) prior to final disposition?

Yes NoQ Q

If yes, please provide a description of the conditioning process, including the sources of water (e.g.,
surface water, ground water, municipal water, storm water runoff, mine drainage, plant wastewater)
and/or the identity of other additives.

 

 

 

3.10 Are the FFCBs mixed or co-managed with any other materials or solid wastes prior to storage/final
disposition? (check all that apply)

Yes - Storage Yes - Final Disposition No (Skip to 3.11)Q Q Q
If yes, please specify these materials (and/or solid wastes) and volumes.

Material/ Estimated/
Solid Waste Source Quantity Units Actual

1.

2.

3.

4.

5.

3.11 Please provide the following information on FBC by-product generation. (If your facility tracks this
information for fly ash and bed ash separately, you do not need to total the fly ash and bed ash
numbers to compute a value for the “Total FFCBs” column.)
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If Measured Separately

Generation/Beneficial Use/Disposal Information Total FFCBs Fly Ash Bed Ash

Tons generated (removed from system) in 1995

A. Tons disposed in 1995

B. Tons used as cement/concrete/grout in 1995

C. Tons used as flowable fill in 1995

D. Tons used as structural fill in 1995

E. Tons used as mineral filler in 1995

F. Tons used as snow and ice control in 1995

G. Tons used as blasting grit/roofing granules in 1995

H. Tons used in mining applications in 1995

I. Tons used in waste stabilization/solidification in 1995

J. Tons used in agriculture in 1995

K. Tons used as other: in 1995

L. Tons used as other: in 1995

M. Tons used as other: in 1995

 The total of A through M should equal tons generated in 1995

Tons generated in 1994

A. Tons disposed in 1994

B. Tons used as cement/concrete/grout in 1994

C. Tons used as flowable fill in 1994

D. Tons used as structural fill in 1994

E. Tons used as mineral filler in 1994

F. Tons used as snow and ice control in 1994

G. Tons used as blasting grit/roofing granules in 1994

H. Tons used in mining applications in 1994

I. Tons used in waste stabilization/solidification in 1994

J. Tons used in agriculture in 1994

K. Tons used as other: in 1994

L. Tons used as other: in 1994



If Measured Separately

Generation/Beneficial Use/Disposal Information Total FFCBs Fly Ash Bed Ash
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M. Tons used as other: in 1994

 The total of A through M should equal tons generated in 1994

Tons generated in 1993

A. Tons disposed in 1993

B. Tons used as cement/concrete/grout in 1993

C. Tons used as flowable fill in 1993

D. Tons used as structural fill in 1993

E. Tons used as mineral filler in 1993

F. Tons used as snow and ice control in 1993

G. Tons used as blasting grit/roofing granules in 1993

H. Tons used in mining applications in 1993

I. Tons used in waste stabilization/solidification in 1993

J. Tons used in agriculture in 1993

K. Tons used as other: in 1993

L. Tons used as other: in 1993

M. Tons used as other: in 1993

 The total of A through M should equal tons generated in 1993

Tons generated in 1992

A. Tons disposed in 1992

B. Tons used as cement/concrete/grout in 1992

C. Tons used as flowable fill in 1992

D. Tons used as structural fill in 1992

E. Tons used as mineral filler in 1992

F. Tons used as snow and ice control in 1992

G. Tons used as blasting grit/roofing granules in 1992

H. Tons used in mining applications in 1992

I. Tons used in waste stabilization/solidification in 1992

J. Tons used in agriculture in 1992



If Measured Separately

Generation/Beneficial Use/Disposal Information Total FFCBs Fly Ash Bed Ash
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K. Tons used as other: in 1992

L. Tons used as other: in 1992

M. Tons used as other: in 1992

 The total of A through M should equal tons generated in 1992

Tons generated in 1991

A. Tons disposed in 1991

B. Tons used as cement/concrete/grout in 1991

C. Tons used as flowable fill in 1991

D. Tons used as structural fill in 1991

E. Tons used as mineral filler in 1991

F. Tons used as snow and ice control in 1991

G. Tons used as blasting grit/roofing granules in 1991

H. Tons used in mining applications in 1991

I. Tons used in waste stabilization/solidification in 1991

J. Tons used in agriculture in 1991

K. Tons used as other: in 1991

L. Tons used as other: in 1991

M. Tons used as other: in 1991

 The total of A through M should equal tons generated in 1991

Tons generated in 1990

A. Tons disposed in 1990

B. Tons used as cement/concrete/grout in 1990

C. Tons used as flowable fill in 1990

D. Tons used as structural fill in 1990

E. Tons used as mineral filler in 1990

F. Tons used as snow and ice control in 1990

G. Tons used as blasting grit/roofing granules in 1990

H. Tons used in mining applications in 1990



If Measured Separately

Generation/Beneficial Use/Disposal Information Total FFCBs Fly Ash Bed Ash
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If your facility does not provide FBC by-products for beneficial reuse applications, skip this
section and proceed to Section IV.

I. Tons used in waste stabilization/solidification in 1990

J. Tons used in agriculture in 1990

K. Tons used as other: in 1990

L. Tons used as other: in 1990

M. Tons used as other: in 1990

 The total of A through M should equal tons generated in 1990

3.12 Please provide an explanation of any recent facility-wide initiatives to develop programs to reduce the
volume of FFCBs, and/or water or air emissions:

 

 

 

 

 

3.13 Referring back to question 3.11, please describe all future plans for beneficial use applications for
your FFCBs:
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3.14 Referring back to question 3.11, please describe the most significant beneficial use applications for
your FFCBs that were used prior to 1995:

 

 

 

 

 

3.15 Referring back to question 3.11, please describe the most significant beneficial use applications for
your FFCBs conducted in 1995:

 

 

 

 

 

3.16 Has your facility provided FFCBs for a beneficial use project that was performed either as part of a
study or as a routine operation where environmental monitoring data (e.g., surface water or ground-
water data) were collected to evaluate the effects of the FFCBs?

Yes NoQ Q
Please provide a hard copy of any reports or analytical laboratory results that document the
environmental affects of FFCBs on the environment. Please also provide a map or drawing showing
monitoring locations in relationship to the beneficial use project.

3.17 If available, please provide a hard copy of any letters or reports from Environmental or other
Governmental Agencies that support the beneficial use of FFCBs (for example, letters that support the
use of FFCBs for mine reclamation projects).
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3.18 Is the beneficial use of your facility's FFCBs subject to permitting by the Department of Environmental
Resources/Protection Mining Division for use in mine reclamation?

Yes NoQ Q
If yes, would you be willing to provide a copy of the original permit application, including all
analytical results? (In Pennsylvania this application is referred to as the Module 25.)

Yes No MaybeQ Q Q

3.19 Is the beneficial use of your facility's FFCBs regulated under any other state (or Federal)
Program/Regulation/Permit?

Yes NoQ Q
If yes, please identify the program/regulation.

 

 

 

 

 

3.20 Referring to question 3.11, please describe/identify any costs, avoided costs, and revenues associated
with the beneficial use of your facility's FFCBs. For each category, as applicable, please provide and
distinguish between initial capital costs and ongoing operating and maintenance expenses. Cost
information may be presented as estimates, ranges, or actual/projected costs in current dollars to the
generator.

 

 

 

 

 

 

 

3.21 Please describe/identify the environmental, economic, and social benefits associated with the beneficial
use of your facility's FFCBs.
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3.22 Have there been any permit compliance violations/issues or documented environmental damage caused
by the FFCBs utilization methods/projects used/conducted by this facility?

Yes NoQ Q
If yes, please explain:

 

 

 

 

3.23 Have neighbors or citizens groups opposed any FFCBs beneficial use projects conducted by your
facility?

Yes NoQ Q
If yes, please explain:

 

 

 

 

IV. Fossil Fuel Combustion By-Products Characterization
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The purpose of this section is to collect as much data as possible to characterize the physical
and chemical (total constituent and leachable) characteristics of the FBC fly ash, FBC bed ash,
and/or mixtures of these by-products when co-managed with other materials. You may either
(1) submit hard copies of Laboratory Reports that provide all relevant information, including
the sample identification and point of collection, type of procedure, analytical data, and if
available, Quality Control (QC) information, analytical methods, and detection limits, etc., or
(2) complete the attached data tables.

We request that you provide data for years 1990 through 1995, as available.

4.01 Have you collected samples of the FFCBs (e.g., fly ash and/or bed ash)?

Yes No (Skip to Section V)Q Q

4.02 Were these samples analyzed for any physical parameters (such as bulk density, hydraulic
conductivity, particle size distribution, degree of compaction, unit weight/maximum proctor density
at moisture content, or bearing ratio, etc.,)? If so, please either provide, as an attachment, a hard copy
of the Laboratory Report that provides the results of these analyses or complete the following table.

Yes No (Skip to question 4.06)Q Q

These data should be provided for both the FBC fly ash and bed ash (and/or the mixture).

Year Parameters Ash Ash Combined) Units
Physical FBC Fly FBC Bed Bed Ash (If

FBC Fly Ash &

19 Bulk Density

Hydraulic Conductivity

Particle Size Distribution

Degree of Compaction

Unit Weight/Maximum Proctor
Density at Moisture Content

California Bearing Ratio

4.03 If you provided analytical data that represents the mixture of both FBC fly ash and bed ash, please
provide the relative percentages (by weight) of each material.
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Yes No (Skip to 4.04)Q Q
Percent fly ash: Percent bed ash:

4.04 Provide a description of the sampling procedures (e.g., random grab samples, composite samples) used
to collect the FFCBs for analysis (including location of sampling).

 

 

 

 

 

 

4.05 Were the samples of FFCBs derived from the same fuels and relative percentages reported in question
2.05?

Yes (Skip to 4.06) NoQ Q

If no, please describe the specific fuels (using the fuels listed in question 2.05) and relative percentages
being used when these FFCBs were generated using the following table.

Fuels Quantity Units % of Total

1.

2.

3.

4.

5.

6.

7.
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If you are completing the table in lieu of providing copies of laboratory reports, please copy the
following table to report data for years 1990 through 1995.

4.06 Were these samples analyzed for the total constituent concentrations of any organic or inorganic
constituents (and/or radionuclides)?

Yes No (Skip to question 4.13)Q Q

4.07 The samples analyzed represent:

A. Fly Ash Yes NoQ Q
B. Bed Ash Yes NoQ Q
C. Fly Ash and Bed Ash Yes NoQ Q
D. Fly Ash Comanaged W/Other Materials Yes NoQ Q
E. Bed Ash Comanaged W/Other Materials Yes NoQ Q
F. Fly Ash/Bed Ash Comanaged W/Other Materials Yes NoQ Q

Please either provide, as an attachment, a hard copy of the Laboratory Report that provides the results
of these analyses or complete the following table. In addition, please provide one set of responses for
the fly ash, bed ash, or combination(s) of the two, and one or more sets as necessary, for mixtures of
any of these by-products and any other materials.

4.08 Were QA/QC data generated for the total constituent analyses?

Yes NoQ Q

If yes, please indicate where these data reside:

 



SURVEY HELPLINE (703) 934-3940, Monday-Friday, 9:00 a.m. - 7:00 p.m. EST. PAGE - 32

Total Constituent Concentrations

Fly Ash/Bed Ash Only Fly Ash/Bed Ash Comanaged W/Other MaterialsQ Q
Year FBC Fly Ash &

 FBC Fly FBC Bed Bed Ash (If
199 Constituents/Parameters Ash Ash Combined) Units

Inorganics

1 Aluminum

2 Antimony

3 Arsenic

4 Barium

5 Beryllium

6 Boron

7 Cadmium

8 Chromium

9 Cobalt

10 Copper

11 Iron

12 Lead

13 Manganese

14 Mercury

15 Molybdenum

16 Nickel

17 Potassium

18 Selenium

19 Silver

20 Thallium

21 Vanadium

22 Zinc

Miscellaneous Parameters/Radionuclides

1 Acid Neutralizing Potential



Year FBC Fly Ash &
 FBC Fly FBC Bed Bed Ash (If

199 Constituents/Parameters Ash Ash Combined) Units
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2 Ammonia-Nitrogen

3 Chemical Oxygen Demand

4 Chloride

5 Cyanide

6 pH

7 Phenolics

8 Sodium

9 Total Organic Carbon

10 Total Organic Halides

11

12

13

14

15

Organic Constituents: Includes any Volatile and Semi-Volatile Organics, Pesticides/Herbicides, and Dioxins
and Furans

1

2

3

4

5

6

7

8

9

10

11



Year FBC Fly Ash &
 FBC Fly FBC Bed Bed Ash (If

199 Constituents/Parameters Ash Ash Combined) Units
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12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Please indicate whether these data are reported on a dry weight or wet weight (as received) basis:

Dry weight basis Wet weight basisQ Q
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4.09 If you provided analytical data that represents the mixture of both FBC fly ash and bed ash, please
provide the relative percentages (by weight) of each material.

Yes No (Skip to 4.10)Q Q
Percent fly ash: Percent bed ash:

4.10 Provide a description of the sampling procedures (e.g., random grab samples, composite samples) used
to collect the FFCBs for analysis (including location of sampling).

 

 

 

 

 

 

4.11 Were the samples of FFCBs derived from the same fuels and relative percentages reported in question
2.05?

Yes (Skip to 4.12) NoQ Q

If no, please describe the specific fuels (using the fuels listed in question 2.05) and relative percentages
being used when these FFCBs were generated using the following table.

Fuels Quantity Units % of Total

1.

2.

3.

4.

5.

6.

7.
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4.12 Were these samples representative of normal operating conditions?

Yes (Skip to 4.13) NoQ Q

If No, discuss why these samples were not representative of normal operating conditions. In addition,
please discuss what factors may have influenced the sampling and analysis results.

 

 

 

 

 

 

 

4.13 Were these samples analyzed for the leachable constituent concentrations of any of inorganic
(including radionuclides) or organic constituent?

Yes No (Skip to Section V.)Q Q

4.14 The samples analyzed represent:

A. Fly Ash Yes NoQ Q
B. Bed Ash Yes NoQ Q
C. Fly Ash and Bed Ash Yes NoQ Q
D. Fly Ash Comanaged W/Other Materials Yes NoQ Q
E. Bed Ash Comanaged W/Other Materials Yes NoQ Q
F. Fly Ash/Bed Ash Comanaged W/Other Materials Yes NoQ Q

Please either provide, as an attachment, a hard copy of the Laboratory Report that provides the results
of these analyses or complete the following table. In addition, please provide one set of responses for
the fly ash, bed ash, or combination(s) of the two, and one or more sets as necessary, for mixtures of
any of these by-products and any other materials.

4.15 Were QA/QC data generated for the leachable analyses?

Yes NoQ Q

If yes, please indicate where these data reside:
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If you are completing the table in lieu of providing copies of laboratory reports, please copy the
following table to report data for years 1990 through 1995.
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Leachable Constituent Concentrations

Fly Ash/Bed Ash Only Fly Ash/Bed Ash Comanaged W/Other MaterialsQ Q
Year FBC Fly Ash &

 FBC Fly FBC Bed Bed Ash (If Leaching
199 Constituents Ash Ash Combined) Units Procedure 1/

Inorganics

1 Aluminum

2 Antimony

3 Arsenic

4 Barium

5 Beryllium

6 Boron

7 Cadmium

8 Chromium

9 Cobalt

10 Copper

11 Iron

12 Lead

13 Manganese

14 Mercury

15 Molybdenum

16 Nickel

17 Potassium

18 Selenium

19 Silver

20 Thallium

21 Vanadium

22 Zinc



Year FBC Fly Ash &
 FBC Fly FBC Bed Bed Ash (If Leaching

199 Constituents Ash Ash Combined) Units Procedure 1/

SURVEY HELPLINE (703) 934-3940, Monday-Friday, 9:00 a.m. - 7:00 p.m. EST. PAGE - 39

Organic Constituents: Includes any Volatile and Semi-Volatile Organics, Pesticides/Herbicides, and
Dioxins and Furans

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
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 1/ Please specify whether the TCLP, EP Toxicity, SPLP, or some other leaching procedure was used.

4.16 If you provided analytical data that represents the mixture of both FBC fly ash and bed ash, please
provide the relative percentages (by weight) of each material.

Yes NoQ Q
Percent fly ash: Percent bed ash:

4.17 Provide a description of the sampling procedures (e.g., random grab samples, composite samples) used
to collect the FFCBs for analysis (including location of sampling).

 

 

 

 

 

 

4.18 Were the samples of FFCBs derived from the same fuels and relative percentages reported in question
2.05?

Yes (Skip to 4.19) NoQ Q

If no, please describe the specific fuels (using the fuels listed in question 2.05) and relative percentages
being used when these FFCBs were generated using the following table.

Fuels Quantity Units % of Total

1.

2.

3.

4.

5.

6.

7.
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4.19 Were these samples representative of normal operating conditions?

Yes (Skip to Section V.) NoQ Q

If no, discuss why these samples were not representative of normal operating conditions. In addition,
please discuss what factors may have influenced the sampling and analysis results.
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If yes, please answer questions 5.03 through 5.38 for each specific FFCB management unit
(e.g., storage pile, landfill) operated in 1995. Photocopy these pages as needed for each unit.
The waste management units must be shown on the schematic prepared for Section I. The
remaining questions (5.39 through 5.93) apply to the overall facility where FFCBs are managed
in land-based units.

V. Fossil Fuel Combustion By-Products Management

5.01 Please describe your current FFCBs management practices, including how you decide how and where
a specific material should be disposed and whether or not the material should be beneficially used.

 

 

 

 

 

 

 

5.02 Does your facility manage any FFCBs in a land-based management unit?

Yes No (Skip to Section VI.)Q Q

5.03 If your facility relies on an off-site management unit that is operated by an outside organization:

A) What is the distance, by road, to the off-site management unit in miles: .

B) What is the cost to you of this off-site FFCB management?

Tipping fee $/ton and Transportation $/ton, OR

Total Cost $/ton.

Please provide below the name, contact person, and phone number of the commercial organization and
request them to complete the remainder of this section.

Commercial Organization:

Contact Name:

Phone Number: ( )
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5.04 Which FFCBs management unit is the subject of this question set?

5.05 What is the schematic label (from the schematic in Section I) on the FFCBs management unit:
 

5.06 Which of the following categories describes the surface rights ownership of the land on which this
FFCBs management unit is located? (check all boxes that apply)

A. FederalQ
B. StateQ
C. IndianQ
D. PrivateQ
E. Other (please specify)Q

5.07 What is the approximate location of the center of this FFCBs management unit? (Report longitude
and latitude OR township, range, and section)

a. Longitude: degrees: minutes: West

b. Latitude: degrees: minutes: North

OR

c. Township: Range: Section:
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5.08 Describe the specific character of the FFCBs management unit (refer to question 3.11):

A. Waste PileQ
B. LandfillQ

1. MonofillQ
2. Industrial/Subtitle D LandfillQ
3. Municipal Solid Waste (MSW) LandfillQ
4. Hazardous Waste LandfillQ
5. StopeQ
6. QuarryQ
7. Other (please specify)Q

C. Surface ImpoundmentQ
1. Industrial/Subtitle D ImpoundmentQ
2. Hazardous Waste ImpoundmentQ

D. Other (please specify)Q
5.09 What year was this unit constructed:

5.10 What year was material first placed into this unit:

5.11 Does this unit currently receive FFCBs?

Yes NoQ Q

5.12 What were the “inputs” to this FFCBs management unit and what was the quantity of each input in
years 1990 through 1995. Please provide the units of measurement.

Inputs 1995 1994 1993 1992 1991 1990 Units

1.

2.

3.

4.

5.



SURVEY HELPLINE (703) 934-3940, Monday-Friday, 9:00 a.m. - 7:00 p.m. EST. PAGE - 45

5.13 What are the approximate dimensions of this FFCBs management unit (select one of the two specified
units of measure for each dimension)

Above Grade Height: feet OR yards

Below Grade Depth: feet OR yards

Surface Area - Top: ft OR sq. yds.2

Surface Area - Base: ft OR sq. yds.2

Overall Dimensions: Length x Width x Depth (ft)

5.14 What is the total capacity of this unit: Specify Units:

5.15 What was the approximate total amount of material in this FFCBs management unit on December 31,
1995? (Report the quantity in place)

Cumulative amount of material: Specify Units:

5.16 What was the anticipated remaining useful life of this FFCBs management unit on December 31,
1995?

Remaining useful life: years

5.17 Does this facility have approved Operating Permit, Closure Plan, or other type of permit?

Yes No (Skip to question 5.19)Q Q

5.18 If requested at a later date, would you be willing to provide a hard copy of the permit(s)

Yes No MaybeQ Q Q

5.19 Please identify the types of permits held by this facility by completing the following table.

FFCBs Management Unit Permit Required by Permitting
Component/Operation (Yes/No) State/County (Specify) Authority

1.

2.

3.

4.

5.

5.20 Please briefly describe (and provide a cross-sectional drawing) how this unit was constructed:
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5.21 Which of the following best describes the “liner” under this FFCBs management unit:

A. BedrockQ
B. In-situ clay/shaleQ
C. Recompacted local clay/shaleQ
D. AsphaltQ
E. ConcreteQ
F. Synthetic (specify type and number of layers):Q

G. Other (specify):Q
H. No LinerQ
I. Not applicable to this type of FFCBs management unit.Q

5.22 Please describe both how this unit is operated (Past, Current, Future) and the overall site conditions
(including depth to ground water):
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5.23 What were the capital costs for constructing this unit? YR:
(We will aggregate all of this information and present as a range.)

5.24 Is the value for capital costs provided in 5.23?

Estimated ActualQ Q

5.25 What are that annual O&M costs for operating/maintaining this unit?

Estimated ActualQ Q

5.26 Does any form of treatment occur in this FFCBs management unit?

Yes No (Skip to 5.28)Q Q

5.27 What type of treatment occurs in this unit (check all that apply)?

A. EqualizationQ
B. Solids precipitationQ
C. pH adjustmentQ
D. Chemical treatmentQ
E. DewateringQ
F. Other (specify)Q
G. NoneQ

5.28 If any materials were removed from this FFCBs management unit in 1995, please complete the table
below. Otherwise, skip to question 5.30.

Use Destination Quantity Form
Physical

If Liquid

% Solids pH

1.

2.

3.

4.

5.
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5.29 Does the facility periodically test the chemical composition of the material removed from this FFCBs
management unit?

Yes (please provide hard copy reports of the analytical data)Q
NoQ
N/AQ

5.30 Does this FFCBs management unit have a runoff collection system?

Yes No (Skip to question 5.34)Q Q

5.31 Does this facility periodically test the chemical composition of the runoff?

Yes (please provide hard copy reports of the analytical data)Q
NoQ

5.32 Please describe how the runoff is treated prior to disposal or use. (If no treatment is provided, indicate
“none”)

 

 

 

5.33 How is the collected runoff disposed of or used (check all that apply)?

A. Discharged to surface water (stream, lake, river, ocean, etc.)Q
B. Discharged to municipal sewage systemQ
C. Discharged to land (i.e., non-agricultural land application)Q
D. Holding/settling/evaporation pondsQ
E. Agricultural irrigationQ
F. Recycling back to the Facility for useQ
G. Other (specify)Q

5.34 Does this facility have a leachate collection system?

Yes No (Skip to question 5.39)Q Q
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5.35 Please describe the leachate collection system:

 

 

 

5.36 Does this facility periodically test the chemical composition of the collected leachate?

Yes (please provide hard copy reports of the analytical data)Q
NoQ

5.37 Please describe how the leachate is treated prior to disposal or use. (If no treatment is provided,
indicate “none”)

 

 

5.38 How is the collected leachate disposed of or used (check all that apply)?

A. Discharged to surface water (stream, lake, river, ocean, etc.)Q
B. Discharged to municipal sewage systemQ
C. Discharged to land (i.e., non-agricultural land application)Q
D. Holding/settling/evaporation pondsQ
E. Agricultural irrigationQ
F. Recycling back to the Facility for useQ
G. Other (specify)Q
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5.39 Were any of the following environmental protection practices being used on this FFCBs management
unit in 1995 (check all that apply)?

