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1 • 0 INTRODUCTION/SUMMARY

1.1 Introduction

Tidd, an electric generating station in Brilliant, Ohio, is the

first utility scale pressurized fluldized bed combustor to operate

in combined cycle mode in the United States. The plant is owned and

operated by Ohio Power Company (OPCo} and is located on the banks

of the Ohio River, approximately 75 miles downstream of Pittsburgh,

Pennsylvania. The project is being co-funded by Ohio Power Company, °

a subsidiary of American Electric Power (AEP), the U.S. Department

of Energy (DOE}, and the Ohio Coal Development Office (OCDO).

Tidd is a 45 year old pulverized coal power plant which was repowered

with PFBC components in order to demonstrate that this technology

would burn coal efficiently while capturing 90% of the sulfur in the

coal and emitting significantly less nitrogen oxides (NOx) than

conventional coal burning power plants.

The PFBC related equipment was supplied by ASEA Babcock, a

partnership between ASEA Brown Boverl Carbon (ABE Carbon} and the

Babcock & Wilcox Company (S&W). American Electric Power Service

Corporation (AEPSC} engineered and designed the remainder of the

plant. Construction and modification of the existing facility were

performed by Ohio Power Company.

Detailed design work on the project began in May, 1986, and site

construction work started in April, 1988. Unit start-up was

initiated in November, 1990, immediately following completion of

preoperatlonal system testing. The first combined cycle operation

was achieved on November 29, 1990, and on February 28, 1991, the

three-year demonstratlonperlod began. This topical report describes

the first 18 months of operation from January 1991 through the

acceptance tests in June, 1992.

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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;-. 1.2 _ntroduction To FluidizedBed combustion

In fluidized bed combustion, coal and sorbent (dolomite or limestone)

are fed into a boiler in which air, entering from the bottom,

maintains the bed material in a highly turbulent suspended state

called fluidization. This turbulence creates good contact between

the air and fuel, allowing for high combustion efficiency and

excellent adsorption of sulfur dioxide (SO2) during the combustion

process.

In PFBC applications, pressurized air is supplied to the combustor.

Pressurizing the air concentrates a larger quantity of oxygen per

unit volume. This results in a lower velocity of air through the

fuel bed. The lower velocity reduces the total height required for

the bed and freeboard above the bed. Also, a smaller plan area is

required for the bed area as compared to an atmospheric fluidised

bed. This has the advantage of requiring a much smaller pressure

vessel to contain the boiler enclosure.

The mean bed temperature of a pressurized fluldlzed bed combustor

is typically maintained in the range 1540 to 1580 F. This is well

below the ash fusion temperature of coal, yet above the ignition

temperature of the coal. Advantages of the low bed temperature are

no slag formation and a reduction of NO x emissions to less than half

that of a conventional boiler.

1.3 Tidd PFBC Combined Cycle

The Tidd Plant is a combined cycle pressurized fluldized bed

combustion system with a topping air cycle and a bottoming steam

cycle (Figure 1). When operated in combined cycle mode, the

pressurized fluidlzed bed combustor provides steam topower a steam

turbine cycle, and pressurized gas to power a gas turbine. The gas

turbine is coupled to a generator and a compressor that supplies

combustion air to the process.

The PFBC boiler contains the fluldized bed where combustion occurs.

The primary and secondary cyclone ash separators are located in the

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
Topical Report - First Eighteen Months of Operation March, 1994
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gas exit path, and rmnovepe_ciculate frmnthe gas before it enters

the gas turbine. The ash relnjectlon tanks store ash removed from

the bed until it is needed to raise the bed level when increasing

load.

The boiler Is contained in a pressure vessel along with the cyclone

ash separators, the bed ash relnJectlon vessels, cyclone ash coolers,

and gas collectlon pipes (Figure 2). Thl8 design reduces the

differential pressure across the boiler membrane walls and permits

recovery of heat losses by combustion air.

At full load, the evaporator tubes, along with most of the primary

and secondary superheater tubes, are lo_ated in the bed. Depending

on the bed level, fewer of these tubes are immersed in the bed. By

raising and lowerlng the bed level, heat transfer to the boiler tube

bank can be controlled and load can be varied. The bed level is

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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adjusted by transferring bed material between the bed and t_le

relnJection vessels. Fuel feed must be adjusted to maintain bed

temperature at varying bed heights. The fuel consists of crushed

coal mixed with water to form a paste, which is injected into the

boiler by six hydraulically operated piston pumps.

The 8orbent injection system 18 used to convey and inject granular

8orbent material (dolomite) into the boiler to obtain the required

sulfur retention. The injection rate of the 8orbent IS controlled

to achieve the required sulfur retention for a given fuel feed and

operating condition.

The ash residue from the coal and 8orbent that ramln8 in the bed

i8 cooled by air and removed from the boiler by a dual lockhopper

system. About half of the ash residue elutriate8 from the bed and

18 carried out in the exhaust gas stream. In order for the gas to

be utilized by the gas turbine, it must be cleaned to prevent damage

to the turbine blades. The ash 18 removed from the flue gas by

Tidd PFBC Diaonstration Project DE-FC21-87 MC-24132.000
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cyclone separators. A smJll _rl:ion of the flue gas is used to

transport the separated ash through the ash coolers and out of the

oombustor vessel. After passing through the cyclones, the gas is

conveyed to the gas turbine.

The pressurized and heated gas is expanded through the ruggedizod

high pressure and low pressure turbines, providing the energy to

drive the compressors and a generator which produces about 20% of

the plant electrical output at full load.

The flue gas, after leaving the low pressure turbine, passes across

the feedwater economizer. From the economizer, the gas flows

through the precipitator and on to the Cardinal Plant stack.

The boiler water-steam cycle is once-through at subcritlcal

pressure. All once-through boilers must have some means for

separating steam and water at low loads, and also a provision for

maintaining a mlnimumwater flow. A moisture separator and boiler

circulating pump have boon incorporated in the design. At low

loads, the moisture separator acts like a steam drumto separate the

water from the steam/water mixture leaving the evaporator. The

boiler clrculatlng pump recirculates the water from the moisture

separator back through the boiler to maintain minimum flOWo

The first step in boiler start-up is to initiate the clean-up cycle.

A once-through boiler has no steam drumwhere solids accumulate and

can be blown down. Therefore, boiler water must be of a high purity

before steam generation can take place. The clean-up cycle sends

feed water flow through the boiler water circuits to the vertical

separator, where it is blown down to the condenser and routed

through condensate polishersbefore returning to the boiler through

the condensate and feedwater cycle. This process is continued until

the water ks sufflciently pure.

Once the clean-up cycle is complete, a minimum feedwater flow is

established to the vertical separator. This is done prior to the

fluldizatlon of the bed.

To start the boiler process, a shallow bed of sand and/or bed

material ks fluldlzed and preheated by the oil-fAred preheater. The

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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preheater brings the be_lt_porature up to the ignition t_erature

of the coal. When the bed material has reached the required

ignition t_rature of 1200 F, the coal-water paste is Injected and

the preheater is ramped off.

Foodwater flow is established at 10% of full-load flow via a pump

that roairculates water through the boiler enclosure and evaporator

to maintain minimum cooling flow. Until the steaming rate reaches

10%, the separator drains will remove excess water to the condenser.

While the boiler circulating pump is operating, foedwater flow is

regulated to maintain separator level. The vertical separator and

boiler circulating pumps are used up to approximately 40% load,

above which the boiler becomes once-through and the pump is shut

down. Once the pump is shut down, feedwater flow is regulated to

control steam temperature, and a minimum water level in the

separator is maintained to permlt a restart, £f necessary.

Until sufficient steam flow at temperature and pressure is available

to roll the steam turbine, the pressure increase is controlled by

the turbine bypass system. After steam turbine roll, the turbine

throttle valve regulates pressure.

The gas turbine is motored during start-up to produce the power

required to drive the compressor which supplies combustion air. As

the temperature of the gas leaving the combustor increases, a

deareaslng amount of power is used from the grid. Eventually, the

gas turbine is capable of driving the generator to produce

electricity.

Changing load changing is accompllshedbyahanging the bed level to

expose more or less of the In-bed heating surface to the fluldlzed

bed, which has high conductive heat transfer rates. On a load

increase, the bed level is increased and more of the heating surface

is covered with bed material. This increases the gas temperature

to the gas turbine and steam generation. Feedwater flow is also

increased as firing rate increases to protect the heat transfer

surfaces. As the bed level increases, fuel and air flow are

increased to keep the bed temperature constant. As the mass flow

and temperature of gas to the gas turbine increase, so does the

output of the gas turbine. Steam temperature is controlled by

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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attomporatlon, and 8tess pressure Is malntalnod by modulating the

atesm turbine throttle valve.

Shutdown is accomplished by reducing the bed level to the minimum

level and stopping the fuel injection. The load on the gas turbine

decreases with the boiler until it returns to a motoring condition.

The gas turbine remains in o_ration until the bed material has

cooled to protect the tube bundle and prevent sintering.

In the event of a gas turbine trip, the combustor is immediately

isolated from the gas turbine by an intercept valve at the turbine

Inlet. The loss of air flow causes the hot bed to slump.

Sufficient feedwater flow 18 maintained to protect the In-bed

surface. In addition, special systems have been designed to

depreseurlse the combustor vessel, inert and cool the bed material,

and remove it from the be_ in preparation for a restart.

When the steam turbine trips, about 50% of the steam flow is

bypassed to the condenser; the remainder is vented to atmosphere

using a l_ressure control valve. Boiler heat is rapidly reduced, and

the uD£t is shut down in the normal manner.

1.4 Operational Overview

Thl8 topical report discusses the operational aspects of the

demonstration program through the run ending July 10, 1992.

Operating data for the period 18 summarized in Table 1. During the

first eighteen months, two major outages were required to correct

problem_.

In mld-September, 1991, the unit was taken out of service for 12

weeks to make major modifications (see Section 6) to improve unit

performance and further improve unit rellabillty. The unit was

returned to service in December, 1991. After some initial problems,

the unit began to operate more consistently/ however, run durations

were still limlted by operating problems. From December 15, 1991,

through March 5, 1992, the unit fired coal for a total of 530 hours,

with the longest run being 154 hours.

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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In mid-March, 1992, vibration induced cracks were discovered on the

low pressure turbine blade roots. A nine week outage was taken to

replace thQ blades with a new design. During this outage, a portion

Table Is Tidd PFBC Demonstration Plant

Operating Statistics Through July 10, 1992
i i i i i li i

_s _rs_xn_
Total Starts 92

Total Operating Time 3452

sED pnBaTZR:
Total 8tarts 116

Total Operating Time 494
Total Operating Time > 1200 F 237
Total Operating Time < 1200 F 30

FUEL INJECTIONz
Total Starts 64

Total Operating Time 2131
Total Operating Time > 45% Load 1362
Total Operating Time > 85% Load 92

COMBUSTOR TRIPS:
Total Trips 86
Total Trips from Bed Preheating 30
Total Trips from Coal Injection 51
Total Trips from> 45% Load 17
Total Trips from > 85% Load 2

GAS TURBINE TRIPSs

Total Trips 92
Total Trips from Air Preheating 9
Total Trips from Bed Preheating 12
Total Trips from Fuel Injection 14
Total Trips from Shutdown or Testing 52
Total Trips from > 45% Load S
Total Trips from > 85% Load 1

GENERATION TO DATEs
Steam Turbine 65946 MW
Gas Turbine 14265 MW

Total Gross 79761 MW

COAL AND SORBENT USEz
Total Coal Injected 27652 Tons
Total Sorbent Injected 14585 Tons

LONGEST CONTINUOUS COAL FIRE TO DATE:
740 hours (June 8 - July 10, 1992)

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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of the hot gas clean up test sllp stream was installed.

Addltlonally, a significant coal crusher test program was undertaken

in an attompt tolmprove coal paste quallty and crusher rellabillty.

The unit was returned to service on May i0, 1992, but experienced

a leak in an expansion Joint of the newly installed hot gas clean

up piping. The one cyclone string used by hot gas clean up was

blanked off to allow the unit to run with six cyclone strings.

The unit was returned to service on June 8, 1992. It ran

continuously for 31 days at 70q capacity factor. During this run,

the contract acceptance tests were run. The unit was taken out of

service in a controlled manner on July 10, 1992, for equipment

inspections.

1.5 System And Component OpeC_t_na Exnerience S,ummarv

During the first eighteen months of operation, experience was gained

in operating the PFBC island and auxillauyequipment. Thl8 section

details that experience and modiflcations that were made to improve

the performance and operability of the equipment.

1.5.1 Post-Bed Combust£on

Poet-bed combustion in the cyclones was experienced during the

first year of operation. Two types of fires occurred. The

first type occurred malnly at low loads and were centered in

the dip leg region of the cyclone. These flreswere attributed

to excessive carryover of carbon at the lower bed levels, and

were particularly present when sorbent injection was not in

service.

The other type of fire involved the entire gas stream through

given cyclone strings. This type of fire was attributed to

combustion of volatile8 that had not burned in the bed due to

oxygen depleted plumes located near the fuel nozzle outlets.

Efforts were directed at achieving better distribution of the

fuel in the bed, which resulted in some improvements. It was

also determined that the intensity of the fires could be

reduced with drier coal paste. It Is belleved that drier paste

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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produces larger and more consistent sized agglomsrates in the

bed, which slows down the volatile release rate. The slower

release rates allow the fuel agglomerates to better mix in

oxygen-rlch Be_tlons of the bed.

During the Fall 1991 outage, additional modifications were

made to the fuel injection system to achieve better

distribution of the fuel. Also, a freeboard gas mixing system

that employs cream jets was Installed in order to prevent

excessive individual cyclone string temperatures associated

with volatile fires. The intent of this Bystemwas to achieve

combuBtion of escaping volatileB in the freeboard region.

Operation of the steam Jets would spread the heat roleaBe over

the entire gab flow, rather than allowing it to concentrate

in one or two cyclone strings where it would result in

temperatures that approach material limits, and necessitate

a load reduction or trip. In addition to these physical

modifications, further efforts were expended during the outage
\

to attempt to produce a drier coal paste that was pumpable.
,.'

During the runs that followed from December, 1991, to March,

1992, the above efforts produced a noticeable improvement on

volatile fires/ however, ongoing efforts to dry out the coal-

water paste frequently resulted in coal injection llne plugs.

One new problemdeveloped. The cyclone dip leg fires that had

previously occurred only at low loads were now occurring at

much higher loads in certain cyclone strings. These fires

were able to beaontrolled through use of the freeboard steam

,nixing oyBtemthat apparently acted to more evenly distribute

the unburned carbon to the cyclone strings.

Presently, with improved coal paste and the use of freeboard

mixing, the unit operates with no evidence of any significant

dip leg or volatile fires.

1.5.2 Boiler

The amount of In-bed tube surface initially installed was

insufficient and resulted in achieving only 73% of design In-

bed heat absorption at the original full bed height of 126

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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inches. During the Fall 1991 outage, approximately 25% more

in-bed surface was added above the existing tub@ bundle, with

the intent to achieve full design absorption. Due to the

presence of post-bed oon_uotlon and the gas turbine inlet

temperature limitation, the design bed temperature used to

slze the surface addition was 1540 F versus the 1580 F original

design value. At the new full bed height of 140 inches, the

in-bed surface Is still not sized for the original design heat

input. Firing rate is limited to 93% of the original design

value of 205 MWt.

1.5.3 BconomINr

The finned tube economlzer exhibited significantly heavier

fouling than originally anticipated, which reoulted in high

gas-side velocitieo. Vibration induced by these high

velocitleo is believed to have been the cause of four tube

leaks that occurred during the Summer of 1991. During the Fall

1991 outage, four oootblowero were installed to reduce the

fouling and anti-vlbration ties were Installed to eliminate

the cause of the tube failures° While no additional tube leako

were experienced, there was otill heavy fouling in regions of

the economizer that the sootblowers could not reach.

Therefore, four additlonal oootblowers were installed.

However, the economizer gas exit temperature is still high.

1.5.4 _orbent Injection svotem

During Inltlal start-up, the oorbent injection system

experienced operating difficulties related to valve and rotary

feeder binding and wear. As a result of changes to rotary

feeder material, drive modifications, and valve repair and

replacements, this system is now very reliable.

In addition, the transport piping experienced severe erosion

at the bends. These bends, which are essentially crosses,

originally had a hardened steel lining. The all metal pi_D

crosses were replaced with ceramic llned crosses which have

not eroded. However, the 1act piping se_uento, which ar.e

stainless steel and act as the injection nozzles, have

Tidd PFBC Demonstration Project DE-FC21-87 MC-24132.000
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experienced accelerated erosion. This pzoble is presently

under investigation. The straight piping sections, which have

a hardened steel lining, have not experienced erosion.

Another problem encountoredwith the sorbent injection system

was the formation of morbent based "clinker" deposits in the

tube bundle above the injection nozzles and adjacent coal

nozzles. The clinkers, which were formed from very fine

sorbent particlem, showed no evidence of particle melting and

appeared for the first time in January, 1992. Since there had

boon no major changom to the oorbont injection system prior

to the clinker formation, the cause for those clinkorm was not

readily apparent. However, by shortening the sorbent injection

nozzles and changing the point of morbent admission into the

bed, the clinkers have been eliminated.

1.5.5 Coat P=eparatio_An_ coal Intect_on systems

The coal preparation system was designed to crush 314" x 0

coal to a size that was suitable for both paste pumpability

and combustion within the fluidised bed. For pumpability, the

most critical requirement is that 20t of the crushed coal must

be si=ed to minus 325 mesh, which then permits the moisture

content of the paste to be lowered to approximately 25t by

weight. As the percent of minus 325mesh fines decllnesbelow

20%, the molsture content must be increased to malntaln good

paste pumpabillty characteristics.

During the first 14 months of operation, the coal crusher was

not capable of producing the proper slze distribution of coal

required for good pumpabillty. Wlth the coal fines fraction

varying from 12% to 15% through minus 325 mesh, the moisture

content of the paste had to be maintained in the 25% to 28%

range. The additional moisture resulted in post-bed combustion

and cyclone fires.

