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Abstract
The initial cost of an FGD system is affected by the quality of the
meteriels and the standard of workmanship required to produce a functioning

system.

It is generally accepted that this will improve the unit reliability
and dependability. This paper icvestigates the relationship between the
first cost and the system's operation and maintenance cost. These costs are
reported on the Federal Energy Regulatory Commission (FERC) Form 67. This

information was compiled &nd compared by Burms & McDonnell.

Fiue gas desulfurization systems have beer in operation since the mid-
1970's. There are now a significant number of FGD systems in operation and
a data base has been developed regarding both capital costs and operation
and maintenance costs. It is generally accepted that additional cepital
costs can increase system reliability. This can be accomplished by
improving materials of comstructiom, providing excess capacity, or spare or
redundant equipment items. Similarly, it is expected that additional
capital costs would reduce maintenance costs end improve the overall system
operation. However, improved reliability actually results in higher
operation costs due to the increased reagent usage. A revie; of the

available information indicates a correlation between higher first cost and
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bighe:r maintenance cost. We were also able to comclude gemerally lower

operation and maintenance costs and gemerally a lower levelized cost per ton

of Sulfur Dioxide removcl asscociated with limestome reagent systems.

The study was isolated on lime and limestone FGD syst=ms. This was
done because approximately 90 percent of the flue gas desulfurization

systems in exjstence are lime or limestone.

Base~line data for this study was obtained through the Federsl Energy
Regulatory Commission office in Weshingtom, D.C. The data was available on
Federal Power Commission (FFC)} Form 67. Unfortunately, not all of the
information on these forms was complere and the number of units evaluated

was reduced to obtain units reporting sufficient capital costs and operation

and maintenance costs. In review of the operation and maintenance costs, it
was recognized that operating costs can be misleading. Other than interest
and depreciation, reagent cost is typically the grestest single component of
operating costs. Poor utiiization of reagent in the scrubber (or operating
significantly above the theoretical stoichiometry) cam result in
urnecessarily high operating costs. Or the other hand. very high
reliability can also lead tc the nse of more reagent and, thus, greater
operating costs. On the other side, very low operating costs can be
experienced on units which are allowed to bypass the scrubber during
walfunctions. As a resulr, units with excellent operating efficieacy as
well as units with very poor operating parameters can yield relavively high
operating costs. This is not the case with mzintenance costs. In general,

maintenance costs are & reflection of the unit operating problems.
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For our comparison, we used the capital cost information presented in
the FERC forms. These values were adjusted for units which only scrub a
portion of the flue gas. The end result is a dollars per total kilowatt of
capacity being scrubbed. This represents a reasonable number for compavison

purposes. We tlsc developed a comparison based sn dollars per acfm of flue

gas.

The FERC data on total maintenance costs for limestome FGD systems was
developed on a cost per unit power basis (mills per kWh). This is 2
standard unit for presentation of maintemance costs. However, there pas
been some suggesticu that cost per unit capacity (dollars per kW) may be a
better way to present this information because the boiler load factor does

not enter into the cost caleculations.l

It was noted during this study that the average dollars per kW and
average mills per kWh costs were significantly less than similar values
currently being reported in the literature. As a result of this, we did an
additional investigation of capital costs. This investigstion centered on
units with which we were imvolved, and therefore, had accurate (actual
contract) information readily available. These costs were escalated to 1986
dollars. Many capital cost estimates reported in the literature range from
$140 to $180 per kW for existimng units, and imply that retrofit units would
cost approximately double this amount or more. This is not verified by our
experience. This study presents actual numbers that are significantly less
than those currently reported. The major differences appear to relate to

the amount included for waste disposal systems, chimmeys, and reheat

5 B2-3



systems. Our designs do not include a reheat system, which is significant,

both in capital cost and operating cost.
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HOUSTON LIGHTING & POWER COMPANY
LIMESTONE ELECTRIC GENERATING STATION
UNIT 1 -~ 1985 INSTALIATION

UNIT 2 ~ 1986 EXTENSION

TRIAL OPERATION AND EXPERIENCE REPORT

FLUE GAS DESULFURIZATION SYSTEM

The Limestone Electric Generating Station is located 120 air

miles north-northwest of Houston on a 3800 acre site near the
Jjunction of the Limestone, Freestone and Leon County lines.

Limestone Units 1 & 2 each consist of a Combustion Engineering
corner fired CCRRD boiler, 5,520,000 lb/hr main steam and 5.G00,000
1b/hr reheat steam, firing 657 tph of Texas lignite at an average
heating value of 6,000 BTU/lb. The turbine geﬁerator is a General
Electric tandem-compound unit with a guaranteed nameplate rating of
744 MW at design steam conditions. Four Lodge-Cottrell electrostatic
precipitators per unit are provided for particulate collection, with
a maximum expected collection efficiency of 99.95% at design
conditions cf 3,400,000 ACFM gas flow, 2.2 inches w.g. total pressure
drcp and <.0 fps maximum gas velocity. The FGD system, provided by
Combustion Engineering, consists of five spray tower absorbers (four

operating/one spare) and sets of primary and secondary reaction tanks .
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per absorber. The system is designed for 20% sulfur dioxide removal

below the EPA standards of 1.2 lbs.and Sop per million BTU heat inpo
when operating at a maximum design sulfur fuel of 8.24 lbs. SO; per
million BTU. Limestone slurry is used for sulfur dioxide removal.
The secondary dewatering and waste handling system, provided by
General Electric Environmental Services, is designed to handle the
sludge generated from the FGD systems using rotary vacuum fiiters and
pug mills that mix dry fly sash with the sludge.

Construction started on the Limestone Projecf in October, 1981.
The standby transformers for both units were energized in March,
1984. Unit 1 began trial operation on September 26, 1985 and was
declared in commercial operation Dezember 1, 1985. One year later,
Units 2's trail operation began on September 17, 1986 and declared
commercial on December 1, 1986.

Trial operation activities began on Unit 1 FGD system during
May, 1885. The Furnish and Erect Contractor, Combustion Engineering
and Houston Lighting & Power combined technical and craft forces in
order to complete ail checkout and trial operation activities in time
for unit trial operation. Absorber wet runs began in September, 1985
followed by the first three sets of primary and secondary reaction
tanks being charged with lime slurry on October 6, 1985. These three
absorbers were placed in service on October 7 with the remaining
towers being in service by late October. During initial trial
operation, primary emphasis was to bring up ané stabilize slurry pH
as well as fine tuning controls.

Following commercial operation of Unit 1 through January, 1986,

FGD system pH and makeup/recirculation water =zontrol loop problems
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were identified. The FGD system was operated with four absorbexr
towers in service, three recycle pumps per tower in operation with
slurry pH maintained at approximately 6.0 with no apparent SO;
removal problems. In January, 1986, data obtained from certification
tests of the stack continuous emissions monitoring system indicated
that the FGD system S50; removal efficiency was out of compliance with
NSPS and TACB regulations. Specific FGD emissions testing took place
in late January that concluded that the FGD system SO, removal
efficiency was out of compliance by a factor of 15 to 30 percent.
During February, 1986, baseline SO, removal performance tests were
performed on a "test" tower using various L/G ratios and siurry pH.
Follewing baseline testing, it was decided to perform a series of

tests using various concentrations of dikasic acid.

During March, 1986, diagnostic testing using concentrations of
£00 and 1000 ppm diabasic acid (DBA) were performed separately on the
ntest tower" using various combinations of recycle pump operation and
slurry pHE. Results of these tests showed that for inlet SO; loadings
ranging from 4.0 to 4.8 lb-S0,/M4BTU, SO, removal efficiencies ranged
from 75 to 95 percent with 500 ppm (DBA) and from 89 to 90 percent
using 1000 ppm (DBA). It was therefore concluded that (DBA)
injection was required to maintain compliance with SO, emission
regulations.

Combustion Engineering elected to proceed with modifications
that altered flue gas and slurry liquid distribution within the
"test" absorber. These modifications included redesigned spray
nozzles (smaller droplet size), ball mill modifications (finer

grind), flue gas inlet perforated plate modifications, inlet ladder .
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vane orientation charges, and the installation of slurry "rain"®
gutters over the top of the absorber inlet penetration. Testing ofll
these mechanical modifications was conducted in May, 1986. Data was
collected during various operation configurations and levels of DBA.
Tests results indicated no appreciable improvement in SO, collection
efficiency.

Immediately, questions were raised by Combustion Engineering
regarding the makeup water and limestone chemistry potentially
influencing FGD performance. Burns and McDonnell consultants were
conmissionsd and worked with C.E. ‘to investigate the as received
limestone and makeup water sources chemistry. They determined in
July, 1986 that these factors were not detrimental to FGD S0, removal
efficiency.

As a result of the modified spray nozzle tests, Unit 2
construction was released to install the original spray nozzle
design. Only modifications involving gas path distributions were
implemented on Unit 2 prior to its trial operation. Unit 2 absorber
wet runs began in July, 1986, following spray nozzle installation.
Wet runs continued on Unit 2 through August.

Following Unit 1 FGD mechanical modification testing, a
comprehensive test program to assess the FGD system DBA requirements
over the life of the plant was planned jointly with Combustion
Engineering. The principle objectives of the program are: to
determine the relationship between DBA concentration and FGD SO,
reuoval efficiency:; to quantify the relationship between DBA
concentration, limestone utilization, and system power consumption as

a function of 562 removal efficiency: to quantify the DBA addition
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rate to maintain a desired concentration of DBA in the recycle spray

slurry; to identify a location and method in which DBA may best be
added to the system; and to investigate system operating and waste
disposal consideration resulting from DBA addition.

The test program was set up to be performed in four (4) phases.
Completion of the program is expected in the Spring of this year.
Prior to starting this test program, a system cleanup, equipment
repair and calibration effort was required. This effort was
completed in late October, 1986. A computer system for monitoring
critical test data was also installed during this time.

Phase 1 of the test program was completed in November, 1986.
This phase verified monitoring and data collection instrumentation
calibration as well as verifying SO, removal efficiency of the
individual absorber towers.

Phase 2 will be a series of ten (10) parametric tests to
quantify the relationship between dibasic acid concentration,
limestone utilization and system power consumptions as a function of
50, removal efficiency. By the end of January, 1987, five (5) of the
ten (10) tests have been completed.

Phase 3 of the test program, currently scheduled to start March,
1987, will be conducted on Unit 2 by introducing DBA at various
system locations while investigating the ability of the system to
manage fluctuations in inlet sulfur loading and flue gas flow rate.

Phase 4, to begin after Unit 1's écheduled annual outage this
spring, will confirm the DBA concentration which yields the best
system operation using data collected from Phase 2. During this

testing phase, the system will be operated in, as nearly possible, a
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steady state condition such that the DBA consumption rates may be

quantified.
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DESIGN OF MONTANR-DAKOTA UTILITIES 80 MW AFBC RETROFIT

By

Michael Mann, University of North Dakota Energy Research Center
Mark Perna, Babcock & Wilcox
Bruce Imsdahl, Montana-Dakota Utilities

ABSTRACT

Montana-Dakota Utilities (MDU) Co.'s Unit 2 at the R.M. Heskett Station
has recently been retrofitted to atmospheric fluidized bed combustion
(AFBC). This bubbling-bed unit is designed to burn a high sodiua North Dakota
lignite. The unit is expected {0 show 1improved overall performance and
inereased boiler capacity as a resuit of the retrofit. The new AFBC combustor
was designed and installed by Babcock & Wilcox (B&W). This project is
currently the largest utility AFBC contract funded solely by the utility
itself.

To evaluate and determine appropriate design parameters, a test burn of
the fuel was conducted on the 6 ft by 6 ft AFBC test facility at the B&W
research center. During this test, potential agglomeration problems such as
those encountered by the University of North Dakota Energy Research Center
(UNDERC) when burning this fuel were investigated. Other objectives of the
test burn were to evaluate the overall operability performance, especially
combustion efficiency, and to evaluate emissions characteristics, focusing
primarily on expected ESP performance.

Results of this pilot testing and the successful retrofit of the MDU
facility demonstrate that FBC czn satisfy utility markets' increasing need for
power plant upgrades, utilization of avafilable low cost fuels, and emission
reducticans. The importance of pilot tes’ing to determine the optimal design
and operating requirements of a utility system was clearly demonstrated during
this vrcject. Results from the pilot testing and the design of the 80 MW
retrofit are discussed. Available information on the construction and startup
of the unit are also presented.

INTRODUCTION

In 1985, Montana-Dakota Utilities Co. (MDU) initiated a project to
retrofit a 23 year o0ld stoker-fired boiler to a bubbling fluid bed. The
purpose of this retrofit was to increase the capacity and improve the overall
unit performance of Unit 2 at the R. M. Heskett Station in Mandan, North
Dakota. This stoker, originally rated at 650,000 lb/br steam, is believed to
have been the largest of its type in the country. After retrofit, the
capacity will be increased to 700,000 lb/hr steam.

The fluid bed combustoer (FBC) will fire Beulah North Dakota lignite.
Tnis lignite is characterized by a high alkali content, with sodium oxide
levels as bhigh as 12% in the ash. This high sodium level has caused
clinkering and fouling problems when used in the stoker system at the Heskett
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staticn and was demonstrated to have an agglomerating tendency during FBC
testing at the University of North Dakota Energy Research Center (UNDERC)
(1,2,3). Therefore, a test burn of the fuel wac conduéted on the 6 ft by 6 ft
AFBC facility at the Babcock % Wilcox (B&W) resea-ch center to investigate
potential agglomeration problems associated with this fuel. Another major
abjective of this test burn was to evaluate ané determine design parameters
for the MDU retrofit.

The retrofit of the stoker~fired boiler to an FBC required minimal
changes to the existing system. The existing spreader feeder system was
reused. Few wmodifications to existing pressure parts were required. New
equipment or modifications installed during the retrofit ineclude a tubular
type air heater, forced draft fan, control system modifications, and various
auxiliary fluid bed systems. These changes have been discussed previously
(4,5) and will be reviewed in this paper,

This project exemplifies how fluidized bed combustion can satisfy the
market's inereasing need for power plant upgrades, utilization of available
low cost fuel, and emissions reductions.

BACKGROUND

Uperational History

Unit 2 at Montana-Dakota's Heskett Station was placed in commercial
operation on November 1, 1963. This Riley lignite-fired stoker was rated at
650,000 1lb/hr steam at 1300 psig and has a General Electric turbine with a
nominal rating of 81.2 MW at a steam flow of 682,700 1b/hr. Slagging and
fouling were experienced when the unit was loaded near the originzl rating,
reducing the effective load-carrying capaeity of the boiler. Many different
fuel additives were tried throughout the years; however, none were successful
in reducing the slagging or fouling for long-term periods. The installation
of water lances near the nigh temperature superheater tubes was successful in
removing some of the slag on the superheater, but had limited overall success
in ipproving continuous steam ontput.

Another problem experienced in burning the Beulah lignite was the build-
up of a porcelain-type coating on the generating tubes between the two boiler
drums. This deposit on the generating tubes was directly related to the
amount of sodium found in the lignite ash. Due tc the close tube spacing, the
installation of sootblowers waeg impracticzl. Therefore¢, it was necessary to
shut doun the unit twice per year for water washing to remove the deposit.

The slagging and fouling also caused reduced combusiion efficiency. This
reduction was due to the unburned carbons that went tn the bottom ash hoppers
and from the carbon carryover past the reinjection hoppers and into the dust
sollectors. This reduction in efficiency, as well as the load reductions
caused by the slagging and fouling, prompted MDU to seek alternatives that
would allow Unit 2 to operate at full capacity. Fluid bed combustion was one
of these alternatives.
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Description of Unit

The overall arrangement of the unit is typical of wmost stoker-fired
boilers. A sectional side view of tne unit as it eristed before the retrofit
is shown in Figure la. The furnace :is approximetely 40 It wide by 21 ft deep
and contains three water-cooled wing walls. The furnace wall construction is
a water-cooled tube and tile construction with a cold gas-tight casing. The
wing walls, which are fed by downcomers from the lower drum, penetrate the
lower rear furnace wall, rise through the furnace, and connect directly to the
upper drum.

The - convective pass contains superheater, steam generating, and
economizer surfaces. The superheater is an all pendent-type. The generating
surfaces have a 50-inch diameter upper drum and a 36-inch lower drum with all
long-flow heating surface. The economizer surface is a bare-tube-counterflcw
type. The superineater and generating bank enclosure is of water-cooled tube
and tile construction, while the economizer enclosure is refractory and
insulation lined. Both enclosures have a cold gas-tight casing.

The coal feed system consists of three coal bunkers, three conical coal
distributors, and ten stoker spreader feeders. The ten stoker spreader
feeders are evenly spaced along the front wall of the furnace. Each unit has
a separate cup-type rotary volumetric feeder with a drum-type rotary flipper.

Flue gas and air handlirg equipment consists of a multicyclone-type dust
collector, one regererative-type air heater, one FD and one ID fan, and an
electrustatic precipitator. The multicyclone dust collector is used for the
fi:st stage of particulate control only. A&sh from the collector is removed by
the plant ash handling system, and is not reinjected to the furnace. Ash
reinjection in the stoker originates in the boiling bank hopper only, and is
accomplished pneumatically through the lower rear wall with injeetion air
provided by a separate cinder return fan.

DESIGH GOALS

The design goals for the retrofit AFB boiler at the Heskett Station were
based rrimarily on economic considerations. To minimize the overall project
cost znd maximize the benefits, the design goals were to:

o Increase the boller capacity to meet the existing turbine capacity;

o] Use a local river sand as bed material;

o] Reuse existing coal handling and feed systems;

o Re;ie existing side wall pressure parts, including the lower header
walls;

o Bottom-support the tubular air heater and fluid bed to limit structural
steel modifications; and
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o Heuse the existing electrostatic precipitator and ID fan.

To help achieve these goals within the physical 1limitations of the
existing boiler and the nature of the Beulah lignite, a test burn was
perizrmed. Results from the test burn were used to make the goals of the
design a reality.

RESULTS OF TEST BURN

Test Objectives

Design paraseters and concepts selected for this retrofit project were
evaluated and verified in test burns of the fuel by B&W. While much fluidized
bed combustion test data was available, little or no data existed for lignite
fuel as overbed feed. In addition, previous research studies at UNDERC showed
that bed agglomeration is a potential problem while firing this fuel
(1,2,3). This agglomeration is believed to be caused by the formation of low-
melting temperature eutectics from the sodium in the fuel ash.

Two test burns were performed at the B&W Alliance Research Center. The
first test was for a duration of 250 hours and was performed on the 6' x 6°'
test unit. During this test, the necessary design data were collected,
- ineluding operability performance, combustion efficiency, and emissions. 1In
addition, operational procedures were investigated which would allow continued
operation even in the event of agg.omeration. A later 116-hour test was
performed on B&W's 1' x 1' test umit to verify the necessary bed material
turnover rates needed to prevent the catastrophic formation of agglcmerates.
Results from these test burns are discussed. A description of Gthese test
units can be found elsewhere (6,7).

A sample of lignite typical of that fired at the Heskett Station was used
for the test burns. An analysis is presented in Table 1. In addition to
using the same fuel, the fuel was prepared to have a particle size
distribution similar to that fired at the Heskett Station. Using overbed
feed, . the particle size aistribution can have a significant effect on
performance. Of particular interest was the effect of the amount of fines on
the bed-to-freeboard combustion split. Also of interest was the anount of
rock material which might be present in the larger size fraction of the rfuel.

Discussion

Overall performunce during the test burns was satisfactory and close to
that expected. No mzjor operational problems were encountered while operating
at design conditions. During testing on the 6' x 6' unit, three typex of
agglomeration were seen. The first type is characterized by a cluster of bed
particles sticking together to form agglomerates about one-inch in diameter.
These "egg"™ type agglomerates had hollow centers and a number of holes in the
outer surface. One of these "egg" type agglomerates is shown in Figure 2.
These agglomerates formed during a test period with low excess air and a hign
bed depth. It is likely that under these low conditions, reducing conditions
were present in the bded.




TABLE 1

COAL AND ASH ANALYSIS

Proximate Analysis, 2 As Burned

Moisture 32.6
Volatile Matter 26.7
Fixed Carbon 33.6
Ash T.1

Ultimate Analysis, $ As Burned
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Figure 2. Agglomerates Found ir Bed Material When Combusting

Beulah Lignite irn an AFBC Unit.
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In tests performed at UNDERC to examine the effect of excess air level on
agglomeration, similar agglomerates were seen (8). Under these conditions,
particles of ccal will tend to gasify, rather than combust. The initial phase
oI devolatilization and evolution of the tars makes the surface of the coal
particle sticky. Bed particles stick to the hot, tarry coal particle,
trapping the coal particle. As the process continues, the coating of bed
particles keeps the heat localized in the coal particle, causing the particle
to become much hotter than the bulk of the bed, and the bed particles fuse
together on the coal particle surface. As the cozl continues to burn out, the
escaping gases form a rporous nature of the agglomerate, and leave the
agglomerate hollow after the coal is burned.