A. Dust suppression/controlQ
B. Runon/runoff controlsQ
C. Slurry wallsQ
D. Liner with leachate collectionQ
E. CompactionQ
F. CoveringQ
G. Other (specify):Q

5.40 Is any part of this facility located in one of the following areas (check all that apply)?

A. 100-year floodplainQ
B. Area designated as a wetlandQ
C. Karst terrainQ
D. Fault areaQ
E. Endangered species habitatQ
F. None of the above.Q

5.41 Please provide a discussion of the site climatology (seasonal range in temperatures, rainfall, etc.).

 

 

 

5.42 If known, what is the approximate number of residents living within the boundary of this facility? (If
none, enter “0”.)

residents
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5.43 If known, what is the approximate number of residents living within one mile outside the boundary of
this facility? (If none, enter “0”.)

residents

5.44 If known, how far outside the boundary of this facility is the nearest residence (select one of the two
units of measure)?

yards OR miles

5.45 If known, what is the general direction of the nearest residence from the center of this facility (check
only one box)?

North SouthQ Q
Northeast SouthwestQ Q
East WestQ Q
Southeast NorthwestQ Q

5.46 Please label aquifers by name or designate according to location (the letters A, B, and C will identify
the assigned aquifer throughout this section as well as the facility site map):

A:

B:

C:

5.47 What is the typical depth from the bottom of this facility to the water in the nearest aquifer at its
HIGHEST seasonal level? (if the bottom of the unit is below the water level, indicate this by providing
a negative number in your responses)

A - Depth to water in wet season: feet

B - Depth to water in wet season: feet

C - Depth to water in wet season: feet

5.48 What is the typical depth from the bottom of this facility to the water in the nearest aquifer at its
LOWEST seasonal level? (if the bottom of the unit is below the water level, indicate this by providing
a negative number in your responses)

A - Depth to water in dry season: feet

B - Depth to water in dry season: feet

C - Depth to water in dry season: feet
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5.49 What are the typical permeability (hydraulic conductivity), porosity, and hydraulic gradient of the
nearest aquifer beneath this facility? (Select one of the two specified units of measure for
permeability)

I. A - Permeability: centimeters/second OR feet/minute

B - Permeability: centimeters/second OR feet/minute

C - Permeability: centimeters/second OR feet/minute

II. A - Porosity: %

B - Porosity: %

C - Porosity: %

III. A - Hydraulic gradient: %

B - Hydraulic gradient: %

C - Hydraulic gradient: %

5.50 What are the principal uses of the water in the nearest aquifer beneath this facility? (place an “X” in
the appropriate box)

Principal Water Use Aquifer A Aquifer B Aquifer C

Municipal

Rural domestic (non-agricultural)

Agricultural

Commercial/industrial

Other (specify):

Unknown

No current use of this aquifer

5.51 Is the uppermost aquifer useable (as defined by RCRA - See the attached Glossary)?

Yes NoQ Q
If no, please describe why not (e.g., insufficient aquifer depth, thickness, or permeability, salinity):
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5.52 Did your facility monitor the water quality in the nearest aquifer beneath the facility in 1995 or earlier?

Yes No (Skip to question 5.63)Q Q

5.53 How many ground-water monitoring locations for the nearest aquifer beneath this facility were
operated in 1995? (Each location must be labeled on the facility site map.)

Number of upgradient monitoring locations:

Number of downgradient monitoring locations:

5.54 What is the typical depth and length of the monitoring well screen in these ground water wells?

Typical well screen depth: feet

Typical well screen length: feet

5.55 How often were ground water samples collected in 1995?

Frequency (weekly, monthly, quarterly, semi-annually, annually):

Total number of samples collected in 1995:

5.56 Which of the following parameters and constituents were monitored in the ground water beneath the
facility in 1995 (or earlier)? (Check all that apply)

A. pH H. Specific ConductanceQ Q
B. Temperature I. Total SolidsQ Q
C. Total Organic Carbon J. Total Organic HalidesQ Q
D. Major Cations K. Major AnionsQ Q
E. Volatile Organics L. Semi-Volatile OrganicsQ Q
F. Pesticides/Herbicides M. Dioxins/FuransQ Q
G. Metals N. RadionuclidesQ Q

5.57 Please provide a hard copy of all analytical laboratory reports for all monitoring events conducted at
this facility between 1990 and 1995, including relevant Quality Control data and the identity of all
applicable laboratory procedures/methods (including Method No.). If these data are available in
electronic format, please also send an electronic copy on floppy disk.
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5.58 Has the facility ever detected a ground water concentration in either the upgradient or downgradient
monitoring wells in excess of the primary maximum contaminant levels (MCLs)? (See Attachment
1 for a list of the MCLs.)

Yes No (Skip to question 5.60)Q Q

5.59 For those constituents in excess of the primary MCLs, please provide the following information
requested in the table.

Constituents Concentration (mg/L) Concentration (mg/L) Collected
Upgradient Downgradient Date Sample

 1.

 2.

 3.

 4.

 5.

5.60 Has the facility ever detected a ground water concentration in either the upgradient or downgradient
monitoring wells in excess of the secondary MCL? (See Attachment 2 for a list of the secondary
MCLs.)

Yes No (Skip to question 5.63)Q Q

5.61 For those constituents in excess of the secondary MCLs, please provide the following information
requested in the table.

Constituents Concentration (mg/L) Concentration (mg/L) Collected
Upgradient Downgradient Date Sample

 1.

 2.

 3.

 4.

 5.

5.62 Briefly explain why the ground water downgradient of this facility exceeded national or secondary
drinking water standards:
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5.63 List the number of public and/or private drinking water wells located within the boundary of this
facility, within 0.5 miles outside the boundary of this facility, within 1 mile outside the boundary of
this facility, and greater than 1 mile outside the boundary of this facility. (If no wells enter “0”, if you
do not know enter “Unknown”)

DW Well(s) W/In Boundary <0.5 miles 0.5-1 mile >1 mile

Public

Private

5.64 What is the distance from the boundary of this facility to the nearest body of surface water?

feet OR miles

5.65 Did your facility monitor ambient surface water quality near this facility in 1995 (or earlier). Do not
consider monitoring conducted for NPDES or SPDES discharges in responding to this question.

Yes No (Skip to question 5.82)Q Q

5.66 How many ambient surface water monitoring (including NPDES & SPDES) locations did this facility
operate in 1995. (Each location must be labeled on the facility site map).

Number of monitoring locations:

5.67 How often were surface water samples collected in 1995?

Frequency (weekly, monthly, quarterly, semi-annually, annually):

Total number of samples collected in 1995:



SURVEY HELPLINE (703) 934-3940, Monday-Friday, 9:00 a.m. - 7:00 p.m. EST. PAGE - 56

5.68 Which of the following parameters and constituents were monitored in the surface water near the
facility in 1995 (or earlier)? (Check all that apply)

A. pH H. Specific ConductanceQ Q
B. Temperature I. Total SolidsQ Q
C. Total Organic Carbon J. Total Organic HalidesQ Q
D. Major Cations K. Major AnionsQ Q
E. Volatile Organics L. Semi-Volatile OrganicsQ Q
F. Pesticides/Herbicides M. Dioxins/FuransQ Q
G. Metals N. RadionuclidesQ Q

5.69 Please provide a hard copy of all analytical laboratory reports for all monitoring events conducted
since 1990, including relevant Quality Assurance/Quality Control data. In addition, provide all
relevant Quality Assurance/Quality Control information and identify all applicable laboratory
procedures/methods (including Method No.). If these data are available in electronic format, please
send an electronic copy on disk.

5.70 Is the ambient surface water near the facility fresh (not brackish or salt water)?

Yes No (Skip to question 5.79)Q Q
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5.71 Has the facility ever detected a surface water concentration in either the upstream or downstream
monitoring locations in excess of the primary MCLs?

Yes No (Skip to question 5.73)Q Q

5.72 For those constituents in excess of the primary MCLs, please provide the following information
requested in the table.

Constituents Concentration (mg/L) Concentration (mg/L) Collected
Upstream Downstream Date Sample

 1.

 2.

 3.

 4.

 5.

5.73 Has the facility ever detected a surface water concentration in either the upstream or downstream
monitoring locations in excess of the secondary MCLs?

Yes No (Skip to question 5.76)Q Q

5.74 For those constituents in excess of the secondary MCLs, please provide the following information
requested in the table.

Constituents Concentration (mg/L) Concentration (mg/L) Collected
Upstream Downstream Date Sample

 1.

 2.

 3.

 4.

 5.

5.75 Briefly explain why the surface water downstream of this facility exceeded primary or secondary
MCLs:
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5.76 Has the facility ever detected a surface water concentration in either the upstream or downstream
monitoring locations in excess of the national ambient water quality criteria for fresh (not brackish or
salt) water?

Yes No (Skip to question 5.79)Q Q

5.77 For those constituents in excess of the national ambient water quality criteria, please provide the
following information requested in the table.

Constituents Concentration (mg/L) Concentration (mg/L) Collected
Upstream Downstream Date Sample

 1.

 2.

 3.

 4.

 5.

5.78 Briefly explain why the surface water downstream of this facility exceeded the national ambient fresh
(not brackish or salt) water quality criteria:

 

 

 

SKIP TO QUESTION 5.82

5.79 Has the facility ever detected a surface water concentration in either the upstream or downstream
monitoring locations in excess of the national ambient water quality criteria for marine life?

Yes No (Skip to question 5.82)Q Q
Not applicable (Skip to question 5.82)Q
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5.80 For those constituents in excess of the national ambient water quality criteria for marine life, please
provide the following information requested in the table.

Constituents Concentration (mg/L) Concentration (mg/L) Collected
Upstream Downstream Date Sample

 1.

 2.

 3.

 4.

 5.

5.81 Briefly explain why the surface water downstream of this facility exceeded the national ambient marine
water quality criteria for the protection of aquatic life:

 

 

 

5.82 Did your facility monitor ambient air quality near this facility in 1995?

Yes No (Skip to Section VI)Q Q
5.83 How many ambient air quality monitoring locations were operated near this facility in 1995:

Number of monitoring locations:

5.84 Excluding continuous monitoring, approximately how many times was the ambient air sampled at each
location in 1995?

Frequency of sampling: times in 1995

5.85 Which of the following parameters and constituents were monitored in the ambient air near this facility
in 1995? (Check all that apply)

Particulate matterQ
MetalsQ
Other (specify):Q
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5.86 Please provide a hard copy of all analytical laboratory reports, including relevant Quality Control data
and the identity of all applicable laboratory procedures/methods (including Method No.). If these data
are available in electronic format, please also send an electronic copy on floppy disk.

5.87 Do you have a wind rose for this facility?

Yes (If yes, please provide it) NoQ Q
5.88 Has the ambient air quality monitoring near this facility indicated an exceedance of National Ambient

Air Quality Standards (NAAQS) or National Emissions Standards for Hazardous Air Pollutants
(NESHAP)?

Yes No (Skip to Section VI)Q Q

5.89 For those constituents in excess of either the NAAQS or NESHAP, please provide the following
information requested in the table.

Constituents (mg/L) Concentration (mg/L) Collected
Upwind Concentration Downwind Date Sample

 1.

 2.

 3.

 4.

 5.

5.90 Briefly explain why the ambient air downwind of this facility exceeded the either the NAAQS or
NESHAP:
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5.91 Is any treatment (e.g., conditioning, stabilization) of the ash being utilized, mandated or required?

Yes NoQ Q

If yes, what treatment is being done and what permits and/or approvals were required?

 

 

 

5.92 Is the operation of the FFCB management unit(s) governed by federal, state, and/or local regulations
and/or permits?

Yes NoQ Q

If yes, please identify whether these apply to the storage and/or disposal of FFCBs. Please also
identify which media are covered (air, ground water, surface water, other).

 

 

 

 

5.93 Have there been any permit compliance violations/issues or documented environmental damage caused
by the FFCBs utilization/disposal methods used by this facility?

Yes NoQ Q
If yes, please explain:

 

 

 

 

5.94 Have neighbors or citizens groups opposed the FFCBs handling or other activities at this facility?

Yes NoQ Q
If yes, please explain:
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The following questions deal specifically with FFCBs. These questions will focus on 1996 or
potential future changes in waste management units that have affected or will affect the facility's
management of FFCBs.

 

 

VI. Potential Future FFCBs Management Practices

6.01 Have there been any changes in 1996 in the facility's FFCBs management unit(s) that received FFCBs
in 1995? Examples of eligible changes include: changes in operating status, expansions, and changes
in the handling of FFCBs.

Yes No (Skip to question 6.03)Q Q

6.02 Briefly describe these 1996 changes in the facility's FFCBs management unit(s) and their potential
effect on the management of FFCBs:

 

 

 

 

 

 

 

6.03 Are any potential changes planned in calendar years 1997 through 2000 in the facility's FFCBs
management unit(s) that received FFCBs in 1995? Examples of eligible changes include: changes in
operating status, expansions, and changes in the handling of FFCBs.

Yes No (Skip to Section VII)Q Q

6.04 Briefly describe these potential changes in the facility's FFCBs management unit(s) and their effect on
the management of FFCBs:
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SURVEY HELPLINE (703) 934-3940, Monday-Friday, 9:00 a.m. - 7:00 p.m. EST. PAGE - 64

VII. Respondent Comments

Please use this section for comments or explanations of specific answers contained in the body of this
survey. Photocopy this section for additional space, if required.
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VIII. Respondent Signature Block

I certify that I have personally examined and am familiar with the information submitted in this
survey and all attached documents, and that, based on my inquiry of those individuals immediately
responsible for obtaining the information, I believe to the best of my knowledge, that submitted
information is true, accurate, and complete.

(Name - Please Sign) (Title)

Upon completion of the survey, it should be returned by August 30, 1996 to:

Mr. Bob Bessette
President

Council of Industrial Boiler Owners
6035 Burke Centre Parkway, Suite 360



SURVEY HELPLINE (703) 934-3940, Monday-Friday, 9:00 a.m. - 7:00 p.m. EST. PAGE - 67

Burke, Virginia 22015
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GLOSSARY OF TERMS
FOSSIL FUEL FLUIDIZED BED COMBUSTION SURVEY

acid cleaning solution wastes - Water side cleaning wastes resulting from the removal of mineral scale and
corrosion products from boilers. The EPA considers this to be a low volume waste.

agricultural use - Soil amendment, other than mine spoil amendment (see also mining industry/surface
reclamation), for changing physical and/or chemical characteristics of the soil to improve crop yield.

air pollution control devices - Devices used to limit particulate or gaseous emissions form boilers and other
industrial or commercial operations to the atmosphere.

alkaline cleaning solution wastes - Water-side cleaning waste resulting primarily from the removal of oil,
grease, temporary coatings with some removal of flaky surface oxides and mill scale from boilers. The EPA
considers this to be a low volume waste.

alkaline passivating waste - Water-side cleaning waste resulting form the neutralization of acidity after acid
cleaning of a boiler. The EPA considers this to be a low volume waste.

aquifer - A water-bearing subsurface formation of permeable rock, sand, or gravel capable of yielding
quantities of water to wells or springs. A useable aquifer is one that may be used for agricultural and industrial
purposes as swell as human consumption.

aragonite - An unconsolidated form of limestone formed by precipitation of calcium carbonate (CaCO ) in3

water.

as fired fuel - The condition of the fuel as fed to the furnace in a boiler. The fuel requires no additional
processing to allow it to be used in the furnace.

ash -The incombustible solid matter in fuel.

bed ash - The bottom ash from a fluidized bed combustion boiler.

beneficiation - The treating of a raw material so as to improve its properties. For fuel processing it may
involve a flotation process for separating out high fuel value material form waste material. In the context of
coal mining, the mining company may beneficiate coal by washing int in order to obtain and ship a better
quality fuel.

beneficial use - A use which is of benefit as a substitute for natural or commercial products and does not
contribute to adverse effects on health or environment.

boiler blowdown - Removal of a portion of boiler water for the purpose of reducing solid concentrations or
discharging sludge. The EPA considers this to be a low volume waste.
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boiler cleaning waste - Waste resulting from the cleaning of fossil fuel fired boilers. Boiler cleaning wastes
are either water-side or gas-side cleaning wastes. The EPA considers this to be a low volume waste.

capacity - The load for which a generating unit or other electrical apparatus is rated, either by the manufacturer
or user.

capacity factor - A measure of the level of plant utilization. It is calculated as the total output over a period
of time divided by the product of the rated capacity over the same time period.

cement and concrete products - When used in this document, the quantity of combustion byproducts used
in the manufacture of Portland cement, as a raw feed or in a blended cement; and combustion byproducts used
as a mixture ingredient in the production of fresh concrete for a variety of uses.

co-combustion byproducts - Combustion byproducts derived from the burning of either (1) a mixture of fossil
fuels, or, (2) fossil fuels and other fuels.

co-managed wastes - Mixtures of one or more of the combustion wastes with one or more other wastes
generated in conjunction with the combustion of fossil fuels that are necessarily associated with the production
of energy.

cogeneration facility - 1) When used in the context of economic regulation, a power plant and interconnecting
transmission facilities that meets the operating and efficiency standards and ownership criteria as determined
by the FERC; 2) a facility that is engaged in cogeneration.

cogeneration - The sequential production of useful thermal energy (heat or steam and electricity for use in
industrial or commercial, heating, or cooling purposes.

composite sample - A sample composed of several sub-samples collected either over time or over a volume
of material to be representative of the sampled material.

compression test - A method used to measure the amount of force that can be applied to an object of known
area before failure.

confidential business information (CBI) - Information on items considered to either be proprietary or trade
secret, such as product formulation or process economics. CBI information is protected from unauthorized
disclosure. EPA regulations regarding confidentiality are contained in 40 CFR Part 2, Subpart B.

cooling tower blowdown - Water withdrawn from the cooling system in order to control the concentration of
impurities in the cooling water. The EPA considers this to be a low volume waste.

culm - The refuse (tailings) from anthracite production.
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demineralizer regeneration and rinses waste - A low volume wastewater generated from the treatment of
water to be used at the plant. Generally, demineralized water is used as boiler feedwater. The EPA considers
this to be a low volume waste.

disposal - The discharge, deposit, injection, dumping, spilling, leaking, or placing of any solid waste or
hazardous waste into or on any land or water such that any constituent thereof may enter the environment or
be emitted into the air or discharged into any waters, including ground waters.

dolomite - Loosely used term to describe any carbonate rock containing 20 percent or more magnesium
carbonate (MgCO ).3

effluent - A waste liquid in its natural state or partially or completely treated that discharges into the
environment from a manufacturing or treatment process.

exempt wholesale generator (EWG) - A person or entity determined by the FERC to be in business of owning
or operating all or part of a facility used to generate electric energy exclusively for sale at wholesale, including
the interconnection transmission facilities.

flowable fill - Use of combustion byproducts in a fluid mixture resembling a grout for backfill applications
where bearing strengths as well as excavatability are needed comparable to those of compacted soils. The
mixture may have a variety of proportions, with typical ingredients including water and fly ash, along with
optional fillers such as bottom ash or sand and small, if any, additions of Portland cement.

FFCB (fossil fuel combustion byproducts) - The solid combustion byproducts from combustion of fossil
fuels. In the case of pulverized fuel and stoker fired combustion these by products consist of fly ash, bottom
ash, boiler slag and FGD byproducts. In the case of fluidized bed combustion the byproducts consist of fly
and bottom ash.

fly ash - In the case of pulverized fuel and stoker feed combustion, suspended ash particles carried in the flue
gas. For fluidized bed combustion includes suspended ash particles, fine char, unreacted limestone and
anhydrite (calcium sulfate) carried in the flue gas.

fugitive dust - Particles suspended int he air by either wind erosion or mechanical disturbances.

fuel - A substance containing combustibles used for generating heat.

gas-side cleaning waste - Waste produced during the removal of residues (usually fly ash and soot) from the
gas-side of the boiler (air pre-heater, economizer, superheater, stack, and ancillary equipment). The EPA
considers this to be a low volume waste.

gob - The refuse from bituminous coal production.

grab sample - A single sample of a material (e.g., soil, coal) that is collected at one time for laboratory
analysis.
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ground water -The water contained within the pore spaces of subsurface formations below the water table and
within the zone of saturation.

ground water monitoring well - A well used to obtain ground-water samples for water-quality analysis.

high volume waste - The solid combustion byproducts of fossil fuels and FGD materials generated by a boiler.
Recognized as high volume due to the quantity produced compared to other wastes associated with plant
operations. In the case of pulverized fuel and stoker combustion these wastes consist of fly ash, bottom ash,
boiler slag, and flue gas desulfurization wastes. In the case of fluidized bed combustion these waste consist
of fly ash and bed ash.

land disposal - The placement of wastes in a landfill, surface impoundment, waste pile, injection well, land
treatment facility, salt dome formation, salt bed formation, or underground mine or cave.

landfill - A disposal facility or part of a facility where hazardous or non-hazardous waste is placed in or on
land which is not a land treatment facility, a surface impoundment or injection well.

leachate - In the context of this report, 1) the liquid resulting from water percolating through, and dissolving
materials in waste, and; 2) the liquid resulting from the use of a leaching solution on a waste in a laboratory
test to characterize the hazardous of the waste.

lime - A calcined or burned form of limestone popularly know as quick lime and hydrated lime.

limestone - Broad term used to describe carbonate rocks or fossils consisting primarily of calcium carbonate
or combinations of calcium carbonate and magnesium carbonate with varying amounts of impurities. Generally
found as a bedded sedimentary rock composed mainly of calcium carbonate, or a rock type composed of, in
general, at least 80 percent of carbonates of calcium and magnesium.

liner - A mitigative measure used to prevent ground-water contamination in which synthetic, natural clay, or
bentonite materials that are compatible with the wastes are used to seal the bottom and sides of surface
impoundments and landfills.

low volume waste - Wastes generated during equipment operation and maintenance and water purification
processes. Low volume waste include boiler cleaning solutions, boiler blowdown, demineralizer regenerants
and rinses, pyrites and cooling tower blowdown.

mineral filler - In this report, the use of a fossil fuel combustion byproduct to; 1) compensate for deficient fines
in aggregate mixes, or to impart other physical characteristics to the aggregate mixture, 2) substitute the use
of fossil fuel combustion byproducts for other minerals or compounds in coatings, paints, plastics and metals.

mining applications - the use of fossil fuel combustion byproducts to; 1) in surface mining for reclamation in
a landfill like application to restore surface mined areas to original or desirable contours, or to amend mine
spoil materials and acid mine drainage, 2) in underground mining use as a flowable fill to control surface
subsidence conditions, control mine fires or seal shafts.
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miscellaneous/other - Use of fossil fuel combustion byproducts in any application not otherwise described in
this glossary of terms. PLEASE SPECIFY HOW USED WHEN COMPLETING THE SURVEY.

monofill - A landfill that contains one type of waste, such as fossil fuel combustion byproducts.

moisture content - The weight of the amount of water in a substance, expressed as a percent.