Numerous changes were made to the crusher system to improve

the minus 325 mesh fines fraction without success.

Modifications included installing larger drives, machining

grooves on the flat roller surface, and testing several
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different control modes. Prior to the gas turbine outage in

March, 1992, a recycle loop was added to the crusher. This

permitted up to 100q of the feed coal to be recycled through

the crusher, producing the desired amount of minus 325 mesh

fines,, During the 31-day continuous run in Juno, 1992, the

suitability of thla operating mode was verified. Coal paste

minus 325 mesh fines ranged from 18q to 22q, and moisture

contents were consistently maintained at 241 to 26% moisture

by weight.

Another significant coal paste system modification was the

distribution of paste within the paste storage tank (hourglass
i

shaped in plan view). As originally designed, the paste was

fed into the tank on the extreme left side of the tank, and

the moisture distribution across the tank was not uniform.

This maldistribution carried through to the combustion process.

The three left side injection pumps and nozzles saw drier paste

and were more prone to plug, and the side of the fluidized bed

which saw paste with higher moisture contents experienced more

significant post-bed combustion.

In May, 1992, the coal preparation system was modified to

uniformly feed prepared paste into both sides of the tank.

During the 31-day run, the proper size paste and good tank

distribution resulted in minimal pump pluggages and more

uniform post-bed temperatures.

The other modification made to the coal preparation and coal

injection systems was with regard to corrosion. The Pittsburgh

#8 coal, when mixed with water, produced an acidic paste (pH

of 3). Thl8 resulted in significant corrosion of the coal

mixer and paste pumps from November, 1990, through September,

1991. During the Fall 1991 outage, all carbon steel surfaces

in the mixer and paste pumps were replaced with stainless

steel, and some minor components were coated to prevent

corrosive attack. To date, these modifications have been

successful.
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1.5.6 Gee clean£na _y_lone_ _nd Ash l_n_val Svstms

The gas cleaning cyclones were designed to clean the ash-

laden gas strew from the fr_nboard down to a particulate

level that would mlnimise erosion of gas turbine blades and

components. The cyclones consist of seven parallel strings

of cyclonog, oath with two stago8 of cyclones, a primary and

a secondary cyclone. The ash collected in cash cyclone is

pneumatically transported out of the combustor vessel.

Pluggage of the secondary cyclone ash removal nystemresulted

in a number of outages during early plant operation from

December, 1990, through March, 1991.

The seven primary and seven secondary ash lines originally

combined into one line which transported the combined ash

stre_to the cyclone ash silo. In March, 1991, the primary

and secondary systana were decoupled, and the secondary ash

line was routed to the precipitator inlet. In addition,

modlflcationswere made to the ash lines inside the combustor

vessel to reduce pressure drop and lmprove transport capaclty.

After these changes, secondary ash transport capacity was

sufficient to permit reliable operation of the secondary ash

system. At shutdowns, however, ash buildup in the cyclone dip

legs would not permit restart of the unit until that ash was

removed from the dip leg. In order to minimise the impact of

this buildup on unit operation, the dlp legs on all secondary

cyclones were shortened by approximately 20 feet by the end

of the Fall 1991 outage.

After the Fall 1991 outage, pluggage of the secondary ash

system again impacted unit availability, in mld-January,

1992, the plugs were found to be caused by excessive pressure

drop in the secondary ash line external to the combustor

vessel. The excessive pressure drop was eliminated and the

system began to function properly. Operation during the Spring

of 1992 has indicated the secondary ash removal system was

marginally acceptable. Plugs still occur at start-upl however,

they generally unplug as the pressure vessel pressure increases
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after coal fire. During the 31-day run, one cyclone remalned

plugged throughout the run. This was found to be due to a

restriction cauoedby a foreign object.

The operation of the primary ash removal system has been

acceptable, except for a two monthperlod in mid-Z991. During

this period, which started in June, 1991, pluggage of the

primary ash removal system began to impact unit operation.

At first, each plug could be traced to a oyst_nupoet, usually

in the oorbent injection syot_n. It was thought that the

system upset resulted in a temporary increase in ash to the

cyclones, which overwhelmed the ash transport capabilltleo.

However, in September, 1991, the oyotemwao totally dlomantled

and inspected as part of the Fall 1991 outage, and the real

cause was discovered. During the outage, it was found that

air leakage into the primary ash line flanged connections

inside the combustor vessel had significantly reduced the

transport capacity of the system. Therefore, the oyotemupoeto

merely overwhelmed a system that was operating at marginal

capacity.

During the Fall 1991 outage, all bolted flanges in the

secondary and primary ash lines inside the v6ooel were

disaooembled and inspected. At that time, it was found that

shop fabrication flawo in the prlmaryand secondary ash system

components resulted in significant air leakage into both

systems. The majority of all bolted flangeo on the oeaondary

ash lines were eliminated and replaced bywelded connections.

However, due to the design of the primary ash lines, bolted

flanges could not be easily eliminated. All flanges were

reworked, and the system returned to service in December, 1991,

with no air leakage. Air leakage continued to be a problem

due to thermal cycling of the flange bolts. A program was

undertaken to eliminate as many primary ash llnebolted flangeo

as possible.

1.5.7 Gas Turbine

The gas turbine experienced a measurable amount of erosion

after 2100 hours of coal fired operation.
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This erosion has been due to operation with plugged primary

cyclones and with one cyclone string bypassed. As a result

of the observed erosions, the unit Is immedlately trIppedwhen

pluggage of a primary cyclone is detected.

The gas turbine air leakage rate has been higher than aeslgn,

limiting the firing rate at ambient temperatures above 60 F.

Cracks were found in the rest area on many of the low prelsure

turbine blades in March, 1992. The cracks were attrlbutedto

high order resonant vibration. New blades, designed to prevent

this problem, were Installed before the unit was returned to

service in May, 1992.

1.5.8 Unit Performance

Unit acceptance testmwere conducted in June, 1992, during the

• 31-day run. The testswere conducted at full bed height, with

the maxinmmflrlng rate and bed temperature attainable. Test

results for key parameters are presented in Table II, with

design values noted for comparison. This higher firing rate

was possible due to increased gas turbine compressor c2paclty,

at lower ambient temperature, and operation with reduced excess

air.

Firing rate during the tests was limited due to a combination

of air dellveryand in-bed tube bundle absorptlon capabillties.

The steam flow was impacted by both in-bed and economizer

absorption deficiencies. The gross unit output was affected

by all of the above, plus a reduced steam cycle and gas turbine

: efficiency.
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•q_ble ZZt Tldd PFBC Demonstration Plant
Full Load Unit PezfoEmanae

II [q- till -..... ;_'........ I1 ..... I[ I I r'l I .......

Test Number 6
Test Date 06/14/92 Design

Unit Firing Rate, MW 187.0 206.3
Gross Unit Output, MW 60.1 72.5
Mean Bed Taaperature, dog F 1551.0 1580.0
Bed Height, inches 142.0 126.0
RXCOII Air, percent 19.8 25.0
Main Steam Flow, kpph 395.0 442.0
Sulfur Retention, percent 92.7 90.0
Ca/S Molar Ratio 2.1 1.6
Predlcted Ca/S (90% 5,/1580 F Tbed) 1.7 ---
NOx Bmlsslonm, Ib/_tu 0.17 O.25
Cxu_bustlon Bfflclency, percent 99.4 98.0
Bconomiser Gas Outlet Tamp., deg F 419.0 355.0

1 iiT i ii i i ii I [ II IIII IIII

1.5.9 Summary

As of June 30, 1992, the Tidd PFBC Demonstration Plant ham

completed over 2,100 hours of coal fired operation, while

meeting Itm environmental performance obJe_tlvee. With the

31-da¥ continuous run, the unit met its reliability obJo=tlvee.

Additional testing scheduled for the remainder of the thram-

year demonstration period will metre to assist in emtabllshlng

the demlgn basis for future commercial PFBC plantm.

The main operating probleus prior to the successful runs in

1992 were attributed to the =eel preparation and cyclone ash

removal systems. OUr oxperlence to date emphaslses the

importance of the coal preparation system in providing reliable

coal InJeution and proper ccmbustlon, and the importance of

the c,f_lone ash removal system in ensuring sufficiently clean

gas for gas turbine survlvability. While refinement of all

PFBC systems will continue, the cyclone ash removal and coal

preparation systems will require the most significant efforts

for c_rclallmatlon of the PFBC teuhnology.
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2.0 PLANT DISC_I]_ZON

2.1 ReDowezina Tidd

The Tidd Plant, which was originally oamimsione4 in 1945, was
retired in the late 1970's beeaume it was unable to meet emission

standards. At that time, 01_o determined that it would not have been

eaonomloal to retrofit the plant with the necessary controls to meet

the standards. However, Tidd has now been repowared with an emerging

clean coal technology.

The old pulverised coal fired boiler has been replaced with a

pressurised fluidised bed combustor, and a gas turbine has been

added. The PFBC combined cycle system was used to repower Unit i,

one of two Ii0 MWe units at the Tidd site.

Much of the original equipment has been refurbished. The plant's

steam oycle is utillslngmany of the existing components, including

the steam turbine generator, condensate and foodwater heaters, and

pumps.

Many of the service buildings, control systems, and piping systems

also have been utilised. The existing structures for storing 81d

handling coal and dolomltearebelng used, saw ell as a 138,000 volt

switchyard from whlchpower is sent into AEP's transmission system.

Major new equll_ent that has been installed includes the pressurised

fluidisedbedcombumtorand related components (including the boiler,

bed amh relnJectlon systsmandcyclones), the gas turbine, coal and

sorbent preparation and injection systems, the economiser, the

electrostatic precipitator, ash removal and disposal systems, and

electrlcal components (including transformers and swltchgear). It

also has been necessary to construct new foundations, buildings,

and plplngand electrical systems needed to Integrate the PFBCsystem

with the balance of the plant.

The new PFBCpower island, which includes the oombustor, gas turbine,

and coal and sorbont systems, is loaded in a new building next to
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the wall of the original Tldd Unit 1 in one of the original ash

ponds.

The new economiser, electrostatic precipitator, ash silos, and

electrical control building are located nearby. This layout allows

maximum use of existing Tldd facilities.

2.z T_dd ericp_ zsZand

The Tidd PFBC Demonstration Project is the nation's first PFBC plant

to operate in a true combined cycle mode, with both a gas turbine

and a stesm turbine generation electricity. Tidd's new PFBC power

island, which hag been incorporated into the existing conventional

steam cycle, has a steam flow of about 400,000 pounds per hour at

1300 psla and 925 F, and 8 gross electrical output of GO MWe (47)fifo

from the steam turbine and 13 MWe from the gas turbine).

The Tidd Plant will dmnonstrate a presmurized bubbling fluldlsedbed

operating at about 175 pgla. Pressurised combustion air is supplied

by the gas turbine. In the combustor, air fluidises and entrains

bed materlals consisting of the fuel (coal-water paste}, coal anh,

and dolomite sorbent.

2.3 Cycle DesCription

2.3.1 H_eat Balance

The design full load heat balances for the gas olde and the

steam side of the ccxnblned cycle are shown in Figures 3 and

4, respectively. The figures show the expected Performance

of the unit at 100% load, 69 F ambient air tamperature, and

60t ambient relative humidity.
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2.3.2 Cycle Configuration

The PFBC island wag incorporated into the existing Tidd Unit

1 conventional Stout cycle. The Tldd Unit 1 steam cycle is.

a 1940'm vintage oyole, with original steam conditions of

90Or000 lb/hr steam flow at 1300 pmia and 925 F with no reheat,

which produced 8n electrical output of 110 MW at a cycle

efficiency of 31t. As configured for PFBC operation, the plant

has a design steam flow of 440,000 Ib/hr, at 1300 psla and 925

F, which produces a grogs eloctrlcal output of 57 MWe from the

steam turbine, and 15 MWe from the gag turbine, with a net

cycle efficiency of 34t.

2.3.3 Air/Gas Cycle

Ambient air enters the low pregsure compressor section of the

gas turbine and in compressed to 69 psia. The compressed air

is cooled by condensate in the gag turbine intercoolor. The

air then enters the hiqh pressure compressor, whore it ig

further compressed to 174 pela and 672 F (Figure 3).

The hot compressed air is then directed through the outer

annulus of a coaxial alr/ga8 pipe, and then into the pressure

vessel. Once inside the pressure vessel, the hot air is routed

through a gerleo of internal cyclone ash coolers, where the

air is further heated before it is dlrectedlnto the fluidised

bed via a system of sparse ducts.

In the fluldlzodbed, coal-water paste (25t by woight nominal

water content} is burned at a temperature of 1640-1680 F. The

8orbont is injected into the bed via a pneumatic system. For

the 3.4% sulfur Pittsburgh #8 design coal and 90% sulfur

retention, the full load deglgn calclum/sulfurmolar ratio is

1.64, when using dolom£te an the gorbent.

After leaving the fluidised bed zone, the hot gages and

entrained ash particles enter the freeboard zone, where the

excess air content Ig controlled to about 25t. The hot gases

and entrained ash then pass into seven parallel sets of

cyclones, each with two cyclones in a gerleo. The cyclones
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are dosi_ to remove 99t of the entrained ash fr_ the gas

stro_. The gas is cleaned sufficiently to pass tl_ough the

gas turbine without deleterious erosion of the gas turbine

coar,_nentm.

After exiting the cyclones, the gas is collected in a manifold

and exits the pressure vessel at 149 psia. The gas is directed

through the inner pipe of the coaxial pipe, paot the hot gas

intercep_ valves, and into the high pressure gas turbine at

1525 F and 146 pals.

There the hot gases are expanded through the high pressure

turbine. The gas then enters the low pressure turbine whore

it is further expanded, and is cooled to 350 F in the turbine

exhaust gas economiser.

After the economiser, the gas enters the electrostatic

precipitator, where it Is further cleaned to moot the New

Source Performance Standards (NSPS) for particulate of 0.03

Ibm/million Btuboforeboingmuittodto the atmosphere via the

Cardinal Unit 1 flue gas stack. In testing at Tidd to date,

the gas stream has exhibited particulate levels on the order

of 0.01-0.02 Ibm/million Btu.

2.3.4 Steam Cycle

The 8tean cycle (Figure 4) is a Rankino cycle, with a once-

through Bongon type boiler. Condensate from tho condenser is

heated from 74 F to 259 F in three stages of low pressure

heaters and the gas turbine intercooler as it ls pumpodto the

deaorator by the hotwoll and condensate booster pumps. From

the deaerator, the foodwater is pressurised by the tank pumpa

to 817 pala, and further heated to 295 F by the single high

pressure heater before being fed to the auction of the

feedwaterpump. The flow is further pressurized to 2038 pals

by the feedwater pump, and directed to the economiser where

heat in the gas exiting the gas turbine further preheats the

foodwater to 485 F. From there, the feedwater is routed to

the pressure vessel and enters the boiler at 475 F and 1868

psla.
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The foodwater enters the boiler bottom, which le comprised of

the walls of the two ash hoppers. After passing through the

boiler bottom, fluidised bed, and freeboard wall enclosures,

it enters the in-bed evaporator surface where boiling occurs.

Steam, which Is two phase up to about 40t load and slightly

superheated at full load, is conveyed to the ve_bical

sepaz&tor. At lower loads, the water from the separator is

recirculatod through the boiling surfaces with the assistance

of a circulating pump. The steam from the separator then

enters the in-bed primary superheater. From the primary

superheater outlet, spray attm_eration is used to control

final steam temperature exiting the boiler. From the

attomporator, steam is directed to the in-bed secondary

superheater, and then exits the boiler at 1335 psia and 925

F.

During start-up and in the event of a steam turbine trip, a

50t bypass system to the condenser and a pressure control

valve to atmosphere serve to dispose of the excess steam while

controlling the boiler pressure/tmnporature decay, and

preserving as much of the treated water as practical. In the

event of a loss of plant power or loss of the boiler feed pump

during operation, a backup feedwater system is also provided

to maintain water flow to the boiler circuits exposed to the

heat contained in the slumped bed.

2.4 Pr6C Systems

One of the key objectives of the Tidd Demonstration Project is

successfully scaling up the PFBC system from pilot plant slse to the

200 MWt Tidd Plant. The 15 MWt integrated pilot plant, located at

the PFBC Component Test Facility (CTF) in Sweden, was designed to

test components, process variables, and control systems at near

conmrclal size. The testing performed at the CTF has enabled ASP

to verify the design conditions projected for the Tidd PFBC

Demonstration Plant.
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2.4.1 Prensu:e Vemmgl

& single oylindricai pressure vessel contains the boiler,

c_lonee, cyclone ash coolers, and be dash roinJectionsyst_.

This arrangement ailows the c_eponents within the yes|el to

designed for a relatively low differential pressure, even

though the p_ooema premmure is relatively high.

The pressure vessel is externally insulated and is designed

for internal operating conditions of 690 F and 170 pain. It

consists of a vertical cylindrical shell about 70 feet high

and 44 feet in diameter, with elliptical heads.

The pressure vessel heads include r_vable service _nings

that allow for the removal of internal ocaq?onentm. Xn

addition, internal and external service platforms, lifting

devices, and access doors are provided to permit service and

maintenance of both the internal and external systems.

2.4.2 PFBC Boiler

The PFBCboiler enclosure IS de|ignedwithmambrane water wall

const:dction. At normal operating loads, the boiler is a

subcritioal, once-through unit. There are three major s_tlonm

in the boiler--the boiler bottom, the bed sons, and the

freeboard.

The boiler bottom consists of fluidising air ducts arranged

on top of a pair of m m brans water wall hoppers. The hoppers,

which ranain full of ash during operation, direct the spent

bod to the bed ash removal systmn.

The bed zone is designed as a drop (11.8 foot), tapered,

fluldlsedbed in which the superheater and evaporator sections

are submerged. At full load, all of the evaporator and

superheater surfaces are submerged within the bed. At reduced

loads, the bed level Is lower, thereby exposing portions of

the surface. The surface above the bodconvoctively cools the
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games feeding to the gas side beoauu the convective heat
transfer rates are lower than those within the bed.