During the testing, it was determined that a build up of these "egg" type
agglomerates could be controlled by maintaining a constant bed drain while
adding fresh sand to keep a ccnstant bed depth. It was also seen that the
formation of this type of aggiomerate was virtually non-existent when the test
conditions were changed to a lower bed depth (U ft) and the excess air level
increased (5% 0,). These changes had the effect of improving the fividization
quality and inereasing the availability of oxygen for combustion.

The second type of agglomerate was noted after the start of ash
reinjection. These "ash" agglomerates appeared to be composed of fine.ly
divided ash particles which were fused together. It appearec that during the
testing that the removal rates used were inadequate to remove these
agglomerates as fast as they formed resulting in a net accumulation. From the
reszults of the testing, the effect of using overbed versus underbed ash
recycle on the ash agglomeration process was not clear. Based on the test
results, it is recommended that ash recycle of the proportion used during the
tests at Alliance not be used in a commercial plant firing f£2ulah lignite.
Tests at UNDERC indicate that a small level of recycle (50% of the coal feed
rate) may be possible without severe "ash" agglomeration.

A third type of aggiomeration was noted during testing on both the 6' x
6' and the 1' x 1' units. This agglomeration is characterized by individual
bed particles sticking together, and is typical of the agglomeration noted at
UNDERC (see figure 2). These sand agglomerates are loosely bonded when
initially formed, and develop strength over time. The agglomerates formed
during testiag on the 6' x 6' test unit crumbled easily into smaller pieces
during draining of the bed. No evidence of the loose sand agglomerates was
found at the outlet of the bed drain screw on the 1/4%" x /4" screen. Two
small agglomerates (3/8-inch and 2-inch diameter) were formed during tests on
the 1' x 1' test unit. Although these agglomerates did not cause any
significant operating problems, they do indicate that conditions in the bed
were approaching the condition for the onset of severe agglomeration such as
the type noted by UNDERC (1,2,3,7). Bed particles taken from periodic bed
drains and from the end of the tests were coated with ash. This ash coating
was typical of that formed during the first two stages of the proposed four
that can lead to severe agglomeration (1).

The results of the test burns at B&W's Alliance Research Center and

UNDERC indicate that there is a potential for agglomeration to occur in a
commercial FBC when firing Beulah lignite. However, it was also demonstrated
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that, by prover operating procedures, i.e., adequate bed replacement, the
agglomeration process can be controlled tc allow acceptable operation of the
FBC. The tests at Alliance indicated that for the coal sample tested, a bed
turnover every 50 hours would be required. Basgad on the observations during
the ash recycle tests, a high level of ash recycle would not be recommended.

A combustion efficiency of approximztely 96% was obtained using overbed
feed without ash recycle in B&W's pilot AFBC's. A higher efficiency is
expected in the MDU retrofit based on the longer freeboard residence times (5 -
seconds at the Heskett Station versus 1.8 seconds in the 6! x 6'). The sulfur
capture during the test burns ranged from 397 %o 56% based on flue gas
measurements during the testing at Alliance. These high levels of sulfur
capture in the sand bed can be attributed tc the alkali in the 1lignite. No
sorbent addition is planned for this FBC as the sulfur emissions are within
MDOU's current limits. I\IOx emissions measured during the pilot testing ranged
from 0.33 to 0.47 1b/MBtu and are within NSPS for the Heskett station.

Fly ash resistivity measurements were performed on samples from the B&W's
6' x 67 baghouse and MDU's Heskett Station electrostatic_precipitator._ Both
samples indicated roughly the same resistivity, 3.2 x 107 and 3.0 x 109 ohm-
em, respectively, Therefore, assuming no major differences in particle size
distribution, the fly ash generated from the AFBC retrofit should be as easy
to collect in the ESP as that from the existing stoker fired unit at Heskett
Station. This indicates that, if the fly ash loading is similar between the
two units, the existing ESP can be used for fly ash collection after the
retrofit.

FLUID BED DESCRIPTION

Performance Parameters

The fluid bed plan area is approximately 40 ft wide by 25 ft deep. The
plan was limited by the existing unit arrangement. Operating conditions for
the AFBC are given in Table 2. The primary factor setting the fluidization
velocity was the available maximum bed plan area and the bed depth was set by
the height of the in-bed ftube surface. A view of the retrofit AFBC is shown
in Figure 1b.

The fluid bed contains both boiling and superheater surface. The boiling
surface is located in the front of the bed and the superheater is in the rear
of the bed. Both are horizontally positioned, and span tae entire 40-foot
width of the unit. All in-bed surfaces are provided with additiomal wall
thickness to protect against the abrasiveness of the selected bed material.
Erosion-type shields are installed in those areas where higher erosion rates
are expected. The entire in-bed tube bundle design and tube spacing is set
with adequate clearance to prevent bridging of potential oversized bed
material.

The distributor plate is a water-ccoled membrane type with bubble caps
for air distribution. The windbox, located below the water-cooled distributor
plate, is divided into four main compartments for load control. Additional
compartmentalization is provided to facilitate start-up operations and to
allow for partial compartment fluidization.
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TABLE 2

OPERATING CONDITIONS FOR THE MDU AFBC RETROFIT

SELECTED PERFORMANCE PARAMETERS

Fluidizatior Velocity 12 ft/sec
Nermal Bed Temperature 1500°F
Bed Depth 51 inches
Overall Excess Air 25¢%

Air Heater Gas Exit Temperature 275°F

Bed Material Sand

STEAM CONDITIONS

Superheater Flow 700,000 1lb/hr
Superheater Outlet Pressure 130C psig
Superheater Outlet Temperature 955°F
Feedwater Temperature 443°F

Changes Made During Retrofit

To accommodate the new equipment required for the retrofit, several
existing systems were removed including the sioker grate, stoker ash hoppers,
and grate ccoling fan to allow installation of the fluid bed proper. The.
overfire air fans, cinder reinjection fan, and associated flue and duct work
were removed to allow for installation of boiler circulation pumps. In
addition, the existing regenerative air heater, along with associated flue and
duct work was taken out to allow for installation of the new tubular air
heater. The FD fan and motor were replaced.

Pressure part modifications were kept to a minimum. The only majo:
water-side pressure part changes was tne removal of the existing lower drum-end
downcomers, to and including the existing wing-wall inlet headers. These
downcomers were rerouted to feed the inlet of the boiler circulation pump.
The wing wall tubing was also removed to a point just inside the furnace. The
main steam piping was modified to comnect the superheater section to the new
in-bed superheater.

New downcomers were connected to the existing lower drum and routed to
new boiler circulation pumps located at the rear of the unit. From the pumps,
supply tubes are routed to the fluidized bed floor, in-bed boiling surface,
and to the bed enclosure walls. The entire bed enclosure and distr~ibutor
plate is of water-cooled membrane type construction. All new water cireuits,
including the bed enclosure tubes, floor tubes, and in-bed beiling bank are
routed and connected directly to the existing furnace wing walls.
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Steam side pressure part modifications were a2lso minimal. The convective
superheater was reused. The main steam line 1leading from the convective
superheater has been rerouted to connect to the ney in-bed superheater. From
the new in-bed superheater outlet, a new steam line has been added and routed
back to the existing main stream line to the turbine. A new superheat
attemperator has been added in the new interconnecting piping between the
convective pass and in-bed surface.

The entire coal handling and feed systzm waes reused. The only change
made was grouping the feeder drive controls for control on a bed compartment
basis. To remove bed material, seven letdown systems consisting of individual
drain points, downspouts, valves, and ash coolers was installed. Since sulfur
capture is not a requirement, a relatively sme2ll amount of sand will be used
tc maintain a bed irstead of the larger quantities of limestone required for
most fluidized bed boilers. Because of this the bed drain rates will be
relatively low. However, of major concern with this retrofit is the removal
of oversized bad material, i.e., agglomerates. The number, sizing, and
locations of the bed drain systems were set by oversized material removal
requirements.

The old regeneration air heater was replaced with a new tubular-type air
heater. This replacement was required due to the nigher zir side pressure
requirements and the desire to reduce the flue gas exit temperature from the
air heater to improve performance. Additional requirements were space
limitations a2nd a gas side pressure drop not exceeding the existing ID fan
static capacity. The new air heater which kas been installed is a three-gas
pass, one-air pass arrangement.

Because of the higher air-side pressure requirements, the sxisting FD fan
and drive were replaced with a new single, centrifugal-type fan. The original
two overfire-air fans and cinder return air fan were eliminated. The overfire
air ports and boiler-hopper~cinder return system were reused. The air for
these systems will be taken directly from the new secondary air system, with
all air being provided by the new FD fan.

Since the new fluidized bed combustor enclosure walls, floor, and in-bed
boiling surfaces are mostly horizontal, water circulation through these
circuits must be pump-assisted. Three, 50% capacity, wet moter~-type pumps
were installed to pump these circuits. Only the new fluidized bed combustor
water circuits, all of which connect directly to the existing furnace wing
walls, will be pumped. All the remaining furnace enclosure walls and the
boiling bark remained in natural circulation.

Other changes and modifications required to cowmplete the retrofit
included control systems modifications, addition of az sand handling and feed
system, rerouting and new flue and air ductwork, and addition and modification
of structurzl steel and foundations.
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CONSTRUCTION AND STARTUP

MDU determined the most beneficial construction schedule to be from
November 1986 through March 1987. Factors affecting this decision were the
availability of power at reascnable costs during this period of time and a
light load period during the couple months following initial coal fire to
facilitate start-up problems. With such a short construction schedule, it was
recognized that close coordination between MDU; Black and Veatch, the consult-~
ant for the balance of plant equipment; and Babcock & Wilcox, the AFBC
supplier and constructor; had to be established to achieve the project
schedule.

Demolition of the unit was started October 14, 1986, Demolition was
completed and construction had begun by October 31, 1986. The unit was hydro-
statically tested February 18, 1987, and the first coal fire was during the
week of March 25, 1987.

The bed enclosure and in-bed service components were shop modularized to
help meet the tight erection schedule. The 40 to 50 ton modules were
positioned beneath the existing furnace by using a track for rolling the
modules on and into position. Once the three modules were in beneath the
furnace, they were then raised into their final position by a hydraulic
jacking system. Other components which were modularized were the air heater,
the connections to the furnace division walls, flues, and ductwork.

BENREFITS

The fluidized bed rctrofit is expected to greatly improve boiler
efficiency and operation. The unit originally was load-limited due to furnace
slagging and fouling of the convective pass when lignite was fired on the
grate. The lower combustion temperature of the FBC will greatly reduce the
fouling and slagging, and capacity is expected to increase from 50 MW to 80 MW
in continuous operation. :

The elimination of fouling and slagging will increase the boiler
availability. Decreased availability resulted from a unit shutdown twice a
year to remove slag from the convective pass.

The exit gas temperature from the air heater was approximately 70°F
greater than design when the unit was fired as a stoker due to the effects of
fouling and slagging. The gas temperature will be reduced to the original
design values after the retrofit as a result of elimination of slagging and

fouling, increasing the efficiency of the unit by almost two percentage
points.

The fluid bed retrofit will allow continuous use of the local Beulah,
North Dakota lignite.

In summary, Montana-Dakota Utilities expects the unit's thermal
efficiency, availability, and capacity to be increased by retrofitting the
stoker-fired stesam generator with a bubbling fluidized bed while continuing to
burn a locally available fuel.
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Capital Costs for Fluidized Bed Installations
Utilizing Lower Grade Fuels

by

Michael W. McComas, P.E.
Mechanical Department Manager

and

Larry Thies, P.E.
Project Engineer

Burns & McDonnell Engineering Company

Because large-scale, commercial fluidized bed boiler technology has only
recently been introduced in the U.S., there is limited published informa-
tion available on the capital costs of such facilities. This paper

will provide insight into the typical range of capital costs for large
(50-200 MW) fluidized bed projects for industrial generation or utility
power plants. In addition, the paper will address, based upon our
experience, the fundamental factors which cause the costs to vary on a
project-to-project basis.

Burns & McDonnell is iavolved i a number of large fluidized bed
ccgeneration projects for which capital costs have been determined.
These cnsts have been established, for the most part, by obtaining firm,
lump sum bids for the entire project or, in some cases, by developing
definitive costs estimates. This cost data has been tabulated in a form
which permits relationships to be derived between capital cost and two

sizing criteria: the rated boiler steaming capacity and the electrical
ourput of the plant.

The tabulated cost data will cover four or five fluidized bed projects,
utilizing lower grade fuels, including the steam flows and electrical
capacities. The owners and locatioms of the individual projecis will
not be revealed in the tabulation.
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NORTHERN STATES POWER COMPANY
BLACK DOG GENERATING PLANT ~ UNIT 2

Update of the Black Dog Atmospheric
Fluidized Bed Combustion Project

Blair L. Jenness
Don W. R=ns
Henry K. Wong
Edwin Kowalski

ABSTRACT

The Black Dog Project is a 130 MW Atmospheric Fluidized Bed Combustion (AFBC) boiler
retrofit firing western coal in a fluidized limestone bed. Initial cperation was in July of
1986. The Unit 2 boiler at Northern States Power Company's (NSP) Black Dog Plant was
originally commissioned in 195% as a pulverizer coal boiler rated at 100 MW. When firing
western coal the unit was down rated to 85 MW. In late 1984 work began to extend the
life of the unit and convert it to an AFBC. The conversion not only returned the unit to
its original capacity but increased capacity to 130 MW.

This paper is an update of the project's progress through January 1987 and discusses the
design, start-up activities and experiences of note encountered by the project to date.
The specific areas that will be addressed are the AFBC boiler operation from steam blow
through commercial operation.

INTRODUCTION

Northern States Power Company (NSP), headquartered in Minneapolis, Minnesota, serves
more than 1.5 million gas and electric customers in ar area over 49,000 square miles (Fig.
1). NSP's system consists of 46 electric generating units with a combined capacity of
over 6,200 MW, In 1985 approximately 43 percent of the electrical output was generated
from coal fired plants, 41 percent from nuclear fueled plants, and 16 percent from
hydroelectric and other sources.

NSP has demonstrated a strong history of involvement with new environmental control
technologies for electric power generation. One of the most recently completed and
operating endeavors is the Black Dog Generating Plant Unit 2 AFBC Retrofit (Fig. 2).
Unit 2 was upgraded and refurkbished tc burn 100 percent Sarpy -Creek Coal, with Linwcod
Limestone as the sorbent, thereby extending the unit's life another 25 years and
increasing its capacity by 30 percent. By converting to fluidized bed, new environmental
emission standards could easily be met.

(0736y) , 6 B3-1



PROJECT SCOPE

Technical scope of work for the Black Dog AFBC Project consisted of the following:

Adding a new sorbent receiving, handling, storage and feeding system.

Modifying the existing coal handling, feeding and storage system from the in-plant
coal storage silos to the spreader feeder inlets at the boiler.

Retrofitting the boiler and boiler auxiliary systems to the Foster Wheeler AFBC
design.

Upgrading of the particulate removai system and adding a new hot multiclone dust
collection system to enhance particulate removal and provide overbed hot fly ash
recycie t¢ the furnace.

Refurbishing and upgrading the Westinghouse Turbine-Generator.

Refurbishing and upgrading the Unit 2 Condensate and Fesdwater Systems.

Retrofitting the existing control systems to a microporcessor based distributed
control system.

 Modifying the existing struciura! steel and the existing platforms and walkways to

dccomm.odate the new AFBC system.

Upgrading the existing electrical auxiliary system to service the new AFBC ioad
requirements.

Modifying the existing plant facilities and services as necessary.
Perform initial inspection of the AFBC boiler and related systems for erosion,
refractory damage, expansion problems, cleanliness of the convection pass and

airheater, etc.

Completion of the initial operation punch list items (1986).

BACKGROUND

Original Steam Generator Description

The original Black Dog Unit 2 Boiler (Fig. 3) was a Foster Wheeler non-reheat steam
generator with a maximum working pressure of 1,770 psig, a maximum steaming raie of
860,000 Ib/hr and a final steam temperature of 1,000 F.

The unit had a fixed external pressure casing with top supported pressure parts and was
front wall fired with pulverized coali, oil, or natural gas.
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A few pertinent characteristics of the unit, as originally designed, are listed below.

. The furnace fromt wall consisted of both.up and down flow radiant superheater
circuits.

. The unit contained a full furnace division wall.
. The unit had no furnace arch.
. At the top of the convectlon pass gas velocities reached 70 fps.

. The horizontal convection pass and economizer surfaces consisted largely of gilled
ring extended surface tubes.

. The two (2) regenerative type air preheaters were located directly below the
economizer and were subject to plugging from sintered ash and broken refractory.

. When firing western coals, the unit load was curtailed to approximately 85 MW gross
generation due to both pulverizer and fan capacity limitations and furnace slagging
problems. .

6 B3-3
{0786y)




AFBC RETROFIT DESIGN

New AFBC Steam Generator And Auxiliaries

Table | shows the predicted performance for the Foster Wheeler ArBC Boiler. Figure 4 is
a sectiona! side view of the unit as of the completion date in 1986.

Due to existing design limits of the existing boiler and it's reiated auxiliaries, and due to
NSP's desire to increase the unit's rating from 100 MW to 130 MW, certain proyect design
features were necessary. These features are as listed below.

. Bed superficial velocity was specified at 10 fps maximum to minimize the carryover
of unburned coal! and unreacted sorbent and thus reduce the recycle rate to ievels
approaching those used on stoker coal-fired units.

. The design of the convection pass gas velocities was set at less than 50 feet per
second at the maximum continuous rating (MCR) of the unit. This criteria was
established to prevent the tube erosion in the convection pass during 100% recycle
operation. The particulate loading to the existing particulate removal system was
also maintained at suitable levels through proper recycle system design so that the
outlet loading from the unit can be controlled to NSP's Emission Levels without
replacement of the precipitators.

. The unit would burn Sarpy Creek Coal as well as other sub-bituminous coals and
lignites with a maximun 502 removal requirement £ 80 percent. Sulfur capture
would be from the limestone sorbent and the available aJkah in the coal ash (Table 2).

. Alternate fuels such as refuse derived fuels, petroleum coke and higher sulfur content
eastern coals will be test fired in the unit to determine their potential use.

. The unit was designed with an overbed coal and sorbent feed system because of the
project teams strong preference fer the relative simplicity and reliability of this
design as compared to the existing under bed designs.

. Overfired air ports located above the coal feeder inlets disburse the incoming coal
fines and increase carbon burn-up.

. The two existing air preheaters were replaced by a singie regenerative air preheater,
complete with an automatic low leakage seal adjustment system.

. A new hot multicyclone dust collector was added between the boiler outlet and the
air preheater to help reduce the particulate loading to the precipitators and to
collect higher carbon content fly ash to be recycled when necesszry through the over
bed reinjection system.
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. New forced draft fans and modified induced draft fans were installed for the higher
static head and flow requirements of the AFBC System.

The lower furnace plan area was expanded to the north and south sides by the addition of
wing cells. This was to increase the unit capacity while maintaining a maximum
superficial velocity of [0 ips. More flexible turndown rates were available with this
single main cell and double wing cell configuration. This approach also required minimum
modification to the existing boiler support steel and reduced the complexity and cost for
the coal and sorbent feed systems. The new AFBC lower furnace is bottom supported,
while the upper furnace remained top supported from the existing steel. No new pilings or
substructures were required for the retrofit.

The unit is designed to provide a turndown capability of approximately 5:1 with
superheater temperature of 1,000 F from 50 to 100 percent load.

The retrofit boiler is designed for variable pressure operation by use of a pressure
reduction station upstream of the primary superheater. Combined with the in-bed
finishing superheater loops this arrangement is designed to offer maximum turbine
temperature and pressure matching during hot restarting.

The Black Dog AFBC boller design approach did require a circumferencial seal around the
furnace to accommedate the differential expansion between the top—supported-existing
furnzce and the bottom supported fluidized bed section. This seal is a combination
water/mechanical and slipjoint seal located approximately midway up the main furnace
height where the furnace pressure is balanced.

The steam generating circuits of the AFBC, including the main furnace and convection
pass waterwalls, are force circulated.

The design residence time in the furnace of approximately 4 seconds should result in a
relatively low recycle rate requirement for achieving the guaranteed unit sorbent
utilization rate and coal combustion efficiency. The design results in an arrangement of

. the coal feeders, sorbent feeders, overfired air ports and ash reinjection ports similar to a
conventional stoker fired unit. '

Reliable and economic opration of the unit is the goal of all these specific AFBC design
considerations.

DEMOLITION

Demolition and relocation work for the boiler retrofit commenced on September 13, 1984
and included complete asbestos remeoval from all Unit 2 equipment. The only remaining
demolition is that associated with the 1987 spring turbine outage tu upgrade the
turbine/generator (T/G). This work includes medifications to the steam chest and main
steam inlets, turbine rotors and internal casings, generator rotor, T/G electro-mechanical
controls, excitor, and miscellaneous interconnecting piping and controls.
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CONSTRUCTION

The initial AFBC construction effort started in mid-September ! 984 with NSP's asbestos
removal, relocation efforts and demolition. NSP also dismantled the T/G to facilitate
Westinghouse's life extention study inspection. With completion »f the asbestos removal,
NSP purchased the necessary structural steel for Foster Wheeler Energy Corporation
(FWEC) and the mechanical contractor to mobilize in February of 1985. Mechanical and
electrical/l & C mobilization took place in July and August of 1985, respectively. The
boile; was hydro tested in January 1986. First coal fires occurred in June of 1986
followed by the unit being declared commercial in July of [986.