NPDES permits - EPA permits to discharge wastewaters from a point source into surface waterways, issued
under the National Pollutant Discharge Elimination System (NPDES).

off-site - Geographically noncontiguous property, or contiguous property that is not owned by the same person
or entity. The opposite of on-site.

on-site - The same or geographically contiguous property which may be divided by public or private right(s)
of way, provided the entrance and exit between the properties is at or across-roads, intersections, and access
is by crossing as opposed to going along the right(s) of way. Noncontiguous properties owned by the same
person or entity connected by a right of way which the person or entity controls and to which the public does
not have access, is also considered on-site property.

petroleum coke - Solid carbonaceous residue remaining in oil refining stills after distillation process.

radionuclides - Elements that emit alpha, beta, and/or gamma rays by the spontaneous disintegration of atomic
nuclei.

road base - Aggregate beneath the wearing surface of a road that acts as a support or substrate.

small power production facility - A type of FERC qualifying facility that is i) limited in size, ii) limited in
fuel types used and iii) meets FERC’s ownership criteria.

snow and ice control - Use of bottom ash or other fossil fuel combustion byproduct as an alternative to sand
for road de-icing operations and skid control.

solid waste - As defined by RCRA the term “solid waste” means any garbage, refuse, sludge from a water
treatment plant, water supply treatment plant, or air pollution control facility and other discarded material,
including solid, liquid, semisolid, or contained gaseous material resulting from industrial, commercial, mining,
and agricultural operations, and from community activities, but does not include solid or dissolved material in
domestic sewage, or solid or dissolved materials in irrigation return flows or industrial discharges which are
point sources subject to permits under the Clean Water Act, or special nuclear or byproduct material as defined
by the Atomic Energy Act of 1954.

special & contract disposal wastes - These wastes include various spent materials and solid wastes that are
generated at the facility and require management. Example wastes include: boiler cleaning chemicals, pyrites,
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contaminated and dredged soils, laboratory wastes, spent solvents, spent lubricants, office wastes, and other
miscellaneous plant wastes.

structural fills - As used in this report, the use of fossil fuel combustion byproducts in an embankment
application to improve the topography and/or provide foundation support for commercial, residential or other
construction.

subbase - In the context of roads, an underlying support placed below what is normally construed as the road
base.

sump effluents - Waste from sumps that collect floor and equipment drains. The EPA considers this to be a
low volume waste.

surface impoundment - A facility which is a natural topographic depression, artificially excavation, or diked
area formed primarily of earthen materials (although it may be lined with artificial materials), which is designed
to hold an accumulation of liquid wastes or wastes containing free liquids.

ton - A weight equal to 2,000 pounds.

trace element - An element that appears in a naturally-occurring concentration of less than 1 percent.

treatment - Any method, technique, or process, including neutralization, designed to change the physical,
chemical, or biological character or composition of a waste so as to neutralize it, recover it, make it safer to
transport, store or dispose of, or amenable for recovery, storage, or volume reduction.

waste management unit - Locations at which fossil fuel combustion byproducts are treated, stored,
accumulated, recovered for reuse, or disposed. Storage and holding tanks and similar units where fossil fuel
byproducts are kept for short periods of time are not considered as waste management units.

waste solidification and stabilization - Use of fossil fuel combustion byproducts either alone or interblended
with lime and/or Portland cement or other agents to encapsulate or immobilize municipal sludges, non-toxic
and toxic materials, and non-hazardous and hazardous materials.

water table - The level below which the soil or rock is saturated with water. It is also the upper boundary of
the saturated zone. At this level, the hydraulic pressure is equal to atmospheric pressure.
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ATTACHMENT 1

PRIMARY MCLS

Constituents Primary MCL

Arsenic 0.05 mg/L

Barium 2.0 mg/L

Cadmium 0.005 mg/L

Chromium - Total 0.1 mg/L

Chromium - Hexavalent 0.5 mg/L

Copper 1.3 mg/L

Lead 0.015 mg/L

Mercury 0.002 mg/L

Nitrite as N 1 mg/L

Nitrate as N 10 mg/L

Total Nitrite & Nitrate 10 mg/L

Selenium 0.05 mg/L

Silver 0.05 mg/l

Radium-226 & Radium-228 5.0 pCi/L

Gross Alpha Particle Activity 15.0 pCi/L

Gross Beta 4.0 milirem/yr

Strontium-90 8.0 pCi/L

Tritium 20,000 pCi/L
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ATTACHMENT 2

SECONDARY MCLS

Constituents Secondary MCL

Aluminum 0.05 to 0.2 mg/L

Chloride 250 mg/L

Copper 1.0 mg/L

Corrosivity Non-corrosive

Fluoride 2.0 mg/L

Iron 0.3 mg/L

Manganese 0.05 mg/L

pH 6.5 to 8.5 units

Silver 0.1 mg/L

Sulfate 250 mg/L

Total Dissolved Solids (TDS) 500 mg/L

Zinc 5 mg/L
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ATTACHMENT 3

CBI RESPONSES

Please specify question number and provide your response below for each question considered to be CBI.
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Appendix B: Non-Utility Electric Power Generation

Prepared by Jack Hawks

U.S. Generating Company



 Public Law No. 95-617, 92 Stat. 3117 (codified in U.S.C. sections 15, 16, 26, 30, 42, and 43).3

 U.S. Dept. of Energy, Clean Coal Technology-The New Coal Era, DOE/FE-0217P, March 1992,4

pp. 15-17.

B-1

Introduction

The modern non-utility electric power generation industry began with a federal law enacted

in November 1978, "The Public Utility Regulatory Policies Act" (PURPA). This law spawned3

a new class of power companies in the 1980s and 1990s that came to be known as independent

power producers (IPPs). Prior to 1978, non-utility electricity generation had largely been

confined to the industrial sector. There, operators of factories and manufacturing plants found

it beneficial to purchase their own power generation equipment and generate their own

electricity.

As the public utility industry matured, however, and as central-station power generation

brought forth economies-of-scale, a high degree of reliability, and lower unit costs of electricity

than smaller plants could achieve, the lure of "self-generation" became less attractive. PURPA

changed all of that by providing the impetus for independent power production and by

providing industrial firms with an economic incentive to revisit the self-generation option.

PURPA created a regime of enforceable contracts between the multiple parties involved in

development of an independent power project. Further, it was the institutionalization of these

contracts that led to the competitive revolution now transforming the utility industry. PURPA

also made it possible for a group of power plant developers in the mid-1980s to utilize a federal

government research program and to create a sector of the power generation industry that

uses a relatively new technology, fluidized bed combustion (FBC), to generate electricity and

produce thermal energy. FBC owes much of its commercial success to private industry and

government initiatives associated with the U.S. Department of Energy's Clean Coal

Technology Program.4
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FBC has demonstrated substantial environmental benefits in terms of pollutant emissions

reductions from the principal solid-fuel feedstocks used to produce electricity -- coal,

coal-mining waste and petroleum coke. FBC has also captured the beneficial uses of the solid

combustion byproducts. While the non-utility sector also makes extensive use of conventional

pulverized-coal, steam-electric generation technology, the present discussion is limited to FBC.

The following subjects about independent power and FBC technology are addressed:

CC a brief history of independent power and the role of PURPA

CC the structure of an independent power project, both historical and future

CC comparisons with utility industry generation and regulation

CC the environmental, economic and social benefits associated with FBC plants

CC the role of ash in the economics of solid-fuel IPP power plants

CC the value of FBC technology in the competitive, restructured electricity market

The Evolution of Independent Power

The history of independent power can be segmented into three distinct periods: 1) The

"PURPA Era," which lasted from 1978 to 1992; 2) The "Restructuring Era," which began in

1992 and, arguably, ended in the summer of 1996; and 3) The "Competitive Era," which

effectively began in 1996 with the issuance of the Federal Energy Regulatory Commission

(FERC) Orders 888 and 889, the landmark rules on open transmission access/stranded cost

recovery and on electronic systems that share information on available transmission capacity.

The Competitive Era also began with the first state legislation on utility restructuring and

retail competition to be enacted. Coincident with the FERC Orders, which went into effect on

July 9, 1996, New Hampshire was completing the nation's first full-scale pilot program on

retail competition. This program allowed a 3 percent cross-section of utility customers in the

state to choose their own power supplier directly, with the local utility being used to deliver

the power.



 U.S. Energy Information Administration, Monthly Energy Review, Washington, D.C., June 1996,5

p. 41.
 Id.; p. 95.6

 Hagler Bailly Consulting, Inc., Profile X -- Global Independent Power Market: 1996 Status and7

Trends; Arlington, Va., April 1996; p. 2-7.
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Also, just three weeks after the FERC rules took effect, Rhode Island followed New Hampshire

into the competitive arena by enacting legislation requiring the implementation of full retail

competition by all electricity suppliers and full choice of supplier by electricity customers. By

the end of 1996, two more states -- California and Pennsylvania -- had enacted legislation that

required implementation of retail competition. Oklahoma, Montana, Maine and Nevada had

all joined the legislative parade by mid-1997. These events mark the formal beginning of the

Competitive Era, which is expected to continue indefinitely. All three eras are distinguished

by defining milestones and characteristics.

The PURPA Era: 1978-1992

The PURPA Era began with legislation that was enacted largely in response to the oil shortages

and market dynamics of the mid-1970s. PURPA was intended to reduce U.S. reliance on

foreign oil imports, stimulate the use of renewable energy sources in power production, and

spur conservation efforts and efficiency improvements in electricity generation and use.

PURPA was successful in achieving all of these goals, especially in reducing oil imports.

Although the United States still imports 54% of its petroleum requirements -- largely because5

of decisions made by the oil producing community that dramatically lowered the retail price

of oil products -- oil consumption for electricity generation has declined significantly. The

market share for petroleum in electric power generation stands at 2 percent today, compared

with 17 percent in 1973. In the independent power industry, oil's share as the primary fuel6

for power generation is even less -- 1.2 percent. Figure 1 shows the composition of fuels for7

electricity generation in 1978 and 1995, illustrating the decline for oil, natural gas and hydro,

and the corresponding increases for coal and nuclear.
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A major reason for oil's decline in power generation is that PURPA stimulated fuel diversity

in power production by a new group of electric power generators. This led to widespread

acceptance and use of minority fuels such as natural gas, hydro, municipal solid waste,

coal-mining waste,



Figur e 1
Sources of  Ener gy for  Electric G ener ation

T otal Electric Utility I ndustry

Sources: Edison Electric Institute, Historical Statistics of the Electric Utility Industry-through 1992, March 1995, p. 145; 
               Edison Electric Institute, 1995 Statistical Yearbook of the Electric Utility Industry, July 1996 (advance release) 
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 petroleum coke, agricultural matter, wind, geothermal and solar. In states like California,

there was wind, sunshine, steam geysers, orange groves and vineyards, all translating into wind

farms, solar plants, geothermal plants and agricultural waste power plants. In other states such

as Pennsylvania, the fuel diversity focus was on the huge piles of coal-mining waste that had

accumulated over the decades. Figure 2 illustrates independent power's fuel diversity and the

fundamental differences with utilities in terms of primary energy source. Here, natural gas

dominates, while FBC's primary fuels, coal and coal-mining waste, rank second and third.8

Prior to the enactment of the Bevill Amendment to RCRA in 1980, there were relatively few

FBC units in operation in the United States. A number of factors, however, came together in

the mid-to-late 1980s to stimulate the growth of FBC technology. One was the federal

government's emphasis on the commercialization of clean-coal technologies. Another was the

favorable regulatory climate in some states like Pennsylvania that encouraged the use of the

coal-mining waste resource. A third factor was state environmental programs that recognized
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the value of coal waste power projects. A fourth factor was the ability of a number of power

plant developers and engineering/construction companies to marry the FBC technology with

the fuel potential in the coal waste material. FBC has taken hold in several states, particularly

those with substantial quantities of previously unusable waste anthracite (culm) and

bituminous (gob) coal.
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Pollution Control Conservation Committee, Pottsville, Pa., April 17, 1996, pp. 4-6; CIBO Special
Project Data Base of Fluidized Bed Combustion Power Plants, October 31, 1995.

B-7

With coal waste, the sponsors of FBC projects discovered that if small particles of the

low-grade fuel were totally suspended in air, they could burn effectively. They further

discovered that a very tall furnace would allow more complete combustion of the carbon

content of the fuel. Finally, they realized that they could get even better combustion if they

recirculated the fuel through the furnace several times until all of the carbon had burned,

leaving nothing but ash. Thus, the Circulating Fluidized Bed (CFB) boiler became the

standard for coal waste power plants. Today, there are 18 privately owned and operated coal

waste facilities in Pennsylvania producing more than 1,000 megawatts -- approximately 55

percent of the state's installed IPP capacity.9



 Id.; p.3-3; 1995 Statistical Yearbook of the Electric Utility Industry; Edison Electric Institute;10

Washington, DC.

B-8

In 1978, there were no IPPs other than self-generating industrial companies. By 1985, IPPs

accounted for approximately 2 percent of all installed generating capacity. By 1996, this

percentage had grown to 7.8 percent. Equally significant is the fact that independent power's10

share of installed generating capacity added each year has grown steadily since 1988. As Figure

3 shows, independent
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 power's share of capacity added each year peaked at 67 percent in 1994, averaging about 50

percent throughout the 1990s.11

Among other things, PURPA sanctioned the development of a new class of electricity

generators called "Qualifying Facilities" (QFs). QFs were composed of cogenerators and small

power producers (SPPs) that used waste, biomass or renewable fuels. Cogeneration is the

sequential production of two forms of energy -- electricity and steam (or hot water) -- from a

single source of energy. The source is normally coal, coal-mining waste, natural gas or oil. It

was this 'two-for-one' arrangement that allowed PURPA to address the energy efficiency and

conservation issues directly. Cogeneration substantially increased the efficiency of traditional

power plants, thereby conserving natural resources. SPPs were equally valuable to the PURPA



 Energy Information Administration, Electric Power Annual-1993 (Dec. 1994), Wash., D.C., p.12

124, Table 77.
 Id.13
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sponsors because they opened a new channel for the efficient use of environmentally preferable

natural resources that otherwise might not occur.

To counter the natural tendency of utilities to avoid purchasing QF electricity and select their

own self-build options when considering new generating capacity, Congress stipulated in

PURPA that utilities must purchase electricity from and sell backup power to QFs. This action

created the economic incentive for QFs to be developed. Further, utilities were required to pay

QFs a price that either would not exceed the utility's ability to purchase that power elsewhere

or would be equal to or less than what the utility would spend to build the power plant itself.

This price was the purchasing utility's avoided cost. This requirement was put in place to

ensure that the power produced by QFs would be the most economically available new

capacity at the time utilities signed power purchase contracts. As a result of the mandatory

purchase requirement, other safeguards provided to QFs, and the fact that early QFs

performed according to their contractual terms, it became evident to customers and

policymakers that vertically integrated utilities did not need to be the only sources of reliable

electric power.

Despite the limitations that existed on who and what could qualify, as well as specific limits on

size, technology, and ownership, QFs flourished during the PURPA Era. From 1978 to 1989,

the number of operating QF power plants rose from zero to 576. By 1993, the number had

grown to more than 1,200, suggesting that once the regulatory hurdles, financing uncertainty,12

risk allocation measures and construction efficiencies were successfully navigated, the time lag

for development decreased significantly. During this latter time frame, installed QF generating

capacity rose to 47,774 megawatts from 27,429 megawatts.13

Aside from the lessons learned in development, risk management, financing and construction,

the power purchase agreement (PPA) emerged as the most important factor in the economic
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and physical growth of IPPs. Most PPAs provided certainty for independent power plants in

terms of operation, expected performance, and revenue streams by including certain

provisions. Among them were: 'must-run' clauses (24-hour operation, except for maintenance);

performance bonus and penalty clauses; different payment schedules for available capacity

and energy actually produced and distributed to the grid; and compensation for specific

availability and capacity factor targets. The viability of the IPP plant was contingent on

meeting these contract provisions; thus, a high level of operating effectiveness was ensured.

This period also marked the emergence of a market for nontraditional power supply sources

beyond the purchases required by PURPA. Because of the constraints imposed on QFs by

PURPA, generating companies began to look for other avenues in which to compete -- not as

QFs, but as pure wholesale generating companies. At the same time, power marketers, which

buy and sell power, but do not own generation or transmission assets, began to emerge. Both

entities looked beyond the single-asset, single customer formula into the burgeoning bulk

power market.

Two regulatory realities limited independent power companies' growth. One was the

ownership and financial limitations of the Public Utility Holding Company Act of 1935

(PUHCA). The other problem was that these generators needed unimpeded transmission

service to reach customers in the bulk power market. These were the pressure points that

drove the electricity policy debate in Congress during the early 1990s. They eventually

stimulated passage of new legislation that opened up the wholesale market to a new wave of

competition, thereby ushering in the Restructuring Era.



 Public Law No. 102-486, 106 Stat. 2776 (1992), codified at, among other places, 15 U.S.C.14

§79z-5a and 16 U.S.C. §§ 796 (22-25), 824j-l.
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The Restructuring Era: 1992-1996

Recognizing that PURPA had gone far beyond its original goals by creating a new class of

competitive generation companies, and that a lack of access to transmission lines (which were

owned by utilities and government agencies) remained a major barrier to these new

competitors, Congress passed the Energy Policy Act of 1992 (EPAct). EPAct became the14

engine that subsequently drove the movement to full competition in the wholesale and retail

markets in the mid-to-late 1990s.

EPAct's primary objective was to promote competition in the bulk power market. First, the

law created a new market entrant called "Exempt Wholesale Generators" (EWGs), which

could own and/or operate generating plants, sell electricity on a wholesale basis only, and still

be exempt from the PURPA QF limitations and the strictures of PUHCA.

Second, EPAct authorized FERC to require utilities owning high-voltage transmission lines

to provide wholesale transmission services to any electric utility, federal power marketing

agency or any other person generating electricity for resale purposes. FERC was also required

to develop a rule that required transmitting utilities to submit information annually on what

transmission capacity was available and what the known constraints were in the transmission

system.

FERC pursued a number of initiatives to ensure that competition developed in the wholesale

market. Among them was an aggressive posture toward implementation of Section 211 of the

Federal Power Act, which gave FERC authority to approve applications for interconnections

to the grid. Other options included a new look at undue discrimination in providing

transmission service and easing market entry for new generators.



 Federal Energy Regulatory Commission, 18 CFR Parts 35 and 385, Docket Nos. RM95-8-00015

and RM94-7-001, Promoting Wholesale Competition Through Open Access Non-Discriminatory
Transmission Service by Public Utilities; Recovery of Stranded Costs by Public Utilities and
Transmitting Utilities, Washington, D.C., April 24, 1996, p. 32.
 Id., pp. 33-3416
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FERC's goal was "to facilitate the development of competitively priced generation supply

options, and to ensure that wholesale purchasers of electric energy can reach alternative power

suppliers and vice versa." The mechanics involved in achieving this goal are the chief15

elements of utility industry restructuring that are in place today.

Somewhat paradoxically, EPAct served to stimulate the regulatory desire to further industry

restructuring, wholesale competition and ultimately, retail customer choice -- faster than the

customer market did. First, FERC moved aggressively to expand its Section 211 authority by

granting early requests for transmission service and including "network service," rather than

the more limiting "point-to-point" service (designated points of receipt and delivery of power)

typically granted by transmission owners. Network service allows full integration of the loads16

of an applicant and other generating plants with the transmission owner's own resources on

an instantaneous basis.

Second, FERC determined that the availability of transmission capacity was one of the

principal impediments to competition and that as long as the transmission-owning utility is

fairly compensated for the use of its wires with no commensurate downturn in reliability, then

more open transmission service was in the public interest. This finding had significant

implications for IPPs because it signaled to customers, legislators and state regulators that

enhanced competition was on the horizon, along with the promise of lower prices for

consumers.

Third, FERC realized that Section 211 authority was not sufficient to handle the growing

competitive pressures at the wholesale level. It promulgated a "comparability standard" in the

two years following enactment of EPAct to deal with competitor claims of undue

discrimination in receiving transmission service. The standard went through several iterations,



 Id., p. 37.17

 Testimony of the Honorable Cheryl L. Parrino, Chair of the Wisconsin Public Service18

Commission, on behalf of the National Association of Regulatory Utility Commissioners before the
U.S. Senate Committee on Energy and Natural Resources, March 6, 1996.
 Policy Statement Regarding Regional Transmission Groups, 58 FR 41626, August 1993.19

 Recovery of Stranded Costs by Public Utilities and Transmitting Utilities, NOPR, 59 FR 35274,20

July 1994.
 Inquiry Concerning Alternative Power Pooling Institutions Under the Federal Power Act, 5921

FR 54851, October 1994.
 Inquiry Concerning the Commission's Pricing Policy for Transmission Services Provided by22

(continued...)
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but it came down to this: For a utility voluntarily seeking approval of its proposed

transmission rates, "an open access tariff that is not unduly discriminatory or anti-competitive

should offer third parties access on the same or comparable basis, and under the same or

comparable terms and conditions, as the transmission provider's [own] uses of its system."17

Fourth, state regulators who oversaw monopoly utility regulation in high-cost states became

enamored with the possibilities of restructuring and competition, especially at the local

distribution level where customer rates were highest. The level of state interest culminated with

the April 20, 1994, announcement by the California Public Utility Commission that it was

pursuing an order leading to full retail competition, including customer choice of supplier,

unbundling of rates and service, and modifying the vertically integrated utility structure.

The California announcement precipitated a move in numerous other state public utility

commissions to address the issues of competition and choice. By 1996, 41 states had initiated

regulatory proceedings to examine these issues and determine the best course of action for

their utility customers.18

Fifth, FERC moved ahead on a number of fronts, issuing several Notices of Proposed

Rulemaking (NOPRs), Policy Statements and Inquiries during the Restructuring Era. In

chronological order, they were: (1) Regional Transmission Group (RTG) Policy Statement;19

(2) Stranded Cost NOPR; (3) Pooling Notice of Inquiry; (4) Transmission Pricing Policy20     21

Statement; (5) Notice of Inquiry on Merger Policy, and (6) the Mega-NOPR. Space22       23    24



     (...continued)22

Public Utilities Under the Federal Power Act, 59 FR 55031, November 1994.
 Inquiry Concerning the Commission's Merger Policy Under the Federal Power Act: Policy23

Statement, 61 FR 68595, December 1996.
 Open Access Transmission, Comparability of Service and Stranded Cost Recovery; NOPR, 6024

FR 17662, April 1995.

B-15

limitations prevent a detailed description of each of these initiatives. The key message is that

rapidly evolving power markets and increasing competitive pressures forced FERC to accept

the fact that EPAct and Section 211 were not enough to eliminate undue discrimination in the

use of the transmission system. This realization created a flurry of regulatory activity that had

a profound effect on the marketplace not foreseen by the sponsors of EPAct.

This activity shifted the momentum inexorably toward further competitive inroads and had

the effect of shifting the balance of power from utilities to customers. A number of large

customer groups began the drumbeat for legislation to mandate competition, prompting many

'Ratepayer Advocate' departments within state governments to assert that competition must

treat all customers equitably. During 1996, the Restructuring Era gave way to the Competitive

Era.

The Competitive Era: 1996 and Beyond

As noted above, the customer is now driving the electric power supply market -- not utilities,

not IPPs, not regulators and not legislators. For this reason, it is appropriate to label 1996 as

the turning point to the new era of competition. FERC Orders 888 and 889 are the technical

rules that will reshape the utility industry and wholesale power market and set the stage for

full competition. Along with further guidance on market structure, market governance, utility

mergers, and transmission pricing, they will minimize barriers of entry for competitors,

mitigate market power problems, and provide the crucial nexus for all competitors needing

equal access to critical market and customer information (that now resides almost exclusively

with utilities).



 "American Legislative Exchange Council, Board of Directors vote, December 3, 1996.25
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It is, however, the state-level pilot programs on customer choice and the associated state

legislation implementing retail competition that are the current defining characteristics of the

new era. Indeed, the prevailing mood now, after 60 years of increasing government

intervention in the utility industry, is to substitute market competition for direct government

control of the supply aspects associated with electricity production and delivery. Part of this

mood is a reflection of high electricity costs in many regions of the country; part is the desire

of many politicians to give states more control over local businesses and markets; and part is

the positive deregulation experience in other industries.

Beyond FERC Orders 888 and 889, the New Hampshire and Rhode Island legislation and the

New Hampshire pilot program, several other state actions are paving the way. Following the

Rhode Island restructuring legislation, the California General Assembly passed landmark

legislation on August 31, 1996, that completely transforms the utility industry in the state. The

Pennsylvania General Assembly did the same thing on November 26, 1996. Oklahoma followed

suit on April 28,1997, followed by Montana (May 2), Maine (May 29) and Nevada (July 9). A

number of other states will likely follow soon with legislation.

Foremost among the California law is the ability of retail customers to choose among

alternative electricity suppliers as of January 1, 1998. The bill also creates an Independent

System Operator for the high-voltage transmission system and a spot market for electricity

called a Power Exchange. Significantly, the California legislative model was a key influence on

the Pennsylvania proceeding. Both influenced the proceedings in Montana and Oklahoma, and

both will influence other state legislative activity in the 1997-99 time frame.

Equally important is the impact on the state legislative associations such as the American

Legislative Exchange Council (ALEC) and the National Conference of State Legislatures

(NCSL). ALEC, especially, has been aggressive in this regard. At year-end 1996, it produced

generic model legislation that is available for members to introduce throughout the country.25



 McGraw-Hill News, Power Markets Week, February 26, 1996, p. 6 and March 3, 1997, pp. 8-9.26

 McGraw-Hill News, Power Markets Week, June 2, 1997, pp. 6-7.27

 Cambridge Energy Research Associates, Executive Roundtable, June 18, 1996, p. 13.28
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NCSL has initiated similar deliberations. All of this activity has been the imprimatur that has

institutionalized the Competitive Era.

The Competitive Era is further manifested by the intense price competition among power

marketers today. Bulk power transactions increased at a dramatic rate in 1996 as annual sales

totaled 234 million megawatt-hours (MWhs) in 1996, compared with 27.6 million MWhs in

1995. Amazingly, sales in the first quarter of 1997, 168.6 million MWhs, was already 7226

percent of the entire total for 1996. Although power marketing trades are still a small fraction27

of total annual wholesale transactions and the total amount of electricity used by end-users

(3,011 billion kilowatt-hours in 1995), the trend is clear. Full competition means that bulk28

power transactions on a continuous basis will be the primary means of supplying electricity

to customers.

Structure of an Independent Power Project

Experience since 1978 has proved that establishing a limited partnership as the basic

investment vehicle for an independent power project is the best way of organizing the capital

structure to distribute project risks among the participants and limit the owners' exposure to

financial loss. The limited partnership is the entity that owns the plant, plus other assets such

as the PPA, the fuel supply agreement, and the environmental and regulatory permits. The

limited partnership then contracts with other project participants for needed services, such

as operations and maintenance.

Construction of an independent power plant is financed entirely with debt. Usually, equity is

committed to the project once the debt financing is arranged, but formally contributed when

construction has been completed. After an IPP plant becomes operational, the committed

equity is contributed, resulting in about 80 percent of the project's capital cost being debt
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financed, with the remainder being equity. The debt financing is usually in the form of

non-recourse project loans whereby the obligation to repay the loan is secured only by the

project's assets (the plant itself and the PPA), and not by the plant's ultimate owners. This

arrangement is known as 'non-recourse' financing.

The plant itself is normally built under a lump-sum, turnkey construction contract between

the limited partnership and the construction company. "Turnkey," in this instance, means

that the contractor is responsible for delivering a fully tested and operational plant to the

owners. The limited partnership also contracts with a firm specializing in onsite power plant

operations and maintenance. Daily management of the plant usually resides with an agent or

affiliate of the limited partnership. Fuel supply for the plant traditionally has matched the

duration of the PPA. In this manner, changes in fuel costs can be contractually matched to

energy revenues from the utility. All IPP FBC plants operating today fit this general

framework.

This capital structure means that risk management and optimizing plant operations are the

cornerstones of the independent power project. Unlike other aspects of the plant, these

elements will continue to be paramount in a deregulated environment. What will change as

industry restructuring moves forward is the manner in which sales are consummated

(short-term contracts instead of long-term agreements; multiple customers instead of one or

two) and how new power plants are financed (more equity, less debt). Both changes greatly

alter the risk calculus.

The key elements of most existing IPP projects are the PPA, the fuel supply and the industrial

steam host (if the project was conceived as a cogeneration plant). The PPA is a contract

(typically 15-30 years) that calls for the sale of electricity to an investor-owned or municipal

utility on a wholesale basis. The utility then resells and distributes that power to its retail

customer base. The length of the contract and the expected revenue streams are the critical

factors justifying the capital investment required to build the plant.



 Ray Pospisil, Electrical World, Vol. 209, No. 7, "Star-Crossed IPP Finds A New Home," July29

27, 1995, p. 32.

B-19

Beyond the power sales, fuel supply and transportation requirements and the steam sales to

the industrial host, there are myriad development issues that must be resolved during

development. Among them are:

CC securing the power plant site

CC executing the engineering, procurement and construction contract

CC executing the O&M contract,

CC securing the necessary environmental and regulatory permits

CC ensuring that there is substantial local community support for the plant

CC gaining the necessary political support from elected officials

CC establishing a process plant interface program internally and externally

CC resolving the equity needs and partnership structures

CC arranging the debt financing

Figure 4 shows how all of these components interact to create a successful project. With so

many different parties and disciplines involved, it is crucial to allocate the risks involved --

business, financial, fuel, interest rate, environmental, construction, operational and regulatory

-- to those best able to manage them. To date, this approach has worked in the vast majority

of FBC plants. Only one FBC project has failed as a result of flawed operating/business risk

assessments, and it was subsequently purchased by the customer utility.29

This careful balance, combined with the single-asset, non-recourse project financing model,

is particularly susceptible to regulatory or market-based changes, which can significantly

impact costs, risk allocation or the duration of any long-term arrangements that limit certain

risk exposures. A
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sudden and unanticipated increase in the cost of maintaining regulatory compliance could

have severe, and perhaps fatal, consequences for a typical IPP project.

Because the FBC power plants are more capital and labor-intensive than plants fueled by

natural gas or pulverized coal, it is not clear how they will fare under deregulation. The

defining characteristic of future IPPs will be the lack of a long-term PPA as the asset

underpinning the financing. From now on, most new power plants will be developed and

financed on the basis of a market assessment limited to short-term contracts and multiple

transactions and customers. A small number will be built to serve a single large industrial

customer, but not many.
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Therefore, these "merchant" plants will not have a single customer obligated to purchase all

of the plant's output. They will necessarily subscribe to a riskier operating philosophy; that

is, build the plant, offer an attractive product (low-cost, reliable power) and seek customers

aggressively. A riskier profile also means that future plants will be financed with more owners'

equity than today -- more like other capital-intensive commodity industries. In terms of

pricing, electricity is rapidly moving from a cost-of-service to a commodity basis, with less

emphasis on planning, fuel source, or plant type (base load, intermediate, or peaking).

With an uncertain marketplace establishing price, determining when and where new plants

will be built and allowing brand new generation to compete favorably against existing (and not

fully depreciated) generation, the implications for FBC plants are significant. First, existing

facilities may face political and/or competitive pressure -- or may even be required -- to have

their existing PPAs renegotiated or bought out by their utility customers.

In the former instance, a renegotiation will likely mean a closer match with the current market

(less "must-run" status, more partial dispatchability; lower energy price, higher capacity

price). The plant will then operate for its contract life, albeit under some pressure from the

marketplace to convert to a different operating profile. In the latter instance, the buyout must

cover the remaining debt, while allowing the plant to compete on the basis of variable

operating costs. Satisfying these two requirements could provide an incentive for existing FBC

plants to sell their original contracts.

Second, developers of new FBC plants must be able to create a new project that will effectively

compete against existing (but largely depreciated) utility generation, existing IPP generation

and new generation, regardless of the source. Here, the challenge will be to build a plant with

an "all-in" price that can succeed against an existing plant whose capital investment has

already been largely recovered through the customer rate base. A difficult proposition, but not

impossible, as indicated by new natural gas combined-cycle plant designs.
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Third, FBC merchant plants must be timed to fit the new market. How? By evaluating the

effect of utility plant retirements and more stringent environmental regulations for older plants

on electricity demand. Both situations will increase demand, while greater reliance on

combined-cycle technology puts upward pressure on gas prices. This bodes well for solid fuels

using FBC.

Comparison of IPP Generation With Utility Generation

Figure 5 summarizes some of the key distinctions between IPP and utility generation of electric

power, as they have existed over the three principal eras described above.

From the standpoint of IPP project sponsors, the most relevant comparison with utility-owned

generation is in the area of regulation. Specifically, changes in regulatory requirements

affecting both utilities and IPPs are treated differently in terms of financial impact. A new

environmental regulation imposed on a utility plant requiring significant new investment can

be recovered through an increase in captive customer rates.

For the IPP, the economic cost and financial impact must be absorbed in the existing contract

with the utility. There is no incentive for the utility to allow an increase in the contract price,

even if it would simply be passed through to customers with concurrence from the state public

utility commission (PUC). Further, requesting a contract change to allow for a new regulatory

requirement means that other contract areas will be vulnerable to pressure. The risk is too

large for the IPP, so the additional regulatory investment will be a penalty against the project's

existing income.
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FIGURE 5

COMPARISON OF IPP AND UTILITY GENERATION OF ELECTRICITY

PURPA ERA RESTRUCTURING COMPETITIVE

IPP UTILITY IPP UTILITY IPP UTILITY
Regulation/Business Regulation/Business Regulation/Business Regulation/Business Regulation/Business Regulation/Bus. Structure

Structure Structure Structure Structure Structure CC Functional separation of

CC Limited Partnership CC Vertically-integrated CC Limited Partnership CC Monopoly structure CC ”Pools” of assets gen., trans., distribution

CC PUC Approval of PPA monopoly CC Pressure to renegotiate remains CC No “need standard” CC Mandated or voluntary

CC Strict Siting/ CC Rates established by PUC PPAs CC PUC pressure on CC Short-term contracts w/ divestiture

Environmental regulation - CC Old plants CC FERC approval of unbundling, corporate long-term assets CC No “cost-of-service”

“Need Standard” “grandfathered” under market-based rates separation CC Fuels, Commodity, generating plants

CC Contract regime puts Clean Air Act regs. CC Long-term view is CC PUC pressure on Trading Expertise CC Open access to

ceiling on cost of CC Regulatory compact obsolete stranded costs CC Open access to transmission

production limits profits, not CC Power marketing CC Power marketing transmission

production cost affiliates affiliates

CC Open access to CC Open access to

transmission transmission

Revenues/Costs Revenues/Costs Revenues/Costs Revenues/Costs Revenues/Costs Revenues/Costs

CC Long-term PPA CC “Cost-of-service” CC Long-term PPA CC “Cost-of-service” CC Short-term competitive CC Partially from regulated

CC Fixed revenue stream ratemaking CC Fixed revenue stream ratemaking sales (new) rates

CC All costs at risk of CC Revenues from customer CC All costs at risk of project. CC Revenues from customer CC Long-term contract sales CC Partially from

project. CC No pass-through rates CC No pass-through for cost rates (existing) competitive

for cost increases, CC Some special discount increases, regardless of CC More special industrial CC Recovered from sales

regardless of cause rates for large industrial cause rates competitive sales -

customers CC Some PPA renegotiations CC New revenues for production still at risk.

transmission services
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Customers Customers Customers Customers Customers Customers

CC Investor-Owned Utility CC Residential CC Utility CC Residential CC Investor-owned dist. CC Residential

CC Industrial company CC Commercial CC Industrial company CC Commercial utility CC Commercial

CC Industrial CC Power marketer CC Industrial CC Munis, co-op, PUDs CC Industrial

CC Institutional CC Institutional CC Power marketers CC Institutional

CC Supply aggregators

CC Industrial firms

Capital Structures Capital Structures Capital Structures Capital Structures Capital Structures Capital Structures

CC 80% Debt/20% Equity CC 50% Debt/50% Equity CC 80% Debt/20% Equity CC 50% Debt/50% Equity CC More balanced 50% Debt/50% Equity

CC Project financing CC Corporate financing CC Project financing CC Corporate financing debt/equity CC Corporate financing

CC Bank syndicates CC High-quality public debt CC Bank syndicates CC High-quality public debt CC Corporate financing CC High-quality public debt

CC Investment grade bonds CC Pooled asset financing

CC Higher quality public

debt
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IPP UTILITY IPP UTILITY IPP UTILITY
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Results/Outcome Results/Outcome Results/Outcome Results/Outcome Results/Outcome Results/Outcome

CC Lower cost than utility CC Limits on utility returns CC EPAct creates “exempt CC Mergers begin as utilities CC Capital deployment a CC Many utility mergers

CC Higher returns than leads to higher costs wholesale generators” respond to competitive function of MW book, not CC Many utility divestitures

utility CC System reliability is CC EPAct stimulates open threats utility PPA CC Many utilities split into

CC Development costs “at- paramount transmission access; CC Competitive tensions CC Regional strategies evolve generators and distributors

risk” CC Resentment against comparability of service created between high-cost in response to new risk CC Independent System

CC PURPA stimulates mandatory purchase CC Drumbeat begins for and low-cost utilities profiles Operators control

competition among IPPs provisions in PURPA comparable environmental CC Some utilities position CC More resources spent on transmission system

CC Environmental CC Tension w/IPPs increases standards between IPPs themselves for competition protecting existing assets CC Many utilities look

improvements over competitive policy and utilities CC FERC-jurisdictional than previously assumed overseas for new business

CC Heat rate/efficiency issues CC PPA renegotiations begin utilities offer open access, CC Generation becomes a and growth

improvements CC Differential cost of comparable service ‘fuel-neutral” decision,

CC Loss of revenue approach production approach to CC Utility restructuring based solely on meeting the

to plant operations plant operations begins market price

CC Large-scale centralized

power generation
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There are significant technical differences between utility generation and private power in the

four major areas of concern -- development, financing, construction and operation. During

plant development, preliminary design and engineering, permitting, site acquisition and

infrastructure needs are totally at risk for the IPP. That is, if the project doesn't make it to

financing, these expenses are lost. For the utility plant under similar circumstances, these

expenses can be recovered through the existing rate design, as long as they are deemed by the

PUC to be prudently incurred.

The non-recourse project-financing model for IPPs was described earlier. The chief differences

with the utility finance model involve the levels of debt and the entity responsible for debt

repayment. Project debt in an IPP project typically reaches 80 percent, with equity

contributing 20 percent. The utility capital structure is often 50 percent debt, 40 percent

common equity and 10 percent preferred equity. Also, corporate assets instead of the assets

of a single plant, are pledged for utility debt. Therefore, it is the utility corporation, rather

than the individual capital project, that is at risk for the debt.

The IPP project financing model requires a larger degree of due diligence during project

development and, thus, greater transaction costs during financial closing. One reason for this

is the fact that development costs are capitalized in an IPP project. Another is that the contract

parties have independent technical/financial assessments made in order to confirm the

assumed risks and the project's economic viability.

As the power generation sector is deregulated, the financing differences between utility and

IPP generation will disappear. It is likely that most generating plants of the future will be

financed as a pool of assets and will be evaluated on their ability to sell into a competitive

market. Further, financing structures will move toward the type used in more cyclical

commodity-based industries such as pulp and paper, chemicals, petroleum refining, etc. Some

non-recourse debt will still be feasible, but it will depend on the lenders' comfort with the
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plant's ability to compete. Power plant financing will look more like corporate balance sheet

financing.30

The Economic and Environmental Benefits of FBC Plants/Role of Ash

The economics of FBC power plants are completely intertwined with the environmental

benefits that these facilities are able to sustain. That is, environmental mitigation is a source

of additional expense in the design of the plant, yet it is also a way of preventing additional

expense in the continued operation of the plant. Therefore, the discussion of this section will

begin with the environmental attributes of FBC plants, followed by how they contribute to the

plants' economic performance. Unless otherwise indicated, the points that follow involve the

use of waste coal in a circulating fluidized bed boiler.

The environmental advantages of FBC power plants relate to air and water quality

improvements, as well as land use improvements. All of them are dramatic improvements over

conventional steam-electric technology and, in the case of waste coal, over the current

condition of the land surrounding the fuel preparation sites. Specifically, the air quality

benefits are dramatically lower emission rates for sulfur dioxide (SO2), nitrogen oxides (NOx),

and particulates (if a sophisticated baghouse/advance fabric filter system is used).

Representative decreases in air emissions for FBC facilities in comparison with older solid-fuel

power plants are on the order of 95 percent for S02 and 80 percent for NOx.31

The water quality benefits involve surface water, erosion and sediment control measures,

reduction of acid mine drainage into surface and ground waters, and, in the case of

zero-discharge water treatment systems, lower cooling water requirements and no process

water discharges to the surrounding environment. Land use benefits are significant: removal

of mine refuse piles; remediation and reclamation of abandoned mine sites; and the productive
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uses of the FBC ash generated by the combustion process -- as a soil amendment, a key agent

in mine reclamation, or as road-bed filler. Other productive uses of ash involve the costs that

are avoided because the ash does not have to be landfilled.

These environmental benefits readily translate into social and economic benefits for energy

consumers. For instance, reclamation of an existing, but abandoned, mine site, eliminates a

potential fire hazard, since spontaneous combustion at such sites is not uncommon. Such

reclamation turns an unsafe public nuisance (garbage dump, danger to children, outdoor party

disturbance, etc.) into a productive piece of property for a municipality. In 1995, a group of

Pennsylvania FBC power plants consumed more than 7.8 million tons of coal mining waste,

filled 4.4 million cubic yards of abandoned strip mines and reclaimed more than 600 acres of

land. All of this was accomplished at no cost to taxpayers in the state.32

The pace of reclamation will accelerate as the power plants mature in terms of operations.

Hundreds of additional acres will ultimately be reclaimed as a result of continued operations

over the 40-year lives of these facilities. The University of Pennsylvania, in an analysis of the

environmental and economic benefits of FBC plants in the state, estimated that the

Commonwealth would save $240 million in expenses associated with reclaiming these mine

sites if the state had to undertake this task. This estimated savings, which covered a 40-year33

period, included consumption of 460 million tons of mine refuse, 250 million cubic yards of ash

that would be disposed of in the mine reclamation, and 4,400 acres that will ultimately be

reclaimed.34

The same report uncovered other significant economic benefits for the 13 plants covered in the

study. For instance, over the life of the plants, reduction in mine drainage to local streams and

rivers could result in a savings of $10.9 million annually to the state in terms of the avoided
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cost of water treatment. Overall, the Commonwealth of Pennsylvania may avoid up to $16.935

million annually in environmental clean-up costs.36

With respect to jobs, the University of Pennsylvania found that the FBC plants in the state (13

in operation, plus six in development) would ultimately create 4,321 permanent operational

jobs, of which 1,064 would be directly related to plant operations. These jobs would have a

total annual payroll of $44.4 million. Further, these facilities would contribute nearly $937

million annually in tax revenues and would have a total net present value in excess of $3 billion

over 40 years in terms of positive economic value to the state. When such calculations are38

expanded across the country to include all FBC facilities, the economic benefits are substantial.

The Value of FBC Technology in Today's Electricity Market

The singular conclusion that can drawn from the discussion herein on the role of FBC in the

independent power market is that the technology commercialized out of DOE's Clean-Coal

Technology Program has been an unqualified success. This conclusion can be justified on the

basis of any of the three principal criteria on which such a judgment is made - operational

performance, environmental improvement and direct economic benefits.

First, the performance of these facilities has been extraordinary. Operational capacity factors

(the ratio of hours of operation to hours available to operate) typically exceed 90 percent and

often approach 100 percent. These numbers compare very favorably with historical utility

averages in the 70-80 percent range. Such performance is critical in a competitive power

market where the unit cost of production will be a key determinant as to whether a given

power plant is dispatched.
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Second, the air, water and land improvements are extraordinary. One of the primary benefits

of the evolving competitive power market has been the remarkable environmental

improvements in all three areas. Again, a significant component of the competitive market will

be optimal environmental performance. The FBC technology is well positioned to contribute

in this area as the demand for new, clean solid-fuel power plants resumes after the current

surplus of existing capacity (resulting largely from the continued operation of old, obsolete

technologies beyond their anticipated lives) has been eliminated.

Third, the economic performance alone of FBC facilities can be used to assert their success in

the power generation marketplace. All of these facilities were constructed at a price that met

the financial constraints placed on them. All of them will be very competitive on a variable cost

basis, as their original capital investments are paid off. And all of them have resulted in real,

measurable economic benefits in terms of jobs, payroll, revenues to communities in the form

of materials and services procured, tax revenues and cost-savings for local and state

governments.

All of these benefits were recognized by the Pennsylvania General Assembly in a March 1997

Committee Report. Among the recommendations offered were these:39

CC The General Assembly needs to recognize the environmental benefits provided by

[FBC] waste coal-fueled power production facilities during the restructuring of the

electric utility industry. The benefits include improved water quality, land

reclamation, and the elimination of health and safety hazards.

CC The economic and environmental benefits that cogeneration and other waste

coal-fueled facilities provide to the local and state economy should be considered

when comparisons are made to the cost of power purchased from these facilities.
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CC The Committee encourages the Department of Environmental Protection to

continue to utilize the ash produced by waste coal-fueled facilities primarily to

reclaim sites damaged by the state's long history of coal mining. The Department's

studies have continued to show that the use of this ash is beneficial to the local

environment.

CC The Committee supports the recommendation to amend the federal Surface

Mining Conservation and Reclamation Act to include a reduction in the

reclamation fee in situations where coal refuse banks are being used and reclaimed.
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Comparison of Utility and Non-utility Fossil Fuel Uses, Technology and

Combustion Byproduct Management Practices

This report has been focused on fluidized bed combustion technology that is used by both the utility and

non-utility sector of the U. S. economy. In addition to FBC technology, utilities and non-utilities use a

variety of “conventional” combustion technologies (described in Chapter 3) and fossil fuels. The

conventional technologies and fossil fuels produce FFCBs that are characteristically similar but differ in

magnitude between the utility and non-utility sectors. This appendix provides several qualitative or

descriptive comparisons between the conventional technologies used by the utility and non-utility sectors

and FBC technology as well as the management practices used for FFCBs.

To develop the information for this appendix we developed a simple survey instrument that was designed

to collect the desired qualitative or descriptive information. The questionnaire was kept relatively short,

and most questions were easily answered by the facility operator by either checking a box or providing

a short narrative description. A copy of the survey instrument is included at the end of this appendix.

This survey was mailed in January 1997 to all CIBO member companies and a select list of other

companies known to operate non-utility boilers. A total of 60 surveys representing 244 boilers were

returned. The study population from this survey covered 10 Standard Industrial Classification

(“SIC”)codes as shown in Table C-1 below. In those cases where a survey contained information on both

conventional and fluidized bed combustion, the FBC data was aggregated with other CIBO Special

Project data for presentation in the comparison matrix. Information contained in the comparison matrix

on utilities was provided by the Utilities Solid Waste Activities Group.
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Table C - 1

SIC CODES CONTAINED IN STUDY POPULATION

Number of

SIC Code Description Facilities

20 Food and kindred products 4

21 Tobacco products 4

26 Paper and allied products 8

28 Chemicals, allied products 14

33 Primary metal industries 2

35 Machinery, except electric 3

37 Transportation equipment 4

38 Instruments, related products 1

49 Electric generation 17

82 Universities 2

Unidentified 1

The survey was designed to gather general information on state permitting activities for disposal of fossil

fuel combustion byproducts generated by the non-utility conventional combustion technologies. The

following paragraphs describe the results of this portion of the survey.
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Does a State or Local regulatory agency require a permit for disposal of combustion

byproducts in a company controlled landfill or impoundment at the facility site?

No. of Responses

Yes a permit is required 20

No a permit is not required 16

No Response 24

Has a State or a Local regulatory agency issued a permit for disposal of combustion

byproducts in a company controlled landfill or impoundment at the facility site?

No. of Responses

Yes a permit has been issued 16

No a permit has not been issued 37

A permit application has been

submitted 0

No Response 17

To communicate the environmental setting for combustion byproduct disposal at your

facility copies of permits for landfills or impoundments would be helpful. If possible,

please provide a copy of any such permit and indicate by checking the following boxes

if attached

No. of Responses

Yes a permit is attached 2

No a permit is not attached 48

No Response 10

Is testing of the facility’s combustion byproducts required by a State or Local permit or

regulation?
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No. of Responses

 Yes testing is required 31

No testing is not required 21

No Response 8

Please indicate what testing of combustion byproducts your facility performs (check all

that are applicable):

No. of Responses

39 Toxic Characteristic Leaching Procedure (TCLP) [U. S. EPA Method 1311]

3 Extraction Procedure Toxicity (EP Tox.) [U. S. EPA Method 1310]

2 Synthetic Precipitation Leaching Procedure (SPLP) [U. S. EPA Method 1312]

6 RCRA Total Metals

1 California Soluble Threshold Limit Concentration (STLC) [CAM-17]

1 California Total Threshold Limit Concentration (TTLC) [CAM-17]

10 Other

What is the frequency of the testing described above?

No. of Responses

Daily 0

Weekly 1

Monthly 1

Semi-annual 0

Annual 23

Seasonal 2

Other 16

Are the results of the above testing provided to a State or Local regulatory agency?
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No. of Responses

Yes 12

No 25

The following tables provide a qualitative comparison between the conventional technologies used by

utilities and non-utilities and FBC technology.
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UTILITY AND NON-UTILITY COMPARISON MATRIX

PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION

CONVENTIONAL

Combustion Technology Cyclone 34 MWe to 977 Cyclone 275,000 to 500,000 lb/hr Bubbling Bed

and Single Boiler Size MWe  No. of boilers 8  20,000 lb/hr to 160 MWe

Information Pulverized 140 MWe to 1,300 Pulverized 25 to 377 MWe and/or  No. of boilers in survey: 5

MWe  40,000 to 2,500,000 lb/hr  No. of facilities in survey: 5

Stoker 14 MWe to 57  No. of boilers 58 Circulating Fluidized Bed

MWe Stoker 6 to 40 MWe and/or  20 MWe to 110 MWe

Oil 15 MWe to 635  25,000 to 300,000 lb/hr  No. of boilers in survey: 68

MWe  No. of boilers 128  No. of facilities in survey 43

Oil ~37,500 to 225,000 lb/hr

 No. of boilers 13

 Does this oil boiler have a

particulate control system?

 Yes 2, No 5, (7 total

responses)

Other: (Natural Gas, Chemical

Recovery, Biomass)

 12.5 to ~67 MWe and/or

 40,000 to 500,000 lb/hr

 No. of boilers 37
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION

CONVENTIONAL

C - 7

Steam Use Electricity generation  No. of Electricity generation

Cogeneration (electricity & Responses Cogeneration (electricity &

heating/cooling) Electricity generation 10 heating/cooling)

Cogeneration (electricity & Process heat use

heating/cooling) 32 Heating/cooling

Process heat use 32 Mechanical drive

Heating/cooling 26

Mechanical drive 18

Other 2

Primary Fossil Fuels Anthracite Coal  No. of  No. Facilities No.

Used (primary fuel, Bituminous Coal Responses Boilers

>51% fuel weight input Lignite Coal Bituminous Coal 51 Bituminous Coal 21 43

to boiler) Sub-bituminous Coal Lignite Coal 1 Lignite Coal 2 3

Fuel Oil (No. 6) Sub-bituminous Coal 2 Sub-bituminous Coal 4 7

Natural Gas Fuel Oil (No. 2) 2 Anthracite Culm 6 9

Other Fuel Oil (No. 6) 2 Bituminous Gob 5 11

Natural Gas 13 Natural Gas 1 1

Other 4 Petroleum Coke 5 8

 Other (non fossil) 1 1
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION

CONVENTIONAL

C - 8

Secondary Fuels Used Coal Cleaning Silt  No. of  No. Facilities No.

(<49% fuel weight input Petroleum Coke Responses Boilers

to boiler) Coal Coke Bituminous Coal 2 Anthracite Coal 2 4

Refuse Derived Fuel Sub-bituminous Coal 1 Bituminous Coal 3 7

Tire Derived Fuel Fuel Oil (No. 2) 8 Fuel Oil 6 9

Wood/Biomass Fuel Oil (No. 6) 7 Natural Gas 4 4

Solid Waste from facility processes Natural Gas Propane 1 1

 Contaminated soils 12 Petroleum Coke 3 3

 Used oil Off gases from facility processes 6 Tire Derived Fuel 3 8

Sanitary Sewage Sludge Petroleum Coke Wood/Biomass 3 10

Other - paper sludge 1

 Tire Derived Fuel

2

Wood/Biomass

1

Solid Waste from facility processes

5

Sanitary Sewage Sludge

1

Other
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION

CONVENTIONAL

C - 9

Start-up Fuels Fuel Oil (No. 2)  No. of  No. Facilities No.

Fuel Oil (No. 6) Responses Boilers

Natural Gas Fuel Oil (No. 2) 20 Fuel Oil 12 18

Propane Fuel Oil (No. 6) 2 Natural Gas 19 27

Natural Gas 22 Propane 3 3

Propane 4

Other 19
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION

CONVENTIONAL

C - 10

Sulfur Dioxide Control Wet Scrubber Processes  No. of Limestone injection 37

(Flue Gas  Limestone - natural oxidation Responses facilities

Desulfurization, FGD)  Limestone - inhibited oxidation Wet Scrubber Processes

 Limestone - forced oxidation  Dual alkali 1 Other Bed Materials

 Lime Semi-dry & Dry Processes  Fired Clay

 Magnesium enhanced lime  Lime spray dry absorber 5  Sand

 Dual alkali  Other Processes  Gravel

 Soda ash  Other 3

 Magnesium Oxide

Semi-dry & Dry Processes

 Lime spray dry absorber

 Circulating dry scrubber

Other Processes

 Furnace sorbent injection -

 calcium based sorbents

 Convective pass injection -

 calcium hydrate sorbent

 Backend injection -

 sodium based sorbents
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION

CONVENTIONAL

C - 11

NOx Control Combustion Control Methods  No. of Combustion Control Methods

 Low NOx burners Responses  Air stageing

 Air staging Combustion Control Methods  

 Fuel staging  Low NOx burners 17 Post-combustion Control Methods

 Operational modifications  Air staging 18  No.

Post-combustion Control Methods  Fuel staging 3 Facilities

 Selective Catalytic Reduction  Operational modifications 2 Selective Catalytic Reduction 0

 Selective Non-catalytic Reduction Post-combustion Control Methods Selective Non-catalytic

 Selective Catalytic Reduction 3  Reduction (SNCR) 5

 Selective Non-catalytic

 Reduction (SNCR)

1

Particulate Control Cold Electrostatic Precipitator  No. of  No. of

Hot Electrostatic Precipitator Responses Facilities

Fabric Filter (baghouse) Cold Electrostatic Precipitator 12 Cold Electrostatic Precipitator 2

Mechanical Collector Hot Electrostatic Precipitator 12 Hot Electrostatic Precipitator 0

Fabric Filter (baghouse) 31 Fabric Filter (baghouse) 38

Mechanical Collector 19 Mechanical Collector 0
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION

CONVENTIONAL

C - 12

Ash Transportation From Fly Ash Fly Ash (No. of Responses) Fly Ash

Collection Point To  Dry: Mechanical Yes, Pneumatic Yes  Dry: Mechanical 4, Pneumatic 46  Dry: Mechanical No, Pneumatic Yes

Storage/Disposal  Wet (Sluice) Yes  Wet (Sluice): 9  Wet (Sluice) No

Bottom Ash/Boiler Slag Bottom Ash/Boiler Slag Bottom Ash/Bed Ash

 Dry: Mechanical Yes, Pneumatic  Dry: Mechanical 8, Pneumatic 33  Dry: Mechanical Yes, Pneumatic Yes

Yes  Wet (Sluice): 16  Wet (Sluice) No

 Wet (Sluice) Yes Is the same system used for fly ash & Is the same system used for fly ash &

Is the same system used for fly ash & bottom ash/boiler slag? bottom ash/boiler slag?

bottom ash/boiler slag?  Yes 55 No 0  ___ Yes X No

 X Yes X No If ash is transported by dry systems, If ash is transported by dry systems, is

If ash is transported by dry systems, is the ash conditioned (water added) the ash conditioned (water added) for

is the ash conditioned (water added) for disposal? Yes 49 No 0 disposal? X Yes ____ No

for disposal? X Yes ____ No
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION

CONVENTIONAL

C - 13

High Volume Combustion Is Bottom Ash/Boiler Slag Managed  (No. Responses) Is Bottom Ash/Bed Ash managed by

Product Management by same techniques as Fly Ash? Is Bottom Ash/Boiler Slag managed same techniques as Fly Ash?

Techniques  X Yes X No by same techniques as Fly Ash?  X Yes X No

 If no, please place a BA in space  Yes 33 No 20  If yes, are Fly Ash and Bottom

provided in the listing under Fly Ash  If no, please place a BA in space Ash/Bed Ash managed in the same

for the management practices used. provided in the listing under Fly Ash facility?

 If yes, are Fly Ash and Bottom for the management practices used.  X Yes X No

Ash/Boiler Slag managed in the same  If yes, are Fly Ash and Bottom

facility? Ash/Boiler Slag managed in the same

 X Yes ____ No facility?

Is the FGD Waste managed by same  Yes 36 No 0

techniques as Fly Ash? Is the FGD Waste managed by same

 X Yes X No techniques as Fly Ash?

 If no, please place a FGD in space  Yes 4 No 5

provided in the listing under Fly Ash  If no, please place a FGD in space

for the management practices used. provided in the listing under Fly Ash

 If yes, are Fly Ash and FGD waste for the management practices used.

managed in the same facility?  If yes, are Fly Ash and FGD waste

 ____ Yes X No (most of managed in the same facility?

the time)  Yes 4 No 1
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High Volume Combustion Fly Ash Fly Ash (No. of responses) Fly Ash (No. of

Byproduct Management  Unlined utility controlled landfill  Unlined company controlled landfill Facilities)

Techniques continued with other company generated wastes with other company generated wastes  Unlined company controlled landfill

  with other company generated wastes

 Lined utility controlled landfill with 9  0

other company generated wastes  Lined company controlled landfill

 with other company generated wastes  Lined company controlled landfill

 Unlined utility controlled landfill  with other company generated wastes

without other company generated  1  5

wastes  Unlined company controlled landfill  Unlined company controlled landfill

 Lined utility controlled landfill without other company generated without other company generated

without other company generated wastes wastes

wastes  7  1

 Commercial landfill for “special” or  Lined company controlled landfill  Lined company controlled landfill

hazardous waste without other company generated without other company generated

 Commercial landfill municipal or  2  1

general solid waste  Commercial landfill for “special” or  Commercial landfill for “special” or

 Unlined utility controlled

wastes wastes

hazardous waste 3 hazardous waste 2
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High Volume Combustion Fly Ash - continued Fly Ash - continued (No. of Fly Ash - continued (No. of Facilities)

Byproduct Management  Lined utility controlled Responses)  Lined company controlled

Techniques continued impoundment without other company Lined company controlled impoundment without other company

generated wastes impoundment without other company generated wastes

 Return to coal mine X  0

 Beneficial Use  Return to coal mine 8

 Cement/concrete  Beneficial use

 Flowable fill  Beneficial Use  Cement/concrete 3

 Structural fill  Cement/concrete 19  Flowable fill 1

 Roadbase/subbase  Flowable fill 6  Structural fill 6

 Mineral filler  Structural fill 14  Mining applications 16

 Mining applications  Roadbase/subbase 13  Waste stabilization 11

 Snow & ice control  Snow & ice control 3  Agriculture 5

 Wallboard  Blasting grit/roofing 1  Misc./other 7

 Waste stabilization  Waste stabilization 5  

 Agriculture  Agriculture 7

 Misc./other  Misc./other 12

generated wastes  0

  Return to coal mine 0
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Low Volume  Separately managed under RCRA  Separately managed under RCRA  Separately managed under RCRA

Combustion Byproduct subtitle C or D, NPDES or other state subtitle C or D, NPDES or other state subtitle C or D, NPDES or other state

Management Techniques & federal programs Yes @ some & federal programs 19 Responses & federal programs Yes @ some

facilities  One or more co-managed with High facilities

 One or more co-managed with High Volume Wastes (HVW) 8 Responses  One or more co-managed with High

Volume Wastes (HVW) Yes  Low Volume Wastes Co-Managed Volume Wastes (HVW) 11 Facilities

 Low Volume Wastes Co-Managed w/ HVW by facility No. of  Low Volume Wastes Co-Managed w/

w/ HVW by facility Responses HVW No.

 Cooling tower blowdown  Cooling tower blowdown 4 Facilities

 Boiler blowdown  Boiler blowdown 9  Cooling tower blowdown 1

 Boiler cleaning chemical waste  Boiler cleaning chemical waste 6  Boiler blowdown 1

 Demineralizer regenerant/rinses  Demineralizer regenerant/rinses 7  Boiler cleaning chemical waste ____

 Coal storage pile runoff  Coal storage pile runoff 3  Demineralizer regenerant/rinses 1

 General site runoff  General site runoff 8  Coal storage pile runoff 1

 Pyrites  Pyrites 2  General site runoff

 Coal mill rejects/pyrites  Coal mill rejects/pyrites 4 ____

 Plant service water  Plant service water 5  Pyrites

 Non-contact cooling water  Non-contact cooling water 6 ____

 Wastewater treatment  Wastewater treatment  Coal mill rejects/pyrites ____

 sludges/residuals  sludges/residuals 11  Plant service water ____
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Boiler Cleaning Waste Fire-side/gas-side cleaning Fire-side/gas-side cleaning Fire-side/gas-side cleaning

Generation  Wash frequency: Varies,  Wash frequency: Varies,  Wash frequency:

 3 months; to  3 months; to  ___ months;

 5 year(s)  7 year(s); or, as needed.  ___ year(s); or,

 Volume of waste per cleaning  Volume of waste per cleaning  other _____________________

 Varies, 50,000 gallons to  Varies, 1,500 gallons to 60,000  Volume of waste per cleaning

 1-million gallons  gallons  ____________ gallons

Water-side cleaning Water-side cleaning Water-side cleaning

 Chemical cleaning frequency:  Chemical cleaning frequency:  Chemical cleaning frequency:

 Varies, 2 years to 7 years  Varies, never, 1 year to 10 years.  ____ months;

 Volume of waste per cleaning:  Volume of waste per cleaning:  ___ year(s); or,

 Varies, 150,000 gallons to  4,500 gallons to 300,000 gallons  other ___________________

 2.5-million gallons  Volume of waste per cleaning:

 ____________ gallons
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CIBO SPECIAL PROJECT

on

NON-UTILITY FOSSIL FUEL ASH CLASSIFICATION

INSTRUCTIONS FOR COMPLETING

COMPARISON MATRIX & QUESTIONNAIRE

JANUARY 3, 1997

Background

The CIBO Special Project on Non-utility Fossil Fuel Ash Classification (the “Special Project”) has focused
its efforts on fluidized bed combustion. The conventional combustion technologies (stoker, cyclone and
pulverized) used by both utilities and industry have been extensively studied by the United States
Environmental Protection Agency (“EPA”) in its 1988 Report to Congress and the 1993 Regulatory
Determination, however, the data that EPA examined was limited to coal combustion by utilities. In the
pending regulatory determination, EPA is considering fluidized bed combustion, conventional coal firing
by non-utilities, co-burning of fossil fuels and other opportunity fuels, and co-management of high and
low volume wastes associated with combustion of fossil fuels. The Special Project has been asked by the
EPA to provide comparisons and contrasts whenever possible between utility and non-utility operations
as they pertain to fossil fuel combustion and combustion byproduct management. To accomplish this task,
the attached “Comparison Matrix & Questionnaire” has been developed. The column entitled “Utility
Conventional” will be completed using data that is being developed by the Utilities Solid Waste Activities
Group and its contractor the Electric Power Research Institute. The two remaining comparison columns
are the subject of this questionnaire.

Instructions

IF YOUR FACILITY USES BOTH OIL AND OTHER FOSSIL FUELS AS PRIMARY BOILER FUELS
PLEASE COPY THIS “COMPARISON MATRIX & QUESTIONNAIRE” AND COMPLETE A
SEPARATE SURVEY FOR THE OIL FIRED BOILERS AND THE OTHER FOSSIL FUEL FIRED
BOILERS. DO NOT COMBINE OIL FIRED AND OTHER FOSSIL FUEL FIRED BOILERS IN ONE
“COMPARISON MATRIX & QUESTIONNAIRE.”
 
Page 1 is a general information section. The “short description of the facility’s boilerhouse configuration”
should include the number of boilers, the types of fuel used, any FGD system, and the particulate control
system. Please indicate by checking the boxes provided if copies of fuel or ash analysis are provided.

The balance of the survey can be completed by either filling in a blank or by checking (TT) all items that
are applicable.

If your facility has both conventional and fluidized bed combustion boilers, and you have not yet returned
the Special Project’s “Fossil Fuel Fluidized Bed Combustion By-Products Survey” please complete both
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columns in the “Comparison Matrix & Questionnaire”. Otherwise, just complete the “Non-Utility
Conventional” Column.

Instructions Page 1

If your facility uses only one (1) primary fossil fuel, has more than one size of boiler for each combustion
technology and uses common combustion byproduct management for all boilers, please copy Page 3 of
the survey and complete a separate copy of Page 3 for each size of boiler and only one copy of the balance
of the survey.

Page 4 of the “Comparison Matrix and Questionnaire” deals with the primary fossil fuel used in the
boilers shown on Page 3. The EPA has defined “primary” as meaning the fuel that is 51% or more of the
fuel weight input to the boiler. Other fuels used in the boiler are “secondary” or start-up and are covered
by other questions. If no one fuel is 51% or greater please complete the “Other” line as “Not Applicable”
and proceed to Page 4.

For “Secondary Fuels” please provide a description of any “off gases from facility processes” if used, for
example carbon monoxide. Likewise, please provide a description of any “solid wastes from facility
processes” that are used as fuel. An example would be recycled paper fibers. An “other” category is
provided if none of the provided descriptions can describe a fuel you may use. Please provide a
description for any entry under “other.”

Please note the supplemental instructions on Page 8 regarding how to describe how Bottom Ash/Boiler
Slag and/or FGD waste is managed if not managed with the facility’s Fly Ash.

Also, Pages 9 and 10 have questions asking about both unlined and lined landfills and impoundments that
may be used for disposal of combustion byproducts and other facility wastes. Please read these
descriptions carefully.

If you have any questions regarding this survey please contact either:

Bob Svendsen Bob Bessette
Foster Wheeler Power Systems Council of Industrial Boiler Owners
(540) 341-7437 (703) 250-9042

Please return the completed “Comparison Matrix and Questionnaire” to:

Bob Bessette
Council of Industrial Boiler Owners
6035 Burke Centre Parkway, Suite 360
Burke, VA 22015

by February 7, 1997.

Thank you in advance for your time in completing this survey.
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Instructions Page 2
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CIBO SPECIAL PROJECT
on

NON-UTILITY FOSSIL FUEL ASH CLASSIFICATION

COMPARISON MATRIX & QUESTIONNAIRE
JANUARY 3, 1997

Facility Name:_________________________________________________________________________
Facility Location:

Street Address:__________________________________________________________________
City: ______________________________ State:______________ ZIP Code _______________

Facility Owner: ________________________________________________________________________
Facility Contact Person: _________________________________Title: ___________________________
Phone Number: __________________________ FAX Number: ________________________________
Facility Primary Business: ______________________________ SIC Code ________________________
Other Facility Business: _______________________________ SIC Code _______________________
Short description of facility’s boilerhouse configuration: ________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_______________________________________________________________________________________________
_____________________________________________________________________

Copies of fuel or ash analysis would be helpful in communicating the similarity of utility and non-utility fuels and ash
characteristics. Please provide copies of any readily available fuel or ash analysis and indicate by checking the
following boxes if attached.

GG Fuel analysis is attached GG Ash analysis is attached

Does a State or Local regulatory agency require a permit for disposal of combustion byproducts in a company
controlled landfill or impoundment at the facility site?

GG Yes a permit is required GG No a permit is not required
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COMPARISON MATRIX & QUESTIONNAIRE

Has a State or a Local regulatory agency issued a permit for disposal of combustion byproducts in a company
controlled landfill or impoundment at the facility site?

GG Yes a permit has been issued GG No a permit has not been issued

GG A permit application has been submitted

To communicate the environmental setting for combustion byproduct disposal at your facility copies of permits for
landfills or impoundments would be helpful. If possible, please provide a copy of any such permit and indicate by
checking the following boxes if attached.

 GG Yes a permit is attached GG No a permit is not attached

Is testing of the facility’s combustion byproducts required by a State or Local permit or regulation?

 GG Yes testing is required GG No testing is not required

Please indicate what testing of combustion byproducts your facility performs (check all that are applicable):

GG Toxic Characteristic Leaching Procedure (TCLP) [U. S. EPA Method 1311]
GG Extraction Procedure Toxicity (EP Tox.) [U. S. EPA Method 1310]
GG Synthetic Precipitation Leaching Procedure (SPLP) [U. S. EPA Method 1312]
GG Multiple Extraction Procedure (MEP) [U. S. EPA Method 1320]
GG Synthetic Groundwater Leaching Procedure (SGLP)
GG Long-Term Leaching Procedure (LTL)
GG RCRA Total Metals
GG California Waste Extraction Test (WET)
GG California Soluble Threshold Limit Concentration (STLC) [CAM-17]
GG California Total Threshold Limit Concentration (TTLC) [CAM-17]
GG ASTM C-311 (Fly Ash for Use As A Mineral Admixture in Portland Cement Concrete)
GG Other (describe) ________________________________________________________
GG Other (describe) ________________________________________________________

What is the frequency of the testing described above?
GG Daily GG Weekly GG Monthly GG Semi-annual GG Annual
GG Other (describe) ___________________________________________________
GG Other (describe) ___________________________________________________

Are the results of the above testing provided to a State or Local regulatory agency? GG Yes GG No
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COMPARISON MATRIX & QUESTIONNAIRE

PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL

Combustion Technology Cyclone 34 MWe to 977 MWe Cyclone ____ MWe and/or Bubbling Bed
and Single Boiler Size Pulverized __ MWe to 1,300 MWe  _______________ lb/hr  ____ MWe and/or
Information Stoker 14 MWe to 57 MWe  No. of boilers ____  _________________lb/hr

Oil ___ MWe to ___ MWe Pulverized ____ MWe and/or  No. of boilers ____
 _______________ lb/hr Circulating Fluidized Bed
 No. of boilers ____  ____ MWe and/or
Stoker ____ MWe and/or  _________________lb/hr
 _______________ lb/hr  No. of boilers ____
 No. of boilers ____ Other: ____________________
Oil ____ MWe and/or  ____MWe and/or
 ________________ lb/hr  _______________ lb/hr
 No. of boilers ____  No. of boilers ____
 Does this oil boiler have a
particulate control system?
 ____ Yes ____ No
Other: ____________________
 ____MWe and/or
 ________________ lb/hr
 No. of boilers ____
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL
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Steam Use Electricity generation Electricity generation Electricity generation
Cogeneration (electricity & ____ ____
heating/cooling) Cogeneration (electricity & Cogeneration (electricity &

heating/cooling) heating/cooling) ____
____ Process heat use ____
Process heat use Heating/cooling ____
____ Mechanical drive ____
Heating/cooling Other __________________ ____
____
Mechanical drive
____
Other _________________ ____
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL
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Primary Fossil Fuels Anthracite Coal Anthracite Coal Anthracite Coal ___
Used (primary fuel, Bituminous Coal ___ Bituminous Coal ___
>51% fuel weight input Lignite Coal Bituminous Coal ___ Lignite Coal ___
to boiler) Sub-bituminous Coal Lignite Coal ___ Sub-bituminous Coal ___

Fuel Oil (No. 2) Sub-bituminous Coal ___ Anthracite Culm ___
Fuel Oil (No. 6) Anthracite Culm ___ Bituminous Gob ___
Natural Gas Bituminous Gob ___ Coal Cleaning Silt ___
Other Coal Cleaning Silt ___ Crude Oil ___

Crude Oil Fuel Oil (No. 2) ___
___ Fuel Oil (No. 6) ___
Fuel Oil (No. 2) ___ Natural Gas ___
Fuel Oil (No. 6) ___ Propane ___
Natural Gas ___ Off gases from facility processes
Propane ___  ______________________ ___
Off gases from facility processes  ______________________ ___
 _______________________ ___ Petroleum Coke ___
 _______________________ ___ Coal Coke ___
Petroleum Coke ___ Orimulsion ___
Coal Coke ___ Other __________________ ___
Orimulsion
___
Other ___________________ ___
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL
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Secondary Fuels Used Anthracite Coal ___ Anthracite Coal Anthracite Coal ___
(<49% fuel weight input Bituminous Coal ___ ___ Bituminous Coal ___
to boiler) Lignite Coal ___ Bituminous Coal Lignite Coal ___

Sub-bituminous Coal ___ ___ Sub-bituminous Coal ___
Anthracite Culm ___ Lignite Coal Anthracite Culm ___
Bituminous Gob ___ ___ Bituminous Gob ___
Coal Cleaning Silt ___ Sub-bituminous Coal Coal Cleaning Silt ___
Crude Oil ___ ___ Crude Oil
Fuel Oil (No. 2) ___ Anthracite Culm ___
Fuel Oil (No. 6) ___ ___ Fuel Oil (No. 2) ___
Natural Gas ___ Bituminous Gob Fuel Oil (No. 6) ___
Propane ___ ___ Natural Gas ___
Off gases from customer’s processes Coal Cleaning Silt Propane ___
 ______________________ ___ ___ Off gases from facility processes
 ______________________ ___ Crude Oil  ______________________ ___
Petroleum Coke ___ ___  ______________________ ___
Coal Coke ___ Fuel Oil (No. 2) ___ Petroleum Coke ___
Orimulsion ___ Fuel Oil (No. 6) ___ Coal Coke ___
Refuse Derived Fuel ___ Natural Gas Orimulsion ___
Tire Derived Fuel ___ ___ Refuse Derived Fuel ___
Wood/Biomass ___ Propane Tire Derived Fuel ___
Solid Waste from facility processes ___ Wood/Biomass ___
 ______________________ ___ Off gases from facility processes Solid Waste from facility processes
 ______________________ ___  ______________________ ___  ______________________ ___
 ______________________ ___  ______________________ ___  ______________________ ___
Sanitary Sewage Sludge ___ Petroleum Coke ___  ______________________ ___
Other __________________ ___ Coal Coke ___ Sanitary Sewage Sludge ___
Other __________________ ___ Orimulsion Other __________________ ___

___ Other __________________ ___
Refuse Derived Fuel ___
Tire Derived Fuel ___
Wood/Biomass ___
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL
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Start-up Fuels Fuel Oil (No. 2) Fuel Oil (No. 2) ____ Fuel Oil (No. 2) ____
Fuel Oil (No. 6) Fuel Oil (No. 6) ____ Fuel Oil (No. 6) ____
Natural Gas Natural Gas ____ Natural Gas ____
Propane Propane ____ Propane ____

Other _________________ ____ Other _________________ ____

Sulfur Dioxide Control Wet Scrubber Processes Wet Scrubber Processes Limestone injection ____
(Flue Gas  Limestone - natural oxidation  Limestone - natural oxidation ___ Dolomite injection ____
Desulfurization, FGD)  Limestone - inhibited oxidation  Limestone - inhibited ox. ___

 Limestone - forced oxidation  Limestone - forced oxidation ___
 Lime  Lime ___
 Magnesium enhanced lime  Magnesium enhanced lime ___
 Dual alkali  Dual alkali ___
 Soda ash  Soda ash ___
 Magnesium Oxide  Magnesium Oxide ___
Semi-dry & Dry Processes  Seawater ___
 Lime spray dry absorber Semi-dry & Dry Processes
 Circulating dry scrubber  Lime spray dry absorber ___
Other Processes  Circulating dry scrubber ___
 Furnace sorbent injection - Other Processes
 calcium based sorbents  Furnace sorbent injection -
 Convective pass injection -  calcium based sorbents ___
 calcium hydrate sorbent  Convective pass injection -
 Backend injection -  calcium hydrate sorbent ___
 sodium based sorbents  Backend injection -

 sodium based sorbents ___
 Other _________________ ___
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL

C - 29

NOx Control Combustion Control Methods Combustion Control Methods Combustion Control Methods
 Low NOx burners  Low NOx burners ___  Air staging ___
 Air staging  Air staging ___  Fuel staging ___
 Fuel staging  Fuel staging ___  Operational modifications ___
 Operational modifications  Operational modifications ___ Post-combustion Control Methods
Post-combustion Control Methods Post-combustion Control Methods  Selective Catalytic Reduction ___
 Selective Catalytic Reduction  Selective Catalytic Reduction ___  Selective Non-catalytic
 Selective Non-catalytic Reduction  Selective Non-catalytic Reduction ___

 Reduction
___

Particulate Control Cold Electrostatic Precipitator Cold Electrostatic Precipitator Cold Electrostatic Precipitator ___
Hot Electrostatic Precipitator ___ Hot Electrostatic Precipitator ___
Fabric Filter (baghouse) Hot Electrostatic Precipitator Fabric Filter (baghouse) ___
Mechanical Collector ___ Mechanical Collector ___

Fabric Filter (baghouse) Other ____________________ ___
___
Mechanical Collector
___
Other ____________________ ___
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL
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Ash Transportation From Fly Ash Fly Ash Fly Ash
Collection Point To  Dry: ___Mechanical ___ Pneumatic  Dry: ___Mechanical ___ Pneumatic  Dry: ___Mechanical ___ Pneumatic
Storage/Disposal  Wet (Sluice) ____  Wet (Sluice) ____  Wet (Sluice) ____

Bottom Ash/Boiler Slag Bottom Ash/Boiler Slag Bottom Ash/Bed Ash
 Dry: ___Mechanical ___ Pneumatic  Dry: ___Mechanical ___ Pneumatic  Dry: ___Mechanical ___ Pneumatic
 Wet (Sluice) ____  Wet (Sluice) ____  Wet (Sluice) ____
Is the same system used for fly ash & Is the same system used for fly ash & Is the same system used for fly ash &
bottom ash/boiler slag? bottom ash/boiler slag? bottom ash/boiler slag?
 ___ Yes ___ No  ___ Yes ___ No  ___ Yes ___ No
If ash is transported by dry systems, If ash is transported by dry systems, If ash is transported by dry systems, is
is the ash conditioned (water added) is the ash conditioned (water added) the ash conditioned (water added) for
for disposal? _____ Yes ____ No for disposal? _____ Yes ____ No disposal? _____ Yes ____ No
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL
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High Volume Combustion Is Bottom Ash/Boiler Slag Managed Is Bottom Ash/Boiler Slag managed Is Bottom Ash/Bed Ash managed by
Product Management by same techniques as Fly Ash? by same techniques as Fly Ash? same techniques as Fly Ash?
Techniques  ____ Yes ____ No  ____ Yes ____ No  ____ Yes ____ No

 If no, please place a BA in space  If no, please place a BA in space  If no, please place a BA in space
provided in the listing under Fly Ash provided in the listing under Fly Ash provided in the listing under Fly Ash
for the management practices used. for the management practices used. for the management practices used.
 If yes, are Fly Ash and Bottom  If yes, are Fly Ash and Bottom  If yes, are Fly Ash and Bottom
Ash/Boiler Slag managed in the same Ash/Boiler Slag managed in the same Ash/Bed Ash managed in the same
facility? facility? facility?
 ____ Yes ____ No  ____ Yes ____ No  ____ Yes ____ No
Is the FGD Waste managed by same Is the FGD Waste managed by same
techniques as Fly Ash? techniques as Fly Ash?
 ____ Yes ____ No  ____ Yes ____ No
 If no, please place a FGD in space  If no, please place a FGD in space
provided in the listing under Fly Ash provided in the listing under Fly Ash
for the management practices used. for the management practices used.
 If yes, are Fly Ash and FGD waste  If yes, are Fly Ash and FGD waste
managed in the same facility? managed in the same facility?
 ____ Yes ____ No  ____ Yes ____ No
 If yes, are Fly Ash , Bottom  If yes, are Fly Ash , Bottom
Ash/Boiler Slag and FGD waste Ash/Boiler Slag and FGD waste
managed in the same facility? managed in the same facility?
 ____ Yes ____ No  ____ Yes ____ No
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High Volume Combustion Fly Ash Fly Ash Fly Ash
Byproduct Management  Unlined utility controlled landfill  Unlined company controlled landfill  Unlined company controlled landfill
Techniques continued with other company generated wastes with other company generated wastes with other company generated wastes

   
 ____ ____ ____
 Lined utility controlled landfill with  Lined company controlled landfill  Lined company controlled landfill
other company generated wastes with other company generated wastes with other company generated wastes
   
____  ____  ____
 Unlined utility controlled landfill  Unlined company controlled landfill  Unlined company controlled landfill
without other company generated without other company generated without other company generated
wastes wastes wastes
 ____  ____  ____
 Lined utility controlled landfill  Lined company controlled landfill  Lined company controlled landfill
without other company generated without other company generated without other company generated
wastes wastes wastes
 ____  ____  ____
 Commercial landfill for “special” or  Commercial landfill for “special” or  Commercial landfill for “special” or
hazardous waste ____ hazardous waste hazardous waste ____
 Commercial landfill municipal or ____  Commercial landfill municipal or
general solid waste  Commercial landfill municipal or general solid waste
____ general solid waste  ____
 Unlined utility controlled ____  Unlined company controlled
impoundment with other company  Unlined company controlled impoundment with other company
generated wastes impoundment with other company generated wastes ____
 ____ generated wastes  Lined company controlled
 Lined utility controlled ____ impoundment with other company
impoundment with other company  Lined company controlled generated wastes
generated wastes impoundment with other company  ____
 ____ generated wastes  Unlined company controlled
 Unlined utility controlled  ____ impoundment without other company
impoundment without other company  Unlined company controlled generated wastes ____
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PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL
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High Volume Combustion Fly Ash - continued Fly Ash - continued Fly Ash - continued
Byproduct Management  Lined utility controlled  Lined company controlled  Lined company controlled
Techniques continued impoundment without other company impoundment without other company impoundment without other company

generated wastes ____ generated wastes ____ generated wastes ____
 Return to coal mine ____  Return to coal mine ____  Return to coal mine ____
 Beneficial Use  Beneficial Use  Beneficial use
 Cement/concrete ____  Cement/concrete ____  Cement/concrete ____
 Flowable fill ____  Flowable fill ____  Flowable fill ____
 Structural fill ____  Structural fill ____  Structural fill ____
 Roadbase/subbase ____  Roadbase/subbase ____  Roadbase/subbase ____
 Mineral filler ____  Mineral filler ____  Mineral filler ____
 Snow & ice control ____  Snow & ice control ____  Snow & ice control ____
 Blasting grit/roofing ____  Blasting grit/roofing ____  Blasting grit/roofing ____
 Wallboard ____  Wallboard ____  Wallboard ____
 Waste stabilization ____  Waste stabilization ____  Waste stabilization ____
 Agriculture ____  Agriculture ____  Agriculture ____
 Misc./other __________ ____  Misc./other __________ ____  Misc./other ___________ ____
 Other _________________ ____  Other _________________ ____  Other __________________ ____



COMPARISON MATRIX & QUESTIONNAIRE

PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL
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Low Volume  Separately managed under RCRA  Separately managed under RCRA  Separately managed under RCRA
Combustion Byproduct subtitle C or D, NPDES or other state subtitle C or D, NPDES or other state subtitle C or D, NPDES or other state
Management Techniques & federal programs & federal programs & federal programs

____ ____ ____
 One or more co-managed with High  One or more co-managed with High  One or more co-managed with High
Volume Wastes (HVW) ____ Volume Wastes (HVW) ____ Volume Wastes (HVW) ____
 Low Volume Wastes Co-Managed  Low Volume Wastes Co-Managed  Low Volume Wastes Co-Managed w/
w/ HVW by facility w/ HVW by facility HVW by facility
 Cooling tower blowdown ____  Cooling tower blowdown  Cooling tower blowdown ____
 Boiler blowdown ____ ____  Boiler blowdown ____
 Boiler cleaning chemical waste ____  Boiler blowdown  Boiler cleaning chemical waste ____
 Demineralizer regenerant/rinses ____  Demineralizer regenerant/rinses
____  Boiler cleaning chemical waste ____ ____
 Coal storage pile runoff ____  Demineralizer regenerant/rinses  Coal storage pile runoff ____
 General site runoff ____ ____  General site runoff
 Pyrites ____  Coal storage pile runoff ____
 Coal mill rejects/pyrites ____ ____  Pyrites
 Plant service water ____  General site runoff ____
 Non-contact cooling water ____ ____  Coal mill rejects/pyrites ____
 Wastewater treatment  Pyrites  Plant service water ____
 sludges/residuals ____ ____  Non-contact cooling water ____
 Contaminated & dredged soils  Coal mill rejects/pyrites  Wastewater treatment
____ ____  sludges/residuals ____
 Floor drains & sumps  Plant service water  Contaminated & dredged soils ____
____ ____  Floor drains & sumps
 Air preheater & precipitator  Non-contact cooling water ____
 wash waste ____  Air preheater & precipitator
____  Wastewater treatment  wash waste
 Laboratory wastes  sludges/residuals ____
____ ____  Laboratory wastes ____
 Water treatment wastes  Contaminated & dredged soils  Water treatment wastes ____
____ ____  Domestic/municipal wastes ____



COMPARISON MATRIX & QUESTIONNAIRE

PARAMETER UTILITY NON-UTILITY CONVENTIONAL FLUIDIZED BED COMBUSTION
CONVENTIONAL

C - 35

Boiler Cleaning Waste Fire-side/gas-side cleaning Fire-side/gas-side cleaning Fire-side/gas-side cleaning
Generation  Wash frequency:  Wash frequency:  Wash frequency:

 ___ months;  ___ months;  ___ months;
 ___ year(s); or,  ___ year(s); or,  ___ year(s); or,
 other _____________________  other _____________________  other _____________________
 Volume of waste per cleaning  Volume of waste per cleaning  Volume of waste per cleaning
 _____________ gallons  ____________ gallons  ____________ gallons
Water-side cleaning Water-side cleaning Water-side cleaning
 Chemical cleaning frequency:  Chemical cleaning frequency:  Chemical cleaning frequency:
 ____ months;  ____ months;  ____ months;
 ___ year(s); or,  ___ year(s); or,  ___ year(s); or,
 other ___________________  other ___________________  other ___________________
 Volume of waste per cleaning:  Volume of waste per cleaning:  Volume of waste per cleaning:
 ____________ gallons  ____________ gallons  ____________ gallons
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APPENDIX D

BOILER INPUT FORMATION AND PROCESSING

Coal

How is coal formed?

"Coal is formed from plants by chemical and geological processes which occur
over millions of years. Layers of plant debris are deposited in wet or swampy
regions under conditions which prevent exposure to air and complete decay as
the debris accumulates. Bacterial action, pressure and temperature act on the
organic matter over time to form coal. The geochemical process that
transforms plant debris to coal is called coalification. The first product of this
process, peat, often contains partially decomposed stems, twigs, bark and is not
classified as coal. However, peat is progressively transformed to lignite, the
lowest grade or "rank" of coal, which eventually can become anthracite, the
highest grade or rank of coal, given the proper progression of geological
changes."40

"The coal fields were formed from ancient peat swamps which were subjected
to intense heat and pressure for millions of years. The temperature and
pressure were accomplished by the deposition of rocks and soils from the area
around the swamps as the swamps subsided. The subsidences were formed at
depths of up to 7,000 meters where a temperature of 200 C and a pressure ofo

1,500 kg/cm can occur. The degree of coalification depends on the2

temperature and pressure to which the swamp was subjected. Catastrophic
earth movements which formed the mountains probably formed many of the
coal fields.
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The major elemental components of coal are carbon, hydrogen,
oxygen, nitrogen, and sulfur. Empirical formulas have been found to
range from C H O N S for a low grade peat to C H O NS for a75 140 56 2        240 90 4

high grade anthracite coal. These formulas exclude the ash content of
the coals, which ranges from 3 percent to 30 percent. The variations
in the coal formulas and in the ash content can be attributed to the
conditions under which the coalification of peat swamps occurred.

Organic constituents of coal are derived from the decay of plant
material, which consists of vitrinite (the wood parts), sporinite (the
waxy coating of spores and pollen), fusinite (charcoal from forests
fires), and micrinite (origin unknown). Inorganic constituents are
derived from the earth's crustal formations which surround the peat
swamps.

Inorganic chemical constituents of coal can be separated into three
major categories with respect to their relative concentrations in the
coal. The grouping includes major constituents (greater than 1
percent), minor constituents (generally, 0.1 percent to 1 percent), and
trace constituents (less than 0.1 percent).

The components of peat have a large potential for trapping many
elements; however, the actual concentrations of trace elements in coal
are highly variable and are, in fact, quite low in some parts of a
swamp. For example, suppose the peat swamp was located in a basin
surrounded by hills. The rocks in the hills were eroded over time by
natural processes. During this process, trace elements were released
along with chemically altered mineral grains and washed by rain and
streams down into the basin. Heavy inorganic metals tended to be
trapped in the margins of the swamp. The center of the coal seam



 Characterization of Ash from Coal-Fired Power Plants, Tennessee Valley Authority,41

Chattanooga Power Research Staff, Prepared for Industrial Environmental Research Lab, 1977,
Section 5, pp. 11 and 15.
 S.C. Stultz and J.B. Kitto, 1992, op cit., Pg. 8-3.42

 Combustion Fossil Power Systems, A Reference Book on Fuel Burning and Steam Generation,43

Third Edition, Combustion Engineering, Inc., Joseph G. Singer, Editor, Windsor, CT, 1981, Chapter
2, Pg. 2-11.
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formed from that swamp then tended to contain lower concentrations
of trace elements."41

"Coal is very heterogeneous and can vary in chemical composition by
location. In addition to the major organic ingredients (carbon,
hydrogen and oxygen) coal also contains impurities. The impurities
that are of major concern are ash and sulfur."42

Ash

"Ash is the non-combustible residue after complete combustion of the
coal. It is composed of the oxides formed from the mineral
constituents of coal. However, these minerals may be present in two
forms in coal: as visible impurities, or as minute impurities so finely
divided and so intimately mixed that they may be considered a part of
the coal structure.

The ash results from mineral or inorganic material introduced during
coalification. Ash sources include inorganic substances, such as silica,
which are part of the chemical structure of the plants. Dissolved
inorganic ions and mineral grains found in swampy water are also
captured by the organic matter during early coalification. Mud, scale
and pyrite are deposited in pores and cracks of the coal seams and
contribute to the ash content."43



 S.C. Stultz and J.B. Kitto, 1992, op cit., Chapter 8, Pg. 8-3.44

 Joseph G. Singer, 1981, op cit., Chapter 2, Pg. 2-10.45
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Sulfur

Sulfur occurs in coal in three forms: 1) organic sulfur, which is part
of the coal's molecular structure, 2) pyritic sulfur, which occurs as the
mineral pyrite, and 3) sulfate sulfur, primarily from iron sulfate. The
principal sulfur source is the sulfate ion, which is found in water.
Fresh water has a low sulfate concentration while salt water has a
high sulfate content. Therefore, bituminous coal, deposited in the
interior of the U.S. when seas covered this region, are high in sulfur.
Some Iowa coals contain as much as 8 percent sulfur." Many of the44

coal deposits in the western states such as Wyoming and Montana
contain less than 1 percent sulfur which is indicative of coal
formation in a freshwater environment.

How is coal classified?

Before discussing the various types of coal it is useful to know
something about the system used to classify the various types of coal
that has been established by the American Society for Testing and
Materials (ASTM). The ASTM classification is a system which uses
the volatile matter (VM) and fixed carbon (FC) results determined by
chemical analysis of the coal as a ranking criteria.

"Volatile matter is that portion which, exclusive or water
vapor, is driven off in gas or vapor form when the coal is
subjected to a standardized temperature test. It consists of
hydrocarbons and other gases resulting from distillation
and decomposition."45



 Ibid., Pg. 2-11.46
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"The fixed carbon is the combustible residue left after
driving off the volatile matter. It is not all carbon, and its
form and hardness are an indication of the coking
properties of a coal, and therefore, a guide in the choice of
fuel-firing equipment in general, the fixed carbon
represents that portion of the fuel that must be burned in
solid state."46

The ASTM system used to classify coals by rank is provided in Exhibit
1. Exhibit 2 provides the ranking of seventeen selected U.S. coals,
arranged in order of the ASTM classification.

What are the various types of coal?

"Peat. Peat, the first product in the formation of coal, is a
heterogeneous material consisting of partially decomposed plant and
mineral matter. Its color ranges from yellow to brownish black,
depending on its geologic age. Peat has a moisture content up to 70%
and a heating value as low as 3,000 Btu/lb (6,978 kJ/kg).

Lignite. Lignite is the lowest rank coal. Lignites are relatively soft
and brown to black in color with heating values of less than 8,300
Btu/lb (19,306 kJ/kg). The deposits are geologically young and can
contain recognizable remains of plant debris. The moisture content
of lignites is as high as 30% but the volatile content is also high;
consequently, they ignite easily. Lignite coal dries when exposed to air
and spontaneous combustion during storage is a concern. Long
distance shipment of
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EXHIBIT 2a

SEVENTEEN SELECTED U.S. COALS ARRANGED
IN ORDER OF ASTM CLASSIFICATION

Coal Rank Coal Analysis, Bed Moisture Basis Rank Rank
 No. Class Group State County M VM FC A S Btu FC Btu

 1 I 1 PA Schuylkill 4.5 1.7 84.1 9.7 0.77 12,745 99.2 14,280
 2 I 2 PA Lackawanna 2.5 6.2 79.4 11.9 0.60 12,925 94.1 14,880
 3 I 3 VA Montgomery 2.0 10.6 67.2 20.2 0.62 11,925 88.7 15,340

 4 II 1 WVA McDowell 1.0 16.6 77.3 5.1 0.74 14,715 82.8 15,600
 5 II 1 PA Cambria 1.3 17.5 70.9 10.3 1.68 13,800 81.3 15,595
 6 II 2 PA Somerset 1.5 20.8 67.5 10.2 1.68 13,720 77.5 15,485
 7 II 2 PA Indiana 1.5 23.4 64.9 10.2 2.20 13,800 74.5 15,580
 8 II 3 PA Westmoreland 1.5 30.7 56.6 11.2 1.82 13,325 65.8 15,230
 9 II 3 KY Pike 2.5 36.7 57.5 3.3 0.70 14,480 61.3 15,040
10 II 3 OH Belmont 3.6 40.0 47.3 9.1 4.00 12,850 55.4 14,380

11 II 4 IL Williamson 5.8 36.2 46.3 11.7 2.70 11,910 57.3 13,710
12 II 4 UT Emery 5.2 38.2 50.2 6.4 0.90 12,600 57.3 13,560
13 II 5 IL Vermilion 12.2 38.8 40.0 9.0 3.20 11,340 51.8 12.630

14 III 1 MT Musselshell 14.1 32.2 46.7 7.0 0.43 11.140 59.0 12,075
15 III 2 WY Sheridan 25.0 30.5 40.8 3.7 0.30 9,345 57.5 9,745
16 III 3 WY Campbell 31.0 31.4 32.8 4.8 0.55 8,320 51.5 8,790

17 IV 1 ND Mercer 37.0 26.6 32.2 4.2 0.40 7,255 55.2 7,610

 Steam its generation and use 40th edition, Babcock & Wilcox, a McDermott company, Edited by S.C. Stultz and J.B. Kitto, Barberton,a

OH, 1992, Chapter 8, Pp.. 8-6.