In the fr_azd sections excess, air in the hot gas LO

controlled to about 2St. The freeboard i8 eised to minimise

the e!utriatkon (separation) of fly ash by the gas flow, and

in internally insulated to out heat loon on the way to the gas

turbine.

2.4.3 Bed Ash Rein_£on System

Bed level is the main controlling _ameter in the PFIK_ boile_.

The bed ash rolnJeotlon sygt_ permits rapid change in the unit

load by transferrlng bed material to and from a palr of

relnJeotlon vessels located inside the ccwbustor pressure

vessel. Speolal handling devices are used to admit bed

satorlal stored in the relnjeetion vessels into the bed, thus

Incroaslng load. To decrease unit load, bed material is

pneumatically transported from the bed to reinJection vessels.

Air from the combustor pressure vessel transports the bed

material to and from the reinJoction vessels. The transpo_

air flow is s_ated from the ash and vented outside the

ccadDustor into the main combustion flue gas. The reinJection

vessels are no_nally at the same pressure as the boiler;

however, during load decreases, they are at a slightly lower

presstlre.

2 • 4.4 ba h P_moyjl qvR8

Fine ash, collected in the cyclones, is continuously removed

by a pneumatic transport system. The ash 40 cooled and a

portion of the heat is recovered in the combustion air.

Depregsurisation requires no lookhoppers or valves.

Granular bed ash is continuously removed by gravity from the

boiler bottom hoppers in order to maintain the desired

fluidised bed level. Two parallel lookhoppors, each serving

one of the bottom hoppers, are filled and emptied

independently. When full, the Iookhoppers are depressurlsed
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by venting and eq_ied by g_avity into a stamen atl-JnOSl_erio

);_essure hosqmr. From here, the ash is fed onto an enclosed
con_eyor system and transported to the storage silo.

2.4.S

To reduce particulates flowing to the gas turbine, the exhaust

gas leaving the u_r part of the belle= fringe:pard passes

through a series of cyclones. At Tldd, there are seven

parallel strings of cyclones, each with two stages of

separation. The gas is convoyed from the boiler to the first

stage cyclones through connecting flues. Gas flows from the

second stage oFclones to a manifold and then exits the pressure
vessel. It then makes its way through the inner portion of

a coaxial pipe and past the hot gas intercept valves on its

way to the gas turbine. The c,_:lones and gas oollec_ing pipe
are insulated to minimise gas temperature losses.

2.4.6 Gas _bineG_nerator

The gas turbine st the demonstration project, the GT-3SP, im
a modified_BAStal GT-35 that is uniquely suitable for PFBC

applications. This turbine is arranged in line on two shafts.
The variable Iplmd, lOW pressure oca_rellOr £8 m_:hanically

coupled toitsdrivinglowprenure turbine on one shaft. The

high pressure turbine drives both the constant speed high
pressure compressor and the electric generator. An epicyclic

gear reducer couples the electric generator to the high

pressure shaft.

With the combined cycle design, combustion gas temperatures
fall when unit load is reduced because the lower bed height

exposes more steam generator tubes. As gag temporature dropm,

the low pressure shaft speed decreames, lemmeningthe pressure
and flow of combustion air. Thus, the free spinning low

pressure shaft allows the air flow to vary with unit load.

Design mod£fications made in the gas turbine to JJnprove

reliability in PFBC applications include docreag£ng loading
on the first turbine stage by adding an extra stage, and
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increasing stability by oonneoting the high _sssure shaft to

the power turbine shaft by using a gear train.

2.4.7 Boonomise_

The once-through turbine exhaust gas economiser at Tldd

re:overs heat from the gas turbine exhaust for preheating the

feedwater. Tldd's economiser is a modula_ design, with the

flue gas flowing horisontally across vortical, in iine_

opirally finned water tubes, zt As in series with the

condensate heaters and replaces existing high pressure

feedwater heaters.

2.4.8 Blec_crostatic Preo£u_ator

After leaving the economiser, the gas enters the electrostatic

S_ecipitator. Here, the gas is further cleaned of particulates

to the NaPS level of 0.03pounds get million Dtuo The gas is

then released to the atmosphere via the flue gas stack.

2,4.9 Coal Feed System

The coal is pumped into the bed as a coal-water paste.

To form the paste, uncrumhod 314 inch seal is fed from a 45

ton capac_y surge hopper into a double roll orumher. After

c:ushing, aST:oxi_stely 50t of the seal is reci:culatedto the

crusher inlet to achieve throughput with 20t fines (minus 325

mesh). A system of conveyors then transpoz_s the crushed coal

(1/4 inch) onto s three deck screen to eliminate oversisod

pieces, and into a pug mill type mixers which adds 25t water

by woight to the coal.

A spOclflc coal sise distribution is u|edto eliminate inter-

particle motion and to make pumping the pasta easier. The

seal'|moisture is measured on the weigh feeder, and water is

added to the mixer to prepaze the paste. It then goes directly

into a fuel food hopper which has a one hour storage capacity.
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The feed hopper supplies six parallel hydraulically operated

coal in_ootion pumps that deliver the fuel to the boiler.

Bach pump feeds fuel into the boiler through a dedicated guml

hassle.

2.4.10 8orbent Feed gvmtam

8orbmnt (dolomite), stored in a 70 ton capacity surge h_r,

is first fed into an _mpact dryer mill. The sise of the

sorbent (1/8 inch) is controlled by • vibrating sorNn and

heated a£r flowing through the mill. The sised material 18

swept from the mill by the hot air and then sorted by • _lone

separator and • baghouse. A vibrating across, located at the

outlet to the cyclone separator, diverts oversised material

back to the mill. The fin•l product ia transported by conveyor

into a 200 ton sorbent storage hopper. The hopper has two

outlets to feed the morbent ln_ection system.

Lookhopperm receive the prepared sorbent at atnospherio

pressure. When full, the lookhoppers are isolated from the

storage vessel and pressurised to a level slightly higher than

the oombustor. Variable mp4_d rotary feeders nmter the flow

of morbent to pneue_tio conveying pipe. When the lookhoppers

are ampty, they are isolated from the cced_ustor and are vented

to the atmosphere through • bag filter. When completely

depremsurised, they are refilled.

A new system was installed am part of the c_morcial PFBC

plant verification testing to allow mixing sorbent fines with

the coal-water paste. This system can accept sorbent fines

from a bulk truck and transport the fines to the coal-water

paste mixer. Testing will be conduced to evaluate the

J4nprovemont in sorbont utilisation due to JJproved gorbent

fines distribution.

2.4.11 Control System

A distributed progrumable logic system is used to collo_

signals and measurements. The control system, a Bailey Network

90, uses eight process control units divided into the following

Tidd PFBC Demonstration Pro_ect DB-FC21-87 MC-24132.000
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mK_los: gao t:urbino, oombustor, stoom turbine, balanoe of

plant, and oafety. Theoo units perform the oontrol of

individual plant £tm,t, and also moot of tho _oordLnat£ng

oontrol, £nterlooking, lind auton_tic funotion involving groups

of related items.
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3.o _ST

3.1 Goals and Ob4ect£ves

The overall obJeatlve of the Tidal test p_ogram is to provide the

data base and oxImrlenao to he applied to the detailed design,

operation, control, and malntenance of lazge scale coammrclal PFBC

combined cycle plants.

The major goals of the toot program are:

• To demongtrate that a gas turbine opo:-ated in a r_bined cycle

mode can operate for an acceptable life betmmn rebuilds, have

8_ceptable availability, and be easily controlled.

• To dmnonmtrate in-bed tube bundle survivability.

• To damonstrate that PFBC can achieve omission levels better

than the requirements of the Clean Air Act.

• To investigate the commercial potential of Plq_ ash.

• To demonstrate that PFBC is an economic alternative to

• pulveriped coal-fired plants with flue gas desulfurisation and

other clean coal technologies.

These goals will be accomplished through data collection and testa

to demonstrate:

• Scale-up to demonstration plant siso.

• Operability of combined cycle systems under steady state and

dlmamlc condit£on8.

• Optimised process performance over the operating range,

including performance of various combinations of coals and

aorbentm.

Tldd Pl_¢ Demonstration Project DB-FC21-87 NC-24132.000
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• lqu£immnt ]perfomanoe, Includlng ope=ating data ore= the load

=ange, e=os£on charaoterist£os of Plfl_ components, and

develcTemnt of a It_ (reliabi1£t¥/avsi18bil£t¥/malntalnabil£ty)

data base.

• Dynamic systems response, including load following.

• OprabilLty under bl_kout or trip conditLons and other off-

no_mal oporat£ng nodes.

3.2 Tegt Sch_lul!m

Table 3 provides the schedule for the Tidd test progre.
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4.0 PLANT OPr_TION8

This section provides a narrative of the individual oporatlng rune from

October, 1990 through a_ptambor, 1992. 8_tion 5 provides a summa_ of

the spoclflc tests accmepllshod during this time l_erlod.

4.1 Oneratlons D_zlna F_rst Ouarter._1991

The unltwas operated on 15 occasions at bed levels up to 95 inches

for a total of 376 hours (including gas turbine prewazming). The

gas turbine, fuel handling, bed ash removal, and other combustor

auxiliary systems, as w@ll as all existing Tidd systmus, functioned

well with only minor problems.

Temporary modifications were made to improve perfo_nance of the

socondszy cyclone ash removal system, Purge air was added to the

cyclone bellows boxes, sections of the internal ash coolers were

bypassed, the external cooler was eliminated, and the ash d£schazge

relocated to the gas turbine outlet.

Numerous problems were experienced with valves and feeders in the

sorbent injection system. Feeder problems were corrected and some

valves in the system were slated to be replaced for reliable

operation.

The finned tube economiser experienced fouling with ash deposits.

Bxtensive tuning, adjustments, and modificationsweremade to enhance

controls, steam generator vertical separator level control was

especially troublesome.

Unit load was limited to 95 inch bed level due to secondary

combustion in the freeboard and cyclones which caused cyclone and

gas turbine temperatures to approach design limits.

An additional Lmproved data acquisition system (Plant Operations and

Perfoz_umce Systems - POPS) was installed to enhance operational

monitoring of the unit.

Tldd PFBC D_aonstration ProJe_c DB-!_21-87 NC-24132.000
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4.2 Oeez&t£ons Durlna 8eoondOuartor. 1991

The unit was fired with ell or coal on 13 occasions at bed levels

up to 126 inches for a total of 457 hours. Maximum bed height of

126 inches was reached for the first time at 07:00 hours on &pril

21, 1991. Boiler injection on loss of feedwator flow was tested

successfully on Nay 18, 1991. The gas turbine cleaning with
Carboblast was used for the first time on the LPC on Juno 2, 1991.

The econcmlzer was mechanlcally cleaned and two sootblowers were

Installed to clean the tubes on a routine basis while the unit is

operating.

4.3 ODe=@t_onp DUrinG Th_=d Ouazt;#r. 1991

The unitwas operated for a total of 391 hours (including gas turbine

prewarmlng). There were nine gas turbine starts, seven bed

preheating starts, and five operating periods with coal fire. The

peak gross hourly output of 39 _ was from 04s00 hours to 05:00

hours on September 7, 1991. The longest coal fire was 109 hours 44

minutes, ending at 16:39 hours on August 13, 1991.

Testing was done and data taken at different bed levels for B&W

surface evaluation for the addition of heating surface.

8cam parts of the coal paste preparation systRn and the coal

injection system have exhibited signs of corrosion/erosion during

this period. These problems have been attributed to the low pH of

the coal paste mixture.

4.4 Overations Durina Fourth Ouarter. 1991

The unit was operated for a total of 111 hours (including gas turbine

prewarming). There were three gas turbine starts, eleven bed

preheating starts, and two operating periods with coal fire. The

peak gross output of 41MWH was for the period of 12:00 hours to

13:00 hours on December 18, 1991. The longest coal fire was 24

hours 24 minutes, ending at 03:04 hours on December 19, 1991.

T£dd PFBCDRnonstration Project DB-FC21-87 MC-24132.000
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4.5 Ouarat£ong Dur£na r£rst ouar_er. 1992

The unit was operated for a tc_al of 633 hours (£ncludlnq gas turbine

prowsrm£ng). There wore eleven gas turbine eta:t0, eleven bed

preheating starts, and nine operating periods with coal f£re. The

peak gross output of 69 NNH was for the period of 00sO0 hours to
01s00 hours on January 16, 1992. The longest coal f£re was 154

hours 7 minutes, ending at 10ssg hours on January 10, lgg2.

4.6 _perat£ons Dur£na Second Quarter. 1992

The un£twas operated for a tc_sl of 606 hours (including gas turbine

prewarm£ng). There wore two gsg turbine staz"cs, three bedpreheat£nq

starts, and thrNoperat£ng periods with coal f£ro. The peakgross

output of 68 _ was for the period of 22:00 hours to 23t00 hours
on June 12, 1992. The longost coal f£ro was 510 hours bog£nn£ng at

18:00 hours on Juno 9, 1992, and tho unit was st£11 in serv£co at

tho end of the quarter (740 hours at shutdown on July 10, 1992}.

T£dd PFBG Demonstration Project DB-FC21-87 NC-24132.000
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S• 0 '_M,IITXNG ,MfD DATA _ZON

A_ter the initial unit: operation and shakedown, tests were oonduotod ks

determine prc_esses and system per_ormanoe at the Tldd Plant. TheSe tests
lnoludods

• Initial porformanoo Tests

• unvironmental _._:rplisnoe Test

• C:ontrsot Aooeptanoe Testa

• Splitting Air 8yeSes Tests

• Freeboard InJeotion System Testa

This session provides summa:lee and oonolusions o_ these tests,

S. 1 _nikial Pertormsnoe Tests

Tests were run to evaluate the performance o£ the Tidal Plant and the

validity of the test proooduros. These testa were run prior to the

addition of tube surface to the bed.

On Suns 25, 1991, from 14:30 to 20t30 BDT, test No. 1 Wall oonduokod

at a bed height of 126 inches and msxJJnum host input. The faring

rate was 74.5t of design full load.

On August 9, 1991, from 16:35 to 20835 BDT, test tie. 2 was conducted

with the unit operating st bed height of 76.0 lnohos and a faring

rate o£ 49.2t o_ design _ull load.

On August 12e 1991, from 08:45 to 13:00 BDT, test No. 3 was conducted

with the unit operating at s bed height of 90.2 inches and s firing

rate of 57.6t of design full load.

Babcock and Wilcox (B_W) also collected data during test No. 2 and

No. 3 to redesign the tube surface.
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5.1.1Su_u_ P_cont£on

Oaloulated aa/S for 90t sulfur oalrcUrO was near design during

toot No. 1, when PLttsburgh 8 coal and Plum Run dolom£to wore
fed in a normal mode.

Sulfur retention during toot No. 2 was loss than 9or. During
Test No. 2, sorbent feed rate was hold low In order to prevent

plugged cyclones.

During test No. 3, the sorbont was National LLmo No. 57
dolomite (1 £nohby4mooh) VerSUS thl Plum Run dolomite used

previously. The sorbent preparation system vendor had

requested that the perfornanco sorbent be used during system

acceptance tooting. Sorbent sloe fed to the bed was larger

than normal duo to a broken soreen in the oorbent preparation

system.

_ablo ZV8 Tidd PriSe Demonstration Plant
Sulfur Retention During Prol_minory Toots

H !i IIIIIII Iii[illlH_! ]II_IIIIMIIIIIIII II IIIII II _ ...............

Test Number 1 3 2
Toot Date 6/25/91 8/12/91

aedLavol, £nohoo 126.9 90.2 Y8.0
Mean Bed Temperature, r 1535 1530 1531

80= in Flue GaS, Ib/mmJStu .32 .53 .89
NOx in flue Gag, lb/mmBtu .25 o31 .28

Sulfur Retention, peroont 94.0 90.0 85.2
Oa/S J/olaf Rst£o 2.3 3.3 2.1

Pred£oted Ca/S (90t/1580 r) 1.69 2.98 2.25
Design Ca/8 (90t/1580 F) 1.64 1.95 2.12

I /111111 II I[ IIIIIIIIIIIIII II I IIII II II I II

5.1.2 _xnb_|t_ Performance

Combuotor performance was fair. The combustion offioiono¥ was

lower than the _ull load design combustion e_fioiono¥ of 99.0t
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The low combustion effLoLeno¥ during test No. 2 was due to

hLgh unburned eel-ben toss. The unburned carbon lose wag 2.3

percentage poLnt8 (_s.) vo_su| an unburno4 oezbon loss of

1.3 ppts. durLn9 provLoua toots. ThLs could have boon caused

by a cyclone ash sample that was not _eeontativo (carbon

£n cyclone ash was 6.8t). CO at the freeboard deol£ned over

the test perLod.

Heat £nput was ltJnLtod by £nauff£cLent surface area for heat

transfer in the bed.

_Lq_bXeV8 T£dd plrnc _nstratLon Plant
Combustor Performance During Prel_Ln_ Testa

Illi .... I]Jlllllll!lllllJlllll!llI I ............ JJ J J __i..................... J_l i ...... _ _JJJJ_i I I JJ_J .......

Test Number 1 3 2
Test Date 8/26/91 8/12/91

F£rAng Rate, Mwt 166 120 3)2.3
Combustion uffLoLenoy,

percent 98.6 98.8 98.1

Bxoess Air, percent 32.8 80.1 69.4

]reedwater Flow, kpph 328.5 247.0 219.1
Feedwater

Temperature, F 478.0 444.6 443.7
Foodwater

Pressure, ps£a 1693 1579 1633

Main Steam
Temperature, F 926 926 926

Main Steam
Pressure, psia 1324 1283 1286

&ttemperat/on Flow, klPlPh 10.7 8.7 8.4
Attemperat £on

Temperature, F 297.4 302 • 6 297.3

i • i iii I i Iilil i J I̧ .... I i I lllllllllllI Ii IIlilllll....