The only remaining construction effort is to install the fly ash reinjection system piping
and the ash weighing systems presently scheduled for the spring of 1987 and the upgrading
of the T/G set to its final 130 MW capacity in spring of 1987.

START UP-INITIAL OPERATION

Summary

Start-up of the AFBC Boiler and balance of plant was performed by a co-ordinated effcrt
by start-up teams from NSP, SWEC, and FWEC.

The inital effort was in May of 1985 with development of the start-up schedule and
proceeded with the establishment of the administrative and safety tagging procedures.
Mechanical testing procedures were also written for major start-up procedures such as:
boiler air test, preboiler chemical cleaning, boiler chemical cleaning, and main steam line
blowing. The boiler hydro procedures were developed by FWEC.

The Black Dog site start-up operations officially started in March of 1986 with the arrival
of the NSP start-up group. The group consisted of a Start-up Superintendant, (part-time)
Lead Start-up Engineer, three System Start-up Engineers, one I & C Engineer and one
Electrical Engineer. Responsibility for all hard-wired electrical checkout, nrior to turn
over to the start-up teams, was by NSP's Electrical Construction Test Group (ECT). The
Black Dog Plant 1 & C Group was responsible for all instrument calibration and instrument
loop checkout. The NSP Special Forces Group, assigned to the Black Dog Station,
provided pipefitter support to the start-up program ior temporary hookups and restoring
systems to operation.

The start-up activities (Table 3) commenced with the boiler hydro on January 6, 1986.
The condensate pumps were run on March 6, 1986 in preparation for boilout. Preboiler
chemical cleaning was started on March 1%, 1986. FD Fan # 2! was run on March 22 in
preparation for the boiler air test, which was run on March 24, 1986. Gas burner test
firing began on April 28 and boiler chemcial cleaning began on May 5, 1986.

(0786y) 6 B3-6




Main Steam blowing started on May 21, 1986 and was completed on May 29, 1986. The
fluided bed was charged with sand on June 16, 1986. The unit reached 40 MW for the first
tirne on July 9 and the unit was accredited for 42 MW on July 21. Accreditation to 89 MWV
was received on July 28, 1986, when the unit was declared commercial, Late July 28 the
unit tripped and a 23 day outage commenced to correct system- start-up problems
associated with the steam generator as well as the precipitator and the ash handling
system.

Boiler Cleaning Operaticns

Table & outlines a chronology of the various chemical cleaning phases of the unit. Test
firing of the gas burners delzyed commencement of chemical cleaning from the scheduled
date of April 29, 1986 to May 2, 1986.

Two additional hot boiler rinses were performed on May 16 and 17 to remedy excessive
foarning in the boiler when the unit was restarted for steamblows.

Steam Blows
The steam blows were conducted in four separate phases:

. Phase I steam blows consisted of the auxiliary steam line through the pegging steam
line to the DA Tank. This was done on May 21, 1986 and took a total of 10 steam
bloews to clean the line.

. Phase H steam blows were through the auxiliary steam line to the steam coil
airheaters. Three very long continuous blows of 30 minutes each, conducted on May
22, were sufficient.

. Phase III steam blows were through the superheaters and main steam line. The blows
were started on May Z2 and continved for eight days. A total of 46 steam blows were
made.

A 24 inch hydraulicly actuated blow control valve was used with an outlet pipe
silencer that reduced the noise leve! to €5 DB at 1000 ft.

. Phase IV steam blows were through the turbine bypass valve into the condenser. 5
blows on May 30, 1986 were required.

Acceptance targets were only used on Phase NI steam blows. These targets were
accepted by NSP on May 29, 1986.

Boiler Safety Valve Setting
The boiler safety valves were hydroset on May 29, 1986. All testing and setting was

completed by the valve manufacturer's field representative with the assistance of NSP's
mechanics. All set pressures were verified by NSP, FWEC and SWEC representatives.
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Steam To Turbine

The turbine was rolled off of turning gear for the first time after the retrofit on June 27,

1986 at 11:20 P.M. Only gas fires were used to maintain steam flow. The unit load was
held between 4 and 6 MW for load protection relay testing.

On July 21, 1986 the unit was back on line and was accredited for 42 MW on July 21 after
a |2 hour run. The unit tripped at 1:30 P.M. on the same day. Fast bus transfer tests
were done on July 23 and the fans were run to tune up furnace pressure control loops.

The unit was back on line July 26, 1986 and attained a load accreditation of 85 MW on
July 28, 1986. While lowering load the unit tripped. The flyash storage silo was found
full, so the unit remained down for this and other sutage work. During this outage the
precipitators were inspected and sand blasted clean. Some inbed superheater tube
misalignment was corrected by FWEC by adding additional support brackets. The flyash
storage silo was emptied and flyash handling problems resolved. The outage lasted 23
days and was completed on August 29, 1986, when the unit was again back on line.
Precipitator performance with respect to high stack opacity continued to be evaluated by
NSP. The schedule for operation of the unit after the 89 MW accreditation was 16 hours
per day (2-shifts) to correct any issues as they occurred.

Boiler Fluidization

The first activity after steam blows dealing with the fluidized bed was to blow sand into
the bed area. NSP made the decision to use sand as bed material in place of limestone or
dolomite in case a boiler tube leak should occur or other problems develop that would
require work in the bed area. The sand was an inert bed and would not harden if a leak
occurred. However, the density of the sand was greater than either the limestone or the
do'emite, requiring a higher than design air flow to obtain correct fiuidizing conditions.
The ash handling equipment alse found the sand difficult to handle unless it was slowly
metered into the lock hoppers.

During the unit operation on July 12, 1986 the boiler start-up zones #22 and #23 (Fig. 5)
were found to have clinkers from operating in a low air flow condition (the bed was not
completely fluidized) and feeding sorbent too quickly. The sand was removed along with
the clinkers, and spent bed material from TVA's Test Fluid Bed Facility was blown into
the bed. Visual inspection of the new bed material showed it was fluidized in all areas of
the main cell. This was a great improvement over the sand.

The recommended start-up procedure consisted of firing the plenum start-up burner to
heat the bed material in the #23 front section of the main cell to 850-1000 F in the
conjunction with the two over bed burners to raise the drum pressure to 1000 psig. When
these two conditions are met coal is fed into the 23 front section only, along with an
increase of fluidizing air to bring the bed temperature to approximately 1200F. When the
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temperatures are stable, coal and air is admitted to the 22 front cell which ignites from
the hot material of section 23 front. With both front cells stabilized the original start-up
procedure was to wait until the steam flow reached 20%. However, after a long waiting
period it became apparent that 20% steam flow would not be attained. FWEC concluded
that the next step could be taken even though the steam flow had only stabilized at
approximately 18%. Air was admitted to the rear section of 23 cell while adjusting the
throw of the coal spreader-flipper to cover the entire cell, thereby bringing the entire 23
section to operating temperature. The last step would be to perform the same function to
the rear section of the 22 cell. At this point the entire main cell is In service and load
can be raised to approximately 50% by adjusting air and coal flow. Prior to load raising
the three start-up burners are taken out of service. With no unexpected problems the
main cell can be brought up in 1.5 hours after initial introduction of coal.

Further increase in load can be performed by the same basic method of flame

propagation. Fuel and air is admitted to either of the two wing cells while opening the
inter-bed slide gate. ’

During early operation of the unit, with fresh limestone, the elutriation rate was high.
Due to fines in the coal along with its low sulfur coatent the czlcined bed material (Ca0Q)
broke up before it could be converted to a more stable and stronger sulfated bed material
(CaSOy). Once higher bed levels are established and the entire bed is sulfated, material
carryover is expected to decrease.

The Black Dog Urit #2 was restarted on November 18 following an unscheduled seven
wesk outage due to an upper furnace tube leak. The following tasks were performed
during the seven week outage.

l. Removal of water-hardened bed material that covered 25% of the main celi plan area.

2. Repair of the front wall steam header drain line.

3. Modification of the finishing superheater tube supports.

4. Maodification and replacement of the finishing superheater seal box.

5. Hydrotest of the bhoiler.

6., Replacement of 18 tube welds on the front wall and furnace roof radiant
superheaters. These welds were retained from the original boiler during the
conversion to AFBC.

7. Cleaning and inspection of the precipitators.

8. Drain all the bed material from the cells and Elow in inert clay in its place.

Operation was initiated on the main cell with only inert fired clay used for bed material.
This was done to isolate reasons for high stack opacity while operating with a limestone
bed. During this period 67 hours of operation on coal were accumulated without sorbent
addition. Unit operation was very stable with stack opacity between 4 and 7%. Load was
held between 35 and 55MW with the unit operating automatically on the unit (load) master
for the first time. Operating difficulties of the spent bed removal system (i.e. elutriating
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drains, screw coolers, and clinker separator) were encountered during this operating
period and were promptly resolved.

Tube Bundle And Cell Areas

Due to high differential temperatures developed between the upper and lower tubes of an
in-bed superheater loop during start-up, some loops were deforming. This occurred only
during the start-up phase, when the superheater section of the bed was defluidized.

During the seven week outage, Foster Wheeler modified the finishing superheater design
by physically constraining the joop end of each of the 72 main cell in-bed superheat tubes
to the corresponding vertical steam generating tube and replacing the seal box with
flexible tube seals (FiberFrax) and flexible seal plates at the rear wall penetations.

Foster Wheeler expects any outside header movement and/or differential thermal
expansion between the upper and lower finishing superheat tubes to be absorbed by the
flexible seal box. Following these repairs, Foster Wheeler instrumented a single finishing
superheat tube with thermocouples to confirm the calculated difference in upper and
lower tube suriace temperature during start-up.

Air And Gas Systems

On restart of the unit a high speed eight channel strip chart recorder was set up to
monitor air and gas pressures, along with differential pressure at various locations
throughout the boiler. This was done in order to resolve the problems the unit had
experienced in the past with draft excursions and draft main fuel trips (MFT).

During the November |8th start-up, several draft excursions were recorded, one resulting
in an MFT. The draft MFT occurred while propagating to the rear of 23 cell with the unit
operating on two ID fans and one FD fan. The high speed chart recorders indicate that a
fluctuation in furnace draft caused changes in ID fan speeds and damper positions which
over-corrected the draft with progressively larger positive and negative instability. The
fluctuation was thought to originate when seconcary air, introduced into the previously
slumped 23 rear cell, cause rapid ignition of the coal which had built up on the top of the
slumped surface. The cracking open of the 23 rear cell air damper also caused a furnace
pressure excursion irrespective of combustion.

After further contro! tuning and modifications to the start-up procedures, the unit was
restarted with all four fans in service. The start-up procedures were changed to allow
some air to flow through the entire main cell at all times. As a result, when the flame
propagation was made to the rear cells, the draft fluctuations were greatly reduced. The
unit has operated without draft trips since.
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Precipitators

Prior to the November i8 restart both the primary and secondary precipitators were
sandblasted clean and the main cell was filled with inert fired clay bed material in an
attempt to improve precipitator performance. The fired clay was successfully used to
reduce calcium oxide carryover from the bed to prevent precipitator fouling experienced
during start-up with a limestone bed.

Load Accreditation

On July 21, 19858 the unit was operated at or above 42 MW for 12 hours or more. This
allowed the unit to be accredited to generate 42 VMW.

On July 27 and 28, 1986 the unit operated at or above 89 MW for 12 hours, accrediting the
unit for 89 MW, This was the highest load obtained by the unit since the AFBC start-up.
It was obtained with the main cell and one wing cell in service.

AUXILIARY SYSTEMS STARTUP ACTIVITIES

Instrument Air System

Except for the headers the instrument air system on Unit 2 retained the existing system.
Prior to connection to instruments the headers were blown out. The air compressor and
air dryers were plant maintenance items and not in the start-up scope.

Cooling Water System

The cooling water system was not ready during the initial operation of the ID-FD Fans.
Temporary cooling water supply had to be piped to the fans and boiler circulating water
pumps during boiler chemical cleaning. The permanent cooling water system was put into
service prior to steam blows. Existing cooling water pumps are used and were not part of
the start~-up scope.

Condensate System

The condensate system piping was existing except for some piping at the discharge of the
condensate pumps and several feet at the DA Tank. Both condensate pumps were
replaced and a new DA Tank level control valve was installed. Both comdensate pumps
were used to flush the condensate and feedwater system prior to chemical cleaning. The
condensate pumps were not used to circulate chemical during chemcial cleaning. The
condensate system was chemically cleaned using one percent phosphate solution
circulated at 180 F by Dowell Pumps for 24 hours,

Feedwater System

Approximately 50 percent of the feedwater piping was replaced with new pipe. New
feedwater control valves (3 inches and & inches) were installed. Feedwater heaters No. 24
and 25 were replaced, and the internals of all three boiler feed pumps were removed and
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refurbished. The feedwater system was chemically cleaned at the same time as the
condensate system. A new flow nozzle was also installed in the feedwater line. Boiler
Feedwater Pump No. 2! was run for the first time on April 23, | 986.

Fans And Hydraulic Couplings

The ID Fans and the FD Fans were both equipped with new hydraulic variable speed
coupiings. The lube oil flush on No. 2I FD Fan was started on March 10, [986 and the fan
ran for the first time on March 22, 1986. The fan was used for the boiler air test which
was started on March 24, 1986. FD Fan No. 21 and ID Fan No. 2! was used to control
furnace draft for the first time on April 17, 1985; no major problems were noted. The
draft control system caused boiler trips during the coal firing periods. The controls were
eventually tuned to allow satisfactory control of draft.

Precipitators

Black Dog Unit No. 2 utilizes two precipitators for particulate collection. The electrical
controls were completely changed out in both precipitators by FSA (Field Service
Associates, Inc). During the initial coal fires, it appeared that the modifications were not
very effective. On subsequent inspection cracked bushings and bad wires were found.
Since all ash collected in the mechanical dust collector was not recycled but evacuated to
waste, the poor precipitator performance was puzzling. Under these -onditions, the dust
loading to the ESP's should be a fraction of that expected during 10u» recycle. Analysis
of the dust samples taken from the ESP plates and wires indicate that the electrical
resistivity of the particulate to be very, very high (Ix 10!%hms/cm). This value is well
above the typical range where acceptable ESP performance can be expected. NSP/SWEC
are continuing to study the reasons and causes cf the high resistivity.

Ash Handling System

The plant installed two ash handling systems, a pressure system to remove spent bed
material from the bed material screw coolers and a vacuum system for flyash removal
from the mechanical dust collectors and the two precipitators. The pressure system
worked without problems, but the ash from the mechanical dust collectors was so hot
(burning particles) that it was difficult to be transported. The evacuation time was
reduced to allow some ash to remain in the hoppers and a high temperature alarm was put
on the ash piping. Flyash removal problems were also encountered when the ash flooded

into the conveying line from the MDC Hoppers. Metering orifices were installed at the
ash E-Valves to control the flooding probiem.

Sorbent Handling Systems

The sorbent system consisted of a limestone silo, created by modifying Unit 3's old stack,
and a dense phase transport system to move sorbent to the two 10 ton day storage tanks.
Two rotary feeders under each day tank controlled the sorbent feed to the boiler. The
sorbent silo was first filled with sand and then local dolomite. Both of these products
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were very hard to transport with the dense phase transport system. The conveying lines
plugged up and had to be cleaned out or hammered to break loose the plug. Air nozzles
were added to the pipeline to help prevent plugging. The changes helped move the
material, but the system still needs further modifications to make it work properly. The
local dolomite material had too many fine particles in it to transport properly.

The rotary feeders below the day tanks were a problem. The material would wedge
between the rotor clearances and caused the feeder to trip out and sometimes fail to
re-start. It also caused the rotor side plates to wear out quickly. SWEC is actively
working to resolve the feeder and dense phase transport system problems.

AFBC TEST PROGRAM

Once the boiler and T/G Acceptance Testing work confirms the maximum capability and
performance, the unit will be operated commerically in combination cycling/peaking mode
before the AFBC Testing Program is conducted.

The planned three year test program will resuft in ample time for the testing of various
operating modes and allow for any required unit outages for inspection prior to and
immediately following tests. The AFBC Test Program, now being developed, will
coordinate maximum and minimum unit load tests withh NSP's system load requirements on
a seasonal and daily basis. :

All test iInstrumentation equipment connections required have been identified and
installed, and wiil be ready for field connection by the test contractor at the start of the
three year test program.

NSP anticipates that the AFBC Test Program will result in 2 Unit No. 2 capacity factor of

between 20 and 40 percent, depending on NSP's system load demand and the requirements
of the test program.
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CONCLUSION

The Black Dog Station Unit No. 2 Retrofit Project was a fast track project, resulting in
initial steam to turbine in only 25 months after award. The start-up and check out of
equipment was begun on March I, [986 and the unit was accreaiied for 89 MW on July 28,
1986. Generally, the start-up progressed well, with normal start-up protlems that were
resolved as they occurred.

Due to the limited operation to date, a complete performance test has not been done.
This testing will be done following the turbine modifications scheduled for March - June
1987.

When the Black Dog Unit No. 2 AFBC Retrofit Project is complete in June 1987 : ; a 130
MW coal-fired power plant, NSP expects to fully evaluate the practicability and cost
effectiveness of the AFBC emerging technology as a viable electric utility industry
approach to acid rainfall as well as other air pollution problems. NSP also expects to
determine the technology's capability for utilizing alternate lower cost fossil fuels as a
means of reducing the cost of electric generation.

NSP sees the success of the Black Dog AFBC Project as making a significant contribution
to the entire electric utility industry. Similar piant retrofits will also help other utiiities
meet their near term electric demands and simultaneously addressing environmental
concerns while utilizing a wider range of potentially lower costing fueis.

(0786y) 6 B3-14




ST-€£g ¢

SERVICE AREA
NORTHERN STATES POWER COMPANY

*
GRAND
MINDY sonus

North Dalcota

s meemene

fanco o] -

Wlsconsln
sv CLav0 cmrnwa
siniwaren )
: umnurm |shts, ..M“Quurume
uomevuno L ‘umwmc g
South Dalota L rAnDAULY i g \wmw
MAﬂ.l'mm g X" L4 cnosse

SHNIK 1 ARLS . \

FIGURE 1




¢I-te 9

BLACK DOG POWER PLANT

FIGURE 2




ORIGINAL BLACK DOG UNIT 2

| FEEDER
2. BALL MILL
3, EXHAUSTER
4. BURNERS

5. FURNACE
DIVISION WALL

6. RADIANT
SUPERHEATER

7. SUPERHEATER
COHTROL COIL

8. FINISHING
SUPERHEATER

9. INTZRMEDIATE
SUPERHEATER

0. SOILER SECTION
1. ECONOMIZER -
2. AR HEATER

PULVERIZED COAL FIRED STEAM GENERATOR

®

Fowcah

(N R |
|

A0Jed0I0

FIGURE 3

6 33-17




1. SPREADER FITIER
2. IN-8ED TURSS

3. CIRCULATING PUMP
4. SCREW COQLER

S.

FURNACE
SIDEWALL

G. RADLANY
SUPERHEATER

7. FREESCARD BURNER
8. QYERFIRE AR

3. FINISHING
SUPERHEATER

i0. PRIMARY
SUPERKEATER

11. ECONOMIZER

12. MECHANICAL
QUST COLLECTAR

I3, AIR HEATER

N/

W

]
PG e e

. -
-

- o
-

i ——

=

FIGURE 4

& B3-1g

STEAM GENERATOR RETROFIT ARRANG’EMENT
SIDE ELEVATION

AQBOLII




FLUID BED CELL ARRANGEMENT

PLAN VIEW
q
NORTH MAIN MAIN SOUTH g
WING CELL CELL . WING
CELL CELL
. (#21) (#22) hl (#23) (424)
m A )
v
STARTUP STARTUP sf'-ﬁ\AHTTE‘fP STARTUP
ZONE ZONE ZONE ZONE

#23

STARTUP
BURNER

FIGURE 5




AFBC STEAM GENERATOR SYSTEM
HEAT AND MATERIAL BALANCE

NCMENCLATURE

TUPRBINE THERQTTILZ PRESSURE
MAIN STZAM TZMPERATURE

NET GENERATION

sTION
TURBINE THROTTL:Z
ECONOMIZEZR INLET TEMPEZIRATURE

GROSS GENE

STZAM FLOW

NET PLANT MZAT RATE
EXCESS AIR AT ECONCMIZER OQUTLET
AIR PREHEATER AIR TEMPERIURE ENTZRING

v oD FAN/AIR PR

THEATER)

s vawdl i o

AIR PREHEATER LEAKAGE
AIR PREHEATER FLUT GAS TEMPERATURE IN
AIR PRENEATER FLUZ GAS TEMPRRATURE OUT
BOILER ESFICIENCY
CARBON UTILIZATION

CO IN FLUE GAS
NOx IN FLUE GAS

SO, LIMIT (NSPS)

50, REMOVAL REQUIRED

Ca/S MOLE RATIO (LIMESTONE)
GROSS HEAT INPUT FROM FUEL
FLUE GAS WEIGHT AT AIR PREHMZATER INLIT

COMBUSTION AIR WEIGHT TO AFBC

FUEL BURNED

LIMESTONE REQUIRED
TOTAL WASTE SOLIDS

TOTAL SQLIDS

TCTAL SCLIDS
FG WEIGHT TO
LEAKAGZ

TO BED DRAIN
ENTZRING CYCLE
£52 INCLUDING 10% aIR

FLUE GAS (AT 80C FT.)