 Notes:

For definition of Rank Classification according to ASTM requirements, see Exhibit 4-1.

Data on Coal (Bed Moisture Basis)

M = equilibrium moisture, %; VM = volatile matter, %; Rank FC=dry, mineral-matter-free fixed carbon, %; FC = fixed carbon, %;
A = ash, %; S = sulfur, %; Rank Btu = moist, mineral-matter-free Btu/lb; Btu = Btu/lb, high heating value.

Calculations by Parr formulas.

these coals is usually not economical because of their high moisture and low Btu contents. The
largest lignite deposit in the world spreads over the regions of North and South Dakota,
Wyoming, and Montana in the U.S. and parts of Saskatchewan and Manitoba in Canada.

Subbituminous. Subbituminous coals are black, having little of the plant like texture and none
of the brown color associated with the lower rank lignite coal. Subbituminous coals are
noncoking (i.e. undergo little swelling upon heating) and have a relatively high moisture
content which averages from 15 to 30%. They also display a tendency toward spontaneous



 S.C. Stultz and J.B. Kitto, 1992, op cit., Pp. 8-6 through 8-7.47
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combustion when drying. Although they are high in volatile matter content and ignite easily,
subbituminous coals generally have less ash and are cleaner burning than lignite coals.

Subbituminous coals in the U.S. in general have a very low sulfur content, often less than 1
percent. Because they have reasonably high heating values [8,300 to 11,500 Btu/lb (19,306 to
26,749 kJ/kg)] and low sulfur content, switching to subbituminous coal has become an
attractive option for many power plants to limit SO emissions.2

Bituminous. Bituminous coal is the rank most commonly burned in electric utility and non-
utility boilers. In general, it appears black with banded layers of glossy and dull black.
Typical bituminous coals have heating values of 10,500 to 14,000 Btu/lb (24,423 to 36,053
kJ/kg) and a fixed carbon content of 69 to 86%. The heating value is higher but moisture and
volatile content are lower than the subbituminous and lignite coals. Bituminous coals rarely
experience spontaneous combustion in storage. Furthermore, the high heating value and fairly
high volatile content enable bituminous coals to burn easily when pulverized to a fine powder.
Some types of bituminous coal, when heated in the absence of air, soften and release volatiles
to form the porous, hard, black product known as coke. Coke is used as fuel in blast furnaces
to make iron.

Anthracite. Anthracite, the highest rank of coal, is shiny black, hard and brittle, with little
appearance of layers. It has the highest content of fixed carbon, 86 to 98%. However, its low
volatile content makes it a slow burning fuel. Most anthraciteshave a very low moisture
content of about 3% and heating values of 15,000 Btu/lb (34,890 kJ/kg) which are slightly
above the best quality bituminous coals. Anthracite is low in sulfur and volatiles and burns
with a hot, clean flame. These qualities make it a premium fuel used mostly for domestic
heating."47

How is coal mined?

"Underground mining systems utilize either conventional or continuous methods.
Conventional methods are those that involve the use of separate equipment units to execute
successive operations by cutting, drilling, blasting, and loading operations, in a multiple
number of interconnected parallel entries. Continuous systems may be divided into those that
involve boring, ripping or auger-type continuous miners working in a discrete number of
individual locations or interconnected entries; and those that involve continuous longwall
shearing or planing machines that extract coal from a single mining face of significant length.
Continuous miners and longwall units incorporate the separate operations that are involved
with conventional equipment units in a single operation. Both conventional and continuous
methods involve the use of intermediate and final haulage systems for subsequent transport
of the broken coal to the surface.



 Coal Preparation 5th edition, AIME, Edited by Joseph W. Leonard, III and Byron C. Hardinge,48

Littleton, CO, 1991 Chapter 4, Pp.. 155-156.
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Surface mining systems may be subdivided into four major methods: contour mining,
mountaintop removal, area mining, and open pit mining. Contour mining involves the
removal of overburden material by the excavation of a pit of significant length and limited
width, along the coal outcrop as defined by the intersection of a nearly horizontal coal seam
and a moderate or steeply dipping land surface. Mountaintop removal, on the other hand,
involves the complete removal of the total volume of material overlying an extensive seam area,
as defined by the closed outcrop elevation contour of a relatively flat seam and the enclosing
moderate or steeply dipping terrain. Both contour stripping and mountaintop removal are
used for the mining of seams that occur above drainage. While contour mining and
mountaintop removal are both utilized in mountainous terrain, the contour method removes
only a narrow band of overburden along the outcrop elevation and leaves a "highwall" at the
pit limits that must be returned to original contour, while mountaintop removal removes all
of the material overlying the total seam area with only a relatively flat surface to be reclaimed.

Area mining denotes the use of surface excavation equipment in relatively flat or gently sloping
terrain to expose a coal seam lying below drainage, by successive excavation of a series of
parallel pits of considerable length and moderate width and depth. The overburden material
from the pit being mined is placed into the previously excavated adjacent pit by the excavating
equipment. Open pit mining, while also normally used to recover seams occurring below
drainage, involves the use of surface excavators to remove that volume of overburden
necessary to expose variously oriented seams, with subsequent transport of the overlying
material by mobile haulage units for temporary or permanent disposal in fills and/or other
open pit areas as the pit develops. Both methods require returning the area to the
approximate original contour by grading operations prior to the completion of required
reclamation measures."48

Why is coal cleaning necessary?

"The demand for coal cleaning has increased in response to environmental regulations
restricting sulfur dioxide (SO ) emissions from coal-fired boilers. The demand is also due to2

a gradual reduction in run-of-mine coal quality as higher quality seams are depleted and
continuous mining machines are used to increase production. Approximately 70% of coal
mined for electric utility use is cleaned in some way. A significant portion of the coal used by
industrial plants, coke and gas plants and exporters is also cleaned.

Coal cleaning and preparation cover a broad range of intensity, from a combination of initial
size reduction, screening to remove foreign material, and sizing discussed previously, to more
extensive processing to remove additional ash, sulfur and moisture more intimately associated
with coal.



 S.C. Stultz and J.B. Kitto. 1992, op cit., Pg. 11-4.49
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The potential benefits of coal cleaning must be balanced against the associated costs. The
major costs to consider, in addition to the cleaning plant capital and operating costs, include
the value of the coal lost to the refuse product through process related inefficiencies and the
cost of disposing the refuse product. Generally, the quantity of coal lost increases with the
degree of desired ash and sulfur reduction. Economic optimum levels of ash and sulfur
reduction can be established by balancing shipping and postcombustion cleanup costs against
precombustion coal cleaning costs."49
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What processes are used to clean coal?

"The initial steps in the coal cleaning process include removal of trash, crushing the run-of-
mine coal and screening for size segregation. After the raw run-of-mine coal is crushed and
properly sized so that it can be more efficiently cleaned, one or more of the following
operations are then used to produce and dewater a reduced ash and sulfur product.

Gravity. Concentration by specific gravity and the subsequent separation into multiple
products is the most common means of mechanical coal cleaning. Concentration is achieved
because heavier particles settle farther and faster than lighter particles of the same size in a
fluid medium. Coal and impurities may be segregated by their inherent differences in specific
gravity, as indicated in Exhibit 3.

EXHIBIT 3

TYPICAL SPECIFIC GRAVITIES OF COAL
AND RELATED IMPURITIES

Material Specific Gravity

Bituminous coal 1.10 to 1.35
Bone coal 1.35 to 1.70
Carbonaceous shale 1.60 to 2.20
Shale 2.00 to 2.60
Clay 1.80 to 2.20
Pyrite 8.80 to 5.20

The fluid separating medium may consist of a suspension of raw coal in water or air, a mixture
of sand and water, slurry of finely ground magnetite or an organic liquid with an intermediate
specific gravity. Aqueous slurries of raw coal and magnetite are currently the most common
separating media.

If the effective separating specific gravity of the media is 1.5, particles with a lower specific
gravity are concentrated in the clean coal product and heavier particles are in the reject or
refuse produce. Several factors prevent ideal separation in practice.

Gravity separation processes concentrate particles by mass. The mass of a particle is
determined by its specific gravity and particle size. Raw coal consists of particles representing
a continuous distribution of specific gravities and sizes. It is quite possible for a larger, less
dense particle to behave similarly to a smaller particle with a higher specific gravity. For
example, a relatively smaller pyrite particle may settle at similar rate as a larger coal particle.
The existence of equal settling particles can lead to separating process inefficiency. Fine pyrite
in the clean coal product and coarse coal in the refuse are commonly referred to as misplaced
material. The amount of misplaced material is determined by the quantity and distribution
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of the raw coal impurities, the specific gravity of separation, and the physical separation
efficiency of the segregated material.

A significant amount of material with a specific gravity close to the desired specific gravity of
separation results in a more inefficient separation. If the amount of near gravity material
exceeds approximately 15 to 20% of the total raw coal, efficient gravity separation is difficult.

The most common wet gravity concentration techniques include jigging, tabling and dense
media processes. Each technique offers technical and economic advantages.

Jigging. In a coal jig, a pulsating current of water is pushed upward in a regular, periodic
cycle through a bed of raw coal supported on a screen plate. This upward or pulsion stroke
of the cycle causes the bed to expand into a suspension of individual coal and refuse particles.
The particles are free to move and generally separate by specific gravity and size, with the
lighter and smaller pieces of coal moving to the upper region of the expanded bed. In the
downward or suction stroke of the cycle, the bed collapses and the separation is enhanced as
the larger and heavier pieces of rock settle faster than the coal. The pulsion/suction cycle is
repeated continuously. The separated layers are split at the discharge end of the jig to form
a clean coal and a refuse product. The bed depth at which the cut is made determines the
effective specific gravity of separation.

The upward water pulsating can be induced by using a diaphragm or by the controlled release
of compressed air in a adjacent compartment. This type of jig may be used to process a wide
feed size range. Typically, the specific gravity of separation ranges from 1.4 to 1.8. The
separation efficiency may be enhanced by pre-screening the feed to remove the fines for
separate processing.

Tabling. A concentrating, pitched table is mounted so that it may be oscillated at a variable
frequency and amplitude. A slurry of coal and water is continuously fed to the top of the table
and is washed across it by the on-coming feed. Diagonal bars, or riffles, are spaced
perpendicular to the flow of particles. The coal-water mixture and oscillating motion of the
table create a hindered settling environment in which the lower gravity particles rise to the
surface. Higher specific gravity particles are caught behind the riffles and transported to the
edge of the table, away from the clean coal discharge.

Tables are generally used to treat 0.375 in. x 0 (9.53mm x 0) coal. Three or four tables may be
stacked vertically to increase throughput while minimizing plant floor space requirements.

Dense media separation. In dense or heavy media separation processes, the raw coal is
immersed in a fluid with a specific gravity between that of the coal and the refuse. The specific
gravity differences cause the coal and refuse to migrate to opposite regions in the separation
vessel. In coal preparation, the heavy media fluid is usually an aqueous suspension of the fine
magnetite in water.
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Flotation. Coal and refuse separation by froth flotation is accomplished by exploiting
difference in coal and mineral matter surface properties rather than specific gravities. Air
bubbles are passed through a suspension of coal and mineral matter in water, which is agitated
to prevent particles from settling out. Air bubbles preferentially attach to the coal surfaces
which are generally more hydrophobic, or difficult to wet. The coal then rises to the surface
where it is concentrated in a froth on top of the water. The mineral matter remains dispersed.
Chemical reagents, referred to a collectors and frothers, are added to enhance the selective
attachment of the air bubbles to the coal and to permit a stable froth to form.

Flotation is generally used for cleaning coal finer than 48 mesh (300 microns). The efficiency
of the process can be enhanced by carefully selecting the type and quantity of reagents, fine
grinding to generate discrete coal and refuse particles, and generating fine air bubbles.

Dry processing. Dry coal preparation processes account for a small percentage of the total coal
cleaned in the U.S. In general, pneumatic processing is only applied to coal less than 0.5 in.
(12.7 mm) in size with low surface moisture.

Dewatering. Dewatering is a key step in the preparation of coal. Reducing the fuel's moisture
content increased its heating value per unit weight. Because coal shipping charges are based
on tonnage shipped, a reduction in moisture content results in lower shipping costs per unit
heating value.

Coarse coal, greater than 0.375 in. (9.53mm) particle size, can be sufficiently dewatered using
vibrating screens. Intermediate size coal, 0.375 in. (9.53mm) by approximately 28 mesh (600
microns), is normally dewatered on vibrating screens followed by centrifuges.

Fine coal dewatering often involves the use of a thickener to increase the solids content of the
feed to a vacuum drum, vacuum disc filter or high gravity centrifuge. The filter cake may be
mixed with the coarser size fractions to produce a composite product satisfying the
specifications. Fine coal dewatering also services to clarity the water for reuse in the coal
preparation plant. Fines must be separated from the recycled water to maximize the efficiency
of the separation processes.

Thermal dewatering may be necessary to meet product moisture specifications when the raw
coal is cleaned at a fine size to maximize ash and sulfur rejection. The various types of thermal
dryers include rotary, cascade, reciprocating screen, suspension and fluidized-bed dryers.
Cyclones or bag filters are used to prevent fine dust emissions from the dryer. The collected
fine coal may be recycled to support dryer operation. Thermal drying represents an economic
tradeoff of reduced product moisture content versus heat required to fire the dryer."50
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The coal preparation processes described above that separates clean coal from the as-mined
raw coal generates a waste stream known as coal refuse. The coal refuse stream is generically
referred to in the coal industry as Culm, Gob and Silt or Slurry depending upon the type of
coal being cleaned.

What is Culm?

Culm or anthracite coal refuse is the byproduct of the coal cleaning processes described above
that are used to separate anthracite coal from impurities in the coal seam or that are added
during the mining process. Culm is a heterogeneous material containing small amounts of:
misplaced anthracite coal; bone coal which is anthracite coal with a relatively high percentage
of ash; carbonaceous shale, shale, clay and small amounts of pyrite. An excerpt from a
publication issued by the Pennsylvania Geologic Survey in 1928 defined culm as follows:

"The term culm has evolved in its meaning since the beginning of anthracite
mining. In the early days of the industry practically all the coal was prepared
dry. The fine-sized material, as well as the sizes which were not marketable at
that time, were deposited along with the waste material in huge banks on the
breaker property. These banks contain 50 to 80 per cent coal, and some of them
have large percentages of steam sizes in them. These banks are known as culm
banks. A culm bank is defined as an accumulation of rock, bone, and coal from
an old dry breaker."51

What is Gob?

Gob, or bituminous coal refuse, is also a heterogeneous material which contains small amounts
of bituminous coal created by the coal cleaning process. Gob contains; misplaced bituminous
coal; bone coal which is bituminous coal with a relatively high percentage of ash; carbonaceous
shale, shale, clay and pyrites. Gob also tends to contain more sulfur than culm since
bituminous coal is inherently higher in sulfur than anthracite coal.

What is Silt?

Anthracite or Bituminous Silt, or Slurry as it is sometimes referred to, is a high ash waste
product, usually less than 1/8" in size, generated during the wet gravity concentration
techniques used to separate the clean coal product from the high ash reject stream emanating
from the coal preparation facility. The silt or slurry because of its high moisture content is
usually contained in settling ponds or impoundments.
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Petroleum Coke

How is petroleum formed?

"Petroleum is formed under the earth's surface by the decomposition of marine organisms.
The remains of tiny organisms that live in the sea --and, to a lesser extent, those of land
organisms that are carried down to the sea in rivers and of plants that grow on the ocean
bottoms --are enmeshed with the fine sands and silts that settle to the bottom in quiet sea
basins. Such deposits, which are rich in organic materials, become the source rocks for the
generation of crude oil. The process began many million of years ago with the development
of abundant life, and it continues to this day. The sediments grow thicker and sink into the
sea floor under their own weight. As additional deposits pile up, the pressure on the ones
below increase several thousand times, and the temperature rises by several hundred degrees.
The mud and sand harden into shale and sandstone; carbonate precipitates and skeletal shells
harden into limestone; and the remains of the dead organisms are transformed into crude oil
and natural gas.

Once the petroleum forms, it flows upward in the earth's crust because it has a lower density
than the brines that saturate the interstices of the shales, sands, and carbonate rocks that
constitute the crust of the earth. The crude oil and natural gas rise into the microscopic pores
of the coarser sediments lying above. Frequently, the rising material encounters an
impermeable shale or dense layer of rock that prevents further migration; the oil has become
trapped, and a reservoir of petroleum is formed. A significant amount of upward-migrating
oil, however, does not encounter impermeable rock but instead flows out at the surface of the
earth or onto the ocean floor. Surface deposits also include lakes and escaping natural gas."52

What is thermal cracking and why was it used?

In an effort to increase the yield from distillation, the thermal cracking process was developed.
In this process, the heavier portions of the crude oil were heated under pressure and at a
higher temperatures. This resulted in the large hydrocarbon molecules being split into smaller
ones, so that the yield of gasoline from a barrel of crude oil was increased. The efficiency of
the process was limited, however, because at the high temperatures and pressures that were
used, a large amount of coke was deposited in the reactors. This in turn required the use of
still higher temperatures and pressures to crack the crude oil. A coking process was then
invented in which fluids were recirculated; the process ran for a much longer time, with far
less buildup of coke."53

What is petroleum coke?
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"The heavy residuals from petroleum cracking processes are presently used to produce a
higher yield of lighter hydrocarbons and a solid residue suitable for fuel. Characteristics of
these residues vary widely and depend on the process used. Solid fuels from oil include delayed
coke, fluid coke and petroleum pitch. Some selected analyses are given in Exhibit 4.

The delayed coking process uses residual oil that is heated and pumped to a reactor. Coke is
deposited in the reactor as a solid mass and is subsequently stripped, mechanically or
hydraulically, the form of lumps and granular material. Some cokes are easy to pulverize and
burn while others are difficult.

Fluid coke is produced by spraying hot residual feed onto externally heated seed coke in a
fluidized bed. The fluid coke is removed as small particles, which are built up in layers. This
coke can be pulverized and burned, or it can be burned in a cyclone furnace or in a fluidized
bed. All three types of firing require supplemental fuel to aid ignition.

EXHIBIT 4

SELECTED ANALYSES OF SOLID FUELS
DERIVED FROM OIL

Analysis
(dry basis)
% by wt Delayed Coke Fluid Coke

Proximate:

 VM 10.8 9.0 6.0 6.7

 FC 88.5 90.0 93.7 93.2

 Ash 0.7 0.1 0.3 0.1

Ultimate:

 Sulfur 9.9 1.5 4.7 5.7

Heating value:

 Btu/lb 14,700 15,700 14,160 14,290

 (kJ/kg) (34,192) (36,518) (32,936) (33,239)

The petroleum pitch process is an alternate to the coking process and yields fuels of various
characteristics. Melting points vary considerably, and the physical properties vary from soft
and gummy to hard and friable. The low melting point pitches may be heated and burned like
heavy oil, while those with higher melting points may be pulverized or crushed and burned."54

Start-up, Auxiliary and Supplemental Fuels
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Optimization of fuel sources to enhance American energy independence is increased with FBC
technology. An inherent capability of FBC is fuel flexibility. The material inventory
comprising the "bed" provides a tremendously large, relatively hot, moving surface area that,
via abrasion, exposes and allows even the smallest amounts of combustible materials to burn.
In a very few cases of extremely high moisture and/or ash content fuels, auxiliary fuel use is
required to sustain the combustion process (e.g., various process waste sludges used as a
primary fuel). To optimize FBC system capabilities it is important for the systems to be
designed for either a specific fuel(s) or for a variety of fuel sources, depending on the plant
requirements.

The fuel flexibility of FBC technology provides energy consumers with the option of using fuel
sources that are not available with conventional forms of combustion technology, such as
stokers and pulverized fuel suspension firing systems. FBC also provides an environmentally
benign alternative means of disposing of waste streams generated as byproducts of other
industrial processes or fuel preparation operations (i.e., coal mining waste products such as
anthracite culm and bituminous gob, pulp and paper industry waste sludges and waste water
treatment/sewage sludges, and tires, to name just a few).

The combination of limestone use and lower combustion temperatures in FBC also appears to
have the potential of reducing some air emissions, allowing the consideration of some otherwise
unusable fuel sources.

The following is a partial listing of alternative fuels which are currently used in FBC systems
or which have been or can be used:

CC Biomass (agricultural wastes such as orchard pruning, rice hulls, cotton wastes, coffee
grounds, tobacco stems, bagasse, chick litter and cow manure, wood wastes from
construction, saw mills, pulping and de-barking operations)

CC Coal and coal mining waste products (high sulfur, high ash, low heating value coals,
coal mining silts, anthracite culm, bituminous gob)

CC Industrial wastes (waste process materials such as paper and cardboard, waste plastics,
coke breeze)

CC Petroleum industry wastes (oil refining wastes such as delayed petroleum coke, fluid
coke, sponge coke, heavy oil residuals, pitch and oil shales)

CC Municipal solid waste

Limestone Characteristics

Sorbents, primarily carbonate rocks and sediments, are used in fluidized-bed combustors for
the capture of SO generated during the combustion of a sulfur-bearing fossil fuel. Limestone2
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and dolostone are the principal carbonate rock types; however, limestone is the preferred
carbonate rock type utilized in fluidized-bed combustors because of its higher calcium
carbonate content. Unconsolidated carbonate sediment, such as aragonite sand, is used on a
more limited basis due to its localized occurrence in the southern United States. Exhibit 5
presents the characteristics of sorbents used by the Special Project Survey respondents.

Formation and Occurrence of Limestone

Carbonate rocks form by the burial and cementation of carbonate sediments. Limestone is
comprised predominately of the mineral calcite (CaCO ) whereas dolostone is comprised3

primarily of the mineral dolomite (CaMg(CO ) ). The majority of economically important3 2

limestone deposits in the United States formed in a relatively shallow marine environment from
carbonate sediments which were biological in origin. Carbonate sediments may contain
skeletal components (e.g., coral), non-skeletal grains (e.g., ooids), lime mud (e.g., micrite), and
non-carbonate impurity minerals (e.g., terrigenous quartz and clay). Carbonate sediments
contain calcite and/ or aragonite as the primary
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EXHIBIT 5

CHARACTERISTICS OF SORBENTS USED
IN FBC BOILERS (SUMMARY)

CaCO3

Primary Fuel
Minimum Mean Maximum

MIN MAX MIN MAX MIN MAX N

Coal 73.89 95 38.51 98.5 78.02 99.5 21

Petroleum Coke 89.54 89.54 91.05 91.05 93.04 93.04 1

Waste Coal 42 92.67 45 98.49 48 97.04 12

MgCO3

Primary Fuel
Minimum Mean Maximum

MIN MAX MIN MAX MIN MAX N

Coal 0.3 5.46 0.2 16 2 10 17

Petroleum Coke 2.07 2.07 2.25 2.25 2.52 2.52 1

Waste Coal 0.5 54 0.24 56 4.06 58 11

Inert

Primary Fuel
Minimum Mean Maximum

MIN MAX MIN MAX MIN MAX N

Coal 1 12.3 1 61.29 10 18.6 15

Petroleum Coke

Waste Coal 0.31 13 1.31 19.9 3.29 23 9

Moisture

Primary Fuel
Minimum Mean Maximum

MIN MAX MIN MAX MIN MAX N

Coal 0.01 0.2 0.06 5 0.18 5 18

Petroleum Coke 0.01 0.01 0.16 0.16 0.31 0.31 1

Waste Coal 0.1 1 0.1 2.5 0.2 5.04 9

mineral phase. Calcite can occur as either a low-magnesium or high-magnesium calcite. The
distinction between low-magnesium and high-magnesium calcite is usually drawn at 4 mole
% (3.4 wt.%) MgCO ; however, high-magnesium calcite typically ranges between 11 to 193

mole % (9.4 to 16.5 wt.%) MgCO . Aragonite and high magnesium calcite are eventually3
55

converted to low-magnesium calcite as the sediment is lithified into a rock. Dolomite is
uncommon in recent carbonate sediments and when it is present, it is of replacement origin.
Modern-day analogs of carbonate environments which are used to interpret ancient limestone
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sequences include, but are not limited to, the Bahama Platform, South Florida Shelf, Shark
Bay of Western Australia, Persian Gulf, Yucatan Peninsula, and the Netherlands Antilles.56,57,58

The chemical and physical properties of limestone are affected by the depositional environment
in which they formed as well as the post-depositional changes that occurs as the carbonate
sediment is transformed into a rock. These post-depositional changes are commonly referred
to as diagenesis. Diagenesis includes grain compaction, lithification by void-filling cements,
and dissolution and neomorphism (recrystallization) of the original sediment. Physical
properties such as crystallinity are affected by the diagenetic process. In addition to diagenetic
processes the limestone may be further altered by metamorphic processes as a result of
elevated temperature and/or pressure. Metamorphism can convert the limestone into a
coarsely crystalline marble, the metamorphic equivalent of limestone.

Chemical Composition of Limestones

The chemical composition of limestones is widely varied. When determining the chemical
composition of limestones for fluidized-bed applications, most sorbent suppliers monitor and
report the calcium, magnesium, and silica (or insoluble) content. Specifications for the calcium
carbonate (CaCO ) content of fluidized-bed sorbents have been relaxed in recent years as3

fluidized-bed operators attempt to optimize their sorbent consumption and cost. Most
fluidized-bed facilities utilize a sorbent with a CaCO content greater than 75% by weight3

(wt.%), while keeping the silica content low in an effort to minimize boiler tube erosion.

Exhibit 6 reports the chemical composition of limestones and dolostones. Exhibit 6 was
compiled from several sources. The major/ minor analyses of twenty Pennsylvania59,60,61,62
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sorbents were determined as part of a sorbent evaluation study conducted by The
Pennsylvania State University.63
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EXHIBIT 6

GENERALIZED CHEMICAL COMPOSITION OF LIMESTONES
AND DOLOSTONES

Major/Minor Trace Radionuclides

wt. % ppm pCi/g

CaO 55.7 - 27.8 Hg 0.04 U 0.099 - <8.25238

MgO 0.4 - 21.7 Pb 9 Th 0.02 - < 2.75232

SiO 0.7 - 18.9 As 12

Al O 0.1 - 4.0 Cr 112 3

TiO < 0.03 - 0.2 Co 0.12

Fe O < 0.1 - 2.4 Ni 202 3

Na O < 0.02 - 0.4 F 3302

K O 0.05 - 2.6 Cl 1502

P O < 0.1 Se 0.08 - 0.882 5

SO < 0.1 - 0.6 Cd 0.0353

Sb 0.2 - 0.3

Mn 1100

Be Not Measured

Ba 10

B 20

Mo 0.4

V 20

Cu 4

Zn 20

Major/ Minor analyses reported as wt. % on an oxide basisa

Trace element analyses report as ppmb,c

Radionuclides reported as pCi/gd

Morrison, J. L., Romans, D. E., Liu, Y., Hu, N., Pisupati, S. V., Miller, B. G., Miller, S. F. and Scaroni,a

A. W., 1994, op cit.

Veizer, J., 1983, op cit.b

Rose, A. W., Hawkes, H. E. and Webb, J. S., 1979,op cit.c

EPA, 1995, op cit.d

This study was conducted primarily to determine the effect of chemical composition on SO2

capture; therefore, a broad compositional range of limestones and dolostones was evaluated.
In addition to the major/ minor analyses, the trace elements are reported in Exhibit 6 since the
Clean Air Act Amendments of 1990 have identified 13 elements and their compounds, which
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are commonly found in coal, as hazardous air pollutants (HAPs). In addition to these specific64

elements, radionuclides have also been listed as HAPs. These 13 elements and radionuclides,
along with barium (Ba), boron (B), molybdenum (Mo), and vanadium (V; as vanadium
pentoxide) which are regulated (RCRA, Irrigation Water Standards), and copper (Cu) and
zinc (Zn) which have water quality issues associated with them, are currently being assessed
for possible future regulation as toxic emissions from coal-fired power plants. Therefore, the65

concentration of these trace elements and radionuclides for limestones and dolostones are
presented since they are cofired with coal.

Limestone Quarrying and Processing

Limestone is an industrial mineral that is considered a high volume, low-value commodity.
Most limestone in the United States is mined from open quarries. Underground mining and66

the dredging of unconsolidated carbonate sediments in the southern United States provide
additional sources of limestone for industry and fluidized-bed operators. In surface and
underground mines, the bedrock must be drilled and blasted to extract the rock and prepare
it for crushing. The blast rock is crushed by primary crushers which reduces the size down
to a nominal six-inch top size. To process the limestone into the specified particle size
gradation for the fluidized-bed combustor market, the limestone is dried to remove its surface
moisture. The limestone can then be reduced in size using pulverizing mills, or a series of
screens and crushers used in a closed circuit. Ball mills, roller mills, rod mills, and vertical
shaft impactors are examples of fine-grinding mills which are commonly used. The type of
processing equipment used is not as important as the ability to arrive at an acceptable particle
size gradation for the end user. In most cases, where truck delivery of finished material is most
economical, pneumatic tankers are employed in order to reduce fugitive dust emissions in the
transfer of material from the delivery vehicle to the storage silo. Where economic factors
dictate, raw limestone aggregate is delivered and processed on-site utilizing the same
processing equipment as would be found at the quarry site.

Sorbent Properties Which Affect Sorbent Performance

The physical and chemical properties of limestones and dolostones affect the nature of the
calcines produced and consequently their sulfation behavior. Sorbent properties which are
known to influence sorbent performance include: chemical composition, sulfation



 Miller, B. G., Romans, D. E. and Scaroni, A. W., 1990, Characterization of Limestones For67

FBC Systems, In: Proceedings of the Fluidized Bed Boilers-SO Capture Aspects, National Stone2

Association, Pittsburgh, Pennsylvania, p. 29.
 Morrison, J. L., Liu, Y., Romans, D. E., Pisupati, S. V., Scaroni, A. W. and Miller, S. F., 1993,68

Evaluation of Sorbent Performance for Atmospheric Circulating Fluidized-Bed Combustor
Applications, In: Proceedings of the SO Capture Seminar "Sorbent Options and Considerations",2

National Stone Association, Cincinnati, Ohio, p. 8-1 to 8-27.
 Haji-Sulaiman, M. Z. and Scaroni, A. W., 1992, The Rate Limiting Step in the Sulfation of69

Natural Limestones During Fluidized Bed Coal Combustion: Fuel Processing Technology, vol. 31,
p. 193-208.
 Morrison, J. L., Liu, Y., Romans, D. E., Pisupati, S. V., Scaroni, A. W. and Miller, S. F.,70

1993,op cit.
 Morrison, J. L., Romans, D. E., Liu, Y., Hu, N., Pisupati, S. V., Miller, B. G., Miller, S. F. and71

Scaroni, A. W., 1994, op cit.
 Liu, Y. and Scaroni, A. W., 1996, The Attrition Behavior of Sorbents in Fluidized Bed72

Combustion: Effect of Grain Structure and Physical Strength, In: The Proceedings of the Pittsburgh
Coal Conference, University of Pittsburgh, Pittsburgh, Pennsylvania, p. 43-48.

D-24

temperature, particle size, porosity, pore size distribution, surface area, attrition potential, and
petrographic variability.67

The CaCO content of a sorbent is not a significant predictor of sorbent utilization as high3

calcium utilization can be achieved by lower purity limestones due to the effect of impurities
on the pore structure development during calcination. The calcination rate dominates the68

overall reaction rate initially, followed by the sulfation rate once a significant amount of CaO
had been generated. The faster the calcination rate, the better is the performance of the
limestone.69

Studies on sorbent behavior have established that each sorbent has an optimum temperature
for sulfation, and that this temperature is residence time dependent. Sorbent requirement70

has been shown to be more of a function of operating temperature than chemical composition.
Sorbents with CaCO contents ranging from 49.6 to 99.4 wt. % were effective in maintaining3 

emissions compliance in a 30 MW(e) fluidized-bed power plant.71

The particle size distribution influences calcium utilization, heat transfer, and the operating
stability of the system. Particle size affects both the residence time and the rates of72

calcination and sulfation. For instance, in large particles, the nature and extent of porosity is
believed to be the controlling factor in the sorbent's sulfation behavior. As the particle size is
decreased, porosity becomes less important. As calcination occurs, the porosity of the sorbent
increases due to the release of CO . Surface area, like porosity, increases with extent of2
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calcination. For larger particles, the slow rate of SO diffusion through the product layer limits2

the extent of sulfation.73

Sorbent attrition refers to the decrease in particle size which results from particle-particle
collisions, particle-furnace wall collisions, and from thermal degradation. The physical and
chemical properties of the sorbent, fluidizing velocity, and fuel ash content influence the rate
of sorbent attrition. Attrition can be beneficial if it exposes unreacted CaO surfaces; however,
excessive attrition leads to premature removal of unreacted CaO from the system. The
optimum rate of attrition is sorbent dependent and has not yet been established. The grain
structure and physical strength of the sorbents influence attrition behavior. It has been shown
that fine-grained sorbents with a range of chemical compositions have higher physical strength
and greater resistance to degradation for both raw and calcined samples than did their coarse-
grained counterparts (with respect to CaCO content). Abrasion was the principal attrition3

74

mechanism for fine-grained sorbents, while there was initial fragmentation for coarse-grained
samples. Thermal stress caused fracturing along grain boundaries for coarse-grained samples
which, together with the structure changed caused by calcination, resulted in fragmentation.
Sulfation showed negligible effect on the behavior of fine-grained samples, but significantly
reduced fragmentation of coarse-grained samples.

Variability in petrographic composition can be used to explain variations in sorbent
requirement among samples having similar chemical compositions. Hot-stage scanning75

electron microscopy (SEM) and microprobe analysis of the sulfur distribution of sulfated
particles produced in a laboratory-scale fluidized-bed reactor showed that certain sorbents
developed thermally-induced fractures (TIFs), while others with comparable CaCO contents3 

did not. The TIFs promoted SO diffusion into the particle and, as a consequence, the76,77,78,79
2

sulfation behavior of such sorbents was less particle size dependent than was that for the
sorbents which did not develop TIFs.
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In Exhibit 7, six photomicrographs are presented to illustrate the occurrence of TIFs. Exhibit
7 is a SEM photomicrograph of a 18 x 35 mesh limestone particle that has a fine-grained
(micritic) texture. The same particle is shown in Exhibit 7(b) after to heating to 1,000EEC using
the hot-stage SEM. Note that the TIFs are limited in their occurrence. A cross-sectional view
of the sulfated fine-grained limestone particle in Exhibit 7(c) shows that sulfur occurs as a
CaSO reaction rim along the perimeter of the particle (shown as a dark maroon region).4

Exhibit 7(d) is a SEM photomicrograph of a 18 x 35 mesh limestone particle which has coarse-
grained (spar) texture. Unlike the fine-grained limestone, the coarse-grained limestone
exhibited extensive TIFs production along grain boundaries after being heated in the hot-stage
SEM (Exhibit 7(e)). The sulfur distribution in the coarse-grained limestone occurred as
reaction rims along individual grain boundaries. The TIFs served as feeder pores into the
particle enabling the SO to deeply penetrate the particle.2
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EXHIBIT 7

THERMALLY INDUCED FRACTURES (TIFs) IN LIMESTONE
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ESTIMATE OF INDUSTRY-WIDE FBCB GENERATION RATES
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Estimate of the Volume of 1995 Combustion Byproducts
from

Fluidized Bed Combustion Units Firing Fossil Fuels

As part of the survey of FBC units the Special Project collected
information on the volume of combustion byproducts produced during
1995 from each plant that responded to the survey. This survey also
contained information on the type of fossil fuel used at each plant and,
the electrical capacity of the facility. The survey provided
information from 39 facilities representing 123 boilers, with 38
facilities data being used to prepare an estimate of the volume of
combustion byproducts produced in 1995. One facilities actual data
was excluded from this estimate as it was received to late to include in
the Special Project data base used to develop this estimate.

The volume of combustion byproducts produced at any facility will be
a function of the fuel characteristics (heating value, ash content, sulfur
content), unit size, unit operating schedule, and in the case of
limestone injection for sulfur dioxide control the characteristics of the
limestone used (purity, reactivity) and the calcium to sulfur ratio.
Since all of these variables are not known for each operating facility
the Special Project developed an estimate of 1995 combustion
byproducts volume by the following steps.

1. The list of active FBC units was sorted by the type of fuel being
used at the facility. The fuel type selected was based on the
survey response, or from commercial data bases and
manufacturer reference lists. In a few cases where no
information was available, a fuel type was assumed based on the
likely fuel to be used by the size and location of the facility.

Fuel types considered in this estimate include:
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Bituminous coal (bit. coal)
Blend (bituminous coal other fossil and non fossil fuels)
Bituminous coal and petroleum coke (coal/pc, coal > 50%

of mixture)
Anthracite culm (culm)
Natural gas and refinery off gas (gas)
Bituminous gob (gob)
Lignite coal (lignite)
Petroleum coke and bituminous coal (pc/coal, petroleum

coke > 50% of mixture)
Peat (peat)
Petroleum coke (pet coke)
Subbituminous coal (sub bit.)

2. An equivalent electrical capacity (MWe) was determined for
those facilities where no electrical capacity information was
available. The MWe was calculated by dividing the rated steam
flow (in lbs/hr) by 10,000 lbs/hr per MWe.

3. For each fuel type, an average tons/MWe was calculated based
on survey data with the following exceptions:

For the coal/pc mix the actual reported quantities were used at
each facility

No combustion byproducts were estimated for gas fired facilities

For the pc/coal mix the actual reported quantity was used in the
estimate

For peat the average tons/MWe for lignite was used
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For pet coke the value reported for the Fort Howard Paper
Corporation was excluded from the calculation of the tons/MWe
since it appeared to include coal combustion byproducts from
non-FBC units. The tons/MWe developed for the NISCO facility
was used to calculate the estimated volume

For subbituminous coal the actual reported values were used for
each facility

4. For those facilities that did not respond to the survey, the
average tons/MWe was multiplied by the MWe to estimate the
volume of 1995 combustion byproducts produced. For those
facilities that responded to the survey the actual 1995
combustion byproducts volume was used.

By following the methodology outlined above, the estimate developed
for total combustion byproducts produced by FBC units tends to be
a median value of 9,417,500 tons. The methodology described uses
average values from operating facilities which reflect the affects of the
various variables that control the volume of combustion byproducts
produced. Other estimates based on ratios of number of facilities
reporting to total population, number of boilers reporting to total
boiler population and megawatts reporting to total megawatts
provided estimates that ranged from 9,091,600 tons to 13,150,560 tons.
The following table shows the range of estimates developed using all
the methods described herein.

Comparison of Estimating Methods
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Description Estimated Volume (short tons)

Ratio of reported MWs in
survey to total study population
MWs (3,004 to 4,591) 9,091,600

Estimate based on average
generation rates for each fuel
type based on survey data 9,417,500

Ratio of number of boilers
reporting in survey to total
study population (61 to 123) 11,955,650

Ratio of number of facilities
reporting in survey to total
study population (38 to 84) 13,150,560
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USDA MANUAL FOR APPLYING FLUIDIZED BED
COMBUSTION RESIDUE TO AGRICULTURAL LANDS







































APPENDIX G

FBCB RISK SCREENING CRITERIA AND RESULTS





























APPENDIX H

CIBO SPECIAL PROJECT SURVEY OF STATE WASTE
MANAGEMENT CONTROLS
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CIBO SPECIAL PROJECT ON FOSSIL FUEL ASH
CLASSIFICATION

SURVEY OF STATE DISPOSAL REGULATIONS
January 24, 1997

State Name: __________________________

Name of Regulatory Agency : ___________________________________________________________

Name of person completing survey: _______________________________________________________

Title: ______________________________________________________________________________

Mailing Address: _____________________________________________________________________

_____________________________________________________________________

Phone Number: __________________________ FAX Number: _______________________________

1. In your state, are coal combustion wastes (fly ash, bottom ash, boiler slag, and flue gas

desulfurization sludge) exempt from regulation as a hazardous waste? GG Yes GG No

2. If the response to question 1 is No, does your state have regulations that specify testing to

determine if the wastes are to be managed as a hazardous or solid waste?

GG Yes GG No GG Not applicable

3. Is the disposal of coal combustion wastes exempt from regulation as a solid waste?

GG Yes GG Yes, under special circumstances (described in comments section) GG No

4. Is a permit or other approval required for disposal of coal combustion wastes in a generator-

controlled:

Landfill Impoundment

A. On the facility (plant) site? GG Yes GG No GG Yes GG No

B. Off the facility (plant) site? GG Yes GG No GG Yes GG No

5. Do the state’s regulations impose siting restrictions on the location of a coal combustion waste

disposal facility?

Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

6. Do the state’s regulations require the use of a liner in the coal combustion waste disposal facility?
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Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

7. If a liner is required, what types are required (check all that are applicable)?

Landfill Impoundment

Compacted clay liner GG GG

Single synthetic liner GG GG

Double synthetic liner GG GG

Composite liner GG GG

8. Do the state’s regulations require a leachate collection and treatment system at coal combustion

waste disposal sites?

Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

9. Do the state’s regulations require groundwater monitoring at coal combustion waste disposal

sites?

Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

10. Do the state’s regulations impose disposal site closure conditions at coal combustion waste

disposal sites?

Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

11. Do the state’s regulations require financial assurance for site closure and ongoing maintenance

at coal combustion waste disposal sites?

Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

12. Do the state’s regulations require analysis of the coal combustion waste:

 A. Prior to placement in the disposal unit?

Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

 B. After placement in the disposal unit?

 Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required
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 C. When mixed with other wastes, prior to placement in the disposal unit (combined waste)?

Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

 

 D. When mixed with other wastes, after placement in the disposal unit (combined waste)?

 Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

 E. Please indicate what testing of coal combustion waste is required by the state’s regulations (check

all that are applicable):

Land- Impound-
fill ment
GG GG Toxic Characteristic Leaching Procedure (TCLP) [U. S. EPA Method 1311]

GG GG Extraction Procedure Toxicity (EP Tox.) [U. S. EPA Method 1310]

GG GG Synthetic Precipitation Leaching Procedure (SPLP) [U. S. EPA Method 1312]

GG GG Multiple Extraction Procedure (MEP) [U. S. EPA Method 1320]

GG GG Synthetic Groundwater Leaching Procedure (SGLP)

GG GG Long-Term Leaching Procedure (LTL)

GG GG RCRA Total Metals

GG GG California Waste Extraction Test (WET)

GG GG California Soluble Threshold Limit Concentration (STLC) [CAM-17]

GG GG California Total Threshold Limit Concentration (TTLC) [CAM-17]

GG GG ASTM C-311 (Fly Ash for Use As A Mineral Admixture in Portland Cement

Concrete)

GG GG Other (describe) _______________________________________________

GG GG Other (describe) ________________________________________________

 F. What is the frequency of the testing described above?

Landfill:

GG Daily GG Weekly GG Monthly GG Semi-annually GG Annually

GG Other (describe) ___________________________________________________

GG Other (describe) ___________________________________________________

Impoundment:

GG Daily GG Weekly GG Monthly GG Semi-annually GG Annually
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GG Other (describe) ___________________________________________________

GG Other (describe) ___________________________________________________

13. Do the state’s regulations require that the test results be reported to the state?

Landfill: GG Yes GG No GG Case-by-case review required

Impoundment: GG Yes GG No GG Case-by-case review required

14. Does the state perform periodic inspection of coal combustion waste disposal sites?

Landfill: GG Yes GG No GG Case-by-case determination

Impoundment: GG Yes GG No GG Case-by-case determination

15. Does the state perform periodic sampling and testing of coal combustion wastes at coal

combustion waste disposal sites?

Landfill: GG Yes GG No GG Case-by-case determination

Impoundment: GG Yes GG No GG Case-by-case determination

16. Do the state’s regulations impose other requirements for disposal of combustion wastes from

100% use of other fossil fuels, for instance:

 A: Petroleum coke, coal coke, or other similar solid fossil fuel derivatives?

GG Yes GG No GG Case-by-case review required

 B: Oil?

GG Yes GG No GG Case-by-case review required

17. Do the state’s regulations impose other requirements for disposal of combustion wastes if coal

is the principal fuel and another fossil fuel is co-fired, for instance 80% coal and 20% petroleum

coke?

GG Yes GG No GG Case-by-case review required

18. Do the state’s regulations impose other requirements for disposal of combustion wastes if coal

is the principal fuel and another non-fossil fuel is co-fired, for instance 80% coal and 20% wood?

GG Yes GG No GG Case-by-case review required

19. Do the state’s regulations for disposal of coal combustion wastes impose different requirements

based on the combustion technology used (e.g., stoker, pulverized fuel, fluidized bed)?

GG Yes GG No GG Case-by-case review required

20. Do the state’s regulations for disposal and management of combustion wastes require control of

fugitive dust?

 GG Yes GG No GG Case-by-case review required
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21. Do the state’s regulations, by approved use listing or petition, allow for the beneficial use of coal

combustion wastes? GG Yes GG No

22. If coal combustion wastes are beneficially used are they then exempt from other state regulations

for coal combustion waste management? GG Yes GG No

23. Are there any proposed revisions to the regulations for the disposal of coal combustion wastes?

GG Yes GG No

If Yes, please briefly explain the planned revisions in the comments section below.

24. Please provide a copy of the current applicable state regulations for the disposal of coal

combustion wastes and indicate by checking the box below if attached.

GG Copy of regulations are attached

25. Comments: ____________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________
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____________________________________________________________________________________________________________________________________________________________

Thank you for your time in completing this survey, please return the completed survey to:

Robert D. Bessette
President
Council of Industrial Boiler Owners
6035 Burke Centre Parkway, No. 360
Burke, VA 22015
(703) 250-9042, FAX (703) 239-9042

append.wpd



APPENDIX I

TABULATED RESULTS OF CIBO SPECIAL PROJECT
SURVEY OF STATE WASTE MANAGEMENT CONTROLS





































APPENDIX J

ACAA REPORT ON CCB USE REGULATIONS





























































































































































































































































APPENDIX Q

TABULATED COST ANALYSIS RESULTS