6.1.3 Gas T_Eb£ne/Coamres|or Performance

The gas turbine and compressor performance was evaluated. The

leakage flow was calculated from energy balances on the
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oombusto: and the gas turbine. The aalcmlated tea_qle is

approximately three times original design.

t_blo vz: Tldd P150 Demonstration Plant
Gas Turbino/C_xepresso: Output During PrelLminu7

Tests

Teat Number 1 3 2
Test Date 6/25/91 8/12/91

GaS Turbine Output, NH 11.4 S.3 3.7
Air Flow to BPG, klb/hr S2S.3 574.9 49.8
Air YlOW

to G:ad_ustor, klb/h: 543.2 50S.7 418_3
Air Leakage, percent 13 11 14

............. IIII I ......... [ I / .....

5.2 lnvironmental _lianoe Ten

On Fob_az7 7, 1992, a series of tests wore run to _ermino

o_liance with SOt and NOn emission limitations and to determine
emissions of O0 and pertloulato from the electrostatic l_ipltator.

Testing was performed by ]lnvironmental Source S_lers, Inc. The .,

following results were roper'cod8

•_d:lo VXZ: Tidd PFlJC Demonstration Plant
Hnvironmental Oomplitnco Toot Results

IIII IIIIIII I IIIIII I ituutttttulI II IIII11IIIII IIIIWIHIIII!III II / I IIIIIIIIIIII

Unit Conditions
Average Heat Input 179 NWt
Gas Temperature 415.1 F
Stack 02 6. it (dry)
Stack C02 13.1t (dry)
Unit Output 29.6 NW

Test Results Average Rmissions lhs_It Limit
802 0.5067 lb/mmBtu 0.511 lb/mmBtu
NOx O. 2379 Ib/mmlltu O, 5 lb/mmBtu
CO 0.0008 lb/nmBtu 0. O1 lb/mmBtu
Paz"ciculate 0.0192 lb/emBtu 0.03 lb/mmlltu

_1 ___11111111IJ i fillI I i l Ill.................... . *........ '1 I
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Tearing at the inlet of the eooncwLtaer wsa also perfozmod in order

to do, ermine the du_ loading to the gas turbine. The calculated

gee haas £1ow rate van extremely high during thie toot e18o. The

dus_ loading wee da_eTmlaod to be 350 - 480 PSmvo!ght during rheim
to,ca.

6.3 Cent=act Ao_ Tests

i Pe:formanoe temtm No. 6 and He. 7 wore _un on June 14 and _mo 15,
1992e to determine the performance of the Tidd plant relative to the

contract goala and guarantees.

6.3.1 I)eaorAn_Aon_ _

Theae rearm were conducted during the 30-day :eliability run.

During the 30-day period from 6/10 to 7/10, the unit operated

at a capacity leo'car of 69.4t. The load factor for this period
wao 81.0t. A lO0-hour full load endurance run was also

completed during this ata_c-up. Following successful

ccmpletion of the objectives of the run, the unit was z_moved
from oez_ioe for inalmotiona.

•_ble VZIZ8 Tidd PFB¢ Demonatration Plant
Run P__ero - TD-IlU-g2-0g-01

_HHI_H__[ _ _ _ _i_i_ .... _nf_ _H _ _i_!_]H _ _ .......

8ta_c Date (_nd coal fire) 06/09/92
8tart Time (2nd coal fi_) 18800
To_al Gas Turbine _:atLng Hours 782.5
Total Coal Fire Hours 748.0
lO0-hcmr nnduranoe Run _leted 6/15/92
30-day Reliability Run Completed 7/9/92
Ca_soLty Factor 69.4t

On the morning of June 13, egg ointera wore _ound in the bed

aah. This waa attributed to operating with low aplitting air

flow on June 13.

On June 13, firing rate wan set at 22800 B0T and data

collection wan begun. Data coll_:tion was stopped at 06:00

Tidd PFBCDemonatration Project DB-FCll-87 NC-24132.000
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on _ 14. The process data evaluated for the first toot was
colloote_t between 00: O0 and 04800 on Juno 14.

On June 14, data oollootlon was started at 22800 IS?. The

unit firing rate was not sot until 00800 because Oporatlons
was trying to match the unit conditions (aL_ flow) from the

provious night. Firing rats was 1.4 percentage points lower

than the previous test duo to a 3.2 F increase in ambient

temperature. The possess data evaluated for the second test
was oolleoted between 00t00 and 04800 on Juno lS.

ASTN coai samples woze obtained every two hours du:ing the
test periods using the autcamtic (Terns) sampler. Sorbont

sauplos were obtained in twelve-hour comPOSites, beginning

approximately twenty-four hours before the test periods began.

A grab sample of _oal paste was obtained for moisture analysis

every two hours during the test periods. Sod ash smaploe wore

obtained in two-hour camposites hetwoon eight and twelve hours
after the toot periods. One cyclone ash sample was obtained

from the rotsxy unloader Just following the toot periods.

The ash split wee determined during the dust loading tests

conducted on June 23, 1992, yielding 42. St of total ash as bad

ash and ST.St as cyclone ash.

5.3.2 Performance Ooals _ OUarLntOoa

The perfornanoo of the unit omnpared to goal and guarantee

parameters Is summarised below. The unit mot all perfornsnoe

guarantees except gas turbine _M output. The maximum heat

input was limited to apl_roxlmately 93t of original full load

design by the air available for combustion and by gas turbine

inlet temperature limitation due to boiler performance.

From a test conduotod 6/23/92 with six cyolone strings in

service, the dust loading to the gas turbine was 313 Plm,

versus a goal of 260 ppm. It is calculated that dust loading

Tidd PInG Domonstrat£on Project D|-FC21-87 NO-24132.000
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_JklLe ZZt T£dd p]riia lmoo_trat£on plant
l_fmman_ Goals and OUa_L_tms

I IIl_jiIr_ll_i!_[!ll!!lflji.. ............................. _ J _ "

Performanoe Ouazs_ees

• ost Iluabe: 8 7 Goal Oua:sntee

Gss TurbAns Output, NW 13.2 12.5 18.8 15.0
NaLn |teem _rature, r 923 922 925 925
Oa/8 at 90t 8r_8 1.82 1.93 1.84 2.00

BtLooAons, lb/mmBtu 0.18 0.18 0o25 0.60
OombumtLon

BffAoAem:vjr, percent 99.4 99.3 --- 98.0
corz_N_cedWater SAde

Pressure Drop, pea 657 668 848 687

I_rfo_nanoe Goals

Gas BAde Pressure Drop, psi 24.1 24.5 24.0
Gas TurbAns Apsmrent

Heat Rate, Btu/kwh 49187 51122 42200
Booncmisor Gas

Outlet Tempe_atuz_, F 419 419 322 to 365
)loan Bed l_nperature, r 1660 1632 1680
Gas flow to HPT, kpph 651.2 647.3 719.0
Gas Temperatuz_ to llPT, r 1541 1520 1525
lxcess ALr, percent 20.1 21.3 25.0
Air flow to r._mbusto:, kpph 593.0 598.3 655.2

I 1 I /11 I I I II IHHIII IIII I II

wAth seven c_:lone strings An servAoewould be hasher due to

de©teased cyclone inlet gas velocities.

6.3.3 Pr_ess Thermal Parformance

UnAt heat input was 2£mited to approx£mately 93t of the

orig£nal design value of 206 NWt. Although air flow to the
o©mpresso= was at the full load desAgn value, excess leakage

(12.3t calculated versus 4.4t design) caused a reduction in
tar flow avaAlable to sustain combustion. During the tests,

the low pressure compressor speed was 100 RPM below the

operatAn9 limit of 5650 RPM, and the guAde vanes could have

been opened to £norease sat flow slightly. AA: flow was not
further £ncreasodbocause the hAghpressure oaupressoroutlet

temperature was at the set po£nt value of 572 F (alarm590 F,

trap610 F), and the Antercooler flow control valve wa| at 100q

open. (The Antercooler heat duty was 19t above desAgn.)

TAdd Plq_ Demonstration Project D1-1_21-87 1412-24132.000
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A bed temperal_m of 1580 F and 7t more air to the bed would

be required to _h£eve full load at 20t ezoess air. It is

possible that the air flow oould be aohieved at z_tuoed outside

air temperature (less than 30 F). It is also likely that gas

temperature ltm£ts would he encountered at this bed temperature

before reaohing a firing rate of 206 Stilt. At a bed temporatuze

of 1540 F in the redesigned bed, It Is likely that the bed

would not be able to transfer suffiolent energy to the steam

side; that is, the bed is still undorslsed.

Table X8 Prooess Perfomnoe

Test Number 6 7
Te.t hate

Bed Level, Xnohes 142 136 126
Nean Bed Temperature, F 1550 1532 1580
Noan Freeboard Temperature, F 1557.1 1539.5 1549.0
Freeboard Oxygen, Persona Wet 3.3 3.4 3.8
Bxoeoo Air, Persona 20.1 21.3 25.1

Firing Rate, NW 190.3 187.3 206.3
tiring Rate, Persona 92.2 90.8 100.0

Gas Turbine, NW 13.2 12.5 15.4
Air ]r_a]_ge, Percent 12.8 11.8 4.4

Steam Turbine, I4M 47.0 46.1 57.1
0team ]flow, klb/h: 395.0 390.0 442.0

Gas Temperature to 8task, r 419 419 352
Unit Heat Rate, Btu/kwh 10803 10905 9708

Paste Irlow, 1ha/h: 68400 67500 72924
Paste Noisture, Persona 25.2 25.3 25.0
8athena Flow, lbs/llz 20928 22049 18882
Bed Ash Flow, 1ha/h: 10533 10959 10741
l.'_=lone Ash Flow, lbs/l_ 14251 14826 13943

reedwater Flow, klb/l_ 378.4 373.5 426.1
Fee(heater Temperature, F 456.5 454.7 485. i
Feodwater Pressu=e, psia 1726.0 1724.0 1889.3
Attamperstlon Flow, klb/hr 16.7 16.5 15.5
Attemperation Temperature, F 299.7 300.0 298.9

l_in Steam IPlow, klb/l_ 395.1 389.9 441.6
Nsin 8toam Tempe:atu:e, F 923.0 922.0 926.0
l_in 8team Pressure, psia 1324.0 1324.0 1334.8
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5.3.4 Ai: Leakaml

The at: flow by]pesetaS the cambustor was determined f:am the

mmmuzmi change in oxygen in the gas stream between the

fz_NdxMurd and the _Iser inlet. During the test Imrlods,

the average leakage was 12.3t of the oaloulated air flow to

the high pressure oGml_essor, versus a deslgn value of 4.4t.

In order to determine the site of the air leakage, UB Carbon

installed • net of teat t_ouples around the high pz_ssure

gas turbine and intercept v_lve.

The gas temperature to the intercept valve was measured by

_o_ess Instz_mentatlon and by test Instz_mentatlon installed

by UB _bon. The test Instz_unentatlon indicated gas

temperatures 85 F higher than the process InstEmoentatlon.

This could be due to aiz leaking in around the presses

thermoeouple or due to conductive cooling of the thezmo_ouple.

The pro_ess indication also varied more than the test

Instrumentetlon during the test period. This could have been

due to ash alternately c_verlng the thermooouple and breaking

off.

5.3.5 unv_ntal Perfomance

The envlronmental performance of the unit was good. Rmiasions

were well within the permit llmltatlono during the test

peri_m.

Test Number 6 7

Test Date Q6/14/91 06115191

80 z Emissions, lbm/mmBtu 0.36 0.36 0.52

NOx Emissions, lbs/mmBtu 0.18 0.18 0.25

C_= Emissions, lbs/nunBtu 213.3 212.2 206.1

Tidd PI_C Demonstration Project DB-1_21-87 MC-24132.000
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5.3.6 Io=lxmt _lZisation

Sulfur capture versus design is tabulated below. The calcium

to sulfur molsz ratio was p_dicted at 90t sulfur ret_ontion,

95t sulfur _eteution, and at the design bed taqxwature of 1580

F, using the following correlation developed at Grimetborpes

" 1 -- eJ(p(()

whez_ R = sulfur retention, dimensionless

m m _ /t exp(-3500/Tb4M|# _ K)

A - constant, aorbent rea_tlvlty

C = calcium to sulfur molar ratio, dimensionless

Sorbmnt Utilisation

Test Number 6 7

Test Date 06/14/91 08/15/91 PsgJan

Sulfur Retention, Percent 92.6 92.9 90.0

Test Ca/8 2.05 2.21 --

Mean aedTemperature, r 1550 1532 1580

Ca/8 corrected for 90t Retention 1.73 1.78 1.64

at 1580)r (Predicted)

It has been theorised that the sorbent distribution in the bed

lnc_ludes regions of high concentrations of sorbent fines. This

cc_tldbe seen as sorbent "plumes," which could result inmost

of the sorbent fines leaving the bed without reacting. This

th4_ry seems to be supported by the analysis of the cyclone

ash samples.

5.3.7 Gas _=bine/C0moresso: perfonmnce

The gas turbine did not meet the guazantee outlet of 15 M#.

Xt £s likely that, even if air leakage and tiring rate were

at design, it would not be possible to moot the guarantee

output.
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Table ZZ# Gram Tu:bJ_e Performance

Test Iiuaber 6 7

_4mmt Date 06/_4/91 Q6/15/91 Des£an

Gas Turbine, NN 13.2 12.5 15.4

Air Leakage, Pez=ent 12.8 11.8 4.4

Id_ Znlet Temperature, r 59.8 62.9 59.0

Id_Outlet TamlPerature, F 355.5 363.3 345.4

LPCOutlet Pressure, psia 57.3 57.6 59.3

LP 8haft 8peed, RPN 5526 SSSS 5364

HPCOutlet Tampmrature, F 571.6 573.1 572.0

HPC Outlet Pressure, ps£a 174.9 174.0 174.0

liPC Inlet Air Flow, klb/hr 680.0 679.6 678.6

(Indicated)

llPC Inlet Air Flow, klb/hr 676.8 669.8 678.6

(Calculated)

Air Flow to PV, klb/hr 589.6 589.3 648.7

Int. Valve Inlet Temperature, F 1540.8 -- 1535.3

(Test Data)

Indicated Int. Valve Inlet 1455.5 1403.5 --

Temperature (Ind£cated)

HPT Znlet Tea_erature, F 1527.9 -- 1525.8

(Test Data)

HPT Znlet Pressure, psia 150.8 149.5 145.5

LPT Outlet Temperature, F 738.0 728.0 781.9

LPT Outlet Pressure, pmla 15.3 15.3 14.8

Intercooler Heat Duty, kw 4819 5001 a138

5.3.8 Dust Loadinq to th_Gas Turbine

Testing to determine the dust loading to the gas turbine was

performed on June 23, 1992, by Bnvironmental 8curse Samplers,

Inc. Their preliminazyresults indicate that the dunt loading

to the gas turbine was 313 ppmwversus a performance goal of

250 ppmw. This test was run with only six of the original

seven cyclone strings in service.
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5.3.9 Bod Charam:oristios

Bmdtmul_r&tu_o dlotrlbutlon was good durln_ the test. Durlng

the run, egg minters were found in the bed ash. Thla was

attributed to operating with low spllttlng air flow o_ly in

the z_n. It is not cloLr what mff_ this had on unit

swrfozmance.
L

5.3.10 Bconomisor Porfozamn_e

The e_onomiser was fouled during the toot periods. This

resulted in high fuel gas losses and caused a 10 klb/hr

reduction in steam flow test (1.3 MW penalty). Additional

oootblowaro were installed to la_rove the eoonomiser

perfo_ance.

Table XlI! Bco_omiser Performance
Toot Number 6 7

Teat Date 06/!4/91 06/_5/91

Feedwater Flow, klb/hr 378.4 373.5 42601

Inlet Temperature, F 299.7 300.0 298.9

Inlet Pressure, polo 1726.0 1724.0 1889.3

Outlet Temperature, F 456.5 454.7 485.1

Gas Flow, klb/h: 740.1 729.5 723.6

Inlet Tmnporature, F 738.0 728.0 781.9

Inlet Pressure, polo 15.3 15.3 14.8

Outlet Temperature, F 418.9 419.1 352.2

Draft Loss, pol 006 0.5

5.3.11AohPmalv|lo

The observed loss of CO: from the oorbent in the cyclone ash

was less than the extant of oulfatlon in both smnples. This

could be due to unroactod oorbent blowing through the bed,

along with a quantity of highly sulfated bed ash partlcleo.

The highly sulfated bed ash material (greater than 75t

oulfatlon} would causa the apparent oulfatlon of the cyclone
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ash to be An an acaep'cable ranger while the unreamtod sorbent

would give COz in lXCliS of what wo_ld _ l_t_.

During the prellminsry testing, it was noted that the bed ash

available at the bed ash sampler was much loom than An previous

tests. It was determined that this was lilly due to

modifications to the bed ash transfer station. For this

reason, the bed ash was sampled at the samplers and at the

loekhopper discharge. Both samples wore analyzed with no

apparent bias in the results of the chemical analysis between

the two samples. However, the size consist of the samples was

biased and prior testing has shown that the ohemlcal analysis

varies with sample size consist.

5.3.12 GonClusion

The unit performed as expected and, with the exception of the

high air leakage, near design. The gas turbine )tic output

guarantee was not achieved.

5.4 So_ittina Air Tests

To achieve proper fuel combustion, compressed air is used to split

(atomize) the paste into small particles. The original fuel nozzle

design consisted of thru unicentric pipen of 8 inch, 6 inch, and

3 inch nominal size. The outermost annulus was the secondary

spllttlng.air passage. The middle annulus was a cooling water Jacke4:

and the inner pipe was the fuel passage. The original basis for the

splitting air flow control curve was to maintain a constan*, momentum

of splitting air throughout the load range to achieve consistent fuel

splitting. In order to maintain constant splitting air momentum,

the mass flow increased with increasing pressure vessel pressure to

compensate for increased density (decreased velocity) at the higher

pressures. At the time of the original fuel nozzle design, ABB

Carbon was very concerned about slnter formation, so splitting air

flow demand was set high in order to achieve good splitting.