TABLE 1
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PERFORMANCE AND DESIGN FUELS
COAL FIRED AFBC BOILER RETROFIT PROJEMN
BLACK DOG UNIT 2

SARPY CREEX  SARPY.CREZK ALTERNATE
MOMEMCLATURE UNITS PERF COAL NSGN COAL TIST €3aL FUELS
CCAL ULTIMATE aN2T¥SIS
{% 8Y WEIGHT)
SULZUR % 0.90 1.20 3.00 ROF AND
MCISTURE % 23.90 25.00 15.00 COKE
CaRBON % 49.70 58,55 -
OLYGEN % 10.77 10.45 -
HYDROGEN % 3.20 3.07 -
ASH % 10.20 11.90 -
NITROGEN % 0.70 0.70 -
CHLORINE % 0.03 Q.03 -
TOTAL % 160.00 10G.00 100.60
HIGHER HEATING .
VALUE (GIVEN) Bru/#  8.500 8.200 10.000
ASH ANALZSIS
(% 8¢ WEIGHET)
$1Q, % 35.2 ILLINOIS ROF &I
21,04 % 17.2 3ITUMINOUS  CORE
7i0, % 6.7 HIGH
Fe,05 % 6.9 FOULING
cao % 17.4 AND
HgO % 4.3 SLAGSING
Na,0 % 1.5 3.0
MESIUM HIGH
TOULING FOUTLING
Ka0 % 0.4
?,0¢ % Q.5
SC; % 15.3
Trace % 0.8
ToTaL L 1606.0
ASH FUSION TIMe.
(REDUCING/OXIDIZING)
1.D. oF 2185/2250 2100/21%52
HIGH HIGH/SZVERE
SLAGGING SLAGGING
HaW 33 2170/2260 2120/2120
H=4/2 T 2180/2270
FL o7 2120/2285
TABLE2
AG121008
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R3

R3

5.
&.

8.

10.

MAJOR EVENTS - BY DATES

Boiler Eydro .

First Condensate Pump Run

Preboiler Chemical Cleaning Started
Furnace Air Test

Boiler Test Fired

Boiler Chemical Cleaning Started
Steam Blows Started

First Coal Fires

first Time Synchronized

42 MW Accreditation

B0 MW Accreditation

TABLE 3

6 B3-22

January 6, 1986
Mazch 6, 1986
March 14, 198¢
March 24, 1986
April 28, 1986
May 2, 1986
May 21, 1986
June 26, 1986
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BOILER FOULING : EXPERIMENTAL VERSUS FULL-SCALE BEHAVIOUR OF LOY YANG COAL
by
B Anderson (1), K P Bailey (2), J B Bell (2) and A L Ottrey (1)

ABSTRACT

Long-term experimental combustion tests have proven necessary to provide a
realistic assessment of ash fouling behaviour (under sootblown conditions) eof
Latrobe Valley brown coals. Convection pass deposits formed during combustion
of Yallourn and Morwell coals in the experimental furnace are directly
comparable with those from full-scale power stations.

In anticipation of the development of a new open cut/ power station complex at
toy Yang, 2 range of coals from this area were tested in the experimental
furnace. The main features of Loy Yang area coals are a generally low ash
content with, dependent on location and depth, significant levels of
sodium-in-ash. Subsequent to the major bore-hole analysis program, significant
concenirations of acid-extractable aluminium have also been identified in some
of the coal; this constituent can have a marked influence on ash behaviour.

Several parameters based on the analysis of the coal have been formulated to
describe the ash behaviour of these Loy Yang coals. In particular, the rate of
ash fouling is strongly correlated with the Tevel of sodium-in-ash, although the
rate of fouling was lessened at a moderata ratfo of acid-extractable atuminium
to sodium in the coal.

Initial operation of the first two 500 MW units of the Loy Yang A power

station have generally confirmed (at least qualitatively) the findings of these
experimental furnace tests. Extensive monitcring of convection pass

(water and steam-side) temperatures and flew rates, combined with back-end flue
gas temperature provide the basis for detailed boiler performance calculations

and fouling assessments.

Rapid deterioration of the furnace heat transfer is the most serious effect of
this high fouling, low ash coal. The subsequent combustion of high ask, low
sodium content coal can also cause further deterforation of furnace heat
transfer. To date, convection pass fouling has not been a serious problem in
these boilers.

Some action has already been taken to reduce the rate and impact of Turnace
fouling. Work is also currently in progress to define the extent of this high
fouling coal and to determine the nature of the ash deposition.

ADDRESSES
(1) Research and Development Department

State Electricity Commission of Victoria

Howard Street, Richmond, Victoria 3121, Australia
(2) Pover Department

State Electricity Commission of Victoria
15 William Street, Melbourne, Victoria 3000, Australia
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Benefits of Partial Moisture Reduction of High Moisture

Fuels on Power Plant Performance, Operations and Maintenance.

by Samuel W. Seabury
GUS, Inc.

Dallas, Texas

Abstract

Moisture reduction of high moisture fuels prior to delivery into
steam generator silo storage can extensively effect unit
performance. It can be shown that benefits result throughout all
rhases of the fuel cycle.

The major consideration is to control the magnitude of moisture
reduction to an optimum point. Drying fuel past the optimum
point can lead to a reducticn in unit performance and
unacceptable dust generation.

Drying eguipment can be retrofitted into plant operations without
interfering witk unit generation. Combined fuel cycle operation
can result in favorable financial analysis even where fuel
transportation savings are not taken into account.
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Introduction

Past studies of moisture reduction of high moisture fuels have,
in general, concentrated on the cost/benefits associated with
transporting and handling less material. Such considerations
had little berefit for mine-mouth plants. One exception, AlCOA's
Sandow (TX) Plant, has burned predried lignite in three 115 MW CE
wet bottom reheat units since the early '50s. The fuel is dried
on site, but not pulverized. Subsequent lignite installations
abandoned drying in favor of conventional pulverized coal, dry

ttom furnaces or cyclone furnaces burning run of mine fuel.
The same. is true for stations burning Western sub-bituminous
fuels.

The economic reasoning was simple: (1) the combination cost of
dryers and steam generators equaled or exceeded the cost of
conventional designs, (2) the cycle efficiencies were not
significantly differsnt so as to save fuel, (3) drying reguired
additional and special handling.

Recently, GFERC and others have suggested drying Western fuels at
mining sites to reduce transportation and handling costs, but to
date there is little activity to commercially promote the idea.

Most significantly lacking in all the past investigative work is
a technical and financial evaluation of the power plant
operating and maintenance gains/limitations possible when £firing
partially dried fuel. This paper evaluates the effects of
controlled moisture reduction through a conceptual case study of
a typical mine-mouth lignite station.

Effects on unit performance are discussed in two secticns. The
first section investigates moisture reduction effects on boiler
performance and environmental handling systems. The second
section examines the initial stages of the fuel cycle from mining
through pulverizer operation.

A conceptual drying system design is briefly described.

system design allows equipment to be retrofitted into existing
stations or designed into new stations. Equipment arrangements
are in parallel to existing fuel handling systems allowing for
the delivery of run-of-mine fuel or partially dried fuel.

In light of current fuel costs, the gains resulting from f£firing
partially dried fuel are significant.
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Summary

The unit used for this conceptual case study is a 575 Mw lignite

fired boiler located at a Texas mine mouth facility.

summarizes unit operating conditions.

components discussed in this study.

Table 2 lists fuel cycle

Steam Generator and Auxiliaries:

Fuel

Boiler Performance and Efficiency
Furnace & Convection Surfaces
Ljungstrom APH

ESP (Baghouse/Wet Scrubber)

FD & ID Fans

Ash Handling

Supply:

Pulverizers

Primary 2ir System
Feeders and Bunkers
Crushers and Conveyors
Mining and Transportation

Dryer Svystem:

Combined Fuel Cycle
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Table 1

Turbine:
Gross Rating, Mw 575
Heat Rate, Btu/Kw 8150

Steam Generator:
Primary Pressure, psig 3500
SHO, oF 1000
REO, oF 1000
Pulverizers 8
Ljungstrom APH 2
ESP 4

Fuel: Case 1 - Case 2
Moisture, % 32 24
Ash, % 15 16.9
HHV Btu/# 6800 7600

Table 2




Table 3 describes the two fuel conditions compared throughout
this case study. Case 1 is typical run-of-mine lignite. Case 2

is the same 1lignite dried eight percentage points 1less as
measured by ultimate =nalysis with all constituents normalized to

100%.
Table 3
Ultimate Analyses —(%)
Case 1 Case 2
Ash 15.0 16.8
Moisture 32.0 24.0
Carbon 38.6 44.3
Hydrogen 2.8 3.2
Sulfur 0.5 0.6
Nitrogen 0.6 0.6
Oxygen 9.5 10.6
Total
100.0 100.0
HHV (Dulong) 6800 Btu/# 7600 Btu/#

All subsequent evaluations

refer back to these analyses.

7 'B2~4




Steam Generator and Auxiliaries

Performance and Efficiency

Boiler performance and efficiency calculations in this case study
follow ASME PTC 4.1 procedures.

The ASME abbreviated efficiency test PTC 4.1 employs the Heat
Loss Method to calculate efficiency. Heat input is set to 100%.
Heat losses due to radiation, carbon in the ash, stack gases and
an allowance for manufactuver's margin are evaluated. These
losses are then determined as a percentage of the heat input.

Beginning the calculations, fuel, air and gas weights in pounds
per million Btu's (4#/MMBtu) are then determined for both cases as
shown in Tatble 4.

Table 4
Ligrite, Air and Gas Products - (i#/MMBtu)
Case 1 Case 2
Lignite 147 132
Stoichiometric Air 758 758
Combustion Air 910 910
Flue Gas Products 1035 1020
Moisture from H2 38 38
Moisture in Fuel 47 32
Moisture in Air 12 12
Dry Gas Products 938 938
Ash 22 22

The pounds of lignite and the stoichiometric dry air per million
Btu are determined first. The combustion air is calculated by
correcting the stoichiometric air for humidity (standard
conditions) and adding excess air, which in this case is 18%.
Flue gas products are calculated by adding fuel to combustion air
and then subtracting ash.

The flue gas products are comprised of dry gases (N2, 02, €02,
S02, etc.)} and water vapor from three sources, H2, fuel, air.
The specific heat (Btu/#/oF) of the flue gas products can be
calculated using the breakdown of the water vapor and the dry
gases.

Twc results are apparent (Table 5). The total gas weight in Casz
2 will be less than Case 1 due to moisture reduction. Similarly,
the specific heat of the flue gas in Case Z will be 1less than
Case 1. The implications of these results show up ian the
following ASME efficiency calculation.
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ASME Efficiency

Losses (%): Case 1 case 2

Dry Gas 6.84 6.31

H2 4,51 4037

H20 in fuel 5.7 3.52

H20 in air 0.17 0.18
Radiation 0.17 0.18

Unburned Carbon 0.15 0.15

Margin 1.00 1.00

Total Losses 18.51 15.89

Efficiency (%) B8l.49 84.13
Specific Heat Btu/#/F 0.286 0.282
Turbine Heat Rate Btu/KwWhr 8170 8150
Unit Gross Heat Rate BTU/Kwhr 10,000 9685

The change in efficiency is, as expected, d&ue primarily to the
reduction in fuel moisture. Changes in flue gas product specific
heat results in additional improvements in other losses. The
boiler efficiency improvement has a substantial effect on gross
unit heat rate.

Furnace & Convection Surfaces

Having developed the gross heat rate in Table 5, we are now in a
position to evaluate Unit operating coaditions for Case 1 and 2.
(Table 6)

Fuel moisture reduction and the resulting boiler efficiency gain
result in a reduction of fuel weight to the furnace. The
efficiency gain reduces the air and fuel weights to the Ffurnace
also. This combination reduces gas weights from the furnace by
4.5%.

The mean specific heat of the flue gas is reduced by the fuel
moisture reduction. As a result of gas weight and specific heat
changes, convection surfaces see approximately 6% less heat
available for absorption at the same furnace exit gas temperature.
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Table 6

Unit Operaticns Case 1 Case 2
Gross Rating,Mw 575 575
Gross Heat Rate, i0,000 9685
Btu/Kwhr
Lignite, Air and Gas Weights - (1000 #/hr.)
Fuel - Mined 845 819
Fired 845 733
Air " 5230 5065
Flue Gas (uncorr) 5950 3675
Air Preheater Conditions - (°F)
Gas In 850 825 (est.)
Gas Out (Corr) 375 355
Air In 105 105
Air out 710 695

In our example, fuel moisture reduction therefore positively
effects the boiler performance by reducing flue gas volumes,
temperactures and velocities. But the need for controlled
moisture reduction also becomes obvious. Excessive moisture
reduction could reduce the superheater and reheater ccntrol range

as well as lower exit gas temperatures below flue gas acid
dewpoints.

Air Preheater, FD and ID Fans

Heat balance calculations on the air preheater system show a
decrease in the uncorrected exit gas temperature for Case 2.
This is due to the reductions in flue gas weight and flue gas
specific heat.

Capacity margin is gained in the ID fans due to reductions in the
flue gas weight and flue gas temperature, whereas gains in FD
fans margin are due directly to boiler efficiency gains only.

Environmental Systems

This particular unit is fitted with an electrostatic precipitator
(ESP) only. Reductions in gas temperature and weight combine to
reduce gas velocity (volume) through the ESP by 10%. This should
improve collection efficiency.
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an additional improvement in ESP performance occurs in this case
due to reduced exit gas temperatures directly decreasing flyash
resistivity values.

Baghouse operation, where applicable, should also improve due to
reduced baghouse pressure drop. If a scrubber existed,
cperational improvements would also be expected. Even though
pounds of SO2 per million Btu's remain constant for compliance
regulation purposes. the total pounds of S02 generated is
reduced. Reduced gas volume, lime or limestone throughput and
water vapor in the flue gas should all improve scrubber
performance.

Ash handling reductions would be directly proportional to the
reduced fuel consumption. In Case 2, some maintenance benefits
may occur due to decreased volumes of ash handled. Ash reduction
has no affect on boiler efficiency and performance per ASME.

Boiler Performance Conclusions

1. It is easy to be misled when evaluating the effects of fuel
molsture reduction if one only loocks at percent moisture and
fuel Btu. An example is shown in Table 7.

Table 7
Case 2 Comparable
Moisture Fuel
Moisture, % 24 26.5
Ash, % 16.75 5
Btu/# 7600 8400
$ H ©/106 Btu 31.6 31.6
2

Even though the percent moistures are different and the Btu/4 are
different, the pounds of water per milliopn Btu's are the same.
Near identical boiler performance can be expected only from two
high moisture fuels havinc the same pounds of water per million
Btu. This analysis must be made to evaluate the effect of fuel

moisture reductions.

2. If a unit currently burning low moisture fuel is converted
to high moisture western fuel or 1lignite, consider the
fellowing. Excessive gas flow and specific heat from the
high moisture fuel may require supsrheater and reheater
surface reduction. High moisture fuel will negatively
effect the air preheater, precipitator, {baghouse,
scrubber), and ID fans. Controlled drying of fuel should be
evaluated as an alternative to other capital expenditures.
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3. If a unit currently burning high moisture fuel is converted
to low moisture fuel, the following considerations should be

taken into account. Decreased gas flows and specific heat
may result in an inability to reach design superheat and
reheat temperatures. Boiler efficiencies gained may

therefore be lost due to increased turbine heat rate. The
amount of moisture reduction per million Btu's must be
carefully controlled or RH surface addition costs must be
added into the fuel switch evaluation.

Fuel Handling

Pulverizers and Feeders

Reduntion in fuel moisture has an obvious positive effect on
feeder and pulverizer throughput. The lignite firing rate in
Case 2 (Table 6) requires one less pulverizer to maintain 575 MW.

The tonnage capacity per pulverizer is not diminished by drying.
Figure 2 shows GFEPC test results from laboratory pulverizers.
Similar test information was obtained from a pulverizer
manufacturer. This information suggests benefits in maintenance
costs, maintenance scheduling and auxiliary power requirements.

Two additional pulverizer system criteria should be closely
examinred before Jdeciding on the extent of moisture reduction
desired: the pulverizer exit moisture of the fuel, and tempering
air requirements. The following pulverizer operational review is
instructive.

Pulverizers for coal fired steam generators perform a dual
service. Fuel is pulverized to 60% or greater passing a 200 mesh
screen and 1is partially dried by acting as a heat sink for
utilizing boiler exhaust heat.

Drying in a pulverizer follows the principle of suspension

drying.

Principle:

1. A body Hf heated gas will retain the same wet-bulb
temperature while being partially or fully saturated with
moisture, provided the {otal heat remains unchanged.

2. A particle suspended in a body of hot gas assumes the wet-

bulbk temperature of the gas, provided some moisture remains
ir the particle.
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Typically, the ratio of heated air to the fuel entering the
pulverizer is in the range of 1.5 pounds of heated air to 1 pound
of fuel.* The pulverizer outlet temperature is a mixture
temperature of the fuel and air; it is neither the fuel
temperature, nor the alr temperature. So long as free moisture
remains in the fuel it will remain at wet bulb temperature (or
lower). The inlet air +temperature will be reduced by
humidification to a temperature in the range of 50% to 80%
relative humidity on the wet bulb line before exiting the
pulverizer.

Any pre-pulverizer moisture reduction evaluation must include
analysis of fuel temperatures expected out of the pulverizer. If
drying 1is excessive, pulverizer exit temperatures will become
unacceptable, necessitating excessive use of tempering air.

Tempering air (Fig. 1) is a form of cold air bypassing of the air
preheater. Cold air bypassing decreases the air flow through the
air heater and reduces pulverizer inlet gas temperatures, which
in turn elevates the A/H exit gas temperature. The result is
lower boiler efficiency.

In retrofitting an existing facility with a dryer system, the
extent of moisture reduction should take into account the
ninimizing of tempering air. .

Table 8 shows typical pulverizer operation in Case 1 and
expected operation 1in Case 2. Following the principles of
suspension drying, tempering air for Case 2 would not be
necessary since fuel moisture exiting the pulverizer is 10.5%.

Table 8

Case 1 Case 2
Fuel In, oF 80 100
Pulverizer Air In, OF 650 625
Pulverizer Out, oF 150 150
Fuel Moist In, % 32 24
Fuel Moist Out, % 20 10.5
# Moist/#Lignite Diff <15 .15
Alr: Fuel Ratios 1.5:1 1.5:1

* For high moisture fuel such as lignite, this air to fuel ratio
is fairly easily determined by measuring the moisture gain in the
pulverizer air and the moisture loss in the fuel.
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Silos and Bunkers

Several test results indicate that the bulk density of high
meisture fuel remains essentially the same throughout the drying
process. It shrinks when dried.

The capacity, in Btu's, ol the bunkers is therefore expanded as
the moisture is reduced. This would directly benefit operating
time available in the event of fuel source interruption. In
considering the possibility of bunker fires, conditions are not
significantly different with dried fuel than with run-of-mine
fuel. A source of air is required to sustain a fire. Attention
to eliminating sources of air in either case is required.

Crushers and Convevors

It is desirable that the fuel to be dried be < 3/4" x 0. In this
case operation of the current handling system from the mine

through to the secondary crushers remains unchanged. Fuel is
sent from tne secondary crusher outlet to the dryer system and
returned to the samne location. The fuel can be expected to be

dusty. Particular attention should be given to the dust control
system between secondary crusher cutlet and the silos or bunkers.

Mining ané Transportation

Mining and transportation costs can generally be expected to
follow the decrease in the steam generation firing rate. The
life expectancy of the mine-mouth fuel deposit will be extended
by summing the percent savings per year if unit generation is
maintained at 575 MwW.
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Fuel System Conclusions

Boller efficiency improvements due to decreased moisture fuel
result in decreased fuel demand from mining operations by
approximately 3.5%. Some increase in fuel deposit lifetime is
expected if unit generation is not increased.

Dried fuel material flow from the drying system through the
pulverizers is approximately 13% less due to moisture reduction
and blkoiler efficiency improvements. This should result in
increased silo capacity on a MMBtu/hr basis, and decreased
maintenance on the fuel handling system in g¢eneral. One less
pulverizer in service is needad in this case in order to maintain
575 MwW.

Contrclled moisture reduction of high moisture fuels can be

accomplished without the need for tempering air increases or
unacceptable pulverizer fuel or air outlet temperatures.

Dryer System

Combined Fuel Cycle *

Combined Fuel Cycle* is the proprietary concept of using
combustion turbine exhaust as the drying medium to reduce
moisture in high moisture fuels to a practical level.
o]

As an example, 800,000 #/hr of gas turbine exhaust at 800 F is
more than adegquate to reduce 420 toans of a 32% moisture fuel +to
24%. The 8% change in ultimate analysis moisture is a reduction
of 31% of the dryer inlet fuel moisture. A single 30 Mw gas
turbine will provide controlled drying of the fuel for the case
study 575 MW lignite unit.

The dryer system can be retrofitied into the existing station in
parallel with existing fuel handling systems. The dryers are of
commercially available design and would operate balanced draft
complete with dust collection and pelletizers for dust processing.

In dryer tests, the dust collector fines analyses were much
higher in ash than the dryer inlet or outlet fuel analyses, in
some instances approaching 50% ash. This suggests a possibility
of "dry cleaning” in add:.tion to moisture reduction. Further
studies are required in this area. In dryer tests at GFERC, no
off-gassing of volatiles was detected.

* Patent applied for.
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PRODUCING ELECTRIC POMER FROM LOW GRADE LIGNITE:
EXPERIENCE GAINED IN THE DESIGN, CONSTRUCTION AND OPERATION
OF CENTRAL STATION POWER PLANTS UTILIZING LIGNITE
FROM THE JACKSON FORMATION IN TEXAS

T. G. Edwards, P.E.
Tippett & Gee, inc.
Abilene, Texas

ABSTRACT

Near-surface lignite deposits in Texas represent a very large potential for
energy development. There are twe major near-surface lignite groups in
Texas - the Wilcox and the Jackson. A1l of the development prior to 1974 by
utilities in Texas was in the Wilcox group. Generaliy, lignites frem the
Jackson group are of Tlower rank than those from the Wilcox group. The
Jackson group lignites have been identified as the lowest rank solid fuels
considered for power production in the United States. In 1974, Brazos
Electric Power, South Texas Electric, and Medina Electric Cooperatives
embarked upon the San Miguel Project, the first major development of Jackson
group Tlignite for electric energy production. The following year, Texas
Municipal Power Agency, a consortium of four Texas municipalities, embarked
upon a similar project in Grimes County, Texas - the Gibbons Creek Steam
Electric Station. Both plants have now been in operation for a sufficient
period of time to evaluate the use of Jackscn group lignites for power plant
production on the basis of operating experience.

This paper outlines the comparison of Jackson group lignites with other Texas
lignites, and gives a review of the power plant design approaches of other
utilities in projects utilizing Texas lignites. The paper traces the history
of the San Miguel and Gibbons Creek projects frem the conceptual design
through the development of the specific design and construction, and through
the operating experiences. Wherever possible, conventioral design was used
inciuding pulverized coal radiant furnace designs and 2400 psig/1000°/1000°
steam cycle. Description is given of the fuel delivery procedures; the fuel
handling systems, the steam generators, including pulverizers, fans, air
heaters, and other auxiliaries; and the environmental pretection contrel
strategies. The performance c¢f the boiler is discussed with comparison of
original design and realized operation. This paper further outlines the
specific major problem areas of furnace fouling, bottom ash removal, compo-
nent erosion, and fly ash removal resulting from ash quantitizs as high as
70 pounds per million Btu; flowability of fuel with moisture as high as 40%;
flue gas desulfurization; and pulverizer and fuel pipe erosion.

The experiences gained during design, constructiorn and cperation of the San
Miguel and Gibbons Creek Plants have been used in upgrading these plants and
in conceptual designs of other plants. This paper summarizes features of
these programs.
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PRODUCING ELECTRIC POWER FROM LOW GRADE LIGNITE:
EXPERIENCE GAINED IN THE DESIGN, CONSTRUCTION AND OPERATION
OF CENTRAL STATION POWER PLANTS UTILIZING LIGNITE
FROM THE JACKSON FORMATION IN TEXAS

T. G. Edwards, P.E.
Tippett & Gee, Inc.
Abilene, Texas

ABSTRACT

Near-surface lignite deposits in Texas represent a very large potential for energy development.
There are two major near-surface lignite oroups in Texas - the Wilcox and the Jjackson. A1l of the
development prior to 1974 by utilities in Texas was in the Wilcox group. Generally, lignites from
the Jackson group are of lower rank than those from the Wilcox group. The Jackson group lignites
have been identified as the lowest rank solid fuels considered for power production in the United
States. In 1974, Brzzos Electric Power, South Texas Electric, and Medina Electric Cooperatives
embarked upon the San Miguel Project, the first major development of Jackson group lignite for elec-
tric energy production. The following year, Texas Municipal Power Agency, a consortium of four
Texas municipalities, embarked upon a similar project in Grimes County, Texas - the Gibbons Creek
Steam Electric Station. Both plants have now been in operation for a sufficient period of time tc
evaluate the use of Jackson group Tignites for power plant production on the basis of operating
experience.

This paper outlines the comparison of Jackson group lignites with other Texas lignites, and gives a
review 0f the power plant design approaches of other utilities in projects utilizing Texas lignites.
The paper traces the history of the San Miguel and Gibbons Creek proiects from the conceptual design
through the development of the specific design and construction, and through the operating experi-
ences. Wherever possible, conventional design was used including pulverized coal radiant furnace
designs and 2400 psig/1000°/1300° steam cycle. Description is given of the fuel delivery proce-
dures; the fuel handling systems, the steam generators, including pulverizers, fans, air heaters,
and other auxiliaries; and the environmental protection control strategies. The performance of the
Eoiler is discussed with comparison of original design and realized operation. This paper further
outlines the specific major problem areas of furnace fouling, bottom ash removal, component erosion,
and fly ash removal resulting from ash quantities as high as 70 pounds per millice Btu; flowability
of fuel with moisture as high as 40%; flue gas desulfurization; and pulverizer and fuel pipe
ergsion.

The experienctes gained during design, construction and operation of the San Miguel and Gibbons Creek
Plants have been used in upgrading these plants and in conceptual designs of other plants. This
paper summarizes features of these programs.

HISTORICAL BACKGROUND

Texas has two major near-surface lignite formations, the Wilcox and the Jackson. A third formation
of interest is the Yegua which is generally associated with the Jackson in the deposits of commer-
cial significance. Utilization of lignite from the Wilcox group began in the 1920‘'s on a rather
small scale. Major utilization for electric utility power generation began with the building of the
Sandow Plant in Milam County in the middle 1950's. Following that plant, Texas Utilities built the
Big Brown Steam Electric Station (two units), Monticello Steam Electric Station (three umits),
Mariin Lake Steam Electric Station (three units), and Sandow Unit 4, al) of which became cosmercial
in the period from 1971 through 1979. Throughout this development, all potentiai sources of lignite
for pow:r production were investigated by the major utilitiec such as Texas Utilities, Central and
South West and Houston Lighting & Power, and energy companies such as Shell, Phillips Coal Company
and Exxon. Inclrded in those investigations were studies of the extensive deposits in the Jackson
and associated Yegua formations. Investigation was made in the Jackson group deposits in Atascosa
and McHullen Counties as early as the 1650's. When comparisons were made of the quality of the
fuel, the over-burden strii ratios and other economic factors regarding mining of the lignite, none
of the potential Jackson deposits were seriously considered at that time.

Beginning in 1969, a consortium of Brazos Electric Power Cooperative (BEPC), South Texas Electric
Cooperative (STEC), and Medina Electric Cooperative (MEC) made serious investigations into the
possitility of developing a source of lignite for power production in Atascosa and McMuller County
deposits. This consortium is now known and referred to hereinafter as San Miguel Electric
Cooperative (SMEC). In spite of the confirmation of earlier findings of rather poor quality of the
fuel and the rather high strip ratio, an economic analysis indicated that the extent of the deposits
in the area was great enocugh to warrant serious consideration for power production; therefore, SMEC
proc=eded with the development of the San Migue) Project. '
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In 1874, in pareilel with the efforts by SMEC, the Texas Municipal Power Agency (TMPA), which is a
consortium of the four Texas municipalities of Bryan, Denton, Garland and Greenville, began similar
investigations of Jackson formation lignite deposits in Grimes County, Texas. Their findings of
economic feasibility were also favorable, and -the Gibbons Creek project developed from those
investigations.

The w0 projects proceeded from initial fuel investigations, mining studies, identification of
properties and the obtaining of leases. These decisions were encouraged by the effects of the OPEC
actions of the early 1970's.

Very early in the development of these projects, Tippett & Gee, Inc., a consulting engineering fim
located in Abilene, Texas, was retained by SMEC to work with them in the conceptual design of a
plant to generate power from the burning of the Atascosa-McMullen County lignite. In 1975, TMPA
retained Tippett & Gee for the design of their Gibbons Creek Plant. Tippett & Gee's efforts in the
San Miguel Project began very early in the investigation of the utilization of the fuel. We worked
closely with the Departwent of Energy Laboratories in Grand Forks, North Dakota, for early burn
tests both of San Miguel and Gibbons Creek fuels. Burn tests were also conducted at Babcock &
Wilcox and Combustion Engineering facilities. These tests and the results have beenm reported
previously in this symposium and other similar symposia. (References 1, 2, 3 and 4.} The locations
of fuel deposits, plants and mines are shown on the map, Figure 1.

JACKSON GROUP FUEL DESCRIPTION

By means of comparison of the dJackson group lignite deposits with other better known Tignites,
Table 1 lists the important propertie:. The tabulations for Gibbons Creek and San Miguel are based
upon actual f)zxper'ienced fuel use. Other dara is obtained from published Titerature. (References 7,
8, 9 and 10.

It should be noted that, although the percentages of sulfur and alkaline ash constituents appear to
be moderate in ti: gross analysis, they become very large when listed on a pounds per million Btu
basis and indicate the seriousness of putential operating problems. For example, the soluble sodium
oxide eguivalent content in pounds per million Btu of the San Miguel fuel deposits is the highest of
any commercial coal, including North Dakota lignite or Australian brown coal.

ECONOMICS *

By using modern strip mining methods and having the power piant immediately adjacent to the mine,
the cost in dollars per million Btu of lignite from the larger deposits of Jackson group lignite can
be lower than that for gas or 011 or transported coal and comparable to mine mouth Wilcox Pignite.
Vince most sites of power plant scope and suitability utilizing Wilcox lignite had been taken prior
to the SMEC project time frame, the Jackson group depvsits bacame attractiva. The key to success of
these projects was to design the plants for reascnable capital and maintenance costs and good avail-
ability and efficiency.

CONCEPTUAL PLANT DESIGN

A1l of the power plants designed for use of Wilcox formation lignite which preceded the San Miguel
and Gibbons Creek projects, with the exception of the Units at Sandow, were large supercritical
units. Big Brown Units 1 and 2 and Monticello Units 1 and 2 were nominally 575 MW; Martin Lakes
Units 1, 2 and 3 and Monticello Unit 3 were 750 MW each. The heat release rate for those furnaces

hed
was very low in comparison with coal-fired units of the same era at Z.EXIOE Btu/ar/ft™ plan area.
The earlier uvnits did not have ¥iue gas desulfurization systems although they had electrostatic
precipitators for particulate removal (Martin Lake Units 1, 2 and 3, and Monticello Unit 3 have
scrubbers). A1l of the electrostatic precipitators used with those units were of the American
weighted-wire design.

In the conceptual design of both San Miguel and Gibbons Creek, it was decided that, because of the
overall problems evident in the use of such low rank fuel, it would be best o stay with conven-
tionz1 design wherever possible rather than to try to develop new technology o produce tne power.
It was decided that boiler design would be a pulverized coal radiant furnmace with steam drum.
Turbine steam conditions of 2400 psig/1000°/1000° were chesen over supercritical conditions. The
size in each case was chosen to be 400 MW beccuse this size fjtted the Owner's needs. The furnace

design heat release rates would be lower than was used for the Texas Urilities units (1.5)(1{)6 Btu/ft

plan; 10,000 Btu/f't3 voluue). Specified furnace exit gas temperatures (FEGT) would be low encugh to
reduce slagging and fouling thereby requiring taller furnaces. This would reduce volume heat

release rate to below 8000 Btu/ft. In like manner, the design of the fuel handling system from
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TABLE 1.

PROPERTY
(A1) values percent uniess identified

otherwise. . A1l vailues on equilibrium
moisture basis unless stated otherwise.)

Fuel Analysis
Proximate

Water
(15/106 gtu)
Ash
(167108 gru)
yolatile Matter (VM)
Fixed Carbon {FC)
Sulfur (% of gross, included in VM & FC)
(167106 Btu)
Ultimate
Water
Ash
C
H
R
¢}
Gross Calorific Value - Btu/1dp
Equilibrium Moisture Basis
Mineral Matter Free (ASTM D 388) Basis
Moisture and Mineral Matter Free Basis
grindability

Ash Analysis

$i0;

Alx03

Fealy

TiGp

Cad

Mg0

Nay0

K20

SQ3

P05

Fusion Temperature °F {Reducing)
Initial Deformation
Softening
Hemispherica)
Fluid

Soluable Alkali (Weak Acid Na Equivalent)
/108 Btu

Base/Acid Ratio

SiOZIA‘203 Ratio

NOTES: (1) From Ref. 7 and 8
{2) From Ref. 9.
(3) From Ref. 10.

FUEL PROPERTIES
TYPICAL TYPICAL TTYPICAL
TYETCAL N3. DAKOTA SAN 6183045
WILCOX {BEULAH) MIGUEL CREEK
(1) (2) (3) 7 (4) (4)
32.3 38.00 30.00 / 35 36.5 / 40
(48.3) (57.6) (55.89) (84.3)
15.1 8.00 26.00 / 29 27.6 / 3D
(22.6) {12.1) (48.44) / (70) (63.7) / {70)
28.3 25.87 24.56 22.2
24.3 28.13 19.36 13.6
0.9 0.62 1.9 0.2
(1.38) {0.94) (3.54) / (4.0) {1.85) / { 5.5)
32.0 38.0 20.00 36.5
15.0 8.0 26.00 27.6
40.0 38.70 30.56 24.8
3.0 2.70 2.82 2.3
0.9 0.52 1.90 .8
0.8 0.70 0.25 .6
8.3 11.26 8.47 7.4
6,625 5,500 5,368 / 4,200 4,330 / 3,900
7,943 7,241 7,538 6,225
12,500 12,222 12,200 12,040
25 80 58-80 ; 30-80
48.3 23.07 53.64 63.4
16.0 11.25 17.79 19.6
5.7 7.71 1.95 2.6
1.0 0.53 0.79 1.0
13.7 8.2 5.41 5.8
2.1 5.15 .58 .9
1.5 8.50 2.63 .4
0.5 0.48 1.65 .9
1.2 18.35 15.45 6.2
<0.1 0.75 0.13 Not Avail.
2,214 2.170 2,100 2,220
2,241 2,180 2,400 2,350
2,279 2,210 2,450 2,530
2,343 2,230 2,700+ 2,610
0.11 0.37 0.97 .48
0.36 1.51 0.169 .11
3.02 2.05 3.02 3.23

{4) Possible worst case values are given beside typical values.
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receipt of fuel through pulverizing and feed into the furnace was based upon proven equipment and
conventional design. The ash handling systems specified were based upun proven equipment and
design.

Because of the then-current and pending air guality control regulations, the equipment for flue gas
cleaning had to go beyond what was, at the time, “conventional". There had been enough experience
with flue gas desulfurization (FGD or scrubber) system cesign to have confidence of technological
feasibility. There had been enough poor experience with American design electrostatic precipitators
{ESP} and enough good experience with European ESP design to specify the latter. Specified
performance would meet current and anticipated regulations for emissions. Other performance
parameters would be evaluated. The limits for NOX emission had not yet been set for lignite

boilers. The current limits for coal fired boiiers were specified.

PLANT DESIGN
FURNACE :

As a resylt of the findings of the various test programs, it was determined that the furnace design
had *o minimize the effects of slagging and fouling. At San Miguel, the fuel was considered to be
both severely slegging and fouling with tho ash having low fusion temperature and very high
sintering strength. This is related to the high sodium Oxide content in the ash. In the case of
the Gibbons Creek furnace, the sodium ash content is lower, and it was found that the ash would be
severely fouling, but the slagging potential was not as great. The San Miguel furnace design called
for a furnace exit temperature on a HYT basic of 1850°F. That for ucibbons Creek was 1875 °F. The
design for San Miguel initially used hot gas recirculaticn with tempering gas injected at the upper
part of the furnace with no radiant superheater surface section in the furnace. The Gibbons Creek
design used platen superheaters and a radiant reheat section surface in the upper part of the
furnace. Figure 2 shows ¢he furnace configuration, dimensions and heat release rates for the two
boilers. References 11, 12, 13, 14 and 15 describe the furnace designs in more detail.

CONVECTION PASS (HEAT RECOVERY AREA OR HRA):

In the convection passes of the boiler, attention was paid to the anticipated fouling characteris-
tics of the fuel. Tube spacings and velocities were limited based on temperature as follows:

TABLE 11

San Miguel:
Temperature - Maximum °F 1760 1650 1500 1110
Spacing - inches 24 12 S 4 1/2
Velocity - ft/sec 28 33 38 45
Gibbons Creek:
Temperature - Maximum °F 1950 1650 Lower SH Economizer

or Location
Spacing - inches 20 7172 6 min 2 1/2
Velocity ~ ft/sec max 45 45 45 3t

Boiler manufacturers quoted on boiler efficiencies based upon exit temperatures of 315°F (295°F when
torrected for nominal expected 2ir leakage). In both cases, the boiler manufacturers' conventional
calculation procedures were used in predicting efficiencies. Both manufacturers, B&W in the case of
: Miguel and Combustion Engineering in the case of Gibbons Creek, used 1.5% for unknown and
. zfacturers margin factors. The quoted efficiencies were 81.22% for B&W at San Miguel and 80.58%
for C.E. at Gibbons Creek.

SOOTBLOWERS:

Because the actuzl ash siagging and fouling within an utility furnace was unknow.., it was decided to
use steam as the 500t blowing pedium with that steam taken from the primary superheater outle*
header in each case. Such selection would allow increased steam uce at a future date should it be
necessary without extensive capital outlay such as would be the case with compressed air. The B&W
furnace design for San Miguel included 76 furnace wail blowers originally and 80 retractable blowers
with space for future additional blowers. At Gibbons Creek, C.E. installed 162 wall blowers and 56
retractable blowers. Header pressure was selected in both cases at 600 psig.
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PULVERIZERS (MILLS):

The pulverizers specified in both cases were standard roller mills sized on the basis of an expected
worst grindability to produce 70% tnrough 200 mesh with less than 1% retained on 50 mesh.
Grindability was expected to be medium to high (50-80). Sizing and selection was based upon having
one pulverizer of the full complement out of service with the boiler at its maximum centinuous
rating {MCR) with design fuel. Further, the complement of pulverizers was specified such that, with
worst expacted fuel, MCR could be obtained with all pulverizers in opsration. Primary air fan and
primary air heaters were sized to provide the necessary air flow and heatina for drying of the fuel
within the pulverizers and transport of the fuel through the fuel pipes to the burners. At San
Miguel, dedicated secondary and primary air preheaters of regenerative-type manufactured by
Rothemshle were provided. At Gibbons Creek, two Air Preheater Corporation {Ljungstrom) air heaters
with trisector arrangement were provided. Because of the very high ratio of primary to secondary
air, tha trisector segments for these air heaters were the largest, with respect to the overall
size, ever produced.

FUEL PIPES AND BURKERS:

Initial tests of the expected mineral species in the 1ignite at San Miguel indicated a rather low
guart? count; therefore, the fuel was not considered to be significantly abrasive. Carbon steel
pipes with wall thickness greater than used with past boilers and standard burner design were
initially installed. At Gibbons Creek, the amount of sand within the lignite was high emough to
warrant special consideration for abrasion resistance, therefore basalt-lined fuel pipes and erosion
resistance burner rozzle design were used.

FANS:

decause of the variability of the fuel and in anticipation of fouling, specified fan design margins
were nign compared with general industry practice - 1.25 on flow and 1.56 on pressure. These were
based on specified excess air with worst fuel and expected 2ir heater leakage. The boiler contracts
ware very comprehensive and included the fans. Axial flow fans with variable pitch blades were
being marketed vigorously because of problems with iarge centrifugal! fans, better part load effi-
ciency, lower noise levels, and smaller size. The large margins specified for San Miguel and
Gibbors Creek made the axial flow fans look good because of better part load efficiency. Ail of the
large fans at both prejects are axial flow except for the gas recirculation fans at San Miguel
which, because of high dust loading and high temperature, are radial blade centrifugal.

“UEL HANDLING:

Joth power plants are situated at the mines serving them. Run-of-mine fuel would be delivered to
the plant and all subsequent size reduction and handling would begin at the plant property lines.
Primary breakers were installed at both plants. It was determinea that the best means of ready
storage for the fuel would be in vertical concrete silos because of the volatile mature of the fuel
and the potential for fire, to provide dry storage, and to have first-in/first-out inventory. The
concrete silos constructed for this purpose in both plants are among the largest ever built. In
“act, the pair of silos at Gibbons Creek were the largest at the time.

Stackout using telescopic chutes is used as a means of bypassing the silos and to build the dead
storage pile. Secondary crushers are supplied downstream from the storage silos. As-fired fuel
sampling is done at the transfer tower downstream of seccndary crushess. Vibrating feeders were
used at the transfer points. Since the numter of pulverizers in each case required arrangement on
either side of the boiler, e transfer tower was installed for dividing flow to the two sides of the
boiler in each case. A tripper comveyor was installed above the boiler bins for distribution of
fuel into the pins. The boiler bins were each sized for 1.3 hours of lignite storage. The imitial
design used 60° (San Miguel) and 68> (Gibbens Creek) cone bottoms. Based on experience at Texas
utilities, vibrating feeders were used. These fed into downspouts sized using criteria established
by the gravimetric feeder suppiier, Stock Equipment Company, for sealing and for proper flow. At
San Miquel, 24-inch downspouts, which were the largest at the time, were used. At Gibbons Creek,
35-inch downspouts were available and were used.

ASH HANDLING:

The bottom ash handling system in both nlants includes wet hoppers mounted at the furnace bottom.
Each of these has three separate hopper bottoms. Each hopper bottom has two clinker grinders at the
paired outlets. At San Miguel, a water jet pump system is used for bottom ash removal. At Gibbons
Creek, a centrifugal pump system was used. In both cases, two completely separate bottom ash
conveying lines are used with means for switchover using permanently installed valves. Bottom ash
is conveyed to dewatering bins with the decanted water going to ash ponds for ccoling and storage
for recycle. The large quantities of fly ash collected at each plant reguires an extensive fly ash
removal system. At San Miguel, the system consists of a pressurized air conw yinr, system for the
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first row of precipitator hoppers and the gas recirculation hoppers with the remaining hoppers using
2 vacuum Ssystem. At Gibbons Creek, ail fly ash is cnanveyed by pressurized air.

AIR QUALITY CONTROL, FLUE GAS BESULFURIZATION:

The Clean Air Act regulation at the time of tne San Miguel and Giboons Creek projects required
removel of SO2 to a Yevel of 1.2 ‘lb/m6 Btu  The best aveilable control technology (BACT) was wet

scrubbing with limestone as the reagsnt. The scrubber system was specified accordingly. It was
further specified to remove SO2 down to the required level wher burning the worst fuel {1b sulfur

per Btu basis) with one scrubber module out cf service. Al the time the San Miguel scrubber was
specified, the perceived BACT was to use a two-stage scrubber. At that time because of then-recent
history of severe pluggage of in-line reheaters, A heated ambient air system of reheat was usec.
The Sari Miguel scrubber has 2 Venturi first stage with upflow absorber tower second stage. The
predicted and realized pressure drop through this scruboer was relatively high at approximately 12.0
incher of water colum at maximum through-put. When the Gibbons Creek scrubber was specified, it
was cetermined tnat advancement and deveiopment of oper absorber tower scrubber design was such that
that design could be used. In addition, there was more confidence in the use an in-line reheater.
Theretore, thet arrangement was specified and supplied. The predicted pressure drop through the
system was 3.4 inches of water column.

AIR QUALITY CONTROL, ELECTROSTATIC PRECIPITATOR:

It was determined at an early date that a European style rigid freme electrostatic precipitator
would be usec placed downstream of the air heater (cold side). This was based upon experience in
Europe with such designs behind boilers burning brown co2] (West Germany) and certain lignites
(Yugosiavia, Czechoslovakia and Turkey). This is also a result of the rather poor experience being
had 2t the time with hot side precipitators and with ¢old side precipitators having weighted-wire
construction.

It was determinec that the fuel at San Miguel, becsuse of its high sulfur and sodium content, would
produce ash having very good resistivity for collection by electrostatic means. The Texas Air
Control 3Soard, however, requested that further proof be obtained by having in-situ resistivity
determined. The only lab available for this at the time was in Chatswood, Australia. Samples of
the fuel were sent there and tests made. These indicated that the ash should be readily collected.
The precipitator for San Miguel supplied by Rothemuhie and has two casings, eack having four fields

with two bus sections per field with a specific collection area (sca) of 390 ftz per 1000 acfm. The
amount of ash collected in the first stage is so great that z very deep hopper was reaguired for
collection. This required that ihe precipitator be raised with the bottom of the casing 40 feet
above the grade level.

The Gibbons Creek fuel is lower in sulfur and sodium then the San Miguel fuel. Fuel and ash
analyses indicated that the ash would have high resistivity and would be difficult to collect. The
particulate removal equipment suppiied by Lodge-Cottrell includes two precipitator casings, each
with six fields and four bus sections per field. The total specific collection area (sca) 1s
596 sq. ft. per 1000 acfm. The Gibbons (reek precipitator alsc has oversized first stage hoppers.

FXPERIENCE

As anticipatec, the Jackson group lignites cause many operational problems. Almost all the prob lems
relate to the shear bulk of noncombustible material in the fuel. Typically, the fuel delivered to
the pulverizers is only 35-45% comtustibie. Pulverizing is the first step in altering the raw
fuel's compasition. It is dried there to about 15% moisture; however, al] tne removed water stays
with the fuel as vapor in the transpurting primary air. As the fuel flows through the burners and
is ignited, the great amount of minere) matter forms a cloud which mekes the flame very difficult to
detect by scanners. There is inherent ash wirich is typicel of fossil vegetable matter at about 5%;
however, most of the mineral matter is associated clay and sand. The dry ash-free material burnc
very readily and to completion. Unburned carbon is very low (less than 0.002 1b per 1b of ash or

0.1 1b per 106 Btu). The Jarge quantity of ash particles seem to inhibit combustion at least to the
extent that the flame 7s extended. A1l this 2sh causes foulinc and erosion as it passes on through.

The ESP's, which remove down 10 less than 0.1 1b per IG6 Stu, must be very efficient (better than
99.8%). There is at lec = one benefit from the ash - it captures some of the SO, and SO3 produced.
The experiences with the various systems and comperents follow. -

FURNACE:

» Senm Miquel. 8IW's original scheme for control of furnace exit temperature to the specified
1850°F maximum was to use gas tempering by means of recirculated flue gas into ports at the
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unper part of the furnace (Ref. 12). A cyclone type dust coilector was used between the econc-
mizer hopper and the gas recirculation fan to reduce the dust lceding or the fan and to reduce
the amount of dust recirculated by the system. From the very beginning, the great amount of
dust created sd many problems 1n terms of fan erosion and dust duild-up in corners, duct work,
and in the tempering ges plenum that flue gas recirculation for tempering was abandoned. This
system had also been designed for recircuiation of flue cas into the lower nari of the furnace
for reheat steam tempera2ture control 2t lower loads. The abendnnment of the flue gas recircu-
lation system solved the problems created by the large amounts of dust; however, it exacerbated
problems with regard to slagging in the furrace. The originai complement of 76 wall saot
blowers was not sufficient to hardle the furnece slegging when operating at high loads contin-
uously. Nineteen soot blowers were added and the sequence was changed to blow four at a time.
Blowing pressure was reduced to reduce tube erosion. Thess changes have had partial success.

It appears that the addition of more wall soot blawers would further help the situation. Most
of the ash has low bulk density and strength and is easily removed by blowing. Howaver, thers
is a portion which forms a very hard strong deposit. In the extreme, the furnace slaggina has
produced very large clinkers which will let go and f211 into the bottom ash haopper in very larae
pieces. This causes @ radical chznge in the heat transfer characteristics of the furnace which
exacerbates the overall problem of meintaining & Jow furnace oxit temperature. With the
diligent use of wall soot blowers and continuous monitoring of the slagaing situation, the
operating personnel at San Miguel have maintained good, efficient operaticn of the furnace. One
of the problems which has aggravated the sitvation is the extensicn of the fiame. It is normal
to observe fuel still burning past the nose of the furnace. 1t is known that improving of the
grind in the pulverizers helps this situation. It is extremely important to assure that no more
than 3% of the pulverized fuel is retained on 2 50-mesh screen because larger particles lengthen
burn time. It is believed that the extension of Flame is probably an inherent prcblem with high
ash Tignite because of the great amount of noncombustible material which is carried olong with

the burning particles of lignite. -

Gibbons Creek. The furnace exit tempsratures are apparentily within the limits specified of
1875%; however, because of the platen superheater surface in the furnace, there is fouling which
affects overall performance. There have not been any instances of bridging between platens. As
is the case at San Miguel, the vast majority of the ash depgsited within the furnace is very
light aad fluffy and easily removed. However, there is & portion which is sticky and difficuit
to remove. With the original complement of wall soot blowers, essentially all possible soot
blower positions were filled. Operating procedure calls for plowing of four at a time. Ia
general, the operating personnel have been successful 2t avoiding severe problems from the
furnace slagaing; however, there have been instances of very Targe clinkers formed just like
those at San Miguel. As in the case of San Miguei, the formation and then falling off of these
large clinkers radically affects the heet transfer within the furrace and, hence, the averall
perfurmance. '

CONVECTION PASS (HEAT RECOVERY AREA OR HRA):

e San Miguel. At San Miguel, all of the superheater and reheat surfzces are past the nose of the

furnace in the HRA. The originally anticipated severe fouling of these surfaces has not
developed. The long, retractable blowers appesr to be capable of good removal of the ash &s
long as proper sequence is raintained and close monitoring is done. The major problem in the
HRA passes has been tube erosion. The specifications required Timitation of flue gas velocity
(see Table 1I1). The ¥Tlow is nat distributed evenly throughcut those passes, therefore there are
some areas where the velocities are high enough to cause erasion. The greatest problem with
erosion, however, 1is associated with the Soot blowing. The steam jet produced by the long
retractable 500t blower entrains fly ash which then becomes extremely abrasive because of the
very high velocity. Reduction in blowing pressure is 1imited beczuse oF the need for long jets;
tnerefors, the only fix for the erosion which seems to be przctical is to install shields or
those tubes in the areas where the high velocities occur.

Gibbons Creek. The HRA problems at Gibbons Creek have been similar to those a2t San Miguel;
however, because of the higher ash lgading during early yvears of cperation at Gibbons Creek, the
problems were correspondingly worse. The fiow distribution in the convection pass at Gibbons
Creek appears to be worse than that at San Miguel and this has caused part of the problem.

~ing initial operation of the Gibbons Creek plant, it was noted that an excessive amount of
superheater surface was rasulting in high superheater desuperheater spray flows, and 2 portion
of tne superheater surface was removed. This resulted in higher flue ges temperature from the
economizer, which resulted in higher primary 2+r temperature to the mills, which allowed better
fuel drying; however, it also resuited in 2 higher exit ges temperature from the air heater and
2 loss in boiler efficiency. This higher exit temperature has also been identified as one of
the Factors adversely affecting precipitator merformance.




AIR HEATERS:

Although the detailed design of Rothemuhle (BIW) and Ljungstrom {CE-APC) regenerative air heaters i<
quite different, they both rely on sheet metal baskets and rotating seals. By the time the asn gets
to the air heaters, the temperature ic low enough to oreclude any sintering type fouling; however,
the amount of 503 is high enough to present a potentially serious problem of acid fouling. The

average cold end temperature was specified to be high engugh (195-200°F) to prevent aci¢ condensa-
tion, but only a small amount of such condensation is sufficient to produce advanced fouling because

of the large amount of ash and available S0, {about 0.08 1b per 106 Btu). 1n spite of the best

efforts of the suppliers, Rothemuhlie and APC, in designing cleaning systems, the fouling caused by
the acid accumuiates. The paradox is that the ash erpdes the baskets so the baskets are being
plugged as ihey are being worn down. Air heater effectiveness is being reduced. The ash also
erodes the seals. Lleakage rates have exceeded 25%. These effects are most pronounced in the
primary air heater at Sen Miguel and the primary air sector of the trisector air heaters at Gibbons
Creek. Fculing and leakage have been greater at San Miguel. In spite of these problems, the
practical effectiveness of the air heaters has been sufficient to keep final exit temperature within
10° - 15° of design and o provide sufficient hot air to the pulverizers. Actuval primary air has
rot been up to design temperature because of leakage of tempering air dampers.

In an atrempt tc lower the exit gas temperature and improve bsiler efficiency, TMPA replaced the air
heater baskets at Gibbons Creek with a dense-pack design with more heat transfer surface and smaller
openings. This resulted in approximately one inch additional draft loss. The dense-pack baskets
have worked well, and pluggage, which was an early concern, has not been a problem.

PULVERIZERS AND FUEL PIPES:

Original tests on the San Miguel 1lignite indicated that fuel transport ercosion would not be a
problem. That was nct the case. Even though the bulk of the mineral matter is clay, enough is
dense hard matter, sucn as sand, gammet, and pyrites to be abrasive. In the recirculation process
within the pulverizer, these abrasives are concentrated causing very severe erosion. This has
affected 210 internal parts of the pulverizer above the Tower plenum. Extensive linming with
ceramics has been done at San Miguel. Roller tire materials have been sought which are hard enough
to withstand the abrasion. Even so, this has been a significant maintenance problem. Fuel pipe
erosion advanced rapidly from the first at San Miguel. A1l pipes have been lined with ceramic
blocks. The burners have been redone with ceramic wear-resistant areas.

Although abrasion was anticipated at Gibbens Creek and erosion resistant materials were used, the
experience was similar to that at San Miguel and it was fourl necessary to add abrasion resistant
materials to pulverizers.

Uncer normal ¢ rcumstances with little surface moisture and inherent moisture at average value
(29-38%], grindsbility is between S0 and 70 (Hardgrove units). If unusually dry fue: (moisture less
than Z3%) is dalivered to the pulverizers, grindability may be as high as 90. if, however, total
moisture js above 35%, drying is not as effective and grindability drops radically (less than 30).
There have been events of the mill not being able to deliver fuel caused by unusualily wet fuel.

FUEL BURNING:

e San Miguel. This plant has been operated at the highest practical load. So far, there have
been few periods at part load. The pulverize-/feeder/burner system is capable of a safe load
variation of about 100% to 50% for a given number of operating pulverizers. However, the flame
scanaing system has not been capable of discriminating flame below 80%. This is because of the
clouding from dust. Many attempts have been made to correct this. The most successful have
been to add scanners with corresponding reduction in coverage and lowering flicker frequency.
Further development work should be dore if such units are to be used in cyclic operation.

8 Gitbons Creek. The tangential firing used by C.E. does well with low grade lignite. Flow
turndown has been 100% to 50% or better. However, the cyclonic aciiun separates the ash and
contributes to siagging and tube erosion. 1In an effort to improve overall boiler performance,
modifications were made to produce “concentric firing". Air js injected toward the outside of
the cyclonic fireball to produce variation in stoichiometric ratic from the center out with the
outside being fuel lean. This has changed the pattern of ash deposition and tube erosion with
general improvement. It apparently has stretched out the flame which may be contributing to
increased fouling. The cyclonic flow is straightened to uniform flow in the direction of and
along the path of the complete boiler setting - at least, that was the hope. The fact is that
there is a residual compcnent to the right with counter-clockwise flow. This resultant uneven
distribution has contributed to problems in the ESP and to HRA erosion. In boilers burning
better fuels, this effect is minor and is usually ignored.
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FANS:

It has been found trat the large flow and pressure margins spacified for the large boiler fans were
Jjustified. Inability to mzintain good sealing of air heaters, higher flue gas temperatures, foulinc
of air heaters and high drop through scrubbers have been the major causes of use of margins. In tne
case of primary air fans, excessive flow has not been a significanti problem, but high pressure has
required operatior approaching the stall line. The blades of the ID fans at botn plants were
designed for erosion resistance. In 3pite of good overall performance of the elecrrostatic precipi-
tators, there have been encugh events of high dust leading of the fans to cause advanced erpsior.
Blades have been reworked to resor2 hard facing mamy timss. In some cases, it was necessary to
replace blades.

FUEL HANDLING:

A11 fuel handling system component3 were designed for the very high flow rates (typicaliy
450 tons/hr) required. Deficiencies such as excessive vibration, insufficient idlers under belis at
drop points and cracked structural members were identified and corrected early. The more serious
problems directly resulted from the high moisture content. The iJnherent moisture (within two
percentage points of the equilibrium moisture determined by ASTM D 1412) is the same in the mineral
matter as in the lignite. Most of the mineral matter is clay. Hence, the hulk material tends to be
csticky. If surface moisture is present, the condition becomes very bad.

There were many cases of complete stoppage in bins and hoppers. The ariginal boiler bins {metal
silos above the gravimetric feeders) had straight comes with viorating feeders. This design did not
work. A1l bins at both plarts were redone with variable angle cones to ackieve mass flow. The
vibrating feeders were remcved. These modifications improvec flow greatiy. Some vibrating veeders
used elsewhere at transfer points failed in various modes, either structurally or functionally. Ir
a number of such places, replacement with belt feeders has been successful. In others, modification
of tha original design has been satisfactory. (Ref. 13, 15 and 16.)

BSH HANDLING:

Both San Miguel and Gibbons Creek use wet ash hoppers with water seal troughs. MWater is circuleted
throush the hopper and seal trough for coaling. Early in their opesration, both plants had severe
problems of ash removail. The large falling clinkers were bad enough, but clinkers would 2ise forr
in the hopper. At times, clinkers would grow to 2 size to bridge the furmace bottom slot. This
would invarizbly cause an outage. One problem was in setting up of control logic for the systems.
This was done after much trial. The clinker problems were largely solved by more diligent socot
biowing and assuring that cold water was supplied {less than 130°F) which is well distributed
throughout the hopper and recirculated at high enough rate to keep the water temperature below a
140°F limit under all circumstances of bottom ash fall. The ccld water causes the clinkers and
smaller bottom ash pieces to shatter. Most of the bottom ash has the consistency of fine sand.
Part acts just Tike pyroclastic ash from volcances and swells greatly. Such pieces can pose serious
problems because their effective specific gravity is about 0.2. They plug the seal trough and have,
in the extreme, built up on the water surface sufficient to plug the furnace opening. The only wav
to remove such pieces during operation is to draw down the hoppers and use cooling sprays. Tne use
of cold water in the hopper helps by shattering the pieces. Even so, the small (less thar 178"
shards float and will build up. These floaters will, when removed and sluiced out, be carried witr
the decanted water from the dewatering bins and end up in the ash pond. This has caused maintenance
problems in the ponds. These “floaters” have been much worse at San Miguel than at GiShons Creex.

During the engineering of San Miguel, it was thought that the high alkalire content of the ash would
elevate the pH of the recirculated ash water beyond acceptable value. An acid feed system was
installec for pH cortrol. A porticn of the recycled scrubber water was piped to the 23h pond. The
combination of use of the scrubber water and the apparent capture in the furnace of S(JZ by the ash
has kept the ash water pH below 9.

At both plants, clay-lined ash ponds were used. The finished lining was tested for permeability and
was acceptable in each case. It was anticipated thdt, 1f any ieaks developed, the ash would hel:
se2l them. Although the integrity of the liner 2nd the sealing effect has Targely been gooa, gocc
is not enough. Any leakage is not acceptabie. It was necessary at San Miguel to drain and seal on:
pond. Indications are tnat sealing will be 2 recurring maintenance effort. Pond capacities ere
400 acre feet at San Miguel and 600 acre feet at &ibbons Creek. The dewatering bins are effective
but only about 75% efficient. The 25% solids which pass rapresent a large volume after a few years
of operation. It is necessery to excavate the accumuiated solids after three to eight yeers
depending on actual fuel used and load factor. This is done with dragline and frent end loaders.
Even though ash pond maintenance has been costly, the capital cost for alternate systems would have
been very, high. Life cycle analyses indicate possible advantage in certain of the altermate
systems,
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AIR

QUALITY CONTROL, FLUF GAS DESULFURIZATION:

San Miguel. As anticipated, the two stage scrubber had high pressure drop (12" wc). Initial
scrubber performance was poor. Cortrol of pH was difficult; limestome utilization was high,
scaling was a problem. Corrosion was severe in places. However, emission limits were ret. Al
first it was thought that buying limestone at 3/4" X O would save money. It didn't because of
the effects of fines om utilization and reactivity. Apparently the fines contain higher
percentage of impurities; therefore, physicai separation improves purity. By using screened
Timestone at 3/4" X 10-mesh, most of the problems were solved and limestone consumption dropoed.
San Miguel was among the first plants to experiment with bufferina by means of dibasic acid
(Ref. 17). This was so successful that permanent facilities were instalied to use that
additive. Operation was much improved. It has become possible to bypass some flue gas, thereby
raducing System pressure drop and reducing reheating by keated cutside air. This has reduced
2uxiliary load and has improved the heat rate. Corrosion has been a continuing problem. The
use of high alloy metal sheets “wallpapered™ on critical areas and chlorobuty! rubber in lower
temperature areas (Ref. 18) hoids great promise. The FGD sludge is dewatered and mixed with €1y
ash to produce a truckable mixture. Even with improved limestone use, good removal efficiency
and apparently significant capture of 502 by ash in the furnace, the solid product amounts to

237 tons per hour at maximum load. Fortunately, the mined area floors are impervicus clay,
therefore this product is returned to the mine for disposal.

Gibbons Creek. Although most fuel properties realized during the first years of operation were
to the bad extreme, sulfur was not. Hence, the FGD system inlet SO2 loading has beer below

design. So far, the scrubber has met emission regulation limits and removal efficiency has been
high. However, 1limestone usage has bean high and scalina has been a problem. Somewhat
surprisingly, corrosion has not been a serious problem - yet. The control of pH has not been
the problem it was at San Miguel, so the promise of performance improvement by buffer addition
is not as great. Adjusting the wst ball mil) classifier to produce finer grind has improved
performance. The solids production is very great at 277 tuns per hour at maximum load. An
on-site landfill is used.

QUALITY CONTROL, ELECTROSTATIC PRECIPITATORS:

San Miguel. The design of the ESP at San Miguel has been very successful. The system,
including adjacent ducts was flow modeled. Flow distribution has been good. The operating
efficiency has been better than specified and final opacity has deen below the regulated amount.
It has been extremely important to maintain good operation of all components of the flv ash
remaval system. Moisture, even at very low levels, causes serious aroblems.

Gibbons Creek. Recent emissions tests at Gibbons Creek plant indicated that the precipitator
outlet emissions were less than 0.1 Ib per million Btu. The particulate removal efficiency was
95.96% with inlet grain loading of approximately 14 grains per dry standard cubic foot.

7his exceptional precipitator performance verifies the validity of the conservitive desiaon
philosophy established by Tippett & Gee and the soundness of the European style, rigid frame
design by Lodge-Cottrell.

The particulate removal system performance has not always been this apod. Particulate removal
efficiencies as low as 99% have been recorded, and the unit experienced extended operating
periods with efficiency between 99.3 and $9.5%. This poor performance was the result of
numerous factors. The Gibbons Creek fuel is low in sodium and sulfur, and the resulting 2sh has
a high resistivity which results in back corona in the precipitator. This was recognized during
early fuel investigations ard precipitator sizing criteria was set accordingly. The ash
resistivity appears to be very temperature dependent in the 320 to 340°F range, and experimental
work with numerous additives, including SO3 and ammonia indicate that the ash resistivity does
not respond well to such additives.

Flue gas flow and ash distribution into the precipitator was identified as being a portion of
the problem. Model studies were conducted and modifications to improve distribution were made.

Problems with removing ash from the precipitator hoppers resulted in high ash Tevels requiring
that certain fields be removed from service. This compounded the problems aof particulate
removal due to a portion of the precipitator not being available for service. Improvements to
the hopper heating and fluidizing air systems as well as an intensive fly ash handling system
maintenance program have corrected this problem. 1t should be noted that with its high silica
and alumina content, the fly ash at the Gibbons Creek plant is extremely abrasive, and ever. with
highly abrasive-resistant materials, the maintenance requiremenis of the fly ash handlino system
are very great.
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COMPARISON WiTH LABIRATORY

Throughout the early development of these projects, extensive laboratory tests were done. Standard
ASTM tests were perforrad. Proximate and ultimate analyses, higher heating valve with bomb
calorimeter, equilibrium moisture, ash fusion, and grindability were done. Special tests such as
sintering strencth, fouling tendency, slagging tendency, ard ash resistivity were done usirg proven
or carefully designed controlled procedures. A1l this is as it should be. In reviewing ali the
tests, one must be impressed by the courage of the utilities which embarked on these projects. For-
tunately, in most respects, the reel world for Jackson Tignites is better than that in the
laborztory. Tnc mineral matter, which is mostly clay, moving with the burning fuel serves to weaken
the ash ceposits™, The sodium oxide captures 50, and 505 and apparently does not Tower fusion

temperature to the extent found in the laboratory. The ash is not as severely slagging and fouling
as was thought. Peferenca 3 reported on the possible bepefit of kaolin as an additive with North
Jakora lignite. There i1s a lot of kaolin in Jackson Tignite. Reference 1 reported on the possible
benefits of calcium as an additive. There is a lot of Time in Gibbons Creek fuel. There is an
apparent significant negative effect of the mineral matter.

The bomp calorimeter test for gross calorific value is done at low temperature (Ref. 19). The
furnace temperature is high enough to convert the kaolin and other compiex clays to simple oxides.
That requires heat. It is not accounted for ia the heating value test or boiler heat loss test.
Operating data shows that there is as much as a two percentage point discrepancy between heat loss
hoiler efficiency and input/output efficiency using fuel flow and tested HHV. Assuming the 25%
mineral matter is half clay and using known energy requirements for firing clay results in about 100
Btu per 1b of as-fired fuel, or about 2%. The effects of clays were studied by Nettleton & Wall,
et al., (Ref. 20 and 21), but primarily to determine effects on burning and ash properties. The
direct effects of the clays on realized heating value has not received much study. It is hoped that
a means for accurate determination of these effects will be forthcoming.

FUTURE DESIGN.

A number of desigs improvements should be considered for future plants using Jackson group lignites.
Tippett & Gee has made a3 rumber of conceptual designs done far such plants. The following are some
of these improvements:

» Increase furnace plan area (decrease plan area heat release rate) by about 20% to srovide
greater residence time for burning.

¢ Derate pulverizer capacity so that consistent operatiom with very fine grind can be obtained.
Provision must be made for effective drying when fuels are received with 403 or greater
moisture.

e Design all fuel related components for at least 5% greater fuel flow than that predicted using
ASTM D 2015 higher heating vailues.

s Improve air heater design.
e Use centrifugal fans with variable speed drives.

While rot a part of this paper, the development of Lower Colorado River Authority's Fayette Unit 3
projact has been followed with interest. This plant is to come on Tire in 1988. Reference 22 gave
an interim report on th2 proiect in 1984. It has beem interesting to note that, although a
different utility and Engineer/Architect were involved, the conceptual design is very similar to
those for San Miguel and Gibbons Creek.

RESULTS

During the first year of operation of each of the two plants, the various problems cited herein-
before were dealt with at least to the qidentifying and planning for remedies. The next years saw
further maturing. In looking only at problems, the realized feasibility of these projects might be
questioned. In fact, these plants have been very successful. Both plants have realized excellent
availability. For fiscal year 1986 (October 1, 1985 to September 30, 1986), the availability
factor, the forced outage factor and gross capacity facter (GADS definitien, Ref. 23) for the two
plants ware as follows:
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1985 A1l

San Gibbons Coal-Fired

Miquel Creek Average
Availability Factor (%) 87.72 82.24 82.12
Forced Outage Facter (%) D.39 4.15 5.68
Gross Capacity Factor (%) 70.84 73.46 £7.10

These rank high ccmpared with mature plants burning good Midwest bituminous coal with no scrubders.
They are hetter than other lignite plants. The fuel costs are the Towest of plants started in the
same period. The plant costs per kW are compai-able to those of other coal plants of the same
period.

CONCLUSIONS

The use of conventional pulverized ccal technology can be very successful when utilizing Jackson
group lignite. Careful attentich mus: be paid to plant design and operation. Problems must be
identified 2arly and dealt with expeditiously. Sirce the proven reserves of readily mineable
Jacksan group Tignite are large, this can be a very important and economic source of bulk electric
anergy.
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Publicly available information is used to campare
historical, current and projected costs of coal to lignite
for generating stations in Texas. The cost of these fuels
are compared cn both a delivered price basis and at the
busbar. Data is presented, as filed by utilities with
various public agencies or as campiled by the agencies
themsslves., In all cases, lignite is fourd to be the
least cost generating fuel.

Introduction

Within the industry and in the general news media, there has been
discussion regarding the ability of Texas lignite to economically campete with
other fuels, primarily western ccai, as fuel for new electric generating
stations. This is partially because declining coal, rail and gas prices have
been well publicized vhile lignite prices, fram historically captive lignite
projects, are more difficult to quantify. .

This study uses data from 19 generating stations (ten coal fired and nine
lignite fired) located primarily in Texas (see Table 1).  Eight (8)
camparisans are made of the costs related to generating power fram these two
fuels. These comparisons use historical (1983, 1984, 1985) ard anrent (1986)
data for the generating stations, projections by the Texas HUC staff pursuant
to Docket 6992 (BApplicaticn of Texas-New Mexico Power for certification of a
lignite-fired generating station) and projections by utilities pursuant to
avoided cost filings. The results are shown grephically on Figures ane (1)
through eight (8). Publicly available information is used, as filed, with the
following agencies:

(1) Federal Energy Regulatory Commission: FERC Form 1.

(2) Department of Energy: Campiled data from FERC Form 423.

{3) Energy Information Administration: ETA Form 412.

(4) Rural Electrification Administration: REA Form 12.

(5) Texas Public Utility Commission: Monthly Fuel Reports, Avoided Cost

Filings, Docket 6992.
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The author recognizes that same camparisans made in this study are not an
an "apples to apples" basis. The fuel charges reported by utilities are
subject to both project specific and oampany specific considerations. The
fuel related charges most subject to these cansiderations are railcar
ownership, handling charges and mining related capital charges. The
difficulty in making "apples to apples" comparisons is the primer- reascn for
meking a variety of camparisons, as this study hes done.

Historical Costs

Delivered fuel prices and busbar fuel and ORM cocsts were obtained from
FERC, REA and ETA filings for the years 1933, 1984 ard 1985. A total of nine
(8) ccal plants and five (5) to seven (7) lignite plamts were used to
determine armual averages for the two fuels (same of the plants shown on Table
1 were not in cammercial operation during these years). Busbar costs include
the cost of oil or gas armed in conjunction with the solid fuels. Resuits
@mwﬁcnﬁwmslmﬂzQmﬂhﬁﬂma&s&nuﬁmwmﬂhmﬂ@ma
is 46 percent to 68 percent of the cost to purchase and burmn coal.

Current Costs

Monthly delivered fuel prices and busbar fuel costs for 1986 were
dbtained from the rponthly fuel reports filed by utilities with the Texas
Public Utility Cammission. These filings report both the ccst of purchasing
and the cost of hwning electric generating fuels, for all plants, on a
monthly basis. A total of ten {10) coal plants and nine (9) lignite plants
were used to develop monthly averages for the two fuels. Only the solid fuel
camponent was used in the event gas or oil was also burned in the plant. If
miltiple purchases of solid fuel were made (coal contract ard spot), then the
total cost was determined by weighting on a BIU basis. The total was used in
cases vwhere the fuel cost was itemized by txansportation, hardling, fuel or
other. Results are depicted graphically on Figures 3 ang 4. These plots show
that while lignite is consistently the least cost fuel, the wmargin has
narrowed during 1986. ‘This is the result of declining delivered coal prices
and the subsequent respanse by utilities to renegotiate comtracts, decrease
contract purchases while increasing spot purchases and cbtaining contracted
rail rates below tariff. This effect is mos: evident on Figure 4.
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Projected Costs

Three different sources are used to compare the future cost of purchasing
and boning coal and lignite, Those sources are:
(1) Utility avoided Cost Filings.
(2) Coa2l amxd lignite buskar cost comparison by the Texas PUC staff
prsuant to Docket 6992.
(3) Cecal and lignite costs projected by the Texas PUC staff pursuant to
Docket 6992.
¥hile some interpretation of data by the author was necessary, an effort
wes made to present the data as filed by the utilities or as campiled by the
WC staff. These interpretations are referenced vhere appropriate.

Avoided Cost Filings

The original avoided cost filings were obtained for six (6) utilities amd
their asseciated avoidsble wmit (see Bibliography). The costs given in these
£ilings were canverted to and campared on a cents per Xlowatt-howr basis for
both total bushar cost and bushar fusl cost. Scme interpretration and
calculation was required in meking these conversions. For example, some
filings specified hours of operation or capacity factors on an enmual basis
while others assumed a life-cycle average ard still others specified bushar
cost directly. In same cases, specific cost components, such as fixed fuel
costs, variable O&M costs and rail charges, had to be added to or subtracted
fram energy costs to cbtain consistent comparisons. In one case, fuel costs
were calculated from given first year costs and specified ammual inflation
rates.

Results are showm cgraphically on Figures 5 and 6. These plots show that
lignite is anticipated to be the least cost altemative on a life cycle basis.
It should be noted that the highest cost lignite unit, shown in these figures,
has since been cancelled ard is neo lenger in that utility's capacity expansion
plan.

POC staff Busbar Cost: Comper-isan

Pursuant to PUC Docket 6992, the Teyas PUC staff made a busbar cost
camparison of burning lignite and coal in 156 MW fluidized bed hoilers. These
oosts were given directly in staff testimony and are shown here graphicaily on
Figure 7. While the costs are very close in the early years, lignite is the
least cost alternative cn a life-cycle basis.
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Projectad oal and Lignite Market Prices

Pursuant to Docket 6992, the Texas POUC staff mede a 40 year projection of
the total cost of purchasing, delivering and burning both ligni*te and coal in
a fluidized bed boiler located in Texas. The lignite was assume’ to be from
the Wilcax formation.

Five year averages of this projection are shown on Table 2. All costs,
except the rail transportation component of the coal FOB plant costs, are
escalated using the IRT trend forecast (series OPTIM25YR0986) of the NP
Implicit Price Deflator as published in the U.S. long Term Review, September
1986. The DRI forecast is through the year 2011. Beyond 2011, the IPD is
extrapolated based on the average rate of charge for the first 25 years. This
results in an average inflation rate of 4.1 percent annually.

The rail transportation compoment of the coal FOB plant costs is
escalated, according to a model developed by the PUC to forecast the ICC rail
cost index. It uses DRI projections of various producer price indices to
forecast the ICC index. Table3belwshowsﬂzecmponc~rtsoftizem:jxﬂex,
their weighting factcr and the DRI index used. The IRI forecasts are through
the year 2000. Beyond 2000, the ratec are an extrapolation based on the
average rate of chamge prior to the year 2000. This method results in an
average inflation rate of 5.58 percent ammually.

Table 3. TRANSPORTATION ESCATATION

ITEM TOC WEIGHT DRI INDEX
Iabor 0.505 Wages, Trensportation
Fuel 0.108 Diesel to Cammercial Custamers
Materials 0.078 Nen—food, fuel Industrial Cammodities
Rents - 0.094 Nan-food, fuel Industrial Commodities

- Depreciation 0.074 Rajl Equipment

Other Operating 0.141 Noni~£a0d, fuel Industrizl Commodities

The five year averages shown on Table 2 were calculated directly from the
anmual costs estiratec Ly the PULC staff. The timing and amount of capital
experditre for rail car amd coal handling was taken directly from staff
testimony. Unit costs were calculated by depreciating on an anmual straight-
line basis (20 years for rail ~ars, life-of-plant for handling) and computing
a return on Irvested capital of 12 percent. This was necessary to enable a
valid campariscn to the lignite handling costs which include depreciatior,
return, taxes and insurance. Coal handling and railcar capital costs shovm do
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The results shown cn Table 2 are alsoc showm graphically on Figure 8.
These demonstrate that lignite is projected to be the least cost generating
fuel for electric utilities in Texas.

Conclusions

All comparisons made show that lignite is the least cost generating fuel.
This cost adventage has diminished significantly during 1986. All projections
show that coal and lignite will be very close in price for the foresseable
futwre. On a life-cycle basis however, lignite still enjoys a campetitive
. ege.

STATE POLICY CONSIDERATIONS

This study has assumed that both lignite and delivered coal prices will
eccalate over time. It should be noted however that lignite prices are driven
more by production costs while coal has been influenced more by market
factors, i.e., excess capecity. This is evidenced by the declining price of
coal during the past several years (note Figures 1 and 3) while price levels
increased. This sitvation will contimue as long as wmrtilized capacity exists
and there is still a margin between price and incremental cost for coal.

During this past year, nembers of the Texas State Iegislature have
discussed adding a tax on lignite production while Wyoming and Montana are
discussing reducing ccal taxes. A tax would further diminish, and possibly
eliminate, the price advartage that lignite still enjoys.
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Table 1.

UTTLITY

Central Power and
Licht

City Public service
of San Antonio

‘Gulf States Utilities

Houston Lighting and
Power

Iower Colorado River
Authority

San Miguel Electric
Cooperative

Southwestoern Electric
Power Co.

Southwestern Public
Service

Texas Municipal Power
Agency

Texas Utilites

st Texas Utilities

GENERATING STATIONS

FLANT UNIT(S)# UNIT SIZE(MW) FUEL
Ooleto Creek 1 603 Coal
Deeley 1,2 405 Coal
Nelson 6 540 Coal
Limestone 1 720 Lignite
Parish 5,6,7,8 630,540 Coal
Fayette 1,2 570 Coal
San Miguel 1 391 Lionite
Dolet Hills 1 640 ILignite
Flint reek 1l 480 Coal
Pirkey 1 640 Lignite
Welsh 1,2,3 528 Coal
Harrington 1,2,3 330,350,360 Coal
Tolk 1,2 524,508 Coal
Gibbons Creek 1 390 Lignite
Big Brown 1,2 575 Lignite
Martin lake 1,2,3 750 Lignite
Monticello 1,2,3 575,750 Lignite
Sandow 4 545 ldgnite
Oklaunion 665 Coal

LOCATION
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Figure | HISTORICAL DELIVERED FUEL PRICES
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Figure 5 PROJECTED BUSBAR FUEL COST
UTILITY AVOIDED COST FILINGS
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BUSBAR COST COMPARISON
TWO 150 MW FBC'S

Figure 7
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ABSTRACT

LIGNITE DEVELOPMENT IN PAKISTAN

G.M. Ilias
Water and Power Development Authority (WAPDA), Lanore, Pakistan,
and Douglas W. Huber
USAID Mission to Pakistan, Islamabad, Pakistan

Pakistan possesses extensive deposits of sub-bituminous and lignitic coal,
which up to recently has received little developmental attention. Current
coal production have plateaued at about 2 million tonnes annually, used
largely 1in brick mansfacture. Production occurs from many small, 1labor-
intensive underground mines serving localized markets. The coals are almost
always of extraordinarily-high sulfur content. Interest has specifically
focused on the potential for use of the coal resource as a basic fossil fuel
Tnput to power generation to minimize dependence on imported oiland on natural
gas to meet Pakistan's rapidly growing electricity demand. Coal use for power
generation so far exists only at Quetta on a scale of 15 MW in two stoker-
fired steam gencrators.

A major prospect for fully employing the coal resource and establishing a
modern coal producing industry lies in the coalfields of Lakhra, near
Hyperabad. WAPDA and USAID have collaborated and recently completed a
conprehensive feasibility assessment to produce 500 MW of electricity from the
Lakhra coalfield. This Lakhra Project would require the establishment of two
large surface mines and one underground mine, having a combined output of
about 3 million tonnes annually. Washing and combustion characteristics of
the coal have been tested in the United States as part of the assessment. The
Government of Pakistan has agreed that the implementation of the mining
activity will be in the hands of the private sector. Meanwhile, the
Geological Survey of Pakistan has a large exploration program underway to
develop better and more definitive knowledge of the coal resource in terms of
identifying immediate exploitation opportunities.

Another prospective market for Pakistani coal 1ies in the manufacture of
smokeless fuel briquets to replace scarce fuelwood and the use of petroleum
fuels. For many years, uncarbonized briquets have been manufactured at Quetta
for space heating purposes. Both the private and public sectors in Pakistan
are interested in expanding the use of coal briquettes and the United States
AID Mission is financing a ccmprehensive market study of their potential
use. Private sector development of the industry has already started.

The paper will concentrate on the power generation aspects of coal development
in Pakistan, discuss the progress made so far, the techniczl problems
encountered, and the role foreseen for Pakistani coal in helping to alleviate
the serious power supply shortfalls that exist in the country.
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ABSTRACT

UTILIZATION OF LOW-GRADE COALS IN ASIAN DEVELOPING COUNTRIES

by Henri-Claude Bailly and Egon A. Kimel

President, Manager, Fossil Fuels Technologies
Hagler, Bailly & Company, Inc. Burns and Roe Company.

Washington, D.C. Oradell, N.d.

Most developing countries in Asia must spend a lTarge portion of their
foreign exchange to nay for imported fuels. Limitation on availability of
capital and foreign exchanae becomes a major constraint in successful
implementation of their national development plans. Some countries have
sizeable deposits of coal, generally of low-grade quality. To utilize
these indigeneous resources, technical, institutional, logistical and
financial obstacles have to be resolved. '

The paper discusses briafly quality impact on the required
technologies for coal mining, transportation and vtilization. Government
policies and Tegislation are discussed with respect to their impact on the
economic and financial attractiveness of using local cocals. Examples are
given to illustrate the problems and potential solutions to promote low-
grade coal utifization in Thailand, Philippines, Pakistan, South Korea and
Indonesia.
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COMMERCIAL LOW GRADE COAL DEVELOPMENT
IN COSTA RICA

by

Oldemar Ramirez - Refinadera Costarricense de Petroleo
San Jdose, Costa Rica

Ernest Y. Lam - Bechtei Natijonal, Inc.
Arlington, Virginia

Alberto J. Sabadell - O0Office of Energy, Bureau for Science
and Technology, U.S. Agency for
International Development,
Washington, D.C.

ABSTRACT

Costa Rica's heavy dependence on oil imports is causing an
increasing drain on its foreign exchange earnings and compro-
mising the country's national security interests. In addition,
the country is excessively dependsnt on hydro resources for
electric power. The gevernment has set z goal to increase
thermal power generaticn to reduce the impact of hydropower
seasonal variations on the economy. To deal with this
situation, the Government of Costa Rica has initiated a number
of programs to develop indigenous low grade coal. Costa Rica's
situation is typical of many developing nations where
unexploited low grade coal is a potential solution to easing
foreign debt and stimulation of economic development. The
United States Government, acting through the Agency for
International Development (U.S.A.I.D.), is assisting the
Government of Costa Rica in the exploration, assessment and
development of Costa Rica's coal resources in order to further
its national objectives.

The existence of cozl in several locations of the country has
been known for a long time. In 1981, the Instituto
Costarricense de Electricidad (ICE) initiated a program of
geological investigations in collaboration with Japan
International Cooperation Agency (JiCA). Later, the
responsibility for coal exploration in Costa Rica was
transferred to Refinadora Costarricence de Petrolec (RECQOPE),
the national petroleum refining company. In 1983, a program for

0507p ' - -
03/30/37 P el




exploration was formulated by U.S.A.I.D. in cooperation with the
U.S. Geological Survey (U.5.G6.S5.). Most of the work for this
program was completed in the summer of 1985. The work included
exploratory drilling, geophysical logging, collecting core and
cuttings samples, coal analysis and surface mapping.

The exploration program was foliowed up by a mining feasibility
study for coal deposits in the Uatsi project area in the Baja
Talamanca coal field near Limon. The report concluded that
extraction of coal from the deposits of the Uatsi project area
was technically feasible. A further U.S.A.I1.D. sponsored study
to develop a preliminary conceptual design has been completed
for a 50 MWe coal fired power plant, and has provided order of
magnitude capital and operating cost estimates for evaluating
power generation alternatives. Additional aspects of this study
also included the substitution of coal at cement facilities. A
significant aspect for the development of Costa Rican coal will
be the policy changes and fiscal incentives needed for potential
private sector participation.

This paper summarizes the findings of the coal fired power plant
and cement plant conversion studies and makes recommendations on
Costa Rica's plan tc develop the Uatsi coal deposit for these
potential projects.

I. Introduction

In the last ten years, Costa Rica's economy has deteriorated due primarily
to weakened coffee world market, increased oil imports and national debt
service. Its export of manufactured goods has also declined. Figure 1
shows that total energy consumption in Costa Rica has increased during
most of that period (increased at an average annual rate of 5% during
1977-1980, decreased at 2% during 1980-82, and increased again at 4% since
1982). This increase is putting pressure on escalated oil imports in the
future, and will further exacerbate the balance of payment problem.

During 1981-86, Costa Rica suffered a trade deficit of $63.6 million per
year. The 1986 imports exceeded the exports by $255 million.

In addition, the country 1is excessively dependent on hydropower for
generation of electricity. It is highly desirable to increase thermal
power generation to reduce the impact of hydropower seasonable variations
on the economy. Continued reliance on hydropower to meet future increase
in energy demand will tax the limit of this resource and cause load
management to become even more difficult. Hydropower plants are also
capital intensive.

The development of indigenous coal presents an attractive aption to meet
the growing energy need, to balance the hydro/thermal energy mix and to
ease foreign debt.

0507p -
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IT. Development of Coal in Costa Rica

Costa Rica imports its petroleum primarily from Mexico and Venezuela.
Figure 2 shows the petroleum consumption for the period 1982-85, averaging
about five million barrels per year. The trend of increase in imports,
about 9% per year, is obvious, and is projected to continue unless
indigenous energy resources can be developed to reverse that trend.

Figure 3 shows the energy mix in the generation of electricity in Costa
Rica. It can be seen that hydropower dominates over thermal sources such
a2s diesel, fuel 5il and bagasse. Because of their small contribution,
these thermel resources are grouped together on the bottom curve. The
trend of decreasing contribution of the thermal component to the total
electricity generation is due to the diversion of these thermal energy
sources to non-electric services in the industrial and residential
sectors. For reasons discussed previously, the Government of Costa Rica
has set a goal to increase the generation of electricity from thermal
resources to at least 25%.

Figure 4 provides an additional comment that electricity is generated
orimarily by the state owned utility the Instituto Costarricense de
Electricidad (ICE). It contributes about 97% {1985) of the total
electricity generated. To alleviate the financial burden on the
government tc install more power nlants, work is underway to encourage
private sector to participate in power plant investment, construction,
ownership, operation and sales of power to the naticnal grid.

The Costa Rica Electrical Institute (E1 Instituto Cestarricense de
Electricidad) advertised on Febrvary 17, 1987 in the newspaper La Nacion
informing the public ¢f its intention to purchase electricity from small
private industries with excess power generation capacity. This marks an
important step for Costa Rica, opening the way for private sector involve-
mant in power generation.

The Government of Costa Rica has adopted a national energy policy to
encourage and support coal development. Project opportunities to convert
from 0i1 to coal use will be identified, and considerations will be given
to provide incentives for private domestic and foreign financing require-
ments of coal projects. In addition, potential opportunities will be
publicized to attract foreign funding, grants, and investment for fossil
resource exploration and exploitation. In this regard, the Refinadora
Costarricence de Petrolec (RECOPE) is the cognizant and lead agency.

ICE has analyzed the national energy requirement for 1986-2005 and made a
number of recommendations to the Government. Specifically, ICE recommends
additional installation of 1054 MWe new capacity, and that coal be
developed initially at a pilot exploitation rate of 30,000 tornes per year
for use in cement and other industries. This will be followed by a higher
level of mining to support electric power generation. It further
recommends the completion of a site-specific mine mouth coal fired power
plant feasibility study to assess the role coal could play in thermal
nower generaticn.
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III. U.5.A.I.D. Assistance in Costa Rica Coal Development

As the United States moves into the second decade since the beginning of the
worldwide energy crisis, the nation's creative efforts have alleviated many
of the serious problems facing our economy that resulted from energy
shortagas and higher prices. However, while the energy crisis has abated 1in
the United States -- helped along by the temporary drop in oil prices --
energy problems in the developing countries continue as a serious and
tundamental barrier, threatening their sustained economic development and
national security.

The plight of Costa Rica typifies many U.S.A.I.D. assisted countries.
Swelling energy demand has to be met by imported oil. To pay for this,
scarce capital and foreign currency are being diverted from investment,
leaving Tittle to support essential development needs in agriculture,
industry or critical infrastructure. Costa Rica is also typical of many
developing nations where unexploited Tow grade coal is a potential solution
to these problems. The United States Government, acting through the
U.S.A.T.D., is assisting.the Government of Costa Rica in the explaoration,
assessment and development of the country's coal resources in order to
further its national objectives. Experience gained in this effort in Costa
Rica will be helpful in assisting other developing nations. This is
significant in not only helping them to achieve better economic growth and
national security, but to allow U.S. private sector better opportunities to
provide goods and services to these overseas low grade coal projects.

The existence of coal in several locations of Costa Rica has been known for

2 long time. There are a total of eight deposits. The total proven reserve
of the three main deposits has been estimated to be 438.5 million tonnes
(vatsi - 32.5 million tonnes, Zent - 14 million tonnes, and Venado - 2
million tonnes). In 1981, the Instituto Costarricense de Electicidad (ICE)
initiated a program of geological investigations in collaboration with Japan
International Cooperation Agency (JICA). Later, the responsibility for coal
exploration in Costa Rica was transferred to RECOPE. In 1983, a program for -
exploration was formulated by U.S.A.I.D. in cooperation with the U.S. Geolog-
jcal Survey (U.S.6.S.). Most of the work for this program was completed in
the summer of 1985. The work included exploratory drilling, geophysical
logging, coliecting core and cutting samples, coal analysis, and surface
mapping.

The exploration program was followed up by a mining feasibility study by
Dravo International, Inc. for coal depcsits in the Uatsi project area in the
Baja Talamanca coal field near Limon. Based on data available at that time,
the 1986 report concludes, with some qualifications, that extraction of coal
from this deposit is technically feasible, and that approximately five
million tonnes could be recovered by open pit and underground mining.

The preliminary drilling and outcrop expleration of the Uatsi field indicate
that this deposit has at least 10 coal seams. Drilling activities has con-
tinued and a recent update of recoverable reserves indicates more than 7
miliion tonnes, mineable by a labor intensive underground mining method.

The characterization of the coal quality is preliminary and more data are
needed. Proximate analysis indicate typical values of 26.85% moisture,
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As the United States moves into the second decade since the beginning of the
worldwide energy crisis, the nation's creative efforts have alleviated many
of the serious problems facing our economy that resulted from energy
shortages and higher prices. However, while the energy crisis has abated in
the United States -- helped along by the temporary drop in oil prices --
energy problems in the developing countries continue as a serious and
fundamertal barrier, tnreatening their sustained economic development and
national security.

The plight of Costa Rica typifies many U.S.A.I.D. assisted countries.
Swelling 2nergy demand has to be met by imported oil. To pay for this,
scarce caupital and foreign currency are being diverted from investment,
Teaving little to support essential development needs in agriculture,
industry or critical infrastructure. Costa Rica is also typical of many
developing nations where unexplioited low grade coal is a potential solution
to these problems. The United States Government, acting through the
U.S.A.I.D., is assisting the Government of Costa Rica in the exploration,
assessment and development of the country's coal resources in order to
further its national objectives. Experience gained in this effort in Costa
Rica will be helpful in assisting othar developing nations. This is
significant in not only helping them to achiev2 better economic growth and
national security, but to allow U.S. private sector better opportunities to
provide goods and services to these overseas low grade coal projects.

The existence of coal in several locations of Costa Rica has been known for
a long time. There are a total of eight deposits. The total proven reserve
of the three main deposits has been estimated to be 48.5 miliion tonnes
(Uatsi - 32.5 million tonnes, Zent - 14 million tonnes, and Venado - 2
million tonnes). In 1981, the Instituto Costarricense de Electicidad (ICE)
initiated a program of geological investigations in collaboration with Japan
Internatioral Cooperation Agency (JICA). Later, the responsibility for coal
expioration in Costa Rica was transferred to RECOPE. In 1983, a program for
exploration was fermulated by U.S.A.I.D. in cooperation with the U.S. Geoloy-
ical Survey [U.S.G.S.). Most of the work for this program was completed in
the summer of 1985. The work included exploratory drilling, geophysical

logging, collecting core and cutting samples, coal analysis, and surface
mapping.

The exploration program was followed up by a mining feasibility study by
Dravo International, Inc. for coal deposits in the Uatsi project area in the
Baja Talamanca coal field near Limon. Based on data available at that time,
the 1986 report concludes, with some qualifications, that extraztion of coal
from this deposit is technically feasible, and that approximately five
million tonnes could be recovered by open pit and underground mining.

The preliminary drilling and outcrop exploration of the Uatsi field indicate
that this deposit has at least 10 coal seams. Drilling activities has con-
tinued and a recent update of recoverable reserves indicates more than 7
million tonnes, mineable by a labor intensive underground mining method.

The characterization of the coal quality is preliminary and more data are
needed. Proximate analysis indicate typical values of 26.85% moisture, ‘
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12.53% ash, 27.83% volatile matter, 32.79% fixed carbon, and a high
heating value of 4254 kcal/kg (7657 BTU/1b). The ultimate analysis shows
averages by weight of 31.90% carbon, 3.23% hydrogen, 0.64% sulfur, 27.66%
oxygen, 0.51% nitrogen, 9.21% ash and 26.8% moisture.

In November 1986, Bechtel was funded by U.S.A.I.D. to conduct a prefeas-
ibility study on the potential use of this coal in a 50 MWe mine mouth
power plant. This paper summarizes the characterization of such a power
slant to provide 2 technical and economic overview on such a potential
nroject. :

1V. Power Plant Description

The plant design is based on conventional Rankine cycle, which is
considered to be proven and technically adequate to utilize the Tow grade
coal. The turbine cycle is based on using a non-reheat condensing steam
turbine rated at 52.5 MWe (gross) with throttle conditions of 103 kg/sq cm
Bbs (1465 psia) and 510 C (950 F). The design turbine back pressure is 89
mm HgA (3.5 inches HgA). The turbine throttle flow is 207,700 kg/hr
(458,000 1b/hr) at the design point. The turbine has five uncontrolled
extractions for feedwater heatina. The turbine cycle was chosen in
consideration of capital cost, cycle efficiency, and fuel cost.

The boiler is a pulverized coal fired, balanced draft, drum type unit with
no reheat.

Other major eguipment and systems of the power plant are summarized as
follows:

- A circulating water system with mechanical draft cooling tower

- A coal receiving, storage, and reclaming system

- A baghouse for the gas treatment '

.= A 91 meter (300 ft.) high stack

- A bottom ash and fly ash handling and storage system

- A makeup water treatment system

- A1l electrical, control, maintenance and administrative
facilities

The study concludes that the Uatsi reserve appears to be adequate to
support the operation of such a 50 MWe plant for 30 years. The plant will
consume coal at the rate of about 200,000 tonnes per year. The
performance of this plant is summarized in Table 1.

For planning purposes, this 50 MWe design was also factored to provide

similar information in the 10-60 MWe capacity range. The corresponding
range of annual coal consumption is 48,000 to 240,000 tonnes.

V. Power Plant Costs and Constructicn Schedule

Order of magnitude (+ 25%) estimates were developed for the projected
capital requirements, first year operation and maintenance costs as well
0507p
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as cost of electricity for the 50 MWe baseline power plant. These
estimates were developed using historical Bechtel data and other available
reports supplemented by labor rates and productivity data obtained in
Costa Rica in early 1986.

Capital cost estimates were developed to be at January 1987 price levels
in accordance with technical specifications s=t forth in the preconceptual
engineering design. Also, the impact on major equipment purchased in the
world-wide market and maximum use of locally available materials and labor
have been assumed. This recognizes the indigenous skills availabla from
past experience with hydro and thermal power plants. In general, cost
adjustments to reflect the conditions in Costa Rica were made as
appropriate.

In this first level of study effort, the capital cost estimates do not
include interest on money during construction of plant (also known as
allowance for funds during construction). Also, they do not include
escaletion during construction and other owner's costs such as
transmission line, coal storage inventory, land and water rights, and
spare parts.

Cost of electricity was calculated as the sum of the capital cost
comporent and the operating and fuel cost component. The capital
component is derived from the annual capital cost or fixed charge. For
this study, 13.5% of the total capital cost is used as the fixed charge
rate to calculate the cost of electricity. Coal cost was estimated to be
$25.3 per tonne.

Cost information on the 50 MWe baseline plant is summarized in Table 2.
Again, for planning purposes, these data were factored to cover a plant
capacity size range of 10-60 MwWe.

A schedule for engineering, procurement 2nd construction was conceptua-
lized for the 50 MWe coal fired unit (Figure 5). The schedule critical
path runs entirely through the boiler activities from contract award
through fabrication, erection and startup to the commercial operation
stage. It will take three years to bring the project from notice to
proceed to commercial operation. This information was quantified using
recent data on supplying similar 50 MWe boilers for overseas locations.
The schedule provides a generous allowance of three months for U.S.
suppliers to ship the equipment whereas shipping from Europe would take
about six months.

VI. Environmental Considerations

The study reviewed the environmental guidelines for applicability to coal
mining and mine-mouth power plants. At the present, Costa Rica has not
adopted emission standards or guidelines of its own. Therefore, the World
Bank guideiines were used for the purpose of the coal fired power plant
study. It concludes that such a power plant, in the order of 50 MWe,
burning indigencus low sulfur coal, can probably bz constructed and
operated in a presently unpolluted area and meet the World Bank
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guidelines. Specifically there should be no need for flue gas sulfur
removal systems. The major pellution control eguipmant recommended is a
bag house for controiling particulate (dust) emissions from the power
plant stack. Nitrogen oxides emissions are controlled by low NOx burners
available from boiler manufacturers as standard equipment. Liquid and
other solid wastes can be disposed of without undesirable environmental
effects. It is, however, prudent to assess the longer term and
potentially more extensive use of the local coal to ensure that this
resource deveiopment and utilization will not be 1imited by environmental
concerns.

VII. Coal Use in Existing Cement Plants

The Bechtel study also commented on the feasibility of coal substitution
for Bunker C oil in major cement plants in Costa Rica. This was expiored
as an option for using indigenous coal. - .

The National Cement Industry (NCI), located near the capital city of San
Jose, has a total clinker production capacity of 1,800 tonnes per day.
Currently, Bunker C oil1 is the primary fuel.

A% the current level of Cement production, about 50,000 tonnes per year of
Uatsi coal would be required to displace all the oil consumption. An ’
order-of-magnitude cost estimate shows that about 2.5 to 3.0 million
dollars will have to be invested to retrofit the plant for this coal
conversion. There is sufficient room at the plant site to accommodate the
coal receiving, storage, preparation and coal firing equipment. Because
of the high moisture content in the coal, it appears that the plant may
have to use an indirect-fired system with pneumatic trarsport of
pulverized coal to a cyclone separation and then to the kiln.

The technical feasibility of this conversion appears to be straight-
forward. Such retrofits are common in many places in the world, and this
plant imposes me technical obstacles. One factor that deserves a closer
study is the transportation of coal from the mine to the plant over a
distance of about 130 miles. Trucking may tax the iimit of the existing
road. It must also be pointed out that conversion will lead to higher
operating and maintenance costs.

The Pacific Cement Plant has one kiln with a production capacity of 1,250
tonnes of ciinker per day. It also uses Bunker C oil. The review of this
pilant yielded conclusions similar to that mentioned above for the NCI
plant. Again, there ars no insurmountable technical barriers but the
transportation aspects are move acute since the plant is Tocated at about
250 miles from the coal resource.

VIII. Uatsi Coa’ Resource Development

From the information available to date, it appears that the Uatsi coal
mine lends itself to small scale underground mining. The area is deformed
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by faults, anticlines and synclines which make it unsuitable for Targe .
scale underground mining. The major portion of the reserve is under thick

overburden. It is, therefore, not amenable to open pit mining. Con-

sidering the lcw cost of labor available locally, it appears that the

mining operations can rely on labor intensive rather than equipment

intensive methods.

An order-of-magnitude estimate shows that the capital cost necessary to
mine 240,000 tonnes/year would be about $9.2 miilion (excluding interest
during construction). The annual cost of such an operation will be about
$6.4 million. The cost of coal will be about $25.3 per tonne ($1.50 per
miliion Btu).

IX. Conclusions

The 1nformation summarized in this paper on the Uatsi resource
development, and the potential use of this coal for electric power
generation or fuel substitution in cement plants, will constitute the
basis for RECCPE to further assess whether these projects should be
implenented.

The prefeasibility study on the baseline 50 MWe power plant indicates a
capital reguirement of $60.2 million and cost of electricity of about 51.4
mills/kwh. This information should be reviewed by the Goverrnment of Costa
Rica in the Tight of the national policy to curtail oil imports, and in
the 1ight of ICE's need to balance the hydro/thermal energy mix of gener-
ation in addition to comparative economics. The coal fired power plant
appears to be a reasonable option that deserves further consideration.

Coal substitution at the cement plants also appears to be a reasonable
eption. With a capital investment of $2.5 million to use 50,000 tonnes of
coal per year, a pay back in about 5 years can be achieved if the oil
price is majntained at, or escalates from, the present level.

Censiderations should be given by the Government of Costa Rica to private
sector financing of these coal projects. Long term committments are
needed by the Government to minimize the risk to private capital involved
in these projects. Existing government policies need to be reviewed to
identify and remove any barriers that tend to inhibit private sector
participation. Financial incentives may have to be provided to allow a
reasonable return on investment to attract private capital.

Preliminary results as outlined in this paper are meant to provide general
guidance only. Further studies are required to better define project
requirements and to chart plans of action.
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Table

PLANT PERFORMANCE

1
SUMMARY

Nominal Plant Rating, M{

50
52.6
47.3

139

784
200000

Table 2

CAPITAL AND OPERATING COST SUMMARY

2. Gross Plant OQutput, MW

3. Net Expected Output, MW

4., Expected Annual Salable
KWhr (108) production at
Plant at 0.7 Capacity
Factor

5. Net Full Load Heat Rate

. Kecal/Kuhr

6. Net Plant Efficiency

7. Boiler Heat Input
106 Kcal/hr

8. Full Load Coal Consump-
tion, tonnes/day

9. Annual Coal Consumption,
tonnes

1. Nominal Plant Rating, MW

2. Estimated Capital Cost in
1987 Dollars (Mi]]ion)

3. Capital Cost, $/Installed
KW

4, Annual Operating and
Maintenance Costs,
Dollars (Milldion)

5. First Year Cost of
Electricity at Plant,
Mi1ls/KWhr
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FIGURLE 3
ENERGY MIX (1976 - 1985)
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FIGURLE 5

PROJECT SCHEDULE
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