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FOREWORD

This report was prepared under the direction of Ms. Diane Brown of the
Maryland Department of Natural Resources, Power Plant Research
Program (PPRP).  The report was prepared by Environmental Resources
Management, Inc. (ERM) under direct contract with PPRP, and The
McBurney Corporation (McBurney) under subcontract to ERM.  The work
that is described in this report reflects the collective efforts of a core
project team comprised of representatives from PPRP, the Maryland
Environmental Service (MES), ERM, McBurney, and Exeter Associates.

Substantial efforts were required by the project team and other staff from
those organizations, as well as support contractors including Detroit
Stoker, Air Nova, Eastern Shore Forest Products (ESFP) and several
analytical laboratories, to plan for and implement the ECICF test burn.
However, the project team would like to especially acknowledge the
efforts of the entire operations staff at the ECICF in preparing for and
performing the test burn.  Without their ingenuity and tireless work, the
successful completion of the test burn would not have been possible.
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EXECUTIVE SUMMARY

This report documents the methods employed and the results from a
week-long test burn of poultry litter at the Eastern Correctional Institution
Cogeneration Facility (ECICF) in Princess Anne, Maryland.  The test burn
occurred during the week of 8 November 1999 and was conducted as part
of a comprehensive engineering and socioeconomic assessment of
converting the existing ECICF to fire poultry litter as its primary fuel.  The
test burn, as well as the comprehensive engineering and socioeconomic
assessment, were jointly sponsored by the Maryland Power Plant
Research Program (PPRP) and the Maryland Environmental Service
(MES), the operators of the ECICF.

Background

Since 1995, MES has been considering alternatives for expanding capacity
at the ECICF because the existing boilers are not capable of meeting the
electric and thermal demands of the ECI prison.  Additionally, design and
operating constraints of the boilers require high-quality wood chips
(existing primary fuel), which are high in cost relative to lower-grade
wood fuels.  PPRP was engaged by MES to assist in the evaluation of
alternate fuels as a means of reducing operating costs.  A number of fuels
were evaluated from 1995 through 1997 but none were determined to be
economically feasible or sufficiently reliable.  In the fall of 1997, coincident
with pfiesteria outbreaks in portions of the Chesapeake Bay, MES
requested that PPRP evaluate the use of poultry litter as a possible fuel.  If
feasible, the use of poultry litter as the primary fuel at ECICF would not
only result in reduced operating costs for the ECICF, but its consumption
as a fuel would contribute to a reduction in the amount of litter that is
applied as a fertilizer on the lower Eastern Shore of Maryland, a practice
that has been identified as having a probable link to the pfiesteria
outbreaks.

Initially, MES and PPRP performed a preliminary feasibility study that
focused on the availability and suitability of poultry litter as a fuel.
Results of this study indicated that the physical and chemical
characteristics (e.g., heat value and moisture content) of poultry litter are
not significantly different than the respective values for wood chips.  The
initial study also determined that direct combustion with a spreader
stoker fuel distribution system, like that which exists at the ECICF, would
be the most appropriate technology for firing poultry litter.  Based on
these favorable preliminary findings, a more detailed, comprehensive
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engineering and socioeconomic assessment was performed over 1998 and
1999, including a full-scale poultry litter test burn at the ECICF.

Engineering and Socioeconomic Assessment

The comprehensive engineering and socioeconomic assessment
determined that significant modifications to the existing ECICF boilers
would be necessary to burn poultry litter.  The cumulative capital cost for
the modifications necessary to burn poultry litter was estimated as of May
1999 at approximately $6 million, with a 20-year life-cycle cost of slightly
less than the life-cycle cost of continuing current operations (however,
lesser modifications were identified during the study as a means to
improve current operations and reduce life-cycle costs).  Additionally, it
was estimated that modifying the existing boilers and using poultry litter
as fuel would consume approximately 54,000 tons of litter per year, which
represents approximately 30% of the excess litter on the lower Eastern
Shore.  Since all of the engineering analyses and cost projections
performed as part of the assessment were based on numerical models and
“desk-top” studies, a test burn of poultry litter in one of the ECICF boilers
was recommended to provide empirical data that could be used to
validate many of the engineering and economic projections, or provide a
basis for adjusting the study’s conclusions and recommendations, if
necessary.

Test Burn

The test burn was performed over the week of 8 November 1999.
Approximately 86 tons of cubed poultry litter were combusted, with a
total firing time of 40 hours.  All elements of the ECICF were tested during
the test burn, including fuel handling systems, one of the two boilers, air
emissions, and ash handling system.  The test burn confirmed the need for
the modifications previously identified in the “desk top” studies, (i.e.
approximately $6 million in capital).  However, the test burn identified the
need for other modifications not previously identified or only included as
contingency items in the previous conversion cost estimate.  Collectively,
the additional modifications determined to be necessary as a result of the
test burn could result in as much as a 30% increase in the cost to convert
the ECICF to burn poultry litter.  More important than the increased cost,
however, is the uncertainty of whether the modified facility would
perform reliably  a paramount concern in light of the ECICF's role at the
ECI prison.  Specifically, the lead combustion engineer for the project and
the grate manufacturer have indicated they would not support nor
guarantee the proposed modification.
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The most significant of the issues identified during the test burn are as
follows:

•  Grate replacement - The shaking frequency and intensity determined to
be necessary to burn poultry litter resulted in the grate manufacturer
recommending that poultry litter not be burned on the existing grates.

•  New Fuel Storage Bldg. - Fuel handling problems encountered during
the test burn resulted in the conclusion that components of the existing
fuel handling system (including the storage silo) could not be used for
poultry litter.  Consequently, a new storage building with adequate
capacity would be necessary.

•  Air Emissions Controls - Controls for particulates (PM), and possibly
nitrogen oxides (NOx) and hydrogen chloride (HCl), were indicated
via the emissions test data collected during the test burn.

Conclusions

Prior to the test burn, it was known that significant modifications would
need to be made to the existing ECICF boilers to reliably burn poultry
litter.  The life-cycle cost projections (i.e., capital and 20-year operating
and maintenance cost) indicated that the life-cycle costs of modifying the
units was comparable to and possibly even less than current operating
conditions.  Additionally, converting the existing boilers to burn poultry
litter would produce the added benefit of consuming approximately 30%
of the excess poultry litter on the lower Eastern Shore.  However as a
result of the test burn, it was determined that significant additional
modifications to the ECICF would be necessary to burn poultry litter.  The
added cost of the additional modifications (as much as 30%) makes the
conversion of the existing units at ECICF economically questionable.
More importantly, however, the extent of modifications now determined
to be necessary makes the conversion of the existing ECICF technically
infeasible due to the uncertain performance of the system and the inability
to obtain any warranties relative to its performance.  The latter point is
especially significant in light of the critical role of the ECICF as the sole
and/or primary source of heat and electricity at the ECI prison.
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1.0 INTRODUCTION

1.1 BACKGROUND

Since 1995, MES has been considering alternatives for expanding capacity
at the ECICF because the existing boilers are not capable of meeting the
electric and thermal demands of the ECI prison.  Additionally, design and
operating constraints of the boilers require high-quality wood chips
(existing primary fuel), which are high in cost relative to lower-grade
wood fuels.  PPRP was engaged by MES to assist in the evaluation of
alternate fuels as a means of reducing operating costs.  A number of fuels
were evaluated from 1995 through 1997 but none were determined to be
economically feasible or sufficiently reliable.  In the fall of 1997, coincident
with pfiesteria outbreaks in portions of the Chesapeake Bay, MES
requested that PPRP evaluate the use of poultry litter as a possible fuel.  If
feasible, the use of poultry litter as the primary fuel at ECICF would not
only result in reduced operating costs for the ECICF, but its consumption
as a fuel would contribute to a reduction in the amount of litter that is
applied as a fertilizer on the lower Eastern Shore of Maryland, a practice
that has been identified as having a probable link to the pfiesteria
outbreaks.

Initially, MES and PPRP performed a preliminary feasibility study that
focused on the availability and suitability of poultry litter as a fuel1.
Results of this study indicated that the physical and chemical
characteristics (e.g., heat value and moisture content) of poultry litter are
not significantly different than the respective values for wood chips.  The
initial study also determined that direct combustion with a spreader
stoker fuel distribution system, like that which exists at the ECICF, would
be the most appropriate technology for firing poultry litter.  Based on
these favorable preliminary findings, a more detailed, comprehensive
engineering and socioeconomic assessment was performed over 1998 and
1999.  This study determined that significant modifications to the existing
ECICF boiler(s) would be necessary to burn poultry litter.  Note:  The
results of the comprehensive engineering and socioeconomic assessment
are provided in the report titled:  Comprehensive Engineering and
Socioeconomic Assessment of Using Poultry Litter as a Primary Fuel at the

                                                

1 The Engineering and Economic Feasibility of Using Poultry Litter as a Fuel to Generate Electric Power at

Maryland’s Eastern Correctional Institute (PPRP, February 1998).
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ECICF (PPRP, July 2000).  This report will herein after be referred to as the
comprehensive assessment report.  The cumulative capital cost for the
modifications necessary to burn poultry litter was estimated at
approximately $6 million, with a 20-year life-cycle cost slightly less than
the life-cycle cost of continuing current operations (however, lesser
modifications were identified during the study as a means to improve
current operations and reduce life-cycle costs).  Additionally, it was
estimated that modifying the existing boilers to burn poultry litter would
consume approximately 54,000 tons of litter per year, which represents
approximately 30% of the excess litter on the lower Eastern Shore.

Since all of the engineering analyses and cost projections which formed
the basis of the above findings were developed from numerical models
and “desk-top” studies, a test burn of poultry litter in one of the ECICF
boilers was recommended to provide empirical data that could be used to
validate many of the engineering and economic projections, or provide a
basis for adjusting the study’s conclusions and recommendations, if
necessary. The test burn was performed over the week of 8 November
1999.  Note that to the extent practical, the boiler modifications for firing
poultry that were recommended in the study were implemented prior to
the test burn in order to optimally simulate post-conversion conditions
(see Section 2.1.2).

Approximately 86 tons of cubed poultry litter were combusted, with a
total firing time of 40 hours.  All elements of the ECICF were tested during
the test burn, including the existing fuel handling systems, one of the two
boilers, air emissions, and the ash handling system.

The focus of this report is to present the findings from the test burn   a
combination of physical observations and analytical data   and to discuss
the implications of these findings relative to the overall analysis of
converting the ECICF to burn poultry litter as its primary fuel.

 1.2 OBJECTIVES OF TEST BURN

The specific objectives of the test burn were as follows:

•  Assess the operational impact of firing cubed poultry litter in the two
existing Cleaver-Brooks package boilers.  Primary considerations
included fouling/slagging/corrosion tendencies and the gas
temperature profile throughout the boilers.

•  Assess the suitability of the plant’s fuel storage and conveyance
systems for handling cubed litter as a fuel. (Note that as a result of the
high fines content of the poultry litter identified in the feasibility
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study, in conjunction with the design of the ECICF boilers, it was
determined that poultry litter would need to be densified (i.e., cubed)
to facilitate successful firing at ECICF.)  Primary considerations
included changes and degradation of the litter cubes from handling
and storage (e.g., the tendency for the litter cubes to bridge, plug or
cause other problems in the fuel handling system).

•  Assess the suitability and capability of the plant’s system for handling
ash from combustion of the cubed litter.  (Poultry litter contains
significantly greater quantities of inorganic, noncombustible matter
than wood.)

•  Perform stack emissions testing to obtain empirical data regarding
potential air pollutants   e.g., criteria pollutants, HCl, and ammonia
emissions   to definitively assess the need for air emissions controls.

•  Assimilate and evaluate the findings from the above assessments and
tests relative to the technical and economic feasibility of converting the
existing ECICF systems to fire poultry litter as a primary fuel.
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2.0 TEST BURN PLANNING

The test burn was the culmination of extensive planning and preparations
on the part of the project team and the operations staff at ECICF.  A brief
summary of these pre-burn activities are provided in this section;
additional details on all planning aspects of the test burn are provided in
the Test Burn Protocol, dated 4 November 1999, which was developed for
this project prior to the test burn (see Appendix A).

2.1 BOILER PREPARATION

2.1.1    Cleanout and Pre-Burn  Inspection

Boiler No. 2 was taken off line and allowed to cool down beginning on 20
October 1999.  The boiler was then thoroughly cleaned over the period
from 22 October to 5 November in order to ensure the cleanliness of the
fireside heating surfaces prior to conducting the test burn.  Similarly, all
bottom ash and fly ash hoppers were emptied and cleaned prior to the test
burn.

Upon completion of the cleanout, Boiler No. 2 was inspected.  All boiler
components were determined to be relatively clean and free of slag or
other deposits. Photographs were taken at key locations to document pre-
test burn conditions. In addition, residual wood chip material was
removed from the ECICF fuel receiving building and storage silo.

Additional details of the inspection are provided in Appendix B.

2.1.2 Installation of Air Pre-Heater By-Pass Duct

To the extent possible, the project team attempted to simulate combustion
in a fully modified (i.e., "Level 2 Modifications", as discussed in the
comprehensive assessment report (PPRP, July 2000)), litter-fired boiler
during the test burn.  With this objective in mind, the project team was
able to implement one important recommendation of the technical
feasibility study for firing with poultry litter   decreasing the undergrate
air temperature from 530°F to 350°F.

To decrease the undergrate air temperature, it was necessary for some of
the cold ambient air to bypass the air preheater and mix directly with the
preheated air after the air preheater.  To accomplish this, an air pre-heater
by-pass duct was installed on Boiler No. 2.  (Note that potential impacts to
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the performance of the induced draft fan were evaluated prior to
implementing this modification). (See Appendix C, Photos #3 and 4.)

2.1.3 Installation of Temperature Gauges

For purposes of the test burn, local temperature gauge ports were
installed in the boiler, as necessary, at critical monitoring points that were
not previously equipped for temperature readings.  These ports were
designed to accommodate portable (hand held), high temperature,
ceramic-sheathed probes of sufficient length to traverse the furnace and
measure temperature and detect temperature stratification at various
locations:

•  primary furnace exit (existing furnace draft connection on the right-
hand sidewall was utilized);

•  secondary furnace exit, or screen/superheater tube inlet (two existing
test ports on the rear wall were utilized); and

•  superheater exit, or generating bank inlet (two new test ports installed
on the left-hand sidewall).

Permanent temperature probes were installed at the superheater outlet
(i.e., generating bank inlet), to record the temperature and detect
stratification.  All instrumentation, gauges, and test equipment were
calibrated prior to the test burn.

2.1.4             Installation of Stack Test Sampling Ports

 Stack test sampling ports were installed in the boiler exhaust duct at a
location between the air pre-heater and dust collector of Boiler No. 2.  This
location was chosen to collect data on uncontrolled particulate matter
emissions upstream of the existing dust collector.

 USEPA Reference Method (RM) 1 – Sample and Velocity Traverses for
Stationary Sources was used to select the sampling location and velocity
traverse point locations.  In accordance with this method, two test ports,
located 90o from each other, were installed for use during the test burn.
(See Figures 1 and 2 for sampling locations.)

2.1.5 Pre-Test Startup on Oil

For approximately 24 hours prior to the test burn, Boiler No. 2 was fired
with backup fuel oil.  This was done to bring the boiler on line and bring it
up to normal operating temperature.
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2.2 LITTER COLLECTION AND PROCESSING

2.2.1 Quantity of Litter Required

 The test burn was designed for two boiler load scenarios: 15,000 and
20,000 pph steam.  The 20,000 pph test burn load scenario was chosen
because burning litter in a modified ECICF boiler would require a 20% de-
rating of the boiler capacity; this translates to a maximum steam
production capacity of 20,000 pph.  The 15,000 pph load scenario was
chosen because it represents the low end of the likely, normal, steam
production operating range for a converted litter-fired boiler.  The 15,000
pph load scenario was also of interest because carbon monoxide (CO)
emissions are expected to be maximized during this decreased firing
mode.

 For the chosen boiler load scenarios, the respective litter burn rates were
estimated at approximately 3 and 3.5 tons per hour.  Allowing for startup
and a minimum of 24 hours burn time for each scenario, as well as
contingencies, the quantity of litter required for the test burn was
conservatively estimated at 250 tons.  Given that the average bulk density
of the raw litter is about 25 lbs/cu.ft., the required volume of raw litter
was estimated at approximately 20,000 cu.ft.

2.2.2 Litter Collection and Cubing

Eastern Shore Forest Products (ESFP) of Salisbury, Maryland, was
contracted to obtain the required quantity of litter, densify (i.e., cube) the
litter at the ESFP facility in Salisbury to the specifications of the project
team, and deliver the cubed litter to ECICF.  A total of 250 tons of raw
litter was collected from four farms located on Maryland’s Eastern Shore.
The raw litter that was collected consisted of a mixture of poultry manure
and pine shavings/saw dust.

 All litter collected at the farms was taken from the poultry houses as
opposed to the storage sheds.  Only about 10% of the total litter is placed
in sheds and therefore house cleanout material represents a more reliable
source of litter for ongoing operations in the event that the ECICF boilers
are converted to fire poultry litter.  The farm name, location and litter age
(number of flocks) was noted for each litter source.

 Trucks delivered raw litter to the ESFP facility in Salisbury, Maryland.
The cuber employed by ESFP was a Warren & Baerg diesel-fired unit,
capable of processing in the range of 5 to 12 tons of raw litter per hour.
The cuber was mounted on a concrete pad within a storage shed.  A five
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percent by weight blend of dry pine shavings was added to the manure
for conditioning purposes to facilitate cubing.

 The cubes produced for the test burn had the following approximate
characteristics:

•  Length: 3 inches;

•  Diameter: 1 inch; and

•  Bulk Density: 40 lbs/cubic foot.

 Finished cubes were staged in an area adjacent to the pole-barn at ESFP
prior to being loaded into enclosed, self-unloading tractor trailer trucks by
a front-end loader.  Once loaded, the cubes were then transported to the
ECICF fuel receiving building.  Transportation of cubes to ECICF began
on the first day of the test burn (8 November 1999).

2.2.3 Fuel Analysis

 A comprehensive poultry litter characterization program was conducted
in the summer of 1998 and winter of 1999 as part of the earlier engineering
feasibility study.  Poultry litter samples were collected from poultry farms
and analyzed for chemical composition, fuel properties, and ash
properties and composition.  The results of this litter characterization
program (see comprehensive assessment report (PPRP, July 2000))
indicated that poultry litter has a heating value and moisture content
comparable to the wood chips used at ECICF for fuel.

 In order to validate the findings of the previous litter characterization
study, and obtain fuel analysis data specific to the litter collected for the
test burn, raw and cubed litter samples were collected at the cubing
facility and analyzed as follows:

•  Raw litter samples were collected prior to cubing and analyzed for
ultimate fuel analysis, chlorine content, heating value, bulk density,
sieve analysis, ash elemental composition, ash alkalis and ash fusion
temperature.

•  Cubed litter samples were analyzed for ultimate analysis, chlorine
content, heating value, bulk density, ash elemental composition, ash
alkalis, ash fusion temperature, and the ASTM Test for Durability of
Biomass Pellets (i.e., cubes) using ASTM Method E.1288.

All samples were analyzed at the Philip Analytical Laboratory in Reading,
Pennsylvania (see Table 1).  Fuel analysis results are discussed in Section
3.1 and summarized in Table 2.
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2.3 HEALTH AND SAFETY CONSIDERATIONS

2.3.1    HASP Development and Implementation

Research conducted prior to the test burn identified five health and safety
areas of concern associated with poultry litter handling, storage, and
combustion :

•  airborne heavy metals from the fuel and ash;

•  ammonia from the fuel;

•  total hydrocarbons from litter decomposition and burning;

•  total and respirable dusts as fugitive emissions; and

•  pathogens associated with poultry litter.

Physical hazards associated with normal boiler operation, such as heat
stress; slips, trips, and falls; and mechanical hazards were also considered.
An activity-specific Health and Safety Plan (HASP) was prepared by
qualified industrial hygienists to address these potential hazards.  The
HASP included safe work practices for onsite activities, recommended
personal protective equipment (PPE), as well as a sampling strategy to
collect data on the actual concentrations of constituents of concern in the
workplace.  PPE recommendations were conservatively developed based
on worst-case potential for exposure to the constituents of concern.  All
persons present for the test burn received training on the HASP and were
equipped with appropriate PPE.  A copy of the HASP in its entirety is
provided as Appendix D.

2.3.2  Pre-Test Burn Data Collection

To assess potential worker exposure during cubing operations, and to
provide relative indications (i.e., often worst-case) of potential exposures
to poultry litter at ECICF, the following health and safety related data
were collected at the ESFP cubing facility prior to the test burn:

•  a visual, qualitative assessment was performed of the quantity of
airborne material present during cubing;

•  raw and cubed litter samples were collected and analyzed for
pathogen viability; and

•  the temperature of cubed litter samples was measured to develop a
time vs. temperature profile from the time of generation for several
minutes to determine the impact of the high temperatures achieved
during the cubing process on pathogen viability.
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Results from sampling and analysis activities conducted at ESFP are
discussed in Section 3.1.

In addition to the data discussed above, a weather station was installed on
top of the receiving building at ECICF to record meteorological data, i.e.,
wind direction and speed, throughout the test burn to evaluate any
impacts to potential receptors downwind of the ECICF during the test
burn.
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3.0 TEST BURN RESULTS

The test burn was begun on 8 November 1999 and concluded on 12
November 1999.  Approximately 86 tons of chicken litter was combusted
during a total firing time of 40 hours.

3.1 FUEL ANALYSIS

Raw and cubed litter samples were collected at the offsite cubing facility
(ESFP) and analyzed for standard fuel analysis parameters: ultimate
analysis, chlorine content, heating value, bulk density, and fines content.
Analytical results for the raw and cubed litter samples are summarized in
Table 1.  For comparison, Table 2 includes the composite results from the
earlier litter characterization study, as well as analytical results for the
current fuel, wood chips.  These results support the findings of the earlier
feasibility study that litter is comparable to the current wood chip fuel in
terms of moisture and heat content values, while containing significantly
higher quantities of nitrogen, sulfur, chlorides, fines, and ash.

Note that Table 1 and Table 2 indicate that the cubed test burn fuel
contained higher levels of ash (non-combustible material) than the
samples collected in 1998-99 as part of the feasibility study.  However,
upon completion of the test burn and weighing of all the ash collected, it
was determined that the composite ash content of the litter was
approximately 15%, which is consistent with the earlier comprehensive
litter characterization study (see comprehensive assessment report (PPRP,
July 2000)).  The apparent discrepancy is believed to be attributable to the
difference between a single grab sample that was collected prior to the
commencement of the test burn and the statistically significant body of
data that was collected during the feasibility study, as well as the 86 tons
of fuel that were burned during the entire course of the test burn. 

3.2 FUEL HANDLING

 The first load of cubed litter (~ 22 tons) was delivered to ECICF on the
first day of the test burn, 8 November 1999.  Cubed litter was unloaded
from a tractor trailer via a “walking floor” in the truck bed, onto the floor
in the ECICF receiving building for temporary staging.

 At the beginning of the test burn, litter was gradually metered into the
Boiler No. 2 furnace as the boiler switched from oil- to litter-firing.  As this
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was happening, each component of the fuel handling and conveyance
system was tested for compatibility with the litter cubes.

 Note that prior to the test burn, the supply of wood chips in the silo was
exhausted so that the silo was empty.   This prevented the mixing of wood
and litter fuel.  When the wood chips were emptied from the silo, Boiler
No. 1 was oil-fired.

 The belt conveyor from the fuel receiving building to the silo bucket
elevator functioned properly, as did the silo bucket elevator.  However,
operational problems were encountered with the silo outfeed screw
conveyor (“Little David”) used to transport fuel from a hopper at the base
of the silo to a re-charge hopper.  This 3-section outfeed screw is coupled
together with a stub shaft and four bolt connections; these bolt
connections were reported to have had a history of failing during normal
operation and were the cause of the outfeed screw conveyor failure
during the first day of the test burn.

 As a result of the failure of the "Little David" it was necessary to by pass
the silo.  To by pass the silo, the receiving building in-floor conveyor was
re-routed from the silo bucket elevator to feed into the disc screen.  The
remainder of the fuel handling system, consisting of belt conveyors, a
bucket elevator to the boiler feed hoppers, and the furnace spreader
stokers, functioned acceptably.  Throughout the test burn, the distribution
of litter cubes on the grate was excellent.

 During the test burn, significant breakdown of the litter cubes was
observed throughout the fuel handling system.  To quantify this effect, a
sample of fuel was collected from the boiler feed hoppers and a sieve
analysis was performed on the material.  Sieve analysis results indicate
that approximately 30% of fuel samples collected from the boiler feed
hoppers passed through a ¼” sieve, compared to less than 12.6 % for fresh
cubes.  Fines content of 30% is considered acceptable for a spreader stoker
system.

 3.3 BOILER PERFORMANCE

3.3.1 Overview

Approximately 86 tons of cubed litter were combusted, with a total litter
firing time of 40 hours over five days, Monday through Friday (8-12
November 1999).  When not firing with litter, the backup fuel, oil, was
used to maintain furnace temperature.
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Initially, significant slagging was observed on the fuel grate.  By
increasing the frequency and duration of shaking of the hydrograte,
reducing the fuel bed depth on the grate, and increasing the undergrate-
to-overfire air ratio from 1:1 to 3:1, slagging was mitigated and steady
state conditions were achieved while firing litter.

Boiler operating data collected during the test burn is provided in Table 3,
and temperature profile data for Boiler No. 2 as recorded during the test
burn are shown on Figures 3 through 5.

A day-by-day summary of the test burn boiler operation follows:

3.3.2 Daily Summary

Day 1 (8 November 1999):

Litter-firing began on 8 November 1999 at 3pm, with oil co-firing.
Initially, the grate control setup was the same as for wood chip firing.  The
grate is controlled by two setpoints: dwell time (time between shakes) and
shake time.  These setpoints were 400 seconds and 1 second, respectively.
In addition, the overfire to undergrate air split ratio was increased,
relative to the split for wood-firing, to optimize combustion of fuel fines.

Because no ash was observed coming off the front of the grate, indicating
ash fusion on the grate, the grate dwell time was reduced to 300 seconds
and the shake time increased to 1.5 seconds.  In addition, the undergrate
air split was increased to allow more rapid burning of the cubes and to
thin out the ash bed.

Litter cube distribution on the grate was observed to be excellent.  At all
points, temperature stratification was found to be minimal, which was
consistent with the observed uniform fuel bed on the grate.

Virtually no fines were visible on the grate from the front fire doors of the
furnace; only litter cubes were observed.  This indicated that the fines
were carrying over immediately from the primary furnace into the
secondary furnace chamber.  (Boiler deposit samples collected during the
post-burn inspection had no unburnt carbon, indicating that all carryover
material was completely burned).

Litter firing was stopped after approximately 5 hours due to ash bed
sintering/clinkering.  Clinkers were manually raked off the bed into the
front ash pit, or removed through the front fire doors.  The boiler was then
placed back on oil-fire (exclusively) at approximately 8:30pm.
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Day 2 (9 November 1999):

Beginning at approximately 8am, litter-firing was re-started at a low rate,
while continuing to co-fire oil.  Representatives from Detroit Stoker, the
fuel grate manufacturer, were present to observe the test burn and
provide recommendations on the optimal grate setpoints for litter-firing.
Throughout the course of the morning and early afternoon, the following
operational changes were made:

•  undergrate air was increased from the Day 1 setting to the same setting
as for wood chips;

•  the air heater bypass damper was opened to 100% and the undergrate
air temperature was reduced to 195°F (from 410°F); and

•  grate settings were adjusted significantly to a dwell time of 30 seconds,
and a shake time of 3 seconds.

While these changes were being made, it was observed that the ash bed
periodically stopped moving off the grate.  To address this condition, it
was necessary to stop litter firing (oil still in service), let the fuel bed burn
down, and then move the ash bed forward.  The “ash dam” at the front of
the grate appeared to hinder this operation as it was difficult to remove
the last 6-7 feet of ash bed off the grate without the entire fuel bed behind
to help “push” it off the grate.  This cycle of burning the fuel bed down
and moving the ash forward was repeated several times.

To facilitate ash movement, the undergrate air flow was increased again to
fluidize the bed.  After this change was made, the ash moved off the grate
very well.

By mid afternoon on the 9th, the litter firing rate was increased to the
point where the oil burner was able to be turned off.  Steam flow was
carefully monitored to protect the superheater.  The litter firing rate was
increased in small increments until a steam production rate of 18,000-
20,000 pph was achieved.  At this steam rate, the first stack air emissions
test was performed at 4:30pm.  A boiler performance worksheet for the
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first stack test run is provided in Appendix E2.   Stack test results are
discussed in Section 3.4.

During this stack test, the ash bed began to thicken again so the grate
settings were changed to a dwell time of 25 seconds and shake time of 4
seconds.  When the stack test ended at approximately 6pm, litter-firing
stopped and the boiler was switched to oil-firing for the night.

Day 3 (10 November 1999):

Litter-firing began again at approximately 7am on the 10th, while
continuing to co-fire oil.  Throughout the course of the morning, the steam
load was slowly increased to 10,000-13,000 pph steam.  At this point the
oil burner was turned off.

Stack test #2 began at 11am and ended around 12:40pm.  Stack tests #3
and 4 were completed in the afternoon, also at approximately 15,000 pph
steam.  The last test was completed at 6:12pm.  Boiler performance
worksheets for stack tests #  2, 3, and 4 are presented in Appendix E3.
Litter-firing continued through the night at a steam production rate in the
range of 10,000-12,000 pph.

Day 4 (11 November 1999):

Litter firing continued all day in the 10,000-12,000 pph steam production
range.

Day 5 (12 November 1999):

The remaining litter inventory present on-site was consumed and the test
burn concluded at approximately 2 pm on the 12th.

3.4 AIR EMISSIONS

 AirNova was contracted to perform boiler stack emission sampling during
the test burn.  Emissions of the following parameters were evaluated in

                                                

2 For the purpose of the boiler performance worksheets, the average heating value of litter as

determined from the 1999 litter characterization study (see comprehensive assessment report

(PPRP, July 2000)) was utilized rather than the single test burn fuel sample result.

3 See Footnote 2.
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the stack sampling program:  total PM, visible emissions (opacity), NOx,
SO2, CO, HCl, and ammonia.  USEPA sampling methods were employed.
The Reference Methods utilized for this sampling program are discussed
in detail in the Test Burn Protocol (Appendix A).

 One sampling run was conducted on 9 November at a steam load of
approximately 18,500 pph.  However, two additional planned sampling
runs at this steam load could not be completed as the remainder of the
day was spent optimizing the fuel grate shaking frequency and bed depth;
these activities resulted in non-steady-state operation of the boiler and
eliminated the possibility of further stack testing on 9 November.

Three sampling runs were conducted on 10 November at a steam load of
approximately 15,000 pph.  The average steam load for all four stack test
runs was 15,300 pph, with a corresponding average heat input of 25
MMBtu/hr.  The composite results from this stack testing program
provide meaningful emissions data for development of emissions factors
useful for general poultry litter combustion applications.  The results from
all sampling runs, as well as calculated emissions factors, are presented in
Table 4.  Table 5 illustrates average emission factors from the test burn on
a concentration and heat input basis along with emission factors for litter-
fired boilers in the United Kingdom (UK). (Note that currently the only
commercial power plants fired with poultry litter are located in the UK).
Concentration based ECICF test burn data generally agree with the UK
data for PM, VOCs, SO2, and HCl (no data was published for ammonia
emissions in the UK).

The NOx emissions factor developed from the test burn stack testing data
is approximately 2.5 times higher than the UK emissions factor, and the
CO factor is lower than the range published in the UK.  These differences
are believed to be attributable to combustion conditions present during
the test burn (high furnace temperature and low oxygen) in conjunction
with the existing refractory furnace, i.e., conditions were optimal for NOx

formation and CO minimization.  It is believed that NOx and CO
emissions from a fully converted ECICF boiler with water-walls, overfire
air modifications, etc, (i.e., "Level 2 Modifications" as discussed in the
comprehensive assessment report (PPRP, July 2000)) would more closely
approximate those reported in the UK.

Hydrogen chloride and sulfur dioxide emissions from litter combustion
appear to be significant, requiring careful attention to back-end boiler
temperatures to prevent acid dewpoint problems (i.e., creation and/or
condensation of acids that could corrode boiler surfaces).
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The opacity of the stack gas emissions was also monitored using the
facility’s continuous emissions monitoring equipment.  An immediate and
dramatic increase in opacity was observed when poultry litter was fired in
the boiler.  This was due to carryover out of the primary furnace of the
litter fines, which resulted from an inadequate overfire system and high
undergrate air split.  Although the fines were completely combusted in
the boiler (as indicated by the low carbon content of the ash material
deposited on boiler surfaces), the non-combustible residue (ash) was
emitted from the boiler exhaust stack.  The visible emissions were whitish
in color (see Table 6).

3.5 POST BURN INSPECTION

Boiler No. 2 was shut down on 12 November 1999 and allowed to cool.
On 17 November 1999, Boiler No. 2 was inspected for the purpose of
documenting the condition of the boiler after firing with poultry litter.
The results of the inspection are summarized below; additional details are
provided in Appendix B.

A gray/white material was observed to be deposited on virtually all
boiler internal surfaces.  These deposits were in the form of a scale-like
material in places, and a powdery material in other areas.  Note that these
deposits are not observed in the boilers following wood-firing, and are
therefore believed to consist of a substance, or substances, found in
chicken litter.  Samples of this material were collected for chemical
analysis (see Section 3.6).

In the furnace, scale buildup was approximately one inch thick and could
be removed from some of the surfaces in large clumps and crumbled
easily by hand.  (Note that a fine, brown residue which was observed on
top of the white scale is believed to be attributable to a brief period of
wood firing after the poultry litter was consumed.)  The screen tubes, at
the secondary furnace exit, appeared to have the thickest scale deposits,
and the roof tubes were covered with a pure white residue.  The primary
and secondary furnace ash hoppers were approximately 75% and 25% full
of ash, respectively.

The super heater tubes were also covered with the white scale, and the
scale on these surfaces was difficult to remove.  Ash buildup on the “mud
drum” was considerable.

The inspection of the generating bank was limited to two locations due to
access constraints.  Generating bank tubes were observed to be completely
surrounded with white scale.   This buildup varied in consistency from
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white powder to hard scale.  The sidewall ash hoppers appeared to have
little accumulation of ash, although they were coated with fine white
powder.

The boiler gas exit flue to the air heater was very clean with a slight
amount of a white powdery film.  No inspection was made of the air
heater gas exit flue due to access limitations.  The tubes on the turn-
around section at the bottom of the air heater  were open and free of any
obstructions.  The hopper and tube sheet had a grayish white powdery
film throughout.  The hopper had minor accumulations of ash on the
sidewalls and appeared to be approximately 15% full of ash.

See Appendix B for additional details and photographs taken during the
post-burn inspection.

3.6 ASH ANALYSIS

 At the conclusion of the test burn, Boiler No. 2 was allowed to cool down
and was immediately inspected and cleaned out.  A gray/white material
was observed to be deposited on virtually all boiler internal surfaces.
These deposits were in the form of a scale-like material in places, and a
powdery material in other areas.  Ash and boiler surface deposit samples
were collected and analyzed for ash fusion temperature, metal oxides,
alkalis, and total metals.  Analytical results for these samples, which are
summarized in Table 7, indicate that the gray/white material found
throughout the boiler was comprised primarily of alkalis (e.g., potassium,
calcium and sodium).

 A bottom ash sample was also collected and analyzed for RCRA metals,
using the Toxicity Characteristic Leachate Procedure (TCLP) to determine
if the ash would be considered a characteristic hazardous waste under the
State of Maryland's hazardous waste program; none of the RCRA metals
were detected in concentrations greater than the threshold regulatory
limits (see Table 8).

 In addition, the ash hoppers were emptied and the ash generated was
weighed.  Approximately 12 tons of ash was collected from the boiler ash
hoppers.  Dividing the quantity of ash collected by the quantity of litter
combusted, the ash percentage for the litter was calculated to be
approximately 15%.  Although lower than the ash percentage analytical
result for the grab samples collected at the offsite cubing facility, this
figure agrees very closely with the composite result for the litter
characterization study completed in support of the comprehensive
engineering and socioeconomic assessment (see comprehensive
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assessment report (PPRP, June 2000)).

3.7 HEALTH & SAFETY DATA COLLECTION AND ANALYSIS

As discussed in Section 2.3, a HASP was developed specifically for the
poultry litter test burn (see Appendix D).  All ECICF operations staff,
other MES, PPRP and contractor personnel participating in the test burn
were trained on the procedures and requirements of the HASP at the
outset of the test burn or prior to participation in the test burn.  No
physical injuries were reported during the test burn, nor were any adverse
health effects of any type noted during or following the test burn.

Health and safety related data were collected prior to the test burn at the
off-site cubing facility (ESFP), and at ECICF throughout the course of the
test burn.  At ESFP raw and cubed litter samples were collected and
cultured to analyze for the presence of potentially pathogenic micro-
organisms.  The raw litter contained approximately 6.6 colony forming
units (CFU).  Cubed litter samples analyzed in the same manner contained
1.1 CFUs.  When cubed litter samples were further speciated, two spore
forming micro-organisms (Bascillus cereus and Bacillus megaterium), which
have been associated with food poisoning, were found to be present.
Therefore, although the cubing process was demonstrated to significantly
reduce microbial viability (due to the combination of increased
temperature and high pressure), the development of a site-specific HASP,
with an emphasis on activity-specific PPE and sound industrial hygiene
practices, is recommended when handling poultry litter.

To evaluate the potential for exposure to other contaminants, air sampling
was performed during the entire duration of the test burn at ECICF.  Air
monitoring was conducted to determine the quantity of airborne
respirable and total dust, and VOCs.  Air monitoring for respirable and
total dust was also performed during the furnace and ash hopper
cleanouts.  Results from the air monitoring at ECICF are summarized as
follows:

•  All metal results were 2 or 3 orders of magnitude below the respective
OSHA permissible exposure levels (PELs) (see Table 9);

•  All dust measurements (total and respirable) were significantly below
the action level of the OSHA PEL, except for two samples (see Table 10
and 11).  Total and respirable dust readings of 17.8 mg/m3 and 13.3
mg/m3, respectively, were recorded in the dust collector in the boiler
house.  However, the OSHA PEL for total and respirable dusts is an 8-
hour average and the two readings above the OSHA PEL are
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instantaneous measurements.  Additionally, the samples were taken
near a gasket in need of replacing which is believed to have skewed
the data; and

•  Organic  vapor measurements were compared to n-hexane due to the
assumption of similar molecular weights.  Only one of the samples was
above the OSHA PEL momentarily (spike of 70 ppm) (See Table 12).
However, the OSHA PEL for organic vapors is an 8-hour average, and
the spike of 70 ppm was an instantaneous measurement.  The spike is
believed to be due to the fact that the sample was collected
immediately in front of the boiler while the fuel grate was being
shaken.
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4.0 CONCLUSIONS

The ECICF test burn was successful on several accounts.  Most
importantly, it was successful in evaluating the ability of the entire ECICF
facility to fire poultry litter as a fuel.  The test burn provided information
that could only be obtained through actual operations   information that
in the end proved to be critical to the evaluation of whether to convert the
existing ECICF facility to fire poultry litter.  The test burn also resulted in
the collection of a great deal of analytical data and operational
information relative to the handling, processing, and combustion of
poultry litter. These data add to the growing body of information
available on alternative fuels combustion which can be used to aid in the
evaluation of similar projects in the future.

The key findings from the test burn and their implications relative to the
ECICF feasibility study are discussed in the following sections.

 4.1 KEY FINDINGS

The most significant findings from the test burn are summarized as
follows:

•  Poultry litter was successfully cubed on a large scale (250 tons).
However, the cubes produced for the test burn had limited durability,
and breakdown of the cubes occurred throughout the ECICF fuel
handling and conveyance system.  For a hydrograte fuel bed
application, a smaller size cube (approximately ¾” diameter) is
desirable for a faster burn;

•  The planned steam production loads of 15,000 pph and approximately
20,000 pph were achieved.  However, long term operation of the
hydrograte in the manner required for this test burn is not considered
technically feasible for this application   the inordinately high rate
(frequency and intensity) of shaking required to achieve effective ash
bed movement would likely be detrimental to both the pressure and
non-pressure components of the grate over an extended time period,
thereby reducing the life expectancy of the grate.  Replacement of the
existing ECICF hydrograte with a moving grate (e.g., rotograte) is also
not recommended because the available furnace volume would be
reduced, thereby reducing steam production capacity;
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•  Because the silo storage system is not suitable for storage of cubed
litter, the size and scope of the litter staging building, previously
specified in the feasibility study, would need to be expanded;

•  The poultry litter combustion air emissions factors developed from the
stack test are generally in good agreement with those reported in the
UK; this agreement suggests that the correct application of the
emissions factors reported to date can be used to reliably estimate
emissions from other proposed, direct-fired litter combustion
applications;

•  Controls for particulates (PM), and possibly nitrogen oxides (NOx) and
hydrogen chloride (HCl), were indicated via the emissions test data
collected during the test burn.  Emissions of PM could be controlled
with an electrostatic precipitator (ESP).  Because the NOx emission
factors reported in the UK are believed to be more representative of a
fully converted ECI boiler than the ECI test burn stack test data, a fully
converted ECI facility, at 80MMBtu/hr heat input rating, would likely
not trigger “major source” regulatory thresholds, and NOx controls
would likely not be required4.  Emissions of HCl would need to be
controlled by a lime scrubber or, alternatively, fuel conditioning (lime
addition);

•  Analytical results confirmed that poultry litter ash is not a RCRA
hazardous waste, which will reduce disposal costs and/or allow
evaluation for reclamation/reuse options (e.g., fertilizer or soil
amendment);

•  Industrial hygiene monitoring indicated that no OSHA regulatory
action levels were exceeded for airborne metals, dust, organic vapors,
or ammonia at the ECICF during the test burn.  The cubing process
resulted in a six-fold reduction in microorganisms (in comparison to
raw litter).  However, two spore forming bacilli, which have been
associated with food poisoning, were determined to be present in
cubed litter samples.   Accordingly, appropriate PPE and industrial
hygiene practices should be employed for operations involving raw or
cubed litter (i.e., development of a site and activity-specific HASP is
recommended).

                                                

4  However, because there is an absence of directly correlatable empirical data to a fully modified

ECICF, uncertainty remains regarding the need for NOx controls.
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4.2 IMPLICATIONS OF TEST BURN RESULTS

Prior to the test burn, it was known that significant modifications would
need to be made to the existing ECICF boilers to reliably burn poultry
litter.  The life-cycle cost projections (i.e., capital and 20-year operating
cost) indicated that the life-cycle costs of modifying the units was
comparable to, and possibly even less than, current operating conditions.
Additionally, converting the existing boilers to burn poultry litter would
produce the added benefit of consuming approximately 30% of the excess
poultry litter on the lower Eastern Shore.

However, as a result of the test burn it was determined that significant
additional modifications to the ECICF would be necessary to burn poultry
litter.  For example, it would be necessary to expand the originally
projected size of a new litter storage building, replace the existing fuel
grate, and install PM (and possibly HCl and NOx) air emissions control
devices.  Replacement of the fuel grate is not recommended due to a
projected loss of furnace volume and consequent reduction of steam
production capacity.  Furthermore, the performance of a boiler that is
modified to the extent now determined to be necessary can not be
predicted with an acceptable degree of certainty.  The project team
therefore determined that a conversion of the ECI boilers to poultry litter
firing is technically infeasible.

In addition, the revised cost of the necessary conversion modifications (as
much as 30% higher than original cost estimates) makes the conversion of
the existing units at ECICF economically questionable.  (Note that life-
cycle costs incorporating the additional capital expenses were not
calculated following the determination of technical infeasibility).

In light of these findings, and the critical role of the ECICF in providing
heat and electricity to the ECI prison, conversion of the ECICF boilers to
fire poultry litter is not recommended.  However, the Level 1
modifications identified in the comprehensive assessment report (PPRP,
July 2000) should be considered to improve existing operational problems
and reduce 20-year life-cycle costs relative to status quo operations.
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Table 1.  Test Burn Fuel Analysis Results

Raw Litter Cubed Litter

Wet Basis Analysis
Carbon                                  (%) 21.9 24.2
Hydrogen                            (%) 2.70 2.92
Oxygen                                 (%) 14.6 17.3
Nitrogen                               (%) 2.0 3.15
Sulfur                                    (%) 0.50 0.68
Ash                                        (%) 27.8 21.3
Moisture                               (%) 29.9 29.5
Total                                      (%) 100 100
HV                                (Btu/lb) 3450 4130
Chlorine                               (%) 0.59 0.96
4 mesh                   (% retained) 10.3 NA
8 mesh                   (% retained) NA 87.4
16 mesh                 (% retained) 16.0 2.5
Thru                        (% passed) 0.7 0.7
Density                          (lb/ft3) 30.5 37.9
Dry Basis Analysis
Carbon                                  (%) 31.2 34.3
Hydrogen                            (%) 3.85 4.14
Oxygen                                 (%) 20.8 24.5
Nitrogen                               (%) 2.85 4.47
Sulfur                                    (%) 0.71 0.96
Ash                                        (%) 39.7 30.2
Moisture                               (%) 0 0
Total                                      (%) 100 100
Chlorine                               (%) 0.84 1.36
HV                                (Btu/lb) 4920 5860

Notes:
NA = Not Analyzed
Samples collected from ESFP on 11/1/99.



Table 2.  Summary of  Fuel Analysis Results (1)

Parameter Test Burn
Cubed Litter

1998
Composite

Raw Litter(2)

1999
Composite

Raw Litter(3)

De-Barked
Wood Chips

Moisture Content
(% by weight)

30 27 29 35

Heat Content (Btu/lb) 4,130 4,637 4,390 5,309

Bulk Density
(lb/cubic foot)

37.9 27.9 30.0 20

Nitrogen
(% by weight)

3.15 2.69 2.92 0.05

Sulfur (% by weight) 0.68 0.36 0.46 0.02

Chlorine
(% by weight)

0.59 0.77 1.0 0.002

Fines
(% pass through ¼
inch sieve)

<12.6% 96.1% 94% 0.5%

Ash
(% by weight)

21 15 17 0.67

Notes:
(1) All fuel parameter values are presented on a wet (as-is) basis.
(2) Average of analytical results for raw litter samples collected in September 1998.
(3) Average of analytical results for raw litter samples collected in January 1999.



Table 3.  Test Burn Boiler Operating Data

Date
Time
Fuel

11/9/99
8:15 AM

oil

11/9/99
9:40 AM
oil/litter

11/9/99
10:05 AM

litter

11/9/99
3:35 PM
oil/litter

11/9/99
4:50 PM

litter

11/9/99
5:05 PM

litter

11/10/99
11:00 AM

litter

11/10/99
3:45 PM

litter

11/10/99
5:00 PM

litter
Parameter                                          Units

Steam Flow                                      (PPH) 12,200 17,300 9,200 13,400 16,100 18,500 14,700 12,500 13,700

Oxygen                                                  (%) 12.6 6.1 12.6 11.9 7.2 5.1 8.0 10.0 9.3

Opacity                                                  (%) +/- 3.0 100+ 78+ 28+ 100+ 100+ 100+ 100+ 100+

UGA Pressure                                (“H2O) 0.2 0.5 0.1 0.8 1.2 1.1 1.4 1.4 1.4

OFA Pressure                                 (“H2O) 7.5 6.0 6.0 6.0 6.0 6.0 6.5 7.0 7.0

Wind Box Pressure                        (“H2O) 0.5 0.2 0.2 0.3 0.2 0.2 0.3 0.4 0.3

Steam Drum Pressure                     (psig) 630 629 619 623 625 630 624 622 622

Feed Water Temp.                               (°F) 289 288 289 289 289 288 288 288 288

Air Heater Gas In                                (°F) 526 585 612 618 631 651 657 581 589

Air Heater Gas Out                             (°F) 345 404 424 408 403 424 417 415 428

Air Heater Air Out                              (°F) 354 418 470 455 475 489 484 481 488

Superheater Steam Temp.                  (°F) 627 670 672 641 695 697 689 681 686

Oil Flow                                             (gph) 97.1 64.2 0.0 74.0 0.0 0.0 0.0 0.0 0.0

% Litter speed                                      (%) 0.0 18.5 18.5 11.0 36.3 36.3 28.1 25.8 25.8

Grate dwell                                (seconds) 300 175 -- 25 30 30 20 15 55

Grate shake                                (seconds) 1.5 2.2 -- 4.0 4.0 4.0 4.0 4.0 4.0

Upper Primary Furnace                    ----
Condition

clear
bright

clear
bright

-- clear
bright

some
sparks/
bright

some
sparks/
bright

some
sparks/
bright

some
sparks/
bright

occasional
sparks/
bright

Primary Furnace Gas Temp.              (°F) -- -- -- -- -- 1940 1775 1567 1810

Secondary Furnace Exit Gas Temp.  (°F) -- -- -- -- -- -- 1365 1267 1351

Superheater Exit Gas Temp.              (°F) -- -- -- -- -- 1045 980 976 981

Air Heater Bypass closed 100% open 100% open 100% open 100% open 100% open 100% open 100% open 100% open

Notes:
(1) Control panel data logger malfunctioned, lost data from 11/8/99 to 11/10/99.



Table 4.  Test Burn Stack Test Results

Parameter Air
Emissions

Factor

Test run
1

Test Run
2

Test Run
3

Test Run
4

Average

Particulate Matter lb/DSCF 2.3E-4 2.3E-4 2.8E-4 2.4E-4 2.4E-4

lb/MMBtu 4.3 4.8 6.4 5.8 5.3

Gr/DSCF 1.6 1.6 1.9 1.7 1.7

Hydrogen Chloride lb/DSCF 2.6E-5 3.0E-5 2.6E-5 2.7E-5 2.7E-5

lb/MMBtu 0.5 0.6 0.6 0.7 0.6

Ammonia lb/DSCF <4.3E-8 <2.1E-8 <2.2E-8 6.3E-8 <6.3E-8

lb/MMBtu <0.008 <0.0005 <0.001 0.002 <.002

Sulfur Dioxide lb/DSCF 2.1E-5 1.4E-5 5.8E-6 1.2E-5 1.3E-5

lb/MMBtu 0.4 0.3 0.1 0.3 0.3

Nitrogen Oxides (as NO2) lb/DSCF 4.8E-5 4.03E-5 2.55E-5 2.65E-5 3.51E-5

lb/MMBtu 0.9 0.9 0.6 0.7 0.7

Carbon Monoxide lb/DSCF 1.6E-6 2.1E-6 1.6E-6 3.3E-6 2.2E-6

lb/MMBtu 0.03 0.04 0.04 0.08 0.05

VOCs* lb/DSCF 4.0E-7 1.3E-6 2.0E-7 8.4E-8 5.0E-7

lb/MMBtu 0.01 0.03 0.01 0.002 0.01

Notes:
Ref:  Air Nova, Inc. “Maryland Enviornmental Service Poultry Litter Test Burn Emission Evaluation Test Program”; December 1999.
Particulate matter results represent uncontrolled emissions, upstream of the dust collector.
* VOCs are total hydrocarbons as CH4.
Test Run 1 Date: 11/9/99; steam load: 18,500 pph
Test Run 2 Date: 11/10/99; steam load: 15,700 pph
Test Run 3 Date: 11/10/99; steam load: 13,800 pph
Test Run 4 Date: 11/10/99; steam load: 13,200 pph



Table 5.  Air Emission Factors For Poultry Litter Firing

Parameter Air Emissions
Factor

Average of ECI
Stack Test Results

Reported UK
Factors(3)

Particulate Matter Gr/DSCF 1.70 2.18

lb/MMBtu 5.3 NR

Hydrogen Chloride ppmV 286 121 - 335

lb/MMBtu 0.6 NR

Ammonia ppmV <1.5 NR

lb/MMBtu <.002 NR

Sulfur Dioxide ppmV 80 38 - 191

lb/MMBtu 0.28 NR

Nitrogen Oxides (as NO2) ppmV 295 40 - 122

lb/MMBtu 0.74 NR

Carbon Monoxide ppmV 29 44 - 786

lb/MMBtu 0.05 NR

VOCs ppmV 5.55(1) 0.61 - 6.5(2)

lb/MMBtu 0.01 NR

Notes:
All reported results are uncontrolled.
NR = Not Reported
(1) = VOCs are total hydrocarbons as CH4
(2) = VOCs as carbon
(3) = UK Environmental Agency.  “Processes Subject to Integrated Pollution Control.  Combustion Processes: Combustion of Fuel Manufactured from or Comprised of Solid
Waste in Appliances 3 MW (th) and Over”; September 1995.



Table 6.  Stack Test Impinger Tube Material Analytical Results

Sample 1 Sample 2 Sample 3 Sample 4 Average
Metal Oxides
Aluminum Oxide               (%) <1.0 1.5 1.8 <1.0 1.33
Calcium Oxide                    (%) 3.5 7.6 9.6 <1.0 5.43
Iron Oxide                           (%) <1.0 <1.0 <1.0 <1.0 <1.0
Magnesium Oxide             (%) 1.30 2.3 2.7 <1.0 1.83
Phosphorus Pentoxide      (%) 8.54 11.6 14.3 5.40 9.96
Potassium Oxide                (%) 37.8 27.8 25.7 41.1 33.10
Silicon Dioxide                   (%) 2.2 6.8 8.6 <1.0 4.65
Sodium Oxide                    (%) 10.0 10.2 9.8 9.9 9.98
Sulfur Trioxide                   (%) 28.8 17.1 21.5 28.5 23.98
Titanium Dioxide               (%) <0.17 <0.17 <0.17 <0.17 <0.17
Alkali
Ash                                       (%) NA NA NA NA NA
Calcium                       (mg/kg) 27700 22300 34800 6630 22857.50
Potassium                   (mg/kg) 273000 209000 215000 332000 257250
Sodium                        (mg/kg) 65300 25800 51500 60700 50825
Metals
Arsenic                        (mg/kg) 350 114 227 380 267.75
Boron                          (mg/kg) NA NA NA NA NA
Cadmium                   (mg/kg) 4.94 1.61 3.10 6.94 4.15
Chromium                  (mg/kg) 15.4 6.79 11.4 17.3 12.72
Cobalt                          (mg/kg) NA NA NA NA NA
Lead                             (mg/kg) 34.6 9.20 17.5 49.2 27.63
Manganese                 (mg/kg) 692 516 849 188 561.25
Molybdenum             (mg/kg) 15.9 5.11 10.3 19.6 12.73
Nickel                          (mg/kg) 9.89 6.72 10.7 4.20 7.88
Selenium                     (mg/kg) NA NA NA NA NA
Zinc                             (mg/kg) 4890 1360 2750 5750 3687.50
Mercury                      (mg/kg) NA NA NA NA NA



Table 7.  Boiler Surface Deposit and Ash Sample Results

Grate
Rear
Wall

Left
Sidewall Hopper

Right
Side
Wall,

Rear of
Boiler

Screen
Tubes &

Membrane
Wall Scale

Scale &
Ash

Super
Heater

Buildup

Generating
Bank Tubes

at Lower
Drum

Boiler
Outlet to

Air Heater
Inlet Flue

Air Heater
Hopper

Turnaround
Section Clarifier

Furnace
Hopper

Stack
Test

Impinger
Tube

Material
(Avg.)

Ash Fusion  Temperature
Initial                                    (°F) 2233 2233 2233 2233 2233 2233 2233 2233 2233 2233 2233 2233 NA
Softening                             (°F) 2436 2436 2436 2436 2436 2436 2436 2436 2436 2436 2436 2436 NA
Hemispherical                    (°F) 2509 2509 2509 2509 2509 2509 2509 2509 2509 2509 2509 2509 NA
Fluid                                     (°F) 2560 2560 2560 2560 2560 2560 2560 2560 2560 2560 2560 2560 NA
Metal Oxides
Aluminum Oxide               (%) 26.2 2.8 2.6 2.6 1.5 1.2 1.2 1.2 2.3 3.2 2.8 3.1 1.33
Calcium Oxide                    (%) 1.1 23.7 11.9 20.4 1.07 8.0 9.1 17.7 14.9 17.4 18.2 16.0 5.43
Iron Oxide                           (%) <1.0 1.4 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 1.0 <1.0 <1.0 <1.0
Magnesium Oxide             (%) 2.5 5.2 2.9 4.9 3.0 2.3 2.6 4.5 4.0 4.5 3.8 3.9 1.83
Phosphorus Pentoxide      (%) 14.4 5.47 12.5 15.9 13.8 11.0 9.20 9.54 20.1 22.8 17.0 21.8 9.96
Potassium Oxide                (%) 3.94 4.82 4.87 8.97 18.1 19.3 19.3 14.9 9.11 6.95 4.84 7.60 33.10
Silicon Dioxide                   (%) 30.8 33.4 30.0 20.2 5.0 6.28 4.1 4.0 17.1 19.5 27.0 21.4 4.65
Sodium Oxide                    (%) 4.7 1.8 6.3 5.5 7.4 7.7 7.3 3.8 7.5 7.9 5.2 6.9 9.98
Sulfur Trioxide                   (%) 1.95 1.28 0.68 4.43 27.3 30.5 31.8 20.9 10.3 4.18 1.63 1.83 23.98
Titanium Dioxide               (%) <0.17 0.21 0.24 0.19 <0.17 <0.17 <0.17 <0.17 0.17 0.22 0.19 0.22 <0.17
Alkali
Ash                                       (%) 99.7 99.8 99.8 97.0 99.6 99.5 99.3 93.9 98.7 98.1 97.4 96.5 NA
Calcium                       (mg/kg) 113000 442000 95800 167000 92700 73000 87200 145000 131000 141000 147000 144000 22857.50
Potassium                   (mg/kg) 37800 115000 23300 68200 243000 273000 224000 176000 114000 84400 60300 61300 257250
Sodium                        (mg/kg) 23800 22200 22900 21600 37500 45500 41500 23000 41900 36700 25400 34700 50825
Metals
Arsenic                        (mg/kg) 23.9 14.9 27.8 30.6 225 167 169 122 131 64.2 21.6 25.7 267.75
Boron                          (mg/kg) 236 20.3 264 425 312 240 184 361 400 373 276 302 NA
Cadmium                   (mg/kg) <0.5 .948 <0.5 2.81 5 28 8.07 30.9 6.97 6.70 2.37 0.630 4.15
Chromium                  (mg/kg) 14.3 5.47 19.6 20.2 15.5 13 12.1 10.1 19.2 20.8 18.1 17.7 12.72
Cobalt                          (mg/kg) 2.36 4.5 1.29 4.50 3.05 1.99 1.94 3.92 3.45 3.64 3.26 2.88 NA
Lead                             (mg/kg) 2.12 3.89 0.647 12.4 12.4 69.9 45.8 69.8 22.4 17.9 8.98 4.57 27.63
Manganese                 (mg/kg) 999 1690 792 1940 1270 909 851 1680 1490 1610 1500 1370 561.25
Molybdenum             (mg/kg) 6.83 1.18 6.82 7.20 11.6 8.36 6.87 6.31 10.4 10.0 6.79 8.26 12.73
Nickel                          (mg/kg) 13.2 12.9 13.7 28.1 20.4 12.7 12.1 18 21.8 21.9 19.7 18.1 7.88
Selenium                     (mg/kg) 0.855 1.08 0.502 3.03 1.25 1.42 1.03 5.49 5.66 3.24 1.32 1.36 NA
Zinc                             (mg/kg) 316 915 154 777 1830 2920 2600 2070 2020 1120 529 458 3687.50
Mercury                      (mg/kg) <0.1 <0.1 0.442 <0.1 0.187 <0.1 <0.1 <0.1 <0.1 0.262 <0.1 <0.1 NA

NA = Not Analyzed



Table 8.  Bottom Ash TCLP Metals

TCLP Metal Concentration
(mg/L)

RCRA Hazardous
Waste Concentration

Threshold
 (mg/L)

Arsenic <0.5 5.0
Barium <10 100.0
Cadmium <0.1 1.0
Chromium <0.5 5.0
Lead <0.5 5.0
Mercury <0.1 0.2
Selenium <0.1 1.0
Silver <0.5 5.0

Note: None of the RCRA metals were detected in concentrations greater than the threshold regulatory limits.



   Table 9.  ECI Test Burn Industrial Hygiene Metals Sampling Results

ECI-1

Rear of Decon Trailer

ECI-2

Inside Receiving Area

ECI-3

Near Front of Boiler

Blank

Metals ACGIH TLV OSHA PEL

Pollutant mg/sample mg/m3 mg/sample mg/m3 mg/sample mg/m3 mg/sample mg/m3 mg/m3 mg/m3

Arsenic <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 N/A 0.01 0.5

Barium <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 N/A 0.5 0.5

Cadmium <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 N/A 0.01 0.005

Chromium <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 N/A 0.01 0.5

Lead <0.0003 <0.0006 <0.0003 <0.0006 <0.0003 <0.0006 <0.0003 N/A 0.05 0.05

Molybdenum <0.001 <0.002 <0.001 <0.002 <0.001 <0.002 <0.001 N/A 10 15

Silver <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 <0.0002 <0.0001 N/A 0.1 0.01

Note: All sampled air concentrations are < ACGIH TLV and OSHA PEL for respective metals.



Appendix A
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1.0 INTRODUCTION

1.1 BACKGROUND

The Maryland Department of Natural Resources Power Plant Research
Program (PPRP) is evaluating the technical and socioeconomic feasibility
of using poultry litter as an alternative to wood fuel at the Eastern
Correctional Institution Cogeneration Facility (ECICF) for the Maryland
Environmental Service (MES), the operators of the ECICF. The ECICF is
located in Princess Ann, Maryland, on the lower Eastern Shore of the
Chesapeake Bay.  The ECICF's existing boilers provide hot water for the
prison’s thermal requirements as well as steam for the electrical power
generating turbines, and currently rely on wood chips as the primary fuel.
Each of the existing boilers is rated at 40 MMBtu/hr heat input rating.
These boilers each have a steam production rating of 25,000 pounds per
hour (lb/hr).  Oil is used as the backup fuel.  If necessary, makeup
electrical power is purchased off the local grid from Conectiv.

The impetus for the study is two-fold:  1) to enhance the operating
capacity of the existing cogeneration facility and potentially reduce the
long-term operating costs; and 2) to divert excess, phosphorous-rich litter
from land application/disposal, thereby decreasing nutrient runoff into
the Chesapeake Bay.  The ECI facility, which is located within an
approximate 25-mile radius of most poultry growers on Maryland’s lower
Eastern Shore, is ideally situated as a collection point for poultry litter.

Studies completed to date suggest that conversion of the two existing
wood-fired boilers is both technically and economically feasible.  It has
been determined that poultry litter is not significantly different than wood
chips in terms of several critical parameters (e.g., heat value and moisture
content).  However, because litter is rich in potassium, sulfur, chlorides,
nitrogen, fines content, and ash as compared to wood chips, a number of
modifications would be required to the existing boilers to successfully fire
litter.  To the extent possible, recommendations for firing poultry litter
will be implemented for the purposes of the test burn.  For example,
poultry litter will be densified, or cubed, to address the high fines content.
Details of the required physical modifications to the boilers, necessary for
a conversion to poultry litter, are presented in the comprehensive report
reference below.

There are limited data on emissions from litter-fired operations.  Empirical
data collected from commercially operated litter-fired facilities in the U.K.
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suggest that criteria pollutant emissions factors for combustion of litter are
comparable to those for combustion of wood; a possible exception to this
is carbon monoxide (CO) which appears to be approximately twice as
high for litter-firing.  The U.K. facilities for which emissions factors are
available are similar in design to the ECI boilers, and emissions factors
from these facilities are believed to be a good approximation of what can
be expected at ECI.

Additional details and results of this study are presented in PPRP’s report
titled “Comprehensive Engineering and Socioeconomic Assessment of Using
Poultry Litter as a Primary Fuel at the Eastern Correctional Institution
Cogeneration Facility“, dated May 1999.  To further validate the findings of
this study, and provide empirical data relevant to boiler performance and
air emissions, a test burn using poultry litter in one of the existing ECICF
boilers is proposed.

1.2 OBJECTIVES OF TEST BURN

The specific objectives of the test burn are as follows:

•  Assess the operational impact of firing cubed poultry litter in the two
existing Cleaver-Brooks package boilers.  Primary considerations
include fouling/slagging/corrosion tendencies.  The gas temperature
profile throughout the boiler system will be monitored and measured
during the test.

•  Assess the suitability of the plant’s system for handling cubed litter as
a fuel.  Primary considerations include changes and degradation of the
litter cubes from handling and storing.  The tendency for the litter
cubes to bridge, plug or cause other problems in the fuel handling
system will be carefully monitored.

•  Assess the suitability and capability of the plant’s system for handling
ash from combustion of the cubed litter.  While the ash system is
planned to be significantly modified, the performance of the existing
system will be carefully monitored.  The ash quantity will increase
significantly when firing litter as compared to the present wood fuel.

•  Perform stack emissions testing to characterize criteria pollutant
emissions from the litter for comparison with emissions due to wood
chip operations, and the existing particulate matter (PM) emissions
limit, to provide additional emissions factor data for litter-firing, and
to definitively assess the need for air emissions controls.
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1.3 GENERAL CONSIDERATIONS

 To accomplish these objectives, the test burn must be of sufficient duration
to allow for steady-state operation and to collect duplicate air emissions
samples for QA/QC purposes.  Therefore, the expected duration of the
test burn is for a period of approximately 80 consecutive hours.

 Each of the two existing boilers at the ECICF are of identical design.  Data
obtained during a test burn in one boiler will be considered representative
of both boilers.  Boiler No. 2 will be used for the test burn.

 Having established the number of boilers that will participate in the test
burn, and the necessary test burn duration, other requirements such as the
quantity of fuel, storage area, etc. can be calculated accordingly.
Additional details on all aspects of the test burn, including fuel collection
and processing, boiler preparation, test burn load conditions, stack testing,
and reporting of results, are provided in the following sections.
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 2.0 LITTER COLLECTION

2.1 LITTER SOURCE

 Raw litter will be collected from selected farms for the test burn.  Farm
selection criteria will be based on logistics and litter age.  Ideally, the
farm(s) selected to provide litter fuel will include one or more of those
that have previously served as litter sources during the litter
characterization phase of the study.  The raw litter that is collected will
consist of a mixture of poultry manure and wood shavings/saw dust.

 All litter collected at the farms will be taken from the brooding houses (as
opposed to the sheds   it has been determined that only 10% of the total
litter is placed in sheds and therefore house cleanout material will
represent a more reliable source of litter for ongoing operations in the
event that the ECI boilers are converted to fire poultry litter).  The farm
name, location and litter age will be noted for each litter source.  [Note
that Eastern Shore Forest Products (ESFP) has been contracted by MES, for
the purpose of the test burn, to collect the raw litter, transport it to the
ESFP facility in Salisbury Maryland for cubing, and deliver it to ECI for
the test burn].

 Litter will be loaded onto self-unloading tractor trailer trucks by a front-
end loader.  When a truck has been filled, it will be covered with a secure
tarp to prevent exposure to the elements, and to ensure that no litter
escapes the truck during transportation to ECI.

2.2 QUANTITY OF LITTER REQUIRED

 For boiler load scenarios described in greater detail in Section 4, 15,000
and 20,000 pph steam, the respective litter burn rates will be
approximately 3 and 3.5 tons per hour.  Allowing for startup and a
minimum of 24 hours burn time for each scenario, as well as a
contingencies, the quantity of litter required for the test burn is estimated
at 250 tons.  Given that the average bulk density of the raw litter is about
25 lbs/cu.ft., this translates into approximately 20,000 cu.ft. of raw litter.

 Assuming the litter is hauled by self unloading tractor-trailers, and given
that a standard trailer can hold about 3,000 cu.ft., it is estimated that 6 or 8
fully loaded truck trips will be required; the actual number of truck loads
may be up to twice this range.
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 As noted above, the raw litter will be collected by Eastern Shore Forest
Products and cubed at ESFP’s facility in Salisbury, Maryland prior to
delivery to ECI.  See Section 3.0 for more details on cubing.

2.3 LITTER SAMPLING

 Fuel sampling will be conducted as part of the data collection process.
Sampling will follow the American Society for Testing and Materials
(ASTM) Manual Testing Procedures.  Both raw and cubed litter samples
will be collected and analyzed as follows:

•  Raw litter samples will be collected prior to cubing and analyzed for
ultimate fuel analysis, chlorine content, heating value, bulk density,
sieve analysis, ash elemental composition, ash alkalis and ash fusion
temperatures.

•  Cubed litter samples will be analyzed for ultimate analysis, chlorine
content, heating value, bulk density, ash elemental composition, ash
alkalis, ash fusion temperatures, and the ASTM Test for Durability of
Biomass Pellets (i.e., cubes) using ASTM Method E.1288.

In addition, separate raw and cubed litter samples will be evaluated for
pathogen viability.  The temperature of the cubes will also be measured
from the time of generation, for up to several minutes, to determine a
temperature vs. time profile.  This information will be used in
collaboration with the pathogen viability analysis to determine the extent
to which the high temperatures achieved in the cubing process contribute
to pathogen mortality (if pathogens are found in the litter).
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 3.0 LITTER PROCESSING

3.1 RECEIVING/CUBING

 Trucks will deliver raw litter to the ESFP facility in Salisbury, Maryland.
ESFP has been contracted by MES to cube the raw litter prior to delivery
to ECI.  The cuber employed by ESFP will be a Warren & Baerg diesel-
fired unit, capable of processing in the range of 5 to 12 tons of raw litter
per hour.  The cuber will be mounted on a concrete pad under a pole-barn.

 The cubes produced by this equipment will have the following
approximate characteristics:

•  Length: 3 inches;

•  Diameter: 1 inch; and

•  Bulk Density: 40 lbs/cubic foot.

Finished cubes will be transported to ECI in covered trailers and received
in the fuel storage building.

3.2 STORAGE

 Finished cubes will be stored in an area adjacent to the pole-barn at ESFP
prior to delivery to ECI.  Cubes will begin to be delivered to ECI
beginning on the first day of the test burn.  Cubes will be temporarily
staged at ECI in the fuel storage building.

 A front-end loader will be used to move the cubes once they are in the fuel
storage building.  At the beginning of the test burn, the front-end loader
will deliver cubes into the silo re-entry hopper for a period of time
(estimated to be 10 hours) until the fuel handling system downstream of
the silo can be tested with the higher-density litter cubes.  Once the fuel
handling system has been checked (assuming there are no problems), then
the front-end loader will load cubes  into the in-floor reclaim conveyor for
delivery to the ECI silo.  Note that prior to the test burn, the supply of
wood chips in the silo will be exhausted so that the silo will be empty.
This will prevent the mixing of wood and litter fuel.  When the wood
chips are emptied from the silo, Boiler No. 1 will be oil-fired.
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 Due to space limitations in the existing wood processing building, it may
also be necessary to empty the chip storage building prior to receiving the
raw litter.
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4.0 BOILER PREPARATION

4.1 CLEANOUT

The boiler system will be thoroughly cleaned and inspected, in order to
ensure the cleanliness of the fireside heating surfaces, prior to conducting
the test burn.  Photographs will be taken at key locations to document the
condition of the heating surfaces prior to the test burn.

All bottom ash and fly ash hoppers will be emptied and cleaned prior to
the test burn.  Note that at the conclusion of the test burn, an ash
generation rate will be determined (see Section 8.0).

4.2 MAINTENANCE

All instrumentation, gauges, and test equipment will be calibrated prior to
the test burn, and then re-checked at the completion of the test burn.  Any
other regular maintenance deemed necessary at this time will also be
conducted.

4.3 MONITORING LOCATIONS AND EQUIPMENT INSTALLATION

Local temperature gauges will be installed in the boiler, as necessary, at
critical monitoring points that are not currently equipped for temperature
readings.  For example, special high temperature probes may be necessary
in the furnace and boiler.

Key operating parameters will be monitored and recorded hourly during
the test burn, as follows:

Temperature

•  Steam leaving the superheater

•  Feedwater entering the steam drum

•  Air entering the FD Fan

•  Air leaving the air heater

•  Gas leaving the primary furnace

•  Gas leaving the secondary furnace
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•  Gas leaving the superheater

•  Gas leaving the generating bank

•  Gas leaving the air heater

Pressure

•  Steam in steam drum

•  Steam after the stop/non-return valve

•  Feedwater leaving the FW pumps

•  Air leaving the FD fan

•  Air leaving the OFA/Reinjection/PFD fan

•  Air leaving the air heater

•  Air after last control damper for undergrate air, overfire air,
pneumatic fuel distributors and char reinjection

•  Gas draft in furnace

•  Gas draft leaving the boiler

•  Gas draft leaving the air heater

•  Gas draft leaving the dust collector

•  Gas draft leaving the ID fan

Flow

•  Steam leaving superheater

•  Feedwater leaving FW pumps

•  Feedwater entering the steam drum

Controller Outputs

•  Boiler master

•  FD fan damper

•  Undergrate air damper

•  OFA fan discharge damper

•  Burner windbox damper

•  Fuel feeder speed

•  ID fan damper

•  Drum level
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Analyzers

•  Oxygen leaving the boiler

Manual Air Dampers % Open

•  Front upper OFA header

•  Pnuematic fuel distributor (PFD) No. 1

•  PFD No. 2

•  PFD No. 1 air jet nozzles

•  PFD No. 2 air jet nozzles

•  Char reinjection venturi pick-ups (6)

4.4       PRE-TEST OPERATION

Prior to the test burn, and during start-up firing with litter, the Boiler No.
2 will be fired with the backup fuel oil; it is expected that oil-firing will
occur boilers will occur for up to 24 hours prior to the start of the test
burn.  Once litter firing is established the oil burner will be taken out of
service and the boiler will be fired exclusively with cubed litter.
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 5.0 TEST BURN DURATION AND OPERATING CONDITIONS

5.1 TEST BURN SCHEDULE

A comprehensive ECICF Test Burn Schedule of Field Activities, beginning
with boiler cleanout and litter collection, is provided in Appendix A to
this Test Burn Protocol.  It is anticipated that the test burn itself will be
conducted over the course of five days.  Day one will be used to test the
fuel handling system and transition from oil to litter firing.  The test burn
will then proceed on an hour by hour basis as depicted in the Attachment
to ECICF Test Burn Schedule of Field Activities.  The test burn will be
conducted over a total period of 84 hours followed by a cooldown period
and post burn activities such as boiler cleanout, ash removal, etc.

5.2 STEAM LOAD CONDITIONS

 Two load conditions of primary interest will be evaluated during the test
burn:

•  Maximum load, or 20,000 lb/hr steam generation rate; this is
approximately 80% of the load rating, but it is estimated that
operation of the converted boilers would be limited to this rating to
prevent ash fusion temperatures from being exceeded and consequent
boiler fouling.

•  Reduced Load, or 15,000 lb/hr steam generation rate; this load
condition is considered representative of low demand operations.
This load condition has been included to evaluate the effect of reduced
load conditions on air emissions, e.g., carbon monoxide (CO).

If the steam demand falls below test steam generation rates for the two
load scenarios, excess steam will be vented to the atmosphere through an
automatic steam vent.

5.3 UNDERGRATE AND OVERFIRE AIR SETTINGS

Three recommendations have been made, with respect to air settings in
the existing ECI boilers, for firing poultry litter.  These recommendations
are as follows:

•  Increase overfire air to undergrate air ratio from 20/80 to 50/50;
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•  Decrease the undergrate air temperature from 530°F to 350°F;

•  Increase the overfire air temperature from 91°F to 350°F.

With the goal of creating combustion conditions optimal for poultry litter,
and to simulate combustion in a fully modified, litter-fired boiler,
implementation of the above recommendations was considered for the
test burn.  It has been determined that the first two recommendations are
technically feasible for the existing boilers.  The third recommendation is
deemed infeasible for the purposes of the test burn.

For the following discussion, refer to the combustion air and flue gas
process flow diagram provided in Appendix A of this Test Burn Protocol.
This diagram shows air flow characteristics representing conditions
observed during a test of Boiler No. 2 conducted in August 1998.  These
conditions are considered representative of normal operations for both
boilers.

5.3.1  Increase Overfire Air to Undergrate Air Ratio

The existing overfire air flow rate and undergrate airflow rate in the boiler
are 1590 cfm and 5310 cfm (at 91°F) respectively.  The overfire air blower
has the capacity to provide 3400 cfm.  The total combustion air
requirement for poultry litter is very similar to wood chips.  Therefore, if
the overfire air flow rate is increased to 3400 cfm, the undergrate air flow
rate would decrease to about 3500 cfm bringing the ratio close to 50/50.

5.3.2 Decrease the Undergrate Air Temperature to 350F

To decrease the undergrate air temperature, it will require that some of
the cold ambient air bypass the air preheater and mix directly with the
preheated air after the air preheater.  However, this change may impact
the performance of the induced draft fan, as the exit temperature of the
flue gas from the air preheater would rise.  The maximum design
temperature of the induced draft fan rotor must be determined and
compared to the expected increased temperature of the flue gas.  It will
also be necessary to evaluate thermal expansion effects and potential back
pressure development due to the increase in flue gas volume resulting
from a temperature increase.  These effects will be evaluated prior to and
during the test burn.

[Note: The air preheater by-pass was installed prior to the test burn].
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 6.0 AIR EMISSIONS SAMPLING

 Each boiler exhausts gases through a separate exhaust stack.  The average
gas conditions (at the recommended sampling location - see Appendix B)
for the boilers as measured/modeled by McBurney during their
engineering evaluation under poultry litter-firing conditions are
summarized in Table 6-1 below.

 Table 6-1 Boiler Exhaust Gas and Stack Parameters

 

Boiler No.

 
Stack

Height
(ft)

 
Stack

Diameter
(ft)

 
Exhaust Stack
Gas Flowrate

(ACFM)

 
Exhaust Gas
Temperature

(oF)

 Boiler No. 1  NA  3  13,000-15,000  400-450

 Boiler No. 2  NA  3  13,000-15,000  400-450

 During the test burn, two boiler operating conditions will be evaluated:
maximum load (20,000 lb/hr) and a load condition less than maximum,
most likely at about 15,000 lb/hr.  These two load conditions have been
selected to evaluate the anticipated emissions resulting from varying
operating conditions.  Typically, nitrogen oxides (NOx), sulfur oxides
(SOx), and PM emissions will be greatest at maximum loading.  Carbon
monoxide, on the other hand, is emitted in greater rates at less than
maximum conditions.  These two conditions will provide the data
necessary to evaluate how emissions change with varying boiler operation
while combusting litter.

 Emissions of the following parameters will be estimated in this stack
sampling program:  total PM, NOx, SO2, CO, ammonia and visible
emissions (opacity).   United States Environmental Protection Agency
(USEPA) sampling methods, where available, will be employed in this
sampling program.  A summary of the Reference Methods to be utilized
for this sampling program is presented in Table 6-2.
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 Table 6-2 Sampling Methods to be Employed During ECI Test Burn

 Parameters/Pollutant  USEPA Reference Method1  Analyses

 Location of Sampling Ports
and Traverse Points

 Reference Method 1  NA2

 Gas Velocity and Volumetric
Flowrate

 Reference Method 2  Type-S Pitot Tube and Inclined
Manometer

 Gas Molecular Weight  Reference Method 3  Fyrite or Orsat Analyzer

 Gas Moisture Content  Reference Method 4  Impinger Ice Bath (integrated
with RM 5 Sampling Train)

 Total PM  Reference Method 5  Gravimetric

 SO2  Reference Method 8  Barium-thorin Titration

 NOx  Reference Method 7E  Direct Reading Analyzer

 CO  Reference Method 10  Direct Reading Analyzer

 Ammonia  Modified Method 305.23  Colorimetrically

 Opacity   Reference Method 9   Continuous Emission
Monitoring Equipment at
Plant

 Notes:
1   Indicates USEPA Reference Methods cited in Title 40, Part 60, Appendix A of the Code of
    Federal Regulations (40 CFR 60).
2  NA indicates not applicable.
3  Standard Method for the Analysis of Water and Wastewater, 16th Edition

 A total of three sampling runs each conducted over the course of a
minimum of one-hour in duration shall be conducted at each boiler load
condition during the test burn.  The results from these triplicate runs will
provide sufficient data to evaluate average emissions information
representative of each load condition.

 6.1 SAMPLING LOCATION

 During the engineering study of the boiler systems by McBurney, it was
noted that upgrading was necessary to one of the dust collector units.  In
an effort to ensure that the most accurate particulate data is collected
during the sampling program, stack sampling will be conducted at a
location between the air preheater and dust collector of the tested boiler.
In this way, the particulate removal efficiency of the dust collector will not
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affect the testing program.  USEPA Reference Method (RM) 1 – Sample and
Velocity Traverses for Stationary Sources will be used to select the sampling
location and velocity traverse point locations.  Two test ports, located 90o

from each other, will be installed for use during the test burn.  Safe access
will be provided to the sampling ports as required.  The approximate
sampling location for the boilers, based on USEPA’s RM 1 procedures is
noted in the combustion air and flue gas process flow diagram provided
in Appendix B of this Test Burn Protocol.

 6.2 GAS CHARACTERISTICS TO BE MEASURED

 During each sampling run, the gas velocity, pressure, temperature, and
moisture content shall be evaluated utilizing USEPA RM’s noted in Table
6-2.

 As noted in the table, gas velocity measurements will be collected at each
traverse point during the sampling run following RM 2 – Determination of
Stack Gas Velocity and Volumetric Flow Rate.  These measurements will be
collected from the data recorded during use of the RM 5 sampling train
used to collect the PM and SOx samples.  Moisture content of the gas will
similarly be evaluated from data collected during PM and SO2 sampling
using the RM 5 sampling train.  RM 4 – Determination of Moisture Content
in Stack Gases is incorporated into the RM 5 procedures, and shall be
followed during the test run.

 Gas molecular weight will be evaluated from samples collected in
accordance with RM 3 – Gas Analysis for the Determination of Dry Molecular
Weight.  Collection of grab samples are deemed acceptable to comply with
RM 3 methodology.  The collected samples shall be analyzed utilizing an
Orsat analyzer or Fyrite test set.  Carbon dioxide, oxygen, and carbon
monoxide will be measured by analysis, and nitrogen shall be calculated
by difference.  A minimum of three grab samples for molecular weight
analysis shall be collected during each one-hour sampling run.  Results
will be reported as an average of the three analyses.

 6.3 POLLUTANTS TO BE EVALUATED

 6.3.1 Total Particulate Matter

 Total PM emissions resulting from the combustion of poultry litter at each
load condition during the test burn shall be evaluated utilizing USEPA
RM 5 – Determination of Particulate Matter Emissions from Stationary Sources.
The method employs the use of a sampling train consisting of a sampling
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probe, a particulate filter, liquid sampling impingers, a dry gas meter, and
a sampling pump.  Boiler exhaust gas is continuously drawn through the
sampling train at an isokinetic rate, passing across the filter and through
the sampling impingers.  The particulate filter and liquid impinger
solutions are collected for gravimetric analysis to determine the associated
gas particulate loading.  Data to calculate the gas velocity at each traverse
point, and estimate the gas moisture content, will be collected from each
sampling run using equipment integral to the RM 5 sampling train.  Field
data sheets will be provided for each sampling run denoting the following
for each traverse point:  sampling time, gas sample volume, velocity head,
pressure differential across the pump orifice meter, the stack gas
temperature, the probe temperature, the filter sample box temperature,
gas outlet temperature from the sampling train, gas sample temperature
at the dry gas meter, and the sample pump vacuum.

 Quality assurance/quality control (QA/QC) procedures, including a pre-
and post-sampling run leak check of the sampling train, will also be
conducted and included in the sampling records.  Failure to meet the
specified leak check parameters will require a repeat of the sampling run.
Sample recovery will be conducted in accordance with RM 5 procedures.

 6.3.2 Sulfur Dioxide

 Sulfur dioxide will be evaluated during each sampling run through the
use of USEPA RM 8 – Determination of Sulfur Dioxide Mist and Sulfur
Dioxide Emissions.  Samples will be collected utilizing the Method 5
sampling train discussed in Section 6.3.1 (the sampling train will be used
to collect both PM and SO2 samples simultaneously).  Liquid impinger
solutions of isopropanol and hydrogen peroxide will be used in the
sampling train to chemically “capture” the SO2 present in the sampled gas
stream.  This sampling train setup will simultaneously collect PM and SOx

samples.  The liquid impinger solutions will be collected at the end of each
sampling run and submitted for laboratory analysis of sulfur oxides
utilizing a barium-thorin titration.  QA/QC procedures specified in RM 8
will be employed during the sampling program, including submittal of a
trip blank and collection of a field blank each day of the sampling
program.

 As an alternative to RM 8, the sampling can be conducted utilizing a non-
dispersive infrared (NDIR) analyzer to provide direct readout of SO2

loadings.  This sampling would be conducted in accordance with RM 6C –
Determination of Sulfur Dioxide Emissions from Stationary Sources (Instrument
Analyzer Method).
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 6.3.3 Nitrogen Oxides

 Nitrogen oxide concentrations in the sampled gas will be determined
utilizing RM 7E – Determination of Nitrogen Oxides Emissions from Stationary
Sources.  This method includes continuous sampling of stack gas for
analysis with a chemiluminescent analyzer.  The analyzer will be pre- and
post-sample run calibrated with USEPA protocol gases in accordance with
RM 7E.  Sampling data will be continuously recorded (either utilizing a
datalogger or chart recorder) during the sampling run for calculation of
average NOx concentrations.

 6.3.4 Carbon Monoxide

 USEPA RM 10 – Determination of Carbon Monoxide Emissions from Stationary
Sources will be utilized to evaluate CO emissions during each sampling
run of the test burn.  This method calls for the use of a direct reading
analyzer (a non-dispersive infrared analyzer) to continuously analyze
samples of the gas stream for carbon monoxide.  Data will be continuously
recorded during each one-hour sampling run using either a datalogger or
chart recorder.  The analyzer will be pre- and post-sample run calibrated
with USEPA protocol gases in accordance with RM 10 methods.

6.3.5 Ammonia

Ammonia sampling will be conducted utilizing modified Method 350.2
from Standard Methods for the Analysis of Water and Wastewater, 16th Edition.
This method includes the collection of ammonia by use of a sampling train
consisting of solutions of 0.1N sulfuric acid in impingers.  Ammonia in the
gas stream will combine with the sulfuric acid to form ammonium sulfate.
The ammonium sulfate solution will be collected and submitted for
laboratory analysis of ammonia colorimetrically using Method 350.2.  This
sampling will be conducted utilizing a separate sampling train dedicated
to ammonia sample collection, or incorporation of an additional impinger
with the sulfuric acid solution in the Method 5 sampling train during
particulate matter collection noted in Section 6.3.1 above.

 6.3.6 Opacity

 Opacity is currently evaluated through the use of a continuous emission
monitoring system (CEMS) installed and operated on each boiler.  The
CEMS is required per Code of Maryland Regulation Title 26, Subtitle 11,
Part 1, Regulation 10 (COMAR 26.11.01.10).  Because the opacity CEMS
systems must meet performance testing requirements, including
calibration and certification, data generated from it during the test burn
will be used to evaluate visible emissions.  ECI personnel will provide the
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data in 6-minute blocks over the period of each one-hour sampling run
during the test burn.  The most recent calibration data and certification
report will be included with the testing report to provide adequate
QA/QC information for the opacity monitor to demonstrate the validity
of the data.

 6.4 QUALITY ASSURANCE/QUALITY CONTROL

 Quality assurance/quality control (QA/QC) measures shall be employed
in this sampling program including laboratory blanks, field blanks and
matrix spikes.  The number of QA/QC samples conducted will be those
specified in the applicable sampling methods.

 Chain-of-custody forms will be completed for each sample in a manner
consistent with USEPA guidance.  Completed chain-of-custody forms will
be included with the final testing report.

 Sampling train leak checks will be performed before and after the
collection of samples to prevent dilution or contamination of collected
samples.  Direct reading analyzers will be calibrated with USEPA protocol
gases in accordance with the applicable reference method.

 6.5 AVAILABLE RESOURCES

 Sampling ports, access to the sampling locations (scaffolding to access
elevated sampling locations), and access to electrical outlets are to be
provided by ECI.  However, it is the responsibility of the sampling
contractor to provide all the equipment necessary to conduct the required
sampling including extension cords, sample reagents, sampling
equipment, and necessary tools.
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7.0 HEALTH & SAFETY PLAN

7.1 HASP DEVELOPMENT AND IMPLEMENTATION

Potential worker exposure issues were evaluated as part of the
Comprehensive Engineering and Socioeconomic Assessment Report to
which this protocol is appended.  The potential hazards identified include
exposure to pathogens, dust and airborne heavy metals, and ammonia.  A
Health and Safety Plan (HASP) was prepared by qualified Industrial
Hygienists to address these risks through the use of personal protective
equipment (PPE) and the implementation of safe work practices.  All
persons present for the test burn will receive training on the HASP and
will be equipped with the appropriate PPE.

7.2 DATA COLLECTION

An industrial hygiene evaluation will be conducted to gather additional
data on the potential hazards posed by raw and cubed poultry litter.  The
following data collection efforts are planned:

At the cubing facility:

•  raw and cubed litter samples will be collected and analyzed for
pathogen viability;

•  the temperature of cube samples will be measured to develop a time
vs. temperature profile from the time of generation for several minutes
to determine the impact of the high temperatures achieved during the
cubing process on pathogen mortality;

•  air sampling will be performed to determine the quantity of airborne
materials present during cubing and associated material handling.

At ECI:

•  air monitoring will be conducted to determine the quantity of airborne
respirable and total dust, as well as ammonia and VOCs, present at
ECI during the test burn;

•  air monitoring for respirable and total dust will also be performed
during furnace cleanout, and ash hopper cleanout activities;

•  a weather station will record data on wind direction and speed to
evaluate the potential impact to emission receptors downwind of the
ECICF during the test burn.
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All air monitoring and data collection efforts will be directed by a
qualified industrial hygienist.
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8.0 ASH SAMPLING

At the conclusion of the test burn, the ash hoppers will be emptied and the
ash generated will be weighed.  An actual litter-ash generation rate will be
determined and compared to the predicted value obtained from the boiler
performance model.

In addition, litter-ash samples will be collected and analyzed for the
following:

•  elemental composition;

•  alkalis;

•  TKN;

•  total P;

•  total K;

•  ash fusion temperatures; and

•  Toxicity Characteristic Leaching Procedure (TCLP) (for metals only).

The ash analytical data obtained as a result of the test burn will be used to
supplement the existing body of poultry litter analytical data gathered to
date.
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 9.0 TEST REPORT

 The test burn report shall provide the following information:

•  Fuel physical and chemical characteristics;

•  Fuel feed rate;

•  Data on the boiler operating conditions during each sampling run,
including load, steam pressure, and boiler temperature;

•  A description of the air emissions sampling program;

•  A description of the air emissions sampling locations;

•  A description of the air emissions sampling runs conducted and
methods employed;

•  A discussion of deviations made to that proposed in the air emissions
sampling protocol;

•  Tabular summaries of the air emissions sampling results;

•  Copies of all air emissions sampling field data sheets/notes;

•  Copies of air emissions sampling analytical data results;

•  Copies of air emissions quality control/quality assurance data;

•  Data on the observed ash generation rate;

•  Ash physical and chemical characteristics; and

•  An assessment of potential worker exposures based on empirical
sampling data.



Appendix A
Test Burn Schedule



Attachment to ECICF Test Burn Schedule of Field Activities

The test burn will begin at approximately 1:00pm on 11/8/99.  The Beginning of the Test Burn is denoted as Hour 1 (One) below.
 
 

Start Finish Time per Avg Fuel Cumulative Fuel 
Activity Hour Date, Time Date, Time Activity (hrs) Use Rate (tph) Use (tons)
 
Front End Loading to Recharge Hopper 1 - 10 11/8, 1pm 11/8, 11pm 10  
Test Fuel Handling System Downstream of Silo 1 - 4 11/8, 1pm 11/8, 5pm 4
Startup/Transition from Oil to Litter 1 - 12 11/8, 1pm 11/9, 1am 12 1.5 18
Fill Silo w/ Litter 5 - 24 11/8, 5pm 11/9, 1pm 20
Boiler Load Scenario 1(15,000 pph) 13 - 36 11/9, 1am 11/10, 1am 24 3 72
Stack Test Scenario 1 19 - 30 11/9, 8am 11/9, 8pm 12
Boiler Load Scenario 2 (20,000 pph) 37 - 66 11/10, 1am 11/11, 7am 30 3.5 105
Stack Test Scenario 2 43 - 55 11/10, 8am 11/10, 8pm 12
Other Load Scenarios/Burn Excess Fuel 67 - 84 11/11, 7am 11/12, 1am 18 3 54
Boiler #2 Cooldown 85 - 163 11/12, 1am 11/15, 8am 79  

 Total Fuel Consumed = 249 tons



Task Name Start Finish Text1

Activities Mon 10/18/99 Mon 11/15/99

Boiler Preparation Mon 10/18/99 Sun 11/7/99

Cool Down Mon 10/18/99 Wed 10/20/99

Clean Out Thu 10/21/99 Fri 11/5/99

Install Outlet Temp Probes Mon 11/1/99 Tue 11/16/99

Install Air Heater By-Pass Duct Tue 10/26/99 Wed 11/10/99

Document Clean Condition Sat 11/6/99 Sat 11/6/99

Boiler Start-up on Oil Fri 11/5/99 Sat 11/6/99

Litter Cubing Mon 10/25/99 Fri 11/5/99

Collection and Cubing Mon 10/25/99 Fri 11/5/99

HASP Sampling Thu 10/28/99 Mon 11/8/99

Litter Sampling & Monitoring at Cubing Facility Fri 10/29/99 Tue 11/2/99

Exclusion Zone Established Mon 11/8/99 Fri 11/12/99

Air Monitoring at Boiler Facility Mon 11/8/99 Mon 11/8/99

Post Burn Air Monitoring Mon 11/15/99 Mon 11/15/99

Test Burn Mon 11/8/99 Sun 11/14/99 See Attachment

Stack Testing Sun 11/7/99 Tue 11/9/99

 Set Up Mon 11/8/99 Mon 11/8/99

Sampling and Analysis Tue 11/9/99 Wed 11/10/99 See Attachment

Ash Sampling Mon 11/15/99 Mon 11/15/99

Reinspect Boiler Mon 11/15/99 Mon 11/15/99

11/6

11/5

11/8

11/15

See Attachment

11/8

See Attachment

11/15

11/15

M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W
Oct 17, '99 Oct 24, '99 Oct 31, '99 Nov 7, '99 Nov 14, '99 Nov 21, '

Task

Split

Progress

Milestone

Summary

Rolled Up Task

Rolled Up Split

Rolled Up Milestone

Rolled Up Progress

External Tasks

Project Summary

DraftDraft
ECICF Test Burn

Page 1

Project: 15431.91.01
Date: Wed 7/5/00
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Location of Stack Test Sample
Ports







Appendix B
McBurney Field Service Reports

•  4 November 1999 Field Service Report
(Pre-Burn Inspection)

•  17 November 1999 Field Service Report
(Post-Burn Inspection)
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P.O. Box 1827 Norcross, Georgia  30091-1827 - Phone:  770-925-7100

FIELD SERVICE REPORT

Job No: 698020 Customer: ERM

Service Date: 11/17/1999 Location: ECI Co-Gen Plant
Princess Anne, MD

Service Engineer: Doug Gorton PO No.: Contract

At tent ion: Mike  Can t re l l

Purpose of Visit: Inspection of No. 2 Cleaver Brooks water tube boiler after the test
burn of cubed poultry waste and collection of samples for testing.

Monday, November 15, 1999
Mike Cantrell, Steve Burke and I traveled from Atlanta to Princess Ann MD. We arrived
at the plant at approximately 2:00 PM and met with Dick Coningham and James Allen.

AREA 1: FURNACE

James and I entered the furnace area first and found that the furnace had major buildup
throughout the entire furnace.
Front wall was completely covered with buildup from the header down to the ash
removal opening. This buildup varied from 3 ½” to 6” thick with the heaviest buildup
being at the lower section of the front wall. Tubes above the header appeared clean
with minimal white residue coating.
 Right sidewall and Left sidewall had major buildup from the header and lower drum to
grates. This buildup seemed to vary in thickness with the heaviest buildup located near
the grates (about 4” to 8” thick). Sidewall tubes had a much lesser degree of buildup
following the contour of the bridge wall (about 1” thick). This buildup could be pulled off
the furnace area in large clumps and crumpled easily by hand. Most samples appeared
gray in color with the exception of a sample collected from the bridge wall. This sample
had a 1” strip through the middle, which appeared purplish in color. Bridge wall  had
major buildup about 8” at the top and continued to be very heavy on both sides. The
rear side of the bridge wall had a fine powdery buildup and gray in color.  Note: O.F.A.
nozzles and fuel chutes were free of slag. Furnace area was reduced  to 9’-9” long and
6’-3” wide. (See photo’s 1 through 11)

Job No: 698020 Customer: ERM
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Service Date: 11/17/1999 Location: ECI Co-Gen Plant
Princess Anne, MD

Service Engineer: Doug Gorton PO No.: Contract
Page 2 of 4

AREA 2: PRIMARY & SECONDARY HOPPERS, AND SCREEN TUBES

Primary hopper was about 75% full of ash. Ash was falling from top of bridge wall into
the primary hopper. The ash was measured 25” below top of hopper.
Secondary hopper was about 25% full of ash. Ash was measured 54” below top of
hopper. The top bridge wall had approxmently 8” to 10” of ash buildup.
Right sidewall and left sidewall had white scale entirely covering both walls. This scale
was flaking off the tubes and was about 1/8” thick. The screen tubes appeared to have
the most scale. When viewing the photographs a fine brown powder appears on top of
the white scale. This could be attributed to firing wood chips after the test burn to
remove the poultry waste from the fuel feed system. The roof tubes had a pure white
residue through out the entire furnace area.  (see photo’s 12 through 19)

AREA 3: SUPER HEATER

Super heater tubes were entirely coated with about 1/8” of white scale. This scale was
much more difficult to remove. There was some existing scale, which remained prior to
the test burn. When viewing the photographs a fine brown powder of about ½” appears
on top of the white scale. The mud drum had considerable more ash buildup.
Membrane wall on super heater side also had a considerable amount of flaky scale,
which was easily removed. (see photo’s 20, 21 & 23 through 29)

AREA 4: GENERATING BANK

The generating bank was very difficult to access, therefore the inspection was limited to
(2) two locations.  Viewing the generating bank through the superheater area, I found
the tubes had the same white scale that was slightly less than 1/8” thick and hard to
remove from the tubes. The brown powder also appeared on the super heater side of
the generating bank tubes. Second location viewed was through several hand holes
along the left sidewall where the generating bank tubes enter the lower drum. A white
buildup varied in thickness from 1/8” to ¾” and surrounded the entire tubes. This
buildup varied in consistency from white powder to hard scale, which could be removed
with little effort.

Sidewall hoppers appeared clean and the outlet was visible. There was a fine white
powder present which coated the entire hopper. (see photo’s 20, 22 & 30 through 32 )

Job No: 698020 Customer: ERM
Service Date: 11/17/1999 Location: ECI Co-Gen Plant
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Princess Anne, MD
Service Engineer: Doug Gorton PO No.: Contract
Page 3 of 4

Tuesday November 16,1999

AREA 5: BOILER GAS EXIT FLUE TO AIRHEATER

The access door is located left of the steam drum near the boiler front plate in the boiler
gas exit flue. This area was very clean with a slight amount of a white powdery film. The
only change in this area was the color of the powdery film. (see photo’s 33 through 36)

AREA 6: AIR HEATER GAS EXIT FLUE

This area was very dangerous to enter and was not open to access therefore, no
inspection was made at this location.

AREA 7: TURN AROUND SECTION AT BOTTOM OF AIR HEATER

All tubes were open and free of any obstructions. There was a grayish white powdery
film throughout the entire hopper and tube sheet. The hopper had minor accumulation
of ash on the sidewalls. Outlet was not visible and the hopper appeared about 15% full
of ash. (see photo’s 37 through 42)

SAMPLE COLLECTION

AREA NO. 1

SAMPLE NO. 1      Ash From Grates

SAMPLE NO. 2      Buildup From Rear Wall

SAMPLE NO. 3      Buildup From Right Sidewall

SAMPLE NO. 4      Ash From Primary hopper
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Job No: 698020 Customer: ERM
Service Date: 11/17/1999 Location: ECI Co-Gen Plant

Princess Anne, MD
Service Engineer: Doug Gorton PO No.: Contract
Page 4 of 4

SAMPLE COLLECTION

AREA NO. 2

SAMPLE NO. 9      Scale From Right Sidewall  (rear of boiler)

AREA NO.  2

SAMPLE NO. 10    Scale From Screen tubes

AREA NO.  3

SAMPLE  NO. 11   Scale and Ash From Superheater

AREA NO.  4

SAMPLE  NO. 12   Scale and Ash From Generating Bank Tubes

AREA NO.  5

SAMPLE  NO. 13   Ash from Flue between Boiler Gas Outlet & Air Heater

AREA NO.  7

SAMPLE  NO. 13   Ash from Air Heater Hopper

SUMMARY

Photographs were taken with (3) types of cameras, a typical 35MM, a digital
Camera and a 25MM which had panoramic capabilities.

cc:  Ray Wallace
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P.O. Box 1827 Norcross, Georgia  30091-1827 - Phone:  770-925-7100

FIELD SERVICE REPORT

Job No: 698020 Customer: ERM

Service Date: 11/4/1999 Location: ECI Co-Gen Plant
Princess Anne, MD

Service Engineer: Doug Gorton PO No.: Contract

At tent ion: Mike  Can t re l l

Purpose of Visit:  Inspection of No. 2 Cleaver Brooks water tube boiler prior to the test
burn of cubed poultry waste.

Thursday, November 4, 1999

Traveled from Atlanta, GA to Princess Anne, MD.

Arrived at the plant at approximately 2:00 PM and met with Dick and James Allen.
I gave a brief description of how I wanted to inspect the boiler and was informed that
the boiler had been cleaned and ready for inspection.

AREA 1: FURNACE

I entered the furnace area first and found it relatively clean of ash and slag. The grates
appeared in good condition. The front wall was in good condition, the feed chutes were
not warped and the O.F.A. nozzles were not slagged over. The bent tubes around the
burner and surrounding areas appeared clean with minimal residue buildup. The left
and right side water walls had some residue buildup on the tubes. This residue buildup
appeared to be heaviest near the bridge (baffle wall). The lower drum and header were
not visible due to buildup on furnace wall. This buildup could be chipped away with a
pencil and crumpled by hand. The roof tubes appeared to be very clean.
(See photographs number 1-7)
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AREA 2: PRIMARY & SECONDARY HOPPERS, AND SCREEN TUBES

The primary hopper outlet was covered with ash and not visible. The secondary hopper
was considerably cleaner and the outlet was visible. Both hoppers appeared in good
condition with no castable missing. Looking towards the front wall, I noticed the highest
amount of residue buildup on the side walls following the contour of the bridge. The roof
tubes, right sidewall and rear wall tubes were very clean with minimal residue buildup.
Looking at the opening to the superheater and screen tube location, I noticed they were
about 95% clean. There was some slag and/or char buildup at top left-hand corner. The
membrane tubes had considerable more buildup in comparison to screen tubes. The
membrane tubes were about 90% clean and the slag/char was located between the
bridge and screen tube at the top. (See photographs number 8-15)

AREA 3: SUPERHEATER

The membrane wall on the superheater side, between superheater section and rear of
furnace, was very clean and free from any buildup. Superheater tubes and left side
water wall had what looked like a combination of calcium buildup and oxidation, about
1/16” thick.   This scale was typical throughout the entire superheater, except the
membrane wall.  There was no presence of slag buildup in this area.  Some fly ash has
accumulated on lower drum and in the bottom of this section. The roof in this area
appeared very clean. (See photographs number 15,17,18,25-28 and 32-36)

AREA 4: GENERATING BANK

The generating bank was very difficult to access, therefore the inspection was limited to
(2) two locations.  Viewing the generating bank through the superheater area, I found
the same scale on the generating bank tubes as previously mentioned in area 3. The
second location was the 2nd hopper from boiler front plate.  Removed door to access
top of hopper to view lower drum and generating bank tubes. There was some minor
buildup on tubes. Hopper was free of ash. (See photographs number 16,18,19,23,24
and 29-31)

AREA 5: BOILER GAS EXIT FLUE TO AIRHEATER

The access door is located left of the steam drum near the boiler front plate in the boiler
gas exit flue. This area was very clean with a slight amount of a powdery film.  No
corrosion and no buildup were present in this area. (See photographs number  20-22)
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AREA 6: AIR HEATER GAS EXIT FLUE

This area was very dangerous to enter and was not open to access therefore, no
inspection was made at this location.

AREA 7: TURN AROUND SECTION AT BOTTOM OF AIR HEATER

Access was through the air heater hopper. Bottom of air heater tubes had some minor
ash buildup. The firebrick-lined hopper was very clean and the mortar in between the
firebrick was actually visible. (See photographs number 37-42)

SUMMARY

Photographs were taken with (2) types of cameras, a typical 35MM and a digital
camera.  Unfortunately, the digital camera did not function properly so photos taken
with the digital camera have been omitted.

cc:  Ray Wallace



Note: Pictures of the pre and post-boiler inspections are available upon
request from Maryland Department of Natural Resources, Power Plant
Research Program.



Appendix C
Test Burn Photos



Note:  The test burn photos are available upon request from Maryland
Department of Natural Resources, Power Plant Research Program.



Appendix D
Test Burn Health and Safety Plan (HASP)
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1.0 INTRODUCTION

This Health and Safety Plan (HASP) has been developed for poultry litter test
burn activities at the ECI Co-Generation facility in Westover, Maryland.  It is
intended to provide recommended Health and Safety procedures for employees,
subcontractor employees, and designated visitors participating in the on-site
activities as part of the test burn activities.

Procedures and protocols set forth in this plan are designed to reduce the potential
risks of exposure to chemical substances, pathogens, and materials that may be
present in chicken litter and chicken litter ash.  The procedures contained herein
were developed in accordance with OSHA protocols and, in part, are based on
experience in similar field activities.

Maryland Environmental Service (MES) shall be responsible for ensuring that this
Health and Safety Plan is properly implemented, and that all site activities
conducted during the project are in compliance with the provisions indicated in
this plan.  The recommended procedures and protocols outlined in this document
may be modified during the course of the project as additional information is
made available during on-site characterization or from laboratory chemical
analyses.  These modifications will be issued in the form of verbal instructions
from the Site Safety Officers, and will be noted in the Field Logbook.  All
individuals involved with the test burn will immediately be notified of any
modifications.

This plan has been developed to ensure that all field activities and site operations
associated with the project are in accordance with Federal Guidelines as
established by the following guidance documents:

Government Regulations Topic

29 CFR 1910.120 Hazardous Waste Site Operations

29 CFR 1910.1020 Recordkeeping/Recording

29 CFR 1904 Recordkeeping/Recording

29 CFR 1910.1000 OSHA Permissible Exposure Limit

29 CFR 1910.134 Respiratory Protection
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2.0 PROJECT PERSONNEL AND RESPONSIBILITIES

The following responsibilities and authorities have been assigned to designated
personnel for the activities at the Site.

MES Project Director

Duane Wilding is the Project Director for the test burn.  The Project Director is
responsible for the administrative project and coordination activities for all
contractors and State and Federal governmental agency personnel.  He is
responsible for the fulfillment of the scope of work to be completed.

James Allen and John Hudson are responsible for the physical plant operations.
They have the authority to direct and control all activities relevant to the
operations and maintenance of the generation of electricity.  Personnel will be
instructed to leave the area if any conditions arise that are deemed critical for the
operations and safety of personnel in the physical plant.

MES Site Safety Officer

 Susan McCauley is the MES Site Safety Officer (SSO) and will be directly
responsible for ensuring compliance with the HASP by all MES employees,
subcontractors, and visitors to the site.  She will also have complete authority
(during the performance of the field test burn) to enforce the HASP, and
immediately cease field operations if violations of the HASP are committed by
personnel or subcontractors.

The MES SSO will be responsible for maintaining control of all activities directly
involved with potential exposure of employees during the poultry litter in
coordination with ERM SSO.  She will be assisted by Charles Baker with
monitoring equipment/results as needed as well as coordination and instruction of
visitors to the site.

Charles Baker, an industrial hygienist with ERM, will generally function as a
technical assistant to the SSO, and will specifically be responsible for the
following activities:

- air monitoring in the workplace to ensure proper levels of personnel
protection.

- Maintain Site Health and Safety records in the project field book, which
will contain all relevant Health and Safety data.
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- Calibrate and maintain all instruments used in the protection of personnel
health and safety.

If site conditions permit, then the SSO has the prerogative to appoint the senior-
most H&S employee on the Site as the field SSO.  The field SSO will ensure that
all Health & Safety procedures are followed and accomplish all documentation in
accordance with the Health and Safety Plan and the directives of the SSO.
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3.0 SUMMARY OF TEST BURN ACTIVITIES

The following items are included among the field tasks to be performed during
implementation of the Test Burn:

Task Task Descriptions

Litter Cubing Raw litter will be cubed off-site from litter gathered at
various poultry farms on the Eastern Shore.

Transportation The cubed litter will be transported by truck to the ECI Co-
Gen facility receiving area.

On-site Storage The cubed litter will be stored on-site in the receiving
building of the ECI Co-Gen facility.

Boiler Start-up Boiler #2 of the ECI Co-Gen facility will be fired using
chicken litter as the primary fuel source.

Steady State Operation Before stack emission testing is performed, the boiler will
be brought to a steady state burn condition.

Shutdown After the stack testing is complete, the boiler will be shut
down using standard techniques once all litter cubes have
been burned.

Boiler Cleaning The boiler will be cleaned of any accumulated slag and ash
from the test burn.  All associated feed components will be
cleaned of all litter material prior to introducing the wood
feed.

Decontamination The heavy equipment (front-end loader) will be
decontaminated, as will the receiving/storage area, feed
components, and Boiler #2.

Monitoring and Sampling Sampling of air during burn to determine potential worker
exposure levels.

Sampling of stack emissions will be conducted during the
test burn.

Sampling of ash and raw litter to determine properties of
materials.
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4.0 HAZARD ASSESSMENT

As there is little empirical data for using cubed poultry litter as a fuel source,
certain assumptions will be made as to the hazardous components of the litter and
the litter ash.  During the test burn, samples of airborne constituents will be
collected and analyzed to assess the assumptions made.

Table 4-1 presents a listing of chemical compounds that could potentially be
present in the raw chicken litter based upon previous chemical analyses.
Permissible Exposure Limits (PEL) presented in this table were derived from
OSHA’s 1998 PEL.

Table 4-2 presents an example listing of some of the substances and physical
hazards that may be encountered during the test burn.  The substances listed have
been chosen for informational purposes, and are intended to provide a framework
for the development of relevant exposure information that is easily recognizable
by field personnel and the SSO.  This list is not all encompassing, but is meant to
serve as a guide for assessing exposure potential, possible routes of exposure,
symptoms of overexposure, and relevant chemical-specific and physiological
information.
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Table 4-1 Potential Raw Litter chemical Substances

Constituent Composite Litter

Concentration

(mg/kg)

Composite Airborne*

Concentration

(mg/m3)

OSHA

PEL

(mg/m3)

Arsenic 99.2 0.01

Cadmium <0.95 0.005

Chromium (as Cr+3) 19.5 0.5

Cobalt 3.38 0.1

Copper (as dust) 1261 1

Lead 8.48 0.05

Manganese 2092 5 (C)

Molybdenum (as total dust) 16.72 15

Nickel 23.7 1

Selenium <3.12 0.2

Zinc (as total dust) 1829 15

Mercury <0.08 2

Boron (as total dust) 147 15

*Composite Airborne concentrations (in mg/m3) will be determined after data
has been gathered from airborne dust sampling.  This sampling is to take place
on the first two days of the burn.

            



Table 4-2 Potential Health and Safety Hazards
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Compound TLV/PEL Characteristics Route of Exposure Symptoms of
Overexposure

Ammonia 50 ppm Strong ammonia smell Inhalation (1), (2), (3), (4)

Pathogens None Found in litter dusts Inhalation, Ingestion (1), (2), (3), (4)

(1)  Eye, nose, throat, skin irritation or burns
(2)  Lightheaded, some nausea, dull visual and audio response
(3)  Central nervous system disorder, convulsions, sweating
(4)  PEL - Permissible Exposure Limits (OSHA) - 8 hour exposure  TLV - Threshold Limit Value (ACGIH) - 8 hour exposure

Potential
Hazard*

Description Location Procedure Used To Monitor/Reduce Potential
Hazard

Heavy

 Equipment

Front-end loader Receiving Personnel maintain eye contact with operators: hard
hats, safety shoes, and eye protection worn (as
appropriate) during equipment operation.

Slips/trips

and falls

Personnel can be tripped by
equipment or slip on surfaces.

Throughout the

 test site

Workers should not allow materials to accumulate
in walking areas.  Care should be given when
working in the test burn area.

Pathogens
Exposure

Ambient pathogens found in
chicken litter.

Throughout the
site

Use appropriate PPE when working with chicken
litter.

Chemical
Exposure

Personnel can be exposed to
various compounds associated
with the site.

Throughout the

test site.

Follow guidelines in HASP.  Be familiar with signs
and symptoms of exposure and first aid procedures.
Report suspected over-exposure to supervisor
immediately.

* Based on equipment or situations that can cause a hazard.
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5.0 PERSONNEL PROTECTIVE EQUIPMENT

The level of protection to be worn by field personnel and subcontractors will be
defined and controlled by the SSO.  Basic levels of protection for general site
operations are outlined in Section 6.  When more than one hazard area is indicated
during site operations, further delineation of the hazards shall be provided by the
SSO after a complete review of operational requirements, operational conditions,
and/or monitoring at the particular operations being conducted.  Protection may
only be upgraded/downgraded after receiving authorization from the SSO that can
be documented from testing results.  More detail on Personnel Protective
Equipment (PPE) may be found below.

LEVEL C PROTECTION

A. HEPA dust mask with SSO making determination to upgrade to full-face air
purifying respirator equipped with appropriate HEPA cartridges or half-face
respirator after confirmation of testing results

B. Particulate-resistant clothing such as ProShield I and ProShield II Suits are
one piece with hoods, booties and elastic wristbands.

C. Outer nitrile or leather work gloves and inner latex surgical gloves.

D. Steel-toed work boots.

E. Options as required:

1. Coveralls;

2. Disposable outer boots;

3. Face shield;

4. Hearing protection; and

5. Water-resistant tape.

LEVEL D PROTECTION

A. Coveralls or long sleeve shirts and long pants, unless otherwise directed by the
Health & Safety Officer.

B. Outer leather gloves at a minimum for all hazardous or potentially hazardous
material handling activities.  Inner latex surgical gloves are recommended
where practical.

C. Steel-toed work boots.
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D. Safety Glasses.

E. Options as required:

1. Disposable outer boots;

2. Hearing protection.

3. Chemical-resistant glove.
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6.0 LEVELS OF PERSONNEL PROTECTIVE EQUIPMENT FOR PROJECT
SITE ACTIVITIES

This HASP is intended to provide appropriate protection to site workers and
others involved in the test burn during planned site activities, decontamination of
personnel and equipment, site layout, and general preparatory activities, etc.  The
HASP has been designed to allow for upgrading or downgrading the level of PPE
protection to conservatively preclude any potential for human exposure.  Again,
the SSO is responsible for determining the levels of PPE to be used during on-site
activities, and has the option to upgrade the level of PPE protection based on air
monitoring results or other factors.

Site Activity PPE Required

Receiving and storing the cubed
litter

Level C; Option to downgrade to Level D
as approved by SSO

Loading the litter on the moving
floor

Level C; Option to downgrade to Level D
as approved by SSO

Air and litter sampling Level C; Option to downgrade to Level D
as approved by SSO

Test burn performance
monitoring

Level C; Option to downgrade to Level D
as approved by SSO

Stack Testing Level C; Option to downgrade to Level D
as approved by SSO

Decon of heavy equipment Level C with waterproof suite with the
option to decrease respiratory protection
aspects.

Building Decon Level C with contingency to upgrade to
water proof suites or downgrade to level
D if needed

Boiler Cleaning Level C; Option to downgrade to Level D
as approved by SSO

Basic emergency equipment (i.e., first aid kit, fire extinguisher, etc.) will also be
available on-site during the performance of all activities.   
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7.0 HEALTH AND SAFETY PROTOCOLS DURING SITE OPERATIONS

AIR MONITORING PROGRAM

During the test burn, air monitoring will be performed to determine the airborne
levels of respirable and total dust, and heavy metals throughout the test burn area.
A Flame Ionized Detector (FID) will be used to determine the presence of any
organic vapors in the receiving area, and an ammonia monitor will be used to
determine the presence of ammonia in the receiving area.

Information gathered during the initial cubing operation will be used to determine
the approximate level of reduction of pathogens associated with the cubing
process.  This information will be used to make assumptions about the level of
pathogens present in the litter dust.

A real-time aerosol meter will be used to gathering immediate information on the
respirable and total dust.  This data may be utilized to make documented
determination for reevaluating the usage of PPE, and their potential downgrade.

Air Monitoring During Cubing Operations

Air monitoring will be performed during the cubing operations to determine
inferred pathogen levels created by the cubing operation.

Air Monitoring During Clean Up Operations

Air monitoring for total and respirable dust will be performed during the boiler
cleaning operations to determine worker exposure to dust and heavy metals.

SITE SAFETY ZONES

Site safety zones will be established for the performance of field activities during
the test burn.  Location of these proposed site safety zones will be determined by
the SSO.  These locations may be subject to modification by the SSO dependent
upon the activity, levels of contaminants encountered, etc.

Exclusion Zone - The area immediately surrounding the Receiving area, loading
area, and Boiler #2 shall be considered the Exclusion Zone (EZ).  All entry/egress
from this area shall be through a single entry/exit point established in an upwind
direction from the proposed activity.  The EZ shall not be accessed from any other
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direction or location without explicit approval of the SSO, or unless an emergency
situation has developed which necessitates immediate evacuation of the work area
(contaminant release, fire, explosion, etc.).  The proper levels of PPE shall be
worn at all times, as specified by the SSO, within the EZ.  Only authorized
personnel are permitted in the EZ.

Support Zone - The Support Zone (SZ) will be established and marked, and will
consist of support vehicles, emergency communication equipment, first aid
supplies, and other equipment needed to monitor or perform site sampling
activities.  This area shall remain as the “clean” area due to strict enforcement
decontamination procedures by the SSO.

SITE ACCESS/SITE CONTROL

Access to the active work areas will be limited to only trained and authorized
personnel, to include: designated MES and PPRP employees, designated ERM
employees, subcontractor personnel, State and Federal regulatory agency
personnel, and designated client representatives.  A person who enters the
immediate work area(s) will be required to follow sign-in procedures, as needed.
Each worker is responsible to sign, indicate the time in and out, and indicate the
intended work area on the Authorized Site Personnel List, held by the SSO or his
designee.

Access into established zones, including the Exclusion Zone (EZ) will be limited
to only those personnel wearing the appropriate PPE.

Site Control considerations dictate that specific procedures be followed to ensure
adequate site control so that persons, who may be unaware of existing site
conditions, are informed of the possibility of being exposed to inherent site
hazards.   
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8.0 DECONTAMINATION PROCEDURES

  GENERAL CONSIDERATIONS

Personnel involved with handling the chicken litter or litter ash may be exposed to
compounds in a number of ways, despite the most stringent protective procedures.
Personnel may come in contact with vapors, gases, mists, or particulates in the air,
or may come in contact with site media while performing work tasks.  Use of
monitoring instruments and equipment can also result in exposure to hazardous
substances.

Personnel will be decontaminated by entering the decontamination area (trailer)
and removing contaminated PPE.  The PPE will be removed in the following
order:

-     Outer gloves, -    Outer boots (if used),

-     Suites, -    Respirators (if used),

-     Inner gloves.

Showers will be available for personnel to use before leaving the area.  The
manufacturer’s instructions should be followed in cleaning respirator masks.
Each individual will be responsible for the cleaning and storage of their personal
respiratory protection.  The SSO will be responsible for supervising the PPE and
personnel decontamination.

Avoidance of exposure to hazardous materials that may be at the site shall be
practiced at all times during site activities.  Personnel performing tasks should be
conscious of their potential for exposure caused by fatigue or unsafe work
practices.  Great care should be taken when removing potentially contaminated
PPE, or when handling potentially contaminated sampling equipment, sample
containers, etc.

Smoking, eating, and drinking, or other activities which promote hand to mouth
contact will not be permitted in the Exclusion Zone (EZ).  Beverages for use in
the event of heat stress/fatigue shall be located in the Support Zone (SZ) and the
control room. Proper decontamination procedures for personnel entering the clean
area must be followed.
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9.0 EMERGENCY PROCEDURES CONTINGENCY PLAN

EMERGENCY CONTACT TELEPHONE NUMBERS

In the event of an emergency during implementation of field activities, the
following telephone contact numbers shall be readily available to all field
personnel.  A copy of these numbers shall be posted conspicuously near the radio
telephones in the field vehicles, and shall also be in the possession of the SSO and
sampling personnel:

Emergency Contacts Person or Agency Telephone

Police Somerset County Police

State Police

(410) 651-9225 or 911

(410) 651-3101 or 911

Fire Princess Anne Fire
Department

(410) 651-2144 or 911

Hospital Peninsula Regional
Hospital

(410) 546-6400

MES SSO Susan McCauley (410) 974-7281

ERM SSO Charles Baker (610) 524-3405

MES Project Director Duane Wilding (410) 974-7287

EMERGENCY RESPONSE PROCEDURES

In the event of an emergency, the Project Director/ Site Manager, with the
assistance of the SSO, will assume responsibility for coordinating the response to
all emergencies.  The SSO responsibilities will also include:

1. Notification of appropriate individuals, authorities and/or health investigation.

2. Ensuring that the following safety equipment is available at all times at the
site: eyewash stations, first aid supplies and fire extinguishers.

3. Having a working knowledge of all safety equipment available at the site; and
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4. Ensuring that a map which details the most direct route to the nearest hospital
is prominent and posted onsite, in addition to the emergency telephone
numbers.

Accidents and Injuries

In the event of a safety or health emergency at the site, appropriate emergency
measures will immediately be taken to assist those who have been injured or
exposed and to protect others from hazards.  The SSO will be immediately
notified, and will respond according to the seriousness of the injury.  Personnel
trained in first aid will be present at all times during site activities to provide
appropriate treatment of injuries or illness incurred during operations.  If the
injury is serious, an Ambulance will be summoned to transport the worker to the
nearest hospital.

In situations of minor injuries another worker may take the worker to the nearest
hospital.  For this reason, the hospital route map shall be made available to all
personnel.

In the event of potential fire, explosion, or other imminent hazard, the SSO shall
initiate evacuation procedures using an appropriate warning device readily audible
to all field personnel (i.e., walkie-talkie system, car horn, air horn, etc.) and will
sound the device for a minimum of ten seconds.  All personnel on-site will
evacuate to the SZ, and will assist the SSO in controlling access to the site once
the emergency evacuation has been initiated.  The SSO will assist the emergency
response personnel.

Directions to the Nearest Hospital

From the ECI facility, make a left onto Revells Neck Road, then make a left onto
Route 13 north.  Follow route 13 north to Salisbury and then follow signs to the
hospital (see Figure 9-1).

Overt Personnel Exposure

Generic first aid procedures, designed to address initial actions to be taken with
the victim in the event of a personnel exposure, are briefly outlined below.
Typical responses to overt personnel exposure include:

Skin/Eye Contact:  Use copious amounts of soap and water, and flush skin for at
least 15 minutes.  Wash/rinse affected area thoroughly, then provide appropriate
medical attention.  Eyewash and drench system (eyewash station and water hoses)
will be provided on site as appropriate.  Eyes should be rinsed for 15 minutes after
contact with any chemical contamination.

Inhalation Exposure:  Move to fresh air immediately and/or, if necessary,
decontaminate and transport to hospital.
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10.0 ADDITIONAL HEALTH AND SAFETY PRECAUTIONS AND
PROCEDURES

Heavy Equipment

All site employees must remain aware of those site activities that involve the use
of heavy equipment.  Respiratory protection and protective eyewear may be worn
frequently during site activities.  This protective equipment significantly reduces
peripheral vision of the wearer.  Therefore, it is essential that all employees at the
site exercise extreme caution during operation of equipment and machinery to
avoid physical injury to themselves or others.

Litter and Ash Handling

Chicken litter has the potential to contain pathogens.  Workers should use caution
any time litter or litter ash is handled.  Care should be taken to minimized contact
with litter and litter ash.  The doors to the receiving and storage area should
remain closed to prevent dust and odors from leaving the building and impacting
the surrounding area.

Additional Safety Practices

The following important safety precautions will be enforced during this test burn:

1. Eating, drinking, chewing gum, or tobacco, smoking, or any practice that
increase the probability of hand-to-mouth transfer and ingestion of material is
prohibited in any area designated as contaminated.

2. Hands and face must be thoroughly washed upon leaving the work area and
before eating, drinking, or any other activity.

3. Whenever decontamination procedures for outer garments are in effect, the
entire body should be thoroughly washed as soon as possible after the
protective garment is removed.

4. No facial hair, which interferes with the effectiveness of a respirator, will be
permitted on personnel required to wear respiratory protection equipment.
The respirator must seal against the face so that the wearer receives air only
through the air purifying cartridges attached to the respirator.  Fit testing shall
be performed prior to respirator use to ensure the wearer obtains a proper seal.
Additional arrangements will be developed for those individuals that have
facial hair.

5. Contact with potentially contaminated surfaces should be avoided whenever
possible.  One should not walk through puddles, mud, or other discolored
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surfaces; kneel on ground; or lean, sit or place equipment on drums,
containers, vehicles, or the ground.

6. Medicine and alcohol can potentiate the effect for exposure to certain
compounds.  Personnel involved in field activities should not consume
prescription drugs and alcohol.  Employees with medical conditions requiring
prescribed medication need to advise the SSO’s of stated condition.

7. Personnel and equipment in the work areas should be minimized, consistent
with effective site operations.

8. Work areas for various operational activities should be established.

9. Procedures for leaving the work area must be planned and implemented prior
to going to the site.  Work areas and decontamination procedures must be
established on the basis of prevailing site conditions.

10. Respirators will be issued for the exclusive use of one worker and will be
cleaned and disinfected after each use by the worker.

11. Safety gloves and boots shall be taped to the disposable, chemical-protective
suits as necessary.

12. Cartridges for air-purifying respirators in use will be changed daily at a
minimum.  Pre-filters will be changed out as often as individual requires, but
at least daily.

13. Any illegal substance is prohibited from site at all times.  Any person found
with any substance will be immediately removed from site.

14. All individuals involved with site activities need to refrain from the use of
alcoholic beverages during off site hours for the duration of the test burn.
Alcohol can add an additional strain to the individual during the use of PPE.
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POULTRY LITTER TEST BURN

HASP SIGN-IN SHEET

The undersigned acknowledges that they have received instruction on the
Health and Safety Plan for the ECI Co-Generation Facility poultry litter test burn.
It is the understanding that any changes to the existing plan will be provided with
verbal instructions as to the documentation substantiating the change.

Print Name Signature Date
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Appendix E
McBurney Boiler Performance Worksheets



CUSTOMER PROJECT

Customer ERM for ECICF Proj. No. 698020
Project NamePoultry Litter Firing Study Oper. CaseMCR-100% Litter-Waterwalls
City & StatePrincess Anne, Maryland Staff Engr.  
Country  Proj. Mgr Mike Cantrell
Phone (410)266-0006 Proj. Engr  
FAX (410)622-8912
Contact Gary Walters Phone (770) 925-7100
Date 36222 36222.58 FAX (770) 925-7400
FUEL SITE CONDITIONS
Type Wood Chips Site Elev. (fasl) 10
Ultimate Analysis (% by wt) Bar. Press. (in. Hg) 30
C - Carbon (%) 32.3 (psia) 14.69
H2 - Hydrogen (%) 3.16
O2 - Oxygen (%) 28.80 STEAM & FEEDWATER
N2 - Nitrogen (%) 0.05 Main Steam Flow (pph) 20000
S - Sulfur (%) 0.02 Main Steam Press. (psig) 620
Ash (%) 0.67 Main Steam Temp. (F) 742
H20 - Moisture (%) 35.00
TOTAL (%) 100.00 Drum Oper. Press. (psig) 648
HHV (Btu/lb) 5309.00 Blowdown (%) 3

Feedwater Temp. (F) 300.00
Fuel input (lb/hr) 5773.435
Heat input (MMBtu/hr) 31 Heat Absorbed (MMBtu/hr) 22.201997
AIR FLUE GAS
Comb. Air to Burner (lb/hr) 29271.57 Flue Gas (lb/hr) 35143.773

(ACFM) 6,854 (ACFM) 13,266
Air Leakage (lb/hr) 202

(ACFM) 47 Flue Gas Temp. at Exit(F) 420
Total Air (lb/hr) 29,473

(ACFM) 6,902
Flue Gas Density (lb/ft3) 0.0441511

Dry Bulb Temp. (F) 91 DsCFM 6459.3840
Relative Humidity (%) 60 HEAT LOSSES
Moisture in Air (lb/lb dry air) 0 Dry Gas (%) 8.0033774
Ambient Density (lb/ft3) 0.071 H2 & H20 in Fuel (%) 14.20

Moisture in Air (%) 0.27
Excess Air at Burner (%) 45 Unburned Carbon (%) 3.00
Excess Air at Exit (%) 46.00 Radiation (%) 0.85
Air Leakage (% of Total Air) 0.68 Unacc. for & Mfg. Margin(%) 1.25
RESIDUE
Ash Produced (lb/hr) 38.68202 Total Heat Loss (%) 27.565577
Unburned Carbon (lb/hr) 63
Total Residue (lb/hr) 102 Boiler Efficiency (%) 72.434423

THIS INFORMATION IS FOR THE EXCLUSIVE USE OF MCBURNEY PERSONNEL AND IS NOT TO BE RELEASED TO OTHERS

WITHOUT WRITTEN PERMISSION OF THE ENGINEERING MANAGER.   THE MCBURNEY CORPORATION ACCEPTS NO

RESPONSIBILITY FOR EVENTS ARISING FROM USE OF THESE DATA BY PERSONS OTHER THAN MCBURNEY PERSONNEL.  



CUSTOMER PROJECT
Customer ERM for ECICF Proj. No. 698020
Project NamePoultry Litter Firing Study Oper. CaseMCR-100% Litter-Waterwalls
City & StatePrincess Anne, Maryland Staff Engr.  
Country  Proj. Mgr Mike Cantrell
Phone (410)266-0006 Proj. Engr  
FAX (410)622-8912
Contact Gary Walters Phone (770) 925-7100
Date 03-Mar-99 2:03 PM FAX (770) 925-7400
FUEL SITE CONDITIONS

Type Poultry Litter Site Elev. (fasl) 0
Ultimate Analysis (% by wt) Bar. Press. (in. Hg) 29.92
C - Carbon (%) 27.76 (psia) 14.69
H2 - Hydrogen (%) 3.36
O2 - Oxygen (%) 20.72 STEAM & FEEDWATER

N2 - Nitrogen (%) 3.37 Main Steam Flow (pph) 20,500
S - Sulfur (%) 0.51 Main Steam Press. (psig) 610
Ash (%) 16.64 Main Steam Temp. (F) 710
H20 - Moisture (%) 27.64
TOTAL (%) 100.00 Drum Oper. Press. (psig) 638
HHV (Btu/lb) 4,734 Blowdown (%) 3.00

Feedwater Temp. (F) 300
Fuel input (lb/hr) 6,264
Heat input (MMBtu/hr) 29.651 Heat Absorbed (MMBtu/hr) 22.388
AIR FLUE GAS

Comb. Air to Burner (lb/hr) 28,808 Flue Gas (lb/hr) 35,034
(ACFM) 6,587 (ACFM) 11,204

Air Leakage (lb/hr) 1,067
(ACFM) 244 Flue Gas Temp. at Exit(F) 285

Total Air (lb/hr) 29,875
(ACFM) 6,831

Flue Gas Density (lb/ft3) 0.0521
Dry Bulb Temp. (F) 80 DsCFM 6,513
Relative Humidity (%) 60 HEAT LOSSES

Moisture in Air (lb/lb dry air) 0.013 Dry Gas (%) 5.13
Ambient Density (lb/ft3) 0.0729 H2 & H20 in Fuel (%) 13.90

Moisture in Air (%) 0.12
Excess Air at Burner (%) 35.00 Unburned Carbon (%) 3.00
Excess Air at Exit (%) 40.00 Radiation (%) 0.85
Air Leakage (% of Total Air) 3.57 Unacc. for & Mfg. Margin(%) 1.50
RESIDUE

Ash Produced (lb/hr) 1,042 Total Heat Loss (%) 24.49
Unburned Carbon (lb/hr) 61
Total Residue (lb/hr) 1,104 Boiler Efficiency (%) 75.51

THIS INFORMATION IS FOR THE EXCLUSIVE USE OF MCBURNEY PERSONNEL AND IS NOT TO BE RELEASED TO OTHERS

WITHOUT WRITTEN PERMISSION OF THE ENGINEERING MANAGER.   THE MCBURNEY CORPORATION ACCEPTS NO

RESPONSIBILITY FOR EVENTS ARISING FROM USE OF THESE DATA BY PERSONS OTHER THAN MCBURNEY PERSONNEL.  
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