Unfortunately, thl8 high degree of splitting resulted in excessive

post-bed combustion at the higher unit loads. The splitting air flow

demand curve was gradually reduced to as low as 30_ of the original

design in order to reduce the degree of post-bed combustion.
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JtlHI C_bon d_ld_ to r_valuate the design of the fuel nossle and,

through atmospheric testing, developed a now design that incorporated

Just the prLmary splitting air flow at the center of the nozzle

outlet. They found that with the original design, the secondary

splitting air tended to oversplit the paz_cicles on the outside of

the paste stream. The now nozzle design proved to allow reasonably

good control of particle size and consistency by varying splitting

air flow.

Through at_ospherio testing, ADB Carbon defined a point of optimum

splitting air flow. They then extrapolated the results to full load

pressure vessel pressure at a constant momentum. The VarCan Plant

was sear'cad up in the Fall of 1991 using this now curve with the

revised fuel nozzles. ABB Carbon found that at the lower loads, they

had significantly higher front wall bed tmnporatures than at the rear

wall and had significantly lower 0: readings in the side wall

cyclones than in the corner rear wall cyclones. Splitting air flow

was optimized through testing at Vartan to achieve even front to rear

wall bed tmuporatures, even cyclone string 0: readings, no minters

and no cyclone fires. This testing resulted in a now curve in which

mass flow was high at low loads and dropped off with load to

approximately the same mass flow at full pressure vessel pressure

as that for the curve developed from atmospheric testing. It was

theorised that the increased splitting air flow at low loads tends

to force the fuel further toward the rear wall, eliminating the O2

and bed temperature imbalance. Then as bed level and load increases,

the splitting air momentum required decreases due to the increased

momentum of the paste itself and the improved mass transfer due to

the deeper bed.

This now curve was used at the start-up of Tldd after the Fall 1991

outage during which the revised fuel nozzles were installed. This

curve provided acceptable performance; however, with the relatively

wet coal paste, post-bed combustion was still occurring. Attmnpts

were made up through February, 1992, to reduce splitting air at high

loads to combat cyclone fires; however, this sometimes resulted in

slnter formation° A revised curve was developed during testing in

February, 1992, using the same testing criteria as that used at

Vartan. This curve produced flows 1.5 times higher than the Vartan

curve at 50 inch bed level, and 1.1 times higher than the Vartan
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ou_e at 12S inch bed level. The r_lomS Tldd curve rmsaLnmS in use

up until May, 1992.

In preparation for the first run after the Spring 1992 outage, it

wag dooidAd to increase the splitting air flow curve by 20t at the

higher loads by blaming the damand. This was done am a precaution

mince the coal cru|hing improvements during the Spring had resulted

in a much drier Smote and there was concern that minters might occur.

This approach was used during the 30-day run that began on June 9,

1992. Early in the run when the unit reached relatively high loads,

ointero beqan to show up in the bed ash. (With the de_reaoing mace

flow curve, the possibility for ointers increases with higher loads. )

Further lnorsases in bias wore then made in an attempt to eliminate

the minters. It wag found that with 2500 lbm/hr of splitting air,

8inters wore eliminated even at the highest load attained. The

splitting air curve was revised to a flat 2500 lbs/hr dmnand beyond

28 poig pressure vessel pressure (helow which it Just nerves as a

purge flow while rolling up the gas turbine). This curve io

presently in use.

With a splitting air curve originating from data received through

toots at Vartanw it wag possible to obtain optimised conditions at

Tldd. The difference from the starting point was substantial at part

load conditions, while the full load porfon_ance was essentially the

same. It is possible to manipulate the bed tanporature dlotrlbutlon

between the front and rear walls both at part and full load by using

the splitting air to divert the paste flow beneath the paste nozsle

distribution plates. This feature is to be utilised mainly as a tool

to obtain as even temperature distribution in the bed as possible.

At full load condltlons_ it is also possible to control the extent

of freeboard heat release, a feature that should be used to obtain

maximum possible output from the plant at full bed height conditions

by minimising freeboard heat release.

5.5 Freeboard In_ection Test

A oyot_ which in_e_to steam into the freeboard was designed to

combat cyclone fires. The system was intended to ensure that all

of the peat-bed heat release occurred in the freeboard region.

When the system was placed in service early in 1992, it was
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diooovorod that operation of the system not only prealudod volatile

(gas) fires in the oyoloneo, but also provided more even inlet

temperatures, psrt£oularly flow rates and oxygen oonoentrat£ons

between the oyolone atr£ngo. The iJnprovod paz_£oulate flow

d£a_rJJDut£on resulted in improved oontrol of oyolono dip leg (ash)

fires. (Previously, ash fires had oaugod dip leg temperature to

approaoh the material limits and rllulted £fl tripping the unit on
more than one oooaJion. )

A tent wan performed to ol_JJn£se the arrears of freeboard mixing on

temperature levels, psrt£oulate flow distribution downatroam of tho

bed, and O: d£etr£but£on.

The test results are summaz£sod below. In general, freeboard

in_eotion soh£evod good m£x4ng of the gas, as seen from c_olone £nlet

gas temperatures and oyolono string at readings. In addition, £t

served to redistribute ash loading to the vaz£ous oy©lone strings

as £nd£oeted by oyolono zu_cion nozzle temperatures.

Table _zZZ! Fro,hoard Zntection Toot at Bed Heiaht = 50 Znches

O_ Diff Nin./_x, Percent 4.5 4.4 2.2 1.0
Oz Standard Dev., Peroent 1.7 1.8 0.8 0.3
Freeboazd TmuperatureNoan, F 1078 1072 1076 1070
Freeboard Temperature Diff. 31 41 34 26
X£n./14ax,F

Freeboard Standard Dev, F 13 20 16 12
Pr£ Cyo Inlet Moan, F 1076 1063 1065 1062
Pr£ Oyo Inlet Diff 23 37 25 7

Xtn/m_ (6 strings)
Pri Cyo Znlet Standa=d 8.8 14.2 9.9 2.4

Dev (6 Strings)
Pr£ Oyo Znlet Mean, 1070 1056 1059 1055

( 7 strings)
Pr£ Cyc Inlet D£ff 60 75 63 48
XlnIXax (7 Strings)

Pr£ Cyc Znlet Standard 18 23 20 17
Day (7 Strings)

Pri Dip L4gMoan 994 994 995 998
Pr£ Dip Leg Diff N£n/Nax 98 97 102 101
Pr£ Dip Leg Standard Dev 42 41 39 36
Pr£ Nozzle Mean, F 806 804 809 810
Pr£ Nozzle D£ff M£n/Nax 124 10S 78 85
Pr£ Nozzle Standard Dev 42 35 27 32
Freeboard Steam 0 1.65 3.3 6.6

Zn_ect£on Flow, kpph
Freeboard Steam 0 275 445 740

Injection Press, psig
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The effev_| of fr__d £n_ion oontinuod to improve with

lnoreasod flow, up to wide open valve position (6600 lbs/h_ flow).

Oj distrtJ_ution was most t_p=ovod when in:Jotter £nareasod fran 0 to

3300 lb/hr flow. _lone £nlot tomporsture distribution showed most

JJnprovement from 3300 to 6600 lb/hr £1ow. A flow of 5300 lbg/hr (6S0

psi pressure set point) was selected for continuous operation to
allow oporsting margin.
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s.o mucm__z_m,= z,qlmlll /_nl0ozp:_Txoas

add£t £onal 8tl_hae

DurLng the tall 1991 outage, approxiamtely 35 percent more in-bed
su:face was added abo_ the existing tube bundle to laoz_ase the heat

sbec_p_ion.

With the additional In-bed surface added during the Fall 1991 outage,

on Februewy 21, 1992, the full bed he£ght was determ£ned to be 140
lashes. At this bed height, with a bed temperature of 1575 IF, the

total heat absorbed by the belle: (ocmbustor Seminal to ocwJ_stor

terminal) was 129.6 I/_, whLoh 15 slightly hLgher than the full load
heat hal•nee value of 128.2 NNt. At this condition, the steam

generation rate was 432,000 lbs/h:, which is approximately 8,000
lbs/hr below the full load heat balance value. This loumr steam flow

£s attrJJ:utable to less than des£gn performance of the econcmLse:,

which is pcoduc£ng • lower f£nal feedwater temperature with a

corresponding much higher exit gas temperature. However, the gas

temperature was too high for normal operation. Due to gas turbine
material considerations, the unit must be operated at a bed

temperature below 1580 r at 142 £nohes bed height 11m£t£ng heat input
to 93t of original design full load.

:n-bed tube erosion has not been an issue. Only minor tube erosion,

due to local£sed flow disturbances, has occurred in localised areas
near the bottom of the bundle.

Post-Bed Combustion

There are essentially two types of post-bed combustion that have been

experienced with this unit. They are "ash fires" and gas fires."

This type of post-bed o_st£on is theorised to be caused by

combustlon o_ carryover carbon put£oles that become

concentrated in the cyclone dlp legs and burn when the gas

T:Ldd PFEC Demonstration project DB-FC21-87 MC-24132.000
Topical Report - First Bighteen Nonths of Operation Narohe 1994

54



tempozaturo and cubes consecration are sufficiently high.

Thole fires _o indicated by extremely high c_lono dip log

tmuporaturos relative to freeboard temperatures. A c_d_ustor

trip will c_our if the dip 1o9 tmuperaturo exceeds 1670 F for

30 minutes mut instantaneously at 11S0 r. The unit experienced

such a trip Oil 1/16/9_. Because Of sinterin9 found in the

oyolOnO dip logs, it is hel£ovod that the ash fares attain

much higher temperature fuz_hor down the dip leg.

Xt was originally believed that this t_po of fire only occurred
at intermediate bed levels whore ash concentration in the exit

gas and froobos_'d temperature wore high. This was proven false

in the runs following the Fall 1991 outage whore c_clono ash

. fires _re pronnt all the way up to the bed level of lil
inches.

It was felt that gas and ash mixing induced by fred steam

in,cotton might have an _ on reducing ash fires by more
evenly di_r_buting the o_bon particles to the mwwon c_n_lone

strings. A8 such, froobomrd inaction was placed in Mrviae

at a 40 £noh bed level during the run that mt_od on 1/21/92.

This system was sot at its original operating pressure of 360

POTS. As bed level was increased put 90 inches, an ash fire
booum evident. At a bed level of 105 inches, the freeboazd

ln_e_tion stems pressure was increased to 450 pals. Shortly
thereafter, the ash fires began to subside. In subsequent rune

whore freehold ln_e_tion was plied in service at a sot

pressure of 650 psig, no ma_or cyclone dip log ash fires have

occurred. Xt £n now believed that c_cXo_J ash fires can be

offe_tivoly controlled with the use of freeboat_l steam

£n_oct£on.

This type of post-bed combustion is believed to be caused by

incomplete in-bed combustion of volatllos released from the

coal upon adm!solon to the bed. If the coal water paste is

split too finely, the volatllos 8_e released very quickly in

the _oa tmmdiato!y surrounding the fuel injection nossle.

Because of limited side-to-side mixing of air in the bed, this
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looalisod _oloaoo of volatiles oa_ ovo_ho_n the oxygen

avalledDle in this _, allowl_ wolatllos to rigs in plumes

tl_d_ough thO bed end esoapo into the freehold. These plulos

subsequently ignite Ln the oyclonos or in the freeboard, if
the freeboard ln_oction system is in service. The resulting

cca_ustion raises the gas tmnporaturo.

Prior to the Fall 1991 outage, gas fires typically wore present

in only one or two c¥olone strings, which resulted in extremely

high temperature throughout the affected cyclone strings. The

original intent of the freeboard in_oction system was to more

evenly d£stribute this post-bed heat release to all seven

cyclone strings by inducing gas mixing in the fred. Thus,

individual cyclone temperatures would be reduced.

In addition, now fuel nossles were installed during the outage

with the intent to produce larger and more consistent sise

paste particles to slow down the volatile release rate. Thus,
the voiatiles would be released over a much broader area of

the bed as the paste particles moved side to side, and,

therefore, would bo exposed to more air.

The now fuel nossles appoJur to he functioning as intended,

since the total post-bed heat release due to gas firms is much

lower than evidenced prior to the outage. 'rn addition_ the
use of freeboard injection distr_butes this heat release to

the entire gas stream. However, during most of the runs

following the outage, post-bed combustion was still present

in sufficient quantity to limit bed level and/or bed

temperature due to high gas turbine inlet temperature.

Two factors affect the else of the paste partlcle in the bed8

splitting air and paste moisture content, A reduction in

splitting air and coal moisture both work to increase paste

particle else, However, it iS theorised that splitting Of wOt

paste results in a less consistent particle sise than with d_y
paste. With wet paste, a reduction in splitting air to

minimise post-bed combustion can result in the generation of

sisters due to the larger fraction of paste particles.

Whereas, with dry paste, the more even particle sise split
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pezuito aont_ol of poet-bed oambu_ion without ointering.
Iluoh • condition was achieved on 2/21/92 where • 142 lnah bed

level was attained at • bed temperature of 1876 V without any
minter formation.

In order to attain punlmble dry paste, the lx_=entage of f.inom

in the pa|to muW:be •l_zox/amtoly 18-20t. To date, ouch good

quality dry Is•to has not been achieved for extended periods.
This must be addressed before full load operation can be
sustalned.

litre%us lone Llrmr

The upper row of oer_alo tiles Imlled away free the wall. This

problem was attributed to • oembination of lnaorre_ hold-down _ud
nateri•l and excessive loading frca the stainless steel angle that

foes the transition to the stainless steel plate section of the

liner. This problem did not hmnpor unit operation. A now top row

design with • reviled transition arrangement was Installed to correct

the gzoblm.

6.2 Oorbent Xn_eotion System

At initial start-up, the sorbont injection system experienced

numerous operating difficulties related to valve and rot•z7 feeder
malfunation and wear. Severe erosion of the sorbent tranapoz"c piping

was •leo • problem. Thzough various material changes and equilxlnt

replacement, the systa is now reliable.

Boglnnlng with the run that started on 1/25/92, 8orbont based

ollnkers began forming in the tubs bundle above the sorbont injection

no•sloe and adjacent co•I injection no•sloe.

A number of changes were made to the sorbont injection no•ales as

attempts to eliminate these formations. These arrangement changes

had some ImaGe on the location of the formations; however, they were
not successful st elimin•ting the deposits.

It has now been theorised that reduced oorhent transport veloclty

and consequently less distribution into the bed may be responsible
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for the formations. Du=lng the 2/29/92 to 3/S/g:t run, sorbent
transport velocity was inoz_almd after indication of a formation had

been identified. Zn_lona after the run revealed that clinkers

had indeed been formodf however, they had broken up. The premmt

theory is that the lno_ood tranSpoz_ velocity olJ_Lnated the cause

of the clinker. Further operation Is noeogoaz7 to prove this thoo_.

6.3 I_oncmise_

The soo_lowers installed in between the first and mmond banks and

third and fourth banks were of receive i,n keeping most of the

ooonemiser surface free of ash accumulation. S_uQvor, the first four

rows of the eoonca_ser beam progressively more fouled with each

successive run. Those four rowe experienced ash aoownulation in the

finned region off all tubes with _mo bridging occurring fore to aft.

The last two rows of the second bank also experienced a leas

significant ash aooumulatlon.

While this fouling contr£buted to the e_onGeaiser' a poor por£oLstmr_e,

the major concern was the possibility of side-to-side bridging and
an attendant velocity and pressure drop increase. Vibration induced

by the high velocity is believed to be the cause of four tube
failures that occurred during mid-1991. In order to resolve this

issue, eight 8ootblowors and anti-vibration ba_8 haws boon added.
No further tube failures have been experienced.

hrfornanco

The economiser performance was below design resulting in higher exit

gag temperature and lower final food water temperature.

This off-design performance J=spa_ed steam flow by approximately

10,000 lbs/hr and =educed steam turbine generator output by

approx_nately 1.3 XW at full load.

Tldd PFBC Demonstration Project DB-FCll-87 Na-24132.000
Topical Report - First Bightoon Months of operation March, 1994

S8



6.4 Cyclone Ash removal 8ystmu

Operation of the lZ_/_Mu_ cyclone ash removal system has generally

been acceptable, eXC@l_ for a two-month period in _Ld-1991 when

pluggage of the pr/mary ash removal system began to impac_ unit

ops_atlon. &t first, each pluggage could be traced to a process

upset, usually in the sorbont injection system. It was believed that

the process upset resulted in a tmnporary increase in ash loading

to the cyclones which overwhelmed the transport capacity. However,

the system was totally dismantled and Inspected as part of the Fall

1991 outage, and the real cause was discovered. It was found that

air in-leakage into the primary ash line flanged connections inside

the combustor vessel significantly reduced the transport capacity

of the system.

During early plant operation, from December 1990 to March 1991,

pluggago of the secondary cyclone ash rlmovsl system resulted in

unacceptable unit availability. Numerous modifications wore made

to reduce pressure drop in this system and thus increase transport

capacity. Originally, the seven primary and seven secondary ash

lines combined into one line which was routed to the cyclone ash

silo. By March 1991, the primary and secondary cyclone ash removal

systems wore decouplod and the secondary cyclone ash line was routed

to the precipitator inlet. In addition, several modifications wore

made to the ash lines inside of the combustor vessel to further

improve transport capacity.

Starting in March 1991, secondary ash transport capacity during unit

operation was sufficient to permit reliable operation of the

secondary ash system. At shutdowns, however, ash buildup in the

cyclone dip logs would not permit restart of the unit until the ash

was removed from the dip log.

During the Fall 1991 major outage, several major modifications were

made to the cyclone ash removal system to address the problems with

the system. These included the following:

• Cut off secondary cyclone dip logs.
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• BlJmination of flanges in m_ondary ash lines by welding up

the flanges.

® Ro:_ut£ng the se_or_lary ash pipe external to the combustor

Velllllel.

• kplace all gaskots in the pr_ ash lines internal to the

combustor vemsel_

• Inspect and rework pr_ash line tom bonds internal to the

ccmbustor.

• Me©hlne ash plpo flange surfaces and overhaul entire internal

primary ash =colors.

• Significantly reduce air Inleakage into both transport systems.

• 8andblastedthelnterlor of P13and 823 cyclones to remove ash

layer that was pooling off the aFulone walls.

• Installatlon of suction nozzle thernocouples.

After the Fall 1991 outage, pluggago of the secondary ash system

again adversely impacted unit availability. In mid-January 1992,

pluggage was found to be caused by excessive pressure drop in the

secondary ash llne outside of the combustor vessel. The pressure

drop was reducod byredeslgnand replacement of the ash llneand the

system began to function properly. The secondazyamh removal system

is now conslderodmarginally acceptable. Pluggages will occaslonally

occur at start-up, but experience has shown that they tend to clear

themselves when combustor vessel pressure increases after firing

coal. During the 31-dayrun, one secondary cyclone remained pluggedf

however, subsequent inspection revealed the pluggage was due to a

restriction of the ash plck-up nozzle by a foreign object.
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6 o § .(_al G_sher

_tatus as of July 1992

Prior to the Fall 1991 outage, the crusher =an primerlly in torque

or speed control. In this method of operation, the crusher speed

varies to match coal injection paste tank level.

The screw feeder than applies a force on the rolls and this force

is controlled by the torque of the screw fo_der.

Du_Ing the initial oporatlonlmrlod, this is the manner in which the

crusher operated. In this mode, the crusher was never capable of

producing consistent coal fines in the minus 325 mesh sise. Good

pumpability of the coal water paste (with lc_water content) requires

18 to 20_ minus 326mesh; however, the fines average 10_ to 16_ minus

325 mesh. The paste must have a low water content in order to

produce consistent sisodpaste particles in the bed, which is in turn

nmlded to avoid excessive post-bed combustion.

During the Fall 1991 outage, large drive motors were installed on

the crusher, and a woek long crusher optlmi_atlon test was conducted

to develop an operating mode for the crusher that would produce an

optlmumproduot. The result of this test program was the development

of the gap control mode for the crusher control. In thlsmode, the

inlet screw feeder runs unloaded, the vibratory feeder above the

crusher controls the crusher feed rate and the crusher speed rate,

and the crusher speed controls the roller gap.

At first, this new control mode was thought to a viable control

scheme for the crusher. However, in subsequent operating run, it

was found that variations in coal and moisture content had a

significant effect on how the crusher operated.

During the run of 1/24/92, coal backed up into the T1 hopper over

the crusher and would not pass between the rolls. Paste tank level

could not be maintained. Bed level was dropped and the crusher

control mode was switched back to torque control.

Tidd PFBC Dmnonstratlon Project DE-FC21-87 NC-24132.000
Topical Report - First Eighteen Months of Operation March, 1994

61



Minor adJustnmnts to the crusher were attempted in an effort to

optimise the fines in the coal. These variations included the

following:

• oporatlon in torque control mode.

• Operation in gap control mode.

• Variations of hydraulic pressure (56 to 90 bar) on the rolls

with various cowbinations of nitrogen pressure (30 to 80 bar),

which is the spring constant on the hydraulic system.

• Operation with varying coal level in the T1 inlet hopper.

• Operation with no coal Ievel in the T1 inlet hopper.

• Alternating the length of the coal flow along the rolls by

putting plates in above the rolls and taking the plates back

out.

• Addition of more grooves in the crusher rolls to improve

friction. Originally, only one groove was installed in the

fixed roll. Before the 2/29 run, eight more grooves were

installed on the fixed roll and 1-1/2 grooves on the movable

roll. Operation with these grooves showed no l_provmnent in

fines content of the product.

• On3/7192, a reciroulation syotem was installed to recirculate

up to lOOpercent of the feed coal. In addition, the two deck

screen was modifledfroma 1-1/2" x 1-1/2" top screen and 1/2"

x 1/2" bottom screen to a three deck screen of 1-1/2" x 1-

1/2" top, 1/2" x i/2" middle, and 1/4" x 1/4"bottom. The 1/2"

and 1/4" screen glees were recirculated through the crusher.

These n_difications have been effective in producing a higher amount

of minus 325 mesh fines. The 31-day continuous run in June - July

1992 verified this mode of operation when the minus 325mash fraction

ranged from 18 to 22 percent and the coal paste was consistently

maintained at 24 to 25 percent moisture by welght.
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k_other probl_ experlenced with the coal Jyst_ was rapid corrosion

of carbon steel surfaces in contact with paste, The nominally 3.5

percent sulfur Pittsburgh No. 8 coal being test_ at Tidal, when mixed

with water, produces a paste with a pH as low as 3. This resulted

in significant corrosion damage to the coal paste mixer and coal

paste pumps from Borer 1990 to Sol__r 1991. During the Fall

1991 outage, all carbon steel surfaces in the mixer and paste pumps

wore replaced with austenitic stainless steel. To date, these

modifications have been successful.

The coal preparation system has also demonstrated a sensitivity to

the type and moisture content of the coal being fed. The crusher

has experienced pluggage and slipping of coal between the rollers

when there has boon a significant change in the surface moisture of

the coal.

6.6 Gas Turbine

The gas turbine has experienced a measurable amount of erosion.

Periodic inspections have shown that normal unit operation produces

very little erosion; however, the erosion rate increases

significantly when cyclone ash rmeoval lines are plugged. The most

serious erosion has occurred when the prJ_a_y cyclone ash removal

llne plugs. In such an event, the corresponding secondary ash

ren_val llne is overwhelmed and quickly plugs.

Primary cyclones noz_ally collect 98 percent of the ash in the gas

stream and the secondary cyclones remove approximately 33 percent

of the remainder. When an entire string plugs, the gas turbine dust

loading increases more than tenfold. A more important factor,

however, is the slse of the particles reaching the gas turbine. Bach

cyclone stage collects progressively smaller pazticles, with the

normal secondary cyclone exhaust dust containing virtually no

particles larger than five microns. When an entire string is

plugged, the gas turbine is exposed to particles as large as 250

microns. The erosion rate is much more sensitive to particle else

than to dust loading. Generally, when only a secondary cyclone ash

removal llne plugs, the increase in erosion rate is minimal.

However, during the 31-day run, the unit was operated with one
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s_ondary cyclone plugged send erosion was higher than entioipeted.

An ongoing problmn with the gas turbine has boon bylpassing of air

from the high pressure compressor directly into the turbine. The

present estimate of this leakage is approximately throe times the

design value for seal and cooling air flow. Given the limits on

compressor volumetric flow, this leakage results in limiting the unit

firing rate. Modifications to a suspoatod are of leakage during the

Fall 1991 outage did not resolve the problem, and investigations are

continuing to identify the cause of the leakage.

The LPT guido vanes had boon experiencing problems with feedback

causing the guido vanes to open. A redundant feedback loop for

position indication was installed, a ground was added to the voltage

regulator card. No feedback failures have occurred since that time.

The gas turbine tripped one hour after a combustor trip on 1110192

duo to a bad HPT outlet temperature thermocouple. The other KPT

outlet tmuporaturo thezmooouplo failed on 1/22/92, but the gas

turbine trip from those thormoaoupleg had been bloated prior to the

failure. Both failures involved a burn through of the thermoaouple

wire. The thermocouples wore replaced with ones that had a longer

metal sheath to prevent burn through.

The gas turbine blow in doors opened three times in January, 1992,

duo to snow pluggage at the air intake filters. This can cause

problems with fouling of the LPC blading with a resultant loom of

air flow, and foreign object damage of the LPC bladlng, whlohwould

require replacement of the blading. A hood was installed over the

air intake housing to prevent snow from blowing into the filters.

The unit tripped on 1/25/92 when a l& and 1B transfozlnor d£fforential

trip operated causing a steam turblne trlp from the unit HI_O. At

the same time as the transformer differential trip, the south boiler

feed pump was started. The resultant sag in reserve bus voltage

caused the gas turbine control fluid pump to trip. The standby

control fluid pump startedl however, the sag in control fluid

pressure during the sag in reserve bus voltage caused air bypass

valve HCV-T120 to drift off the open limit switch, which caused a

gas turbine and cmnbustor trip. &modification to the control fluid
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piping was /_pl_nted to ensure that the standby pump was prJ_md

with pressurlNd oil.

Several blades in the first _lwerows o_ the Hl_exporiencod foreign

object damage. Damage of gas turbine compresso= bltdes can cause

high cycle fatigue cracks due to vib=ation from stall at the

disruption of flow over the blade su=face.

The HPT had three eroded inlet guide vanes at the six o'clock

position and erosion of the second, third, and fourth stage rotating

blade tips. This erosion is not an operational liability. It has

a slight efgect on the efficiency of the turbine.

In mid-March, 1992, fatigue cracks were discovered in the blade roots

of nine of the 46 low-pressure gas turbine blades. The cracks were

due to resonant vibration at certain operating speeds of the

variable-speed shaft. This problem was generic to the design of the

GT-3SP gas turbine, and not due to the PFBC process. The turbine

blades were replaced during the ensuing nine-week outage.
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? •0 C_I¢_.,Ull ION

Throughout the fir|t 1S months of opo=ation of the Tidd PFBG DOmon|tration

Plant, the Tidd PFBC Demonstration Plant ham completed over 2,000 hours

of coal-fired ope=ation and has met its environmental pe=fozwanoe

objectives. With the lO0-hour run at full load and the 3Z-day continuous

run, the unit has met its reliability objectives. Also, with the exception

of the doflciency in gas turbine power output, the PFBC power island

equilxmnt has met all performance guarantees.

The system experience to date has provided important input into the design

of future PFBC plants. The gas turbine has demonstrated its ability to

operate on the by-products of coal combustion without significant erosion

or corrosion. The tube bundle has demonstrated £ta ability to operate in

a bubbling fluidised bed without tube wastage.

The main operating problems experienced during the initial operating period

are mainly associated with the coal preparation and cyclone ash removal

systems. Our experience with these systems emphasises the importance of

proper coal preparation to achieve reliable coal in,cation and proper coal

combustion within the bed. Of similar importance Is performance of the

cyclone ash removal system to ensure that the exhaust gas is sufficiently

clean for gas turbine survivability.
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APPENDIX I

OPEF!ATION8NARRATIVEOF RUN8



NPlIIDZZ Z - OMR_Zt_II IIMIN_ZVII 01' MlUll

The fol2owing is an operations na_rativo for each of the runs during the first

eighteen months of operation.

Itart-Do_}-SU-91-01-01

The unit was stu_odup on January 7, 1991. The gas turbine was rolled

and l_:alleled on January 7, 1991 at 2356 hours. The bed preheater was

placed in service on Janus,/ 8, 1991 at 1034 hours. The steam turbine

was rolled and paralleled at 1311 hours on this date. soon after the

bed prehoater was fired, it was noticed that the temperatures on P18 and

Pll primary ash cyclones were running considerably lower than the rest

of the cyclones. Znitially, it was suspected that this was due to

pluggage in these two cyclones. Based on this, a decision was made to

remove the unit from service to inspect this system. Inspections

indicated that the problem with P16 and Pli primary ash cyclones was

caused by In-leakage of air from the pressure vessel to the cyclones at

the first flange downstream of the bellows box.

_tart-UoTD-SU-91-02-01

The unit was started up on January 10, 1991. During start-up, it was

noticed that the 826 secondary cyclone temperature was significantly

lower than the other cyclones. It was suspected that this was due to

p!uggage in this cyclone. As start-up continued, bed level was

increased to approximately 40 inches, and sorbent injection was

initiated. During this period, the temperature on PI6 primary cyclone

increased to the point that it was suspected that there was a fire in

this cyclone. Air flow was Increased by 100 kpph In an attempt to

reduce overall cyclone temperatures. During this activity, a gas

turbine trip was generated by the failure of the air flow controller.

The unit was secured in a normal manner and prepared for restarting.

_tart-UD TD-SU-91-02-02

The unit was restarted on January 13, 1991. The gas turbine was placed

in service on January 13, 1991 at 0844 hours, followed by the bed

preheater at 1624 hours. The coa_ustor was tripped at 1737 hours due to
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l
an extreme high ala_n on 826 cyclone air cooling temperature. The bed

preheater was returned to service at 1760 hours, followed by the steam

turbine at 2026 hours, seal ln.ieotion was initiated at 2141. Bed level

was increased in steps to approx_tely 60 inches, and sorbent injection

was initiated. During this period, it became evident that several of

i the secondary cyclones were becoming plugged, k steam turbine trip was

generated at 0461 hours on Ossuary 14, 1991, due to the failure of the

steam turbine stop valve to open during transfer from full arc to

partial arc admission. A ccnbuotor trip was generated at 0604 hours on

January 14, 1991, when the belt drive on the splitting air o_easor

failed, resulting in a low nitrogen buffer tank pressure trip.

The unit was secured in a no_l manner and r,Dleased to the _Intenance

Department for outage _rk.

Start.Uv TD-8U-91.03-01

The unit was staz_ed up on Januaz_ 19, 1991. The gas turbine was _olled

and peralleled at 1926 hours on January 20, 1991. The bed preheater was

placed in service at 0834 hours on January 21, 1991, but tripped at 1022

to check thermocouple8. The bed preheater was returned to service at

1036 hours and then tripped again at 1121 hours due to loss of flame.

The bed probe&tot was returned to service at 1333 hours, with flames

being monitored locally by Operations. The steam turbine was rolled and

paralleled at 1537 hours. Coal injection was initiated at 17!8 hours.

Bed level was increased to 47 Inches, at whlchpoint a leak was

discovered in the north sorbent injection llne at a flanged connection.

Bed love1 was reduced to 30 inches and the aorbent injection system

removed from service to repair the leak. During this period, it became

evident _hat secondary cyclone 821 had become plugged, air flow was

increased slowly to 650 kpph in an effort to remove the obstruction.

This did not prove to be successful, and a decision was made to remove

the unit from service to inspect thlu cyclone.

The gas turbine was tripped at 0345 hours on January 22, 1991, and

preparations made to turn the unit over to Maintenance for outage

aotivltieJ.
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itart:-_ TD-BU-gl-O4-Q1

The unit was st_ed up on Janus:F 27, 1991. The gas turbine was placed

in service at 1688 hours on January 27, 1991. While holding at 2800

DN, a frequency conve_er trip was suffered. No reason for this trip

was /amediately evident, and the gas turbine was rolled bask off at 1739

and paralleled at 1744. lie further problems were encountered.

The bed preheater was placed in sez_loe at 0821 on January 29, 1991.

The steam turbine was rolled and paralleled at 1131, ooal injaction was

established at 1236, and sorbent injection was initiated at 1418. Over

the nex_ several hours, bed level was increased to 57 inches and the

following activities wore performed:

1. cyclone monitoring for indications of pluggage and/or fares.

2. Biasing of individual paste pump flows to balance bed temperature

distribution.

3. Verifying operation of mechanical components and logics in System

268, sorbont injection system.

At 2143, the boiler circu!ationpump stopped automatically. This

resulted An a vertical separator level upset. When the vertical

separator level increased to over 9 foot, a steam turbine trip was

generated. As a result of this trip, a cc_ustor trip was generated at

2146 due to high secondary superheater outlet temperature. The

ccmbustor and steam turbine wore secured following the trips and

preparations made to hot restart the unit.

The bed reheater was placed in service at 2264 on January 28, 1991, and

Goal injection initiated at 0158 on January 29, 1991. The steam turbine

was rolled and paralleled at 0330 hours. Over the next several hours,

bed level was increased to 66 inches, while the following activities

were performed.

1. At approximately 0730 hours, indications of pluggage in secondary

cyclones 821 and 827 were noted.

2. Biasing of paste pumps continued during the period to attempt to

balance bed temperature distribution.

3. 8orbent injection system tooting continued.
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At 1149 hours, the c_clon@ ash smuple connection flang_ was dincowerod

to be leaking significant quantities of ash and gas, Am a result of

thle and increasing suspicion of pluggage in 821 and 827 seaondary

cyclones, a dealslon was made to remove the unit from service.

The aombuntor was tripped via the panel push button at 1149 hours. The

gas turbine was tripped via the panel push button at 1727 hours. The

unit was secured in a normal manner and plans made to turn the unit over

to Maintenance for outage work.

!_a_c.uD TD-SU-91-05-01

The unit was stnwtlM up on Fobz_ary 3, 1991. The gas turbine was rolled

and INLrallelod at 0708 hours on February 4, 1991. The bed preheater was

placed in service at 1756 hours this date. The steam turbine was rolled

and paralleled at 2348 hours, and coal fire was established at 0034

hours on February 5, 1991. Over the next several hours, bed levml was

gradually increased to 55 inches. Sorbent injection was established at

0255 hours via the east injection line. During this tim period, the #1

and #6 paste pumps were biased to balance the bed tmnperature

distribution. The results of this biasing was very favorable, with the

higher bed temperature being approx_tely 1676_.

at 0658 hours, sorbent injection flow was lost due to the premature

opening of the east vessel vent valves. This llne had boon tripped

earlier and due to the failure of the east sorbont injection vessel

dlsoharge valve H_-B815 to receive a close command, the shutdown

sequence had been interrupted. The operator at this time determined

that this was a feeder trip instead of a systom trlp and had, therefore,

restarted the feeder In manual. Sorbent injection flow was then

continued due to leakage of material through the open HCV-BaI5 valve to

the now manually running feeder. At 0658 hours, while attempting to

place the west sorbent injection llne in service, a manual trip of the

west llne was initiated in an effort to realign the logics to start the

injection sequence. This manual trip, in conjunction with standing trip

on the east llne, initiated a command to reduce transport air flow to

Its purge flow rate. As purge flow is not adequate to inject material,

the injection piping was quickly plugged by the material being fed from

the east vessel, and transport air flow decreased to O. At this time, a
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bed level decrease was initiated due to the loss of sorbent. Due to the

sudden loss of transport air glow, the operator then placed the flow

control valve (FCV-P230) in manual and increased its output to 100t.

This resulted in the material that had plugged the line being swept into

the boiler. At this time, it became evident that secondary _yclone 821

was beginning to plug. Several attempts were made over the next hour to

reestablish sorbent flow with no success. During this time, a suspected

reverse flow of gas was occurring through the north injection nossle.

When the temperature on the north line increased to 656_, a decision

was made to abort the attempts to reestablish sorbent flow and remove

the unit from service.

The combustor was tripped at 0900 hours via the MOB. The bed was cooled

with the gas turbine, and the gas turbine was tripped at 1403 via the

MCS. The unit was secured in a normal manner and preparations made to

release the unit to Maintenance for outage work.

start-upTD-Su-?I-06-01

The unit was started up on Friday, February 8, 1991. The gas turbine

was rolled and paralleled at 0355 hours on February 9, 1991. The bed

preheater was placed in service at 1232 hours on this date. The steam

turbine was rolled and paralleled at 2045 hours on thl8 date. At 2122

hours, a coal fire was established. At 2300 hours, the sorbent

injection system was placed in service and sorbent flow was established

via the west inJect$on train.

At approximately 2330 hours, the trended indication on the plant

monitoring computer for secondary cyclone S26 dip leg temperature rate

of change suddenly increased. At this time, the dip leg temperature was I
observed to be increasing. This temperature increased approximately

20°F over 5 minutes and then began decreasing at a rate of approximately

ll°/mln. This temperature continued to decrease over the next hour and

it was decided that this cyclone was plugged.

At this time, a decision was made to remove the unit from service due to

pluggage in secondary cyclone 826. The combustor was tripped from the

panel push button at 0059 hours on February 10, 1991. The combustor was

cooled via the gas turbine until 0304 hours this date, at which time the

gas turbine was tripped via the panel push button. The unit was secured
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in a normal manner and preparations wore made to release the unit to

Maintenance for outage activities.

Start,upT_-su-gz-07-0_

The unit was started up on February 18, 1991. The gas turbine was

rolled and paralleled at 2116 hours on February 18, 1991. The bed

preheater was placed in service at 0811 hours on February 19, 1991. At

0856, a gas turbine trip was suffered due to an excessive ve_cloal

separator level swing. This was caused by the sudden opening of the

vertlcal separator pressure control valve PCV-B200. It was found that

this valve was locked in the closed position due to the valve operator

handwheel being run down to the closed posltion. The valve was placed

in manual control from the MCS, and the handwheol then run to the open

position. At thl8 time, the valve pulsed to auto and inemdiatelywent

to the full open Position due to vertical separator pressure being

greater than set Point. The sudden opening of this valve caused the

vertical separator level to go high. When the vertical separator level

increased to a level over 9 feet, the feed water flow control valve was

ordered closed. This caused a gas turbine trip due to low total boiler

circulation flow. As the vertical separator level increased, PCV-B200

was ordered closed automatically to prevent carryover to the

superheaters. Thl8 action forced the vertical separator level low.

The unit was secured in a normal manner and preparations made for a hot

restart.

Start-Up TD-SU-91-07-02

The unit was restarted on February 19, 1991. The gas turbine was rolled

and paralleled at 1219 hours. The bed preheater was placed in service

1416 hours. At 1630 hours, the steam turbine was rolled and paralleled.

A one hour sparge duct relaxation procedure was Performed and completed

at 1838 hours. Bed material was then added and bed level increased to

28 inches. Fuel injection was initiated at 0023 hours on February 20,

1991. Bed level was then increased to 40 inches and sorbent injection

was established at 0220 hours.

Over the next several hours, bed level was increased to 55 inches.

During thlsperlod of time, problems developed in the fuel preparation
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system. At 0420 hours, the #1 paste tank agitator tripped. This was

found to be due to very dry material in the paste tanks. Over the

course of the evening, several trips of the coal crusher had occurred

and during this period it was suspected that the block valve in the

water supply to the mixer was ordered closed and not reopened. This led

to the delivery of dry coal to the paste tanks. Further investigation

revealed that the #I agltatormotor had failed. At 0558 hours, the #5

and #6 paste pumps tripped due to high injection llne differential

pressure.

At 0601 hours, the combustor was tripped via the panel push button and

the unit was secured in a normal manner. A decision was made to not

remove the gas turbine from service in anticipation of a quick repair to

the failed agitator motor. This motor was repaired at a local shop and

returned to the site at approximately 1800 hours.

At 2224 hours on February 20, 1991, the bed preheater wag placed in

service. During the course of the evening, the status of secondary

cyclone S24 was oloselymonitored. The air coollng temperature has

consistently indicated a problem wlth flow through thl8 dip leg.

Bed level was increased to 28 inches and at 0309 hours on February 21,

1991, fuel injection was placed in service. Bed level was then

increased to 40 inches, and sorbent injection was establlghed at 0550

hours via the west injection llne. Over the next several hours, bed

level was increased to 65 inches and preparations made to transfer to

once-through operation. During this period, it became increasingly

evident that secondary cyclone S24 was plugging.

At 1449 hours, the boiler clrculatlonpumpwa8 removed from service and

once-through operation achieved. During the next hour, the main steam

attemperator was placed in service and unit gross load stabilised at

approxlmately 33 MW.

At 1600 hours, the combustor was tripped due to excessive vertical

separator pressure swings. The unit was cooled down and the gas turbine

was tripped at 2015 hours. This unit was secured in a normal manner and

preparations made to release the unit to Maintenance for outage

activities.
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Start-Up _9)-_U-91-08-01

The unit was started up on February 25, 1991. During this run, new

procedures were to be implemented to improve wazmlng of the secondary

ash dlp legs, internal secondary ash coolers and associated piping.

Following the revised warming procedures, the gas turbine was rolled and

paralleled at 1725 hours on February 27, 1991. The bed preheater was

placed in service at 2252 hours and bed level was Increased to 28 Inches

for steam turbine roll and fuel injection.

The steam turbine was rolled and paralleled at 0138 hours on February

28, 1991. Fuel injection was initiated at 0318 hours. At 0322, the #3

paste pump was removed from service due to a plugged injection nozzle.

After attempting to clear the plugged llne for approximately 1 hour, a

dealslon was made to trip the aombustor. The oombustor was tripped via

the manual push button at 0415 hours and the unit secured in a normal

mJLnner.

The gas turbine was tripped from the MOB at 0733 hours to permlt

Maintenance to clear the obstruction from the #3 fuel line.

s_art-up TD-sU-91-09-01
q

The unit was started up on February 28, 1991. The gas turbine was

rolled and paralleled at 1208 hours on February 28, 1991. The bed

preheater was placed in service at 1428 hours. At 1637 hours, the steam

turbine was rolled and paralleled. At 1740 hours, sorbent injection was

initiated via the west llne. At 1742 hours, fuel inJe=tlon we%

initiated.

Over the next several hours, bed level was increased to approximately 73

inches and preparations made to transfer to once-through operation.

During this period of time, evidence of plugging of se=ondary cy=lones

S25 and S27 was seen.

At 73 inches, bed level preparations were made to transfer to on=e-

through operation. As this was done, a sudden inarease in vertiaal

separator level was experienced. Due to this, PCV-B200 was ordered to

its minimum opening. The resulting upset to vertlcal separator level
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pressure and feed water flow caused the boiler circulation pump to auto

stop.

At this time, the primary and seoondar_ superheater tube temperatures

wore observed to be rapidly increasing. At 2221 hours, a combustor trlp

was generated due to high secondary superheater temperature. The unit

was then secured and cooled in a normal manner.

At 0127 hours OhM arch 1, 1991, a gas turbine trip was initiated via the

HC8 and preparations made to turn the unit over to Maintenance for

outage activities.

#tart-Up TD-BU-91-10-01

The unit was started up on March 7, 1991. At approximately 0430 hours

on March 8, 1991, the high level alarm on the combustor belly drain was

ro_elved. Over the next 4 hours, several gallons of water were removed

via the drain from the combustor bottom. At 0800 hours, a decision was

made to suspend warming procedures and to hydro the boiler for leaks.

When Systems 741 (boiler ventilation system) and 758 (process air

system) were removed from service, the amount of moisture at the belly

drain slgnlflcantly decreased. The results of the hydro showed no

leakage from the boiler. At 1033 hours, warming procedures were

restarted.

The gas turbine was rolled and paralleled at 1705 hours. At 1803 hours,

water was observed coming from the secondary ash piping at the

economizer. At this time, a decision was made to trip the gas turbine.

The unit was then secured in a normal manner and preparations made to

turn the unit over to Maintenance for outage activities.

start-up TD=SU-91-!l-01

The unit was started up on March 10, 1991. The dip leg warming

procedure was initiated at 2206 hours on March 10, 1991. For this

start-up, warming flow through the secondary ash systom was established

by pulling air through the systom by attaching a portable vacuum source

at the secondary ash outlet plpe outside the combustor penetration. Gas

reclrculation via Systems 741 (boiler ventilatlon _ystom) and 758

(process air system} was initiated at 2215 hours. At 0900 hours on
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March 11, 1991, the bed preheater bypass valve, HCV-PIO0, was manually

closed to increase boiler wall differential and, thereby, increase

warming flow through the dip legs. During this time, the test

thezmocoupleg on 821 and 824 ash line and purge air lines were showing

conflicting indications as to the effectiveness of the warming

procedures. At 1530 hours, the vacuum source at the secondary ash

outlet was removed and a reverse flow of heated dry _lr from the

external ash cooler was initiated. The results of this indicated that

all secondary ash lines were open and warming.

At 1658 hours, the start-up fans were placed in the start-up

pressurisation mode and the gas turbine rolled to 2500 RPM. This mode

of operation was continued for approximately 45 minutes to force warm

air through the dlp legs. At 1742 hours, the gas turbine generator was

paralleled and air flow establlshed through the combustor. At 2348, the

bed preheater was placed in service and immediately tripped due to high

burner temperatures. At this time, it became apparent that the boiler

wall differential was significantly lower than expected for thl8 mode of

operation.

At 0000 hours on March 12, 1992, a combustor trip was initiated from the

panel in order to reopen HCV-P100 to check the change in boiler wall

differential. At this time, a decision was made to remove the unit from

service for inspection of combustor internals to determine the reasons

for the low boiler wall differential.

The gas turbine was tripped at 0212 hours, and the unit secured in a

normal manner. Preparations were then made to turn the unit over to

Maintenance for outage activities.

8tart-Up TD-EU-9_-_-0_

The unit was started up on March 12, 1991. At 1726 hours on March 12,

1992, gas clrculatlon flow was established to prewarm the combustor

Internals. At 1734 hours, secondary dip leg warming was established.

The gas turbine was rolled and paralleled at 2333 hours. Bed level was

then increased to 28 inches. At 0804 hours on March 13, 1991, an oil

fire was established. The steam turbine was rolled at 1018 hours. A

steam turblne trap was generated at 1120 hours when the generator field
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automatic circuit breaker was closed. Investigation revealed no

problems with this automatic circuit breaker and the turbine was then

rolled and paralleled at 1240 hours.

Sorbent injection was initiated at 1245 hours via the west line. At

1251 hours, fuel injection was initiated.

At 1328 hours, a gas turbine trip was experienced due to a surge of the

high pressure compressor. Investigation revealed that a gas turbine

control card had failed.

The unit was secured in a normal manner and preparations made to restart

the unit.

start-Up TD-SU-9_-12-0_

The unit was started up on March 13, 1991. The gas turbine was rolled

and paralleled at 2146 hours on March 13, 1991. The bed preheater was

placed in service at 0144 hours on March 14, 1991. The steam turbine

was rolled and paralleled at 0429 hours. &t 0447 hours, sorbent

injection was initiated via the west line. Fuel injection was initiated

at 0453 hours.

Over the next several hours, bed level was increased to an indicated 70

inches and conditions allowed to stabilize. At 1042 hours, the main

steam temperature control was placed in automatic. At 1043 hours, the

boiler circulation pump was removed from service and once-through

operation established. At 1152 hours, sorbent feed rate was increased

due to a suspected fire in primary cyclone PII _nd PIT. The result of

this was an increase in cyclone temperatures. At this point, sorbent

flow was then decreased and air flow increased. This resulted in a

decrease in cyclone temperatures. At 1532 hours, the steam turbine

voltage regulator was placed in automatic. At 1550 hours, the vertical

separator level control valve was placed in automatic and set to control

the vertical separator level at less than 7 feet. At 1554 hours, the %1

paste pump was biased to 0.7. This action appeared to also help the

fire in P17 cyclone.

The unit was held at a stable load for approximately 12 hours.

Beginning at 2209 hours, problems with the west sorbent rotary feeder
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wore experienced. Over the next three hours, this feeder tripped a

total of four ttJuos. Investigation revealed that the feeder was

mechanically binding. The feeder was operated several times in the

forward and reverse directions locally, and Maintenance loosened the

packing at the shaft penetrations. These actions resolved the problem.

The wont injection line was returned to service at 0241 hours on March

14, 1991, and no further problems were experienced.

At 0538 hours, the decorator steam supply was transferred from pegging

Station "C" to Station "A" (auxiliary steam to sixth stage extraction).

Over the next several hours, bed level was increased to an indicated

level of 95 inches. At 1133 hours, the steam turbine generator was

placed in automatic. At 1331 hours, the rupture diaphragm at the V-102

orifice failed. Prior to this failure, an ash leak had developed on the

rotary feeder and this feeder had been removed from service for

maintenance. An inemdiate load decrease was initiated. At 1345 hours,

the boiler circulation pump auto started. At 1402 hours, auxiliary

power was transferred from normal to reserve. At 1407 hours, a

combustor trip occurred due to high bed temperature.

At 1431 hours, the gas turbine was tripped by operator action. The unit

was secured in a normal manner and preparation made to release the unit

to Maintenance for outage activities.

Start-UP TD_SU-91-13-0!

The unit was stared on April 1, 1991. The gas turbine was rolled and

paralleled at 1355 hours. At 2140 hours, the bed preheater was placed

in service. At 0006 hours on Aprll 2, 1991, the steam turbine was

rolled and paralleled.

At 0719 hours, fuel injection was initiated. The #1 and #6 paste pumps

started, the other pumps were blocked from starting due to the low

splitting air flow not being tuned out when the revised splitting air

flow control scheme was implemented. AS a result of this, the function

group was ordered off. This resulted in an increased demand for

splitting air flow to prevent a backflow of material into the nossles.

At this time, the splitting air compressor was in "M_._CAL UNLOAD" and

was, therefore, unable to supply this demand. This resulted in a
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oombultor trip at 0721 hours.

The unit was secured in a normal manner and at 0768 hours, the bed

preheater was returned to service. At 0922 hours, the steam turbine was

rolled and paralleled. At 1014 hours, Iorbent lnjeotion flow was

established via the east line. At 1028 hours, fuel injection was

established.

At 1618 hours, the unit was transferred to once-through operation. Over

the next several hours, bed level was increased to 91 inches. At 0313

hours on April 3, 1991, a combustor trip was experienced due to all

three vortical separator level instruments showing out of range. This

was due to a low vertical separator level caused by level swings during

once-through operation.

The unit was secured in a normal manner and preparations wore made to

restart the unit. At 0434 hours, the bed preheater was placed in

service. At 0706 hours, sorbent injection was initiated via the east

line. At 0716 hours, fuel injection was initiated. On starting, all

slx fuel lines indicated a high llne differential pressure and the

function group was ordered off. At i010 hours, the steam turbine was

rolled and paralleled. Fuel injection was attempted several times with

high llne differential pressure resulting. At this time, water was

added to the paste tank. This resulted in the fuel llne differential

pressure decreasing to normal.

At 1731 hours, the unit was transferred to once-through operation. Over

the next several hours, bed level was increased to 97 inches. At 2130

hours, it became apparent that secondary cyclone S23 had plugged. At

2344 hours, the vertical separator bypass valve was opened. This

resulted in an upset to boiler pressure and at 2350 hours, this valve

was rsclosed.

At 0115 hours, a slow increase in bed level was initiated to determine

the upper operating limit. As bed level increased, the _a8 temperature

to the HPT approached the maximum limit. At thl8 time, bed temperature

set point was gradually decreased to 1515°F. At approxlm_tely 0115

hours, secondary cyclone 823 dip leg and ash cooler temperatures began

to increase. Over the next hour, it appeared that thl8 cyclone had

cleared itself of the pluggage.
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At 0258 hours, bed level had reached a level of 106 inohem. At this

time, a bed level decrease was initiated to stabilise conditions. At

0269, a gas turbine trip was experienced due to high temperature

(1058_) at the LI_ inlet.

The unit was secured in a normal manner and preparations were made to

release the unit to maintenance for outage activities.

Start-Up TD,SU-91-14-01

The gas turbine was rolled and paralleled at 0017 hours on&pril 19,

1991. Air preheating requirements were met and the bed preheater placed

in service at 0759 hours. At 0800 hours, a gag turbine trip was

experienced due to high fictive disc temperatures.

The unit was secured in a normal manner and preparations were made to

restart the unit.

Start-Us TD-SU-91-14,02

The unit was restarted on&pril 19, 1991. The gas turbine was rolled

and paralleled at 1132 hours. At 1211 hours, a gas turbine trip was

initiated by the operator. This was due to a leak at the System 271 ash

sampler connection.

The unit was secured and preparations made for maintenance to repair the

leak.

Start-Up TD-SU-91-15-01

The unit was restarted on April 19, 1991. The gas turbine was rolled

and paralleled at 1527 hours. At 1558 hours, a gas turbine trip was

initiated by the operator. This was due again to a leak at the System

271 ash sampler connection.

The unit was secured and preparations were made for maintenance to

repair the leak.
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|tar_;-UD TD-BV-91-16-01

The unit was restaz"ced on J_pril 19, 1991. The gas turbine was rolled

and paralleled at 1920 hours. The bed preheater was placed in service
at 2250 hours.

At 0309 hours on April 20, 1991, the steam turbine was rolled and

paralleled. At 0355 hours, sorbent injection was initiated via the east

llne. At 0405 hours, fuel injection was initiated.

Over the next several hours, bed level was increased to 65 inches and

preparations were made to transfer to once-through operation. At 1247

hours, the boiler circulation pump was removed from service and once-

through operation established.

Bed level was raised to 90 inches by a combination of bed reinJeotion

and sorbent injection. During this time period, the following

activities were performed:

1. Splitting air flow was reduced to .3 of the original curve.

2. Economiser test sootblower was operated two times and data taken.

3. Maintenance repaired a leak on the expansion Joint on the bottom

of the west sorbent injection vessel.

4. Biased paste pump flows to obtain optimum bed temperature

distribution.

At 2300 hours, the bed ash removal system was placed in manual and bed

level allowed to begin increasing from sorbent injection. At 0030 hours

on April 21, 1991, the bed level increase was stopped at 105 inches and

operating data was taken.

At 0137 hours, bed level was decreased to 100 inches due to secondary

cyclones #22 and #23 dlp leg temperatures increasing above freeboard

temperature. During this period, the moisture content of the fuel was

reduced from approximately 29 percent to approximately 26 percent. This

action lowered the cyclone temperatures.

At 0228 hours, the bed level was allowed to begin increasing from

sorbent injection. At 0350 hours, splitting air flow was further
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reduced from .3 to .25 of the original curve. At approximately 0700

hours, a bed level of 126 inches was achieved. Over the next one and

one half hours, bed temperature set point was gradually increased from

15250 to 1560_. At 1560_r, the gas turbine inlet temperature was

observed to be approaohing its lJJnit. Due to this, the bed temperature

set point was gradually reduced to 1527_.

Bed level was then ilowly reduced to 80 inches, as bed level was

reduced, the boiler and bed temperature distribution deteriorated and

bed level indication became erratic.

&t 2050 hours, the boiler circulation l_lmp was placed in service. At

2103 hours, a bed level decrease to 65 inches was initiated. At 2128

hours, the oombuetor tripped on low bed temperatures in aChe one due to

partial defluidisation of the bed (outage lnapectionl revealed "egg"

sinter formation in the bed). The iteamturbine was tripped at 2129

hours.

At 0105 hours on April 22, 1991, the gas turbine was tripped via the

panel bush button. The unit was secured in a normal manner and

preparations made to release the unit to maintenance for outage

activities.

!

_tar_-UD TD-SU-91-17-01

The unit was started up on April 2S, 1991. While setting up equipment

for the start-up, an unusual hissing noise was heard while racking in

VCB IC2 (one of the gas turbine generator breakers). Initial

investigations led us to believe that the phase #3 vacuum interrupter

had failed. A Siemens representative was summoned to the site. The

breaker was disassembled and all three vacuum bottles wore tested,

reassembled and high potted. These tests revealed no problems. Final

resolutlon was that as the VCB was racked in, the capacitance of the VCB

caused a hissing noise as the breaker stabs came into contact with the

bus.

Start-up activities continued on april 29, 1991. Over the next two

days, a total of four gas turbine trips were experienced due to high

horizontal vibration on #1 bearing. These trips occurred as the turbine

was released to ramp from 2500 RPM to rated speed. An investigation was
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made but :evealed no physical problmm, as the indicated high vLb:ation

could not be substantiatedwith test vibration equipment. The turbine

was successfully rolled to rated speed and Ip_,ralleled at 0919 hours on

May 1, 1991.

At 1800 hours, the bed lp_eheater was placed in service. The steam

turbine was rolled and Ip_walleled at 2012 hours. At 2131 hours, sorbent

injection was established via the west line. Fuel injection was

initiated at 2137 hours. Bed level was then ins=eased to 45 inches.

At 0316 hours on May 2, 1991, bed level was increased to 65 inches and

the unit transferred to once-through operation. At 0Sla hours, bed

level was increased to 75 inches and conditions stabilised. This

condition was maintained for approximately eight hours while the steam

turbine was waz_ed to meet overspeed requlrements.

At 1102 hours, abed level decrease was initiated in preparation for

steam turbine overspeedte|ts. At 1309 hours, the |team turbine

generator was removed from para!lel. Over the next two hours, the

following tests were completed.

1. Steam turbine governor high and low speed stops checked.

2. 8team turbine overspeeds checked:

- Test #1 1911MPM

- Test #2 1908 RPM

- Test #3 1907 RIM

At 1556 hours, the stoam turbine was paralleled with the system and

start-up activities continued, over the next eight hours, bed level was

increased to 123 inches in preparation for a loss of feedwater (boiler

inJoction) teat.

At 0004 hours on Nay 3, 1991, the feodwator flow control valve (FCV-

F100) was placed in manual and closed to initiate a loss of feedwater.

At this time, the following tripe were experienced as lasted.

i. Combustor trip.

2. 8teamturblne trip.

3. Gas turbine trip.
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Start-Up TD-SU-91-19-01

The unit was started up on May 17, 1991, for the purpose of testing the

boiler injection system.

The gas turbine was rolled at 2325 hours and at 2333 hours, tripped due

to high vibration on the LPC #1 bearing rear horizontal pickup. The gas

turbine was rolled and paralleled on May 18, 1991 at 0022 hours.

An oil fire was established at 0208 hours. The steam turbine was rolled

and paralleled at 0520 hours. At 0545 hours, sorbent injection was

initiated via the east llne. At 0553 hours, fuel injection was

initiated.

Over the next three hours, bed level was increased to 70 inches. Once-

through operation was achieved at 0856 hours.

Bed level was allowed to increase via fuel and sorbent injection. At

1345 hours, the vertical separator bypass valve (HCV-B205A) was opened.

At 1348 hours, this valve tripped closed due to bad steam quality

indication. This was determined to be false and the valve was reopened

at 1353 hours.

During the period of t_ne that bed level was increasing, numerous trips

of the fuel preparation system were experienced. This led to a decrease

in paste tank level to one inch.

At 1634 hours, the boiler injection test was initiated by manually

closing the feedwater flow control valve (FCV-F100). This action

initiated a gas turbine trip with satisfactory operation of all boiler

protection schemes.

At 1850 hours, the feedwater flow control valve was returned to service

and feedwater flow established. The unit was secured in a normal manner

and preparations made to restart the gas turbine to remove the bed

material to the bed ash reinjection vessels.

Start-Up TD-SU-91-19-02

The unit was started up on May 19, 1991. Combustor warming was

Tidd PFBC Demonstration Project DE-FC21- MC-24132.000
Topical Report - First Eighteen Months of Operation March, 1994

19



initiated at 1112 hours.

The gas turbine was rolled and paralleled at 0134 hours on May 20, 1991.

An oil fire was established at 0715 hours. The steam turbine was rolled

and paralleled at 1046 hours. Sorbent injection was initiated at 1145

hours. Fuel injection was initiated at 1152 hours. The #1 and #6 paste

pumps showed over hydraulic pressure (plugged lines} and the function

group was placed in the off position Immediately.

While investigating the problems with #1 and #6 fuel lines, low

splitting air flow was indicated on both lines which initiated a

c(_nbustor trip.

Investigation revealed that the #1 and #6 fuel llne8 were plugged. The

combustor was cooled via the gas turbine. At 1318 hours, the gas

turbine was tripped and preparations were made to release the unit to

malntenance for cleaning the obstructed fuel lines.

Start-Up TD-SU-91-20-01

The unit was started up on May 20, 1991. The gas turbine was rolled and

paralleled at 2025 hours. At 2331 hours, an oil fire was establlshed_

At 0247 hours on May 21, 1991, the steam turbine was rolled and

paralleled. Sorbent injection was initiated at 0324 hours. Fuel

injection was initiated at 0326 hours. At 0327 hours_ f_l injection

was stopped due to a plugged llne on #5 paste pump. At 0.350 hours,

8orbent injection stopped. At 0359, 8orbent injeat%_n was ret_InQd t_o

service. After reversing all 81x paste p_p8 and _an b_owi_g all 81x

paste llnes, fuel injection was initiated at Q406 _>a_s w_th nQ further

problems.

•

Bed level was then increased to 70 inches n_ _ _0_ __ once--

through operation was achieved.

At this time, bed level was further incre_d _J 90 _nee and held for

the next 40 hours. During this time perio_ h_._....2o_ing activities

were performed.
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1. Systems tuning.

2. Check for effects of turbulence on lower vertical separator level

taps.

3. Increasing bed temperature.

4. Testing the bed reinJection system bed level control.

5. Opening and closing vertical _eparator bypass valve to determine

effects on boiler operation.

6. Varying splitting air fiow to determine effects on combustion.

At 1413 hours on May 23_ 1991, a bed level increase to 100 inches was

initiated. At 1700 hours, a iQak was discovered in the sorbent

injection piping. At 1711 hours, a bed level decrease was initiated and

auxiliary power was transferred to the reserve source. At 1716 hours, a

aombustor trip was initiated due to the sorbent system leak.

The combustor was cooled via the gas turb£ne and the gas turbine was

tripped at 2012 hours. Preparations were then made to release the unit

to maintenance for outage activities.

Start-Up TD-SU-91-21-01

The unit was started up on June 2, 1991. The gas turbine was rolled and

paralleled at 0112 hours on June 3, 1991. The bed preheater was placed

in service at 0754 hours. At 0714 hours, the LPC was injected with

Carboblast material. This appeared to have no negative effect on gas

turbine operation. At 0833 hours, the LPC was injected a second time

with Carboblast. The bed preheater was placed in service at 0859 hours.

The steam turbine was rolled and paralleled at 1226 hours.

At 1447 hours, the west sorbent injection llne was placed in service to

test single line operation. At 1510 hours, sorbent injection was

transferred to the east llne due to pluggage in the west vessel. At

1532 hours, the west line was returned to service and unplugged by

closlng the equalizing llne and pressurizing the vessel by opening the

fluidIzing line.

At 1714 hours, the fuel injection function group was placed in service.

The function group was then taken back off due to #2 paste llne being

plugged. At 1720 hours, sorbent injection was stopped while the #2

paste llne was clean blown.
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At 1820 hours, sorbent injection was initiated via the west line. At

1821 hours, fuel injection was initiated. At this time, the #1 paste

pump was determined to be not pumping. At 1907 hours, the combustor was

tripped by the operator due to one bed temperature being above 1700"F

and unstable evaporator tube temperatures.

At 2025 hours, the bed preheater was placed in service. At 2305 hours,

the steam turbine was rolled and paralleled. At 2319 hours, sorbent

injection was initiated via the west line. At 2320 hours, fuel

injection was initiated.

At 2350 hours, a bed level increase to 45 inches was initiated. At 0051

hours, the combustor was tripped by the operator, due to #ii primary ash

cyclone pluggage. This pluggage was suspected to have been caused by

the modified sorbent nozzle "T"s which had been installed during the

outage. The unit was then cooled down via the gas turbine. The gas

turbine was then tripped at 0208 hours and the unit released to

Maintenance for outage work.

Start-Up TD-SU-91-22-01

The unit was started up on June 5, 1991. The gas turbine was rolled and

paralleled at 1221 hours on June 6, 1991. The bed preheater was placed

in service at 2055 hours. The steam turbine was rolled and paralleled

at 2336 hours.

At 0343 hours on June 7, 1991, the fuel injection function group was

placed in service. At 0346 hours, the function group was taken back off

due to #2 paste line being plugged. After the llne was clean blown, the

function group was placed in service at 0419.

At 0500 hours, sorbent injection was initiated using the west llne.

Bed level was gradually increased to 70 inches. A low velocity test was

Performed on the sorbent injection system. The transport air flow was

slowly lowered and when the velocity reached 12 feet per second, the

line appeared to plug and the velocity was increased back to the normal

setting of 26 feet per second. At 0955, it was observed that #25

secondary cyclone appeared to be plugged. The #3 paste pump was tripped
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at 1123 hours to test the effects of loosing a paste pump. The

combustor was tripped at 1128 hours because of high bed temperatures.

The gas turbine tripped at 1132 because of a LPC surge. The gas turbine

lube oil system was removed from service to repair a leak on the gear

piping. The lube oil system was returned to service and the gas turbine

restarted at 1629 hours to cool the combustor. The gas turbine was then

tripped at 2324 and cooling was continued with combustor cooling and

released to Maintenance.

Start-Up TD-SU-91-23-01

The unit was started up on June 12, 1991. The gas turbine was rolled

and paralleled at 0915 hours on June 12, 1991. Problems were

experienced with the LPT inlet guide vane position amplifier and the

turbine was tripped from the MCS at 1233 hours. This problem was

corrected and the gas turbine was restarted and paralleled at 1752

hours. The bed preheater was placed in service at 2236 hours. The

steam turbine was rolled and paralleled at 0201 hours on June 13, 1991.

At 0243 hours, the fuel injection function group was placed in service.

Sorbent injection was initiated using the east llne at 0312. Bed level

was gradually increased to 90 inches with the bed ash reinJectlon

system. Problems were experienced when #3 and #5 coal paste pumps

tripped because of low splittlng air flow.

Secondary ash cyclones #24 and #26 indicated that they were at least

partially plugged.

At 0427 on June 15, 1991, the combustor tripped on gas cleanlng system

temperatures because of a loss of communications with the safety node.

During the coollng period, the gas turbine tripped because of the LPC

pressure ratio trip. Once of the gas turbine bypass valves (HCV-T120)

stuck at approximately 25% open. The combustor cooling was completed

with the boiler ventilation system and the combustor cooling fan for

maintenance outage work.

Start-UP TD-SU-91-24-01

The unit was started up on June 24, 1991, to perform the stack
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monitoring test, to determine the dust loading before and after the

precipitator, to perform testing for boiler tube surface evaluation, and

to test sorbent utilization.

The gas turbine was rolled and paralleled at 0338 hours on June 24,

1991. The combustor was warmed and the bed preheater was placed in

service at 0952 hours. The steam turbine was rolled and paralleled at

1248 hours.

At 1301 hours, the sorbent injection function group was placed in

service using the east line. Coal injection was initiated at 1307

hours. The #2 paste pump injection line required clean blowing to clean

the nozzle and was put in service at 1337 hours. Plugging problems were

experienced with the west sorbent injection vessel outlet to the rotary

feeder and in the transport line after the isolation valve. Bed level

was gradually increased to 126 inches with the bed ash relnJectlon

system and sorbent injection over the next day. Secondary ash cyclones

#22 and #23 indicated high temperatures during this period of operation.

Preliminary data was collected on June 25 at full bed height for the

boiler surface evaluation and sorbent utilization.

At 0818 on June 26, the #2 coal injection llne plugged causing a bed

temperature upset. Temperatures increased on the #12, #22 and #23

cyclones, resulting in a combustor trip at 0826 hours.

The bed level was lowered for bed prehoater start and at 1531 on Juno

26, an o11 fire was established. The steam turbine was rolled and

paralleled at 1852 hours. Sorbent injection was started with the west

line at 1746 hours and coal injection was attempted at 1856 hours.

Problems with coal injection llnes being plugged (#2, #4, #5 and #6)

delayed coal fire. Finally at 0224 on June 27, a coal fire was

established. At 0716 hours, the #2 coal injection llne plugged. This

resulted in high bed temperatures and the aombustor was tripped from the

control panel at 0724 hours. At 0727 hours, the gas turbine tripped

because of a LPC pressure ratio trip. The bed was inerted with nitrogen

and cooled with gas circulation. Maintenance cleaned the coal injection

lines and the coal paste pumps wore also cleaned. Water was added to

the paste tank to increase moisture content to make it more pumpable.
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Start-Up TD-SU-91-24-02

The unit was restarted on June 28, 1991, followlng the mechanical

cleanlng of the fuel lines. The gas turbine was rolled and paralleled

at 0434 hours. The bed level was lowered and the bed preheater was

placed in service at 0817 hours. The steam turblne was rolled and

paralleled at 1048 hours°

At 1117 hours, the sorbent injection function group was placed in

service using the east line. Coal injection was initiated at 1120

hours. Bed level was gradually increased to 110 inches with the bed ash

reinJection system and sorbent injection. Bed level was then increased

with only sorbent injection to 110 inches. During this time, #22 and

#23 secondary cyclones temperatures increased to near the limit. Bed

level was lowered to 100 inches in an attempt to lower these

temperatures. The bed temperature set point was also lowered from 1540

to 1535 degrees for the same reason.

During the early hours of June 29, problems were encountered on the fuel

preparation system. The screw feeder tripped and the crusher roll gap

skew tripped the crusher drives. The bed level was lowered to 90 inches

at this time to reduce coal demand in order for the preparation system

to keep up with usage while the problems were being addressed.

Adjustments were made to the crusher drives and shortly after noon, the

fuel preparation system seemed to be able to remain in service and keep

ahead of the demand for a higher bed level. At 1204 hours, the #3 coal

paste pump tripped because of low splltting air flow. This pump was

quickly returned to service before the bed temperatures became spread.

The bed level was increased to 100 inches. At 1608, the #3 coal paste

pump tripped again and was again returned to service. At this time, it

was determined that #3 pump was tripped due to low splittlng air flow

caused by blowing the sootblowers, which take air from the splitting air

system.

The LPT gas inlet temperature was approaching the high limit and the bed

temperature set point was lowered to avoid excessively high temperature.

The bed level was increased to 126 inches.

Wlth stable conditions at 126 inches bed level, bed temperature of
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1520 °, and sorbent flow demand to maintain less than .5 ibs/mBtu SO2,

the stack monitoring test was started at 1014 hours on June 30. This

test was completed at 1637 hours and a one hour precipitator particle

size test was conducted. During the rest of this day and the night, the

bed level was maintained at 126 inches, and the bed temperature was

controlled to keep the LPT inlet temperature below 1060°. The bed

temperature set point eventually was lowered to 1516°F.

At 0830 on July 1, precipitator testing began. Three tests were run,

each lastlng approximately two hours. During this time, data was also

collected for the tube surface evaluation and sorbent utilization tests.

At 2032 hours, the bed temperature set point was lowered to 1509 °

because of high temperature in #12 primary cyclone. At 2200 hours, the

#3 coal paste pump tripped on low splittlng air flow and at 2223 hours,

the combustor tripped due to #12 primary cyclone temperature high trip.

The bed was lowered with the bed ash reinJeation system and bed ash

removal system. At 0553 hours on July 2, Bailey N-90 module "AD" failed

issuing a combustor trip. Maintenance cleaned the #3 and #5 coal

injection lines in preparation for a restart. At 1020 hours, the gas

turbine was tripped from the MCS. When the gas turbine valves tripped

closed, HCV-TI21 (bypass valve) stuck approximately 20% open.

Inspection of the coal-water mixer revealed that the mixer blades were

worn badly and some pieces were missing. The combustor was cooled and

the unit released to Maintenance for the planned outage.

start-Up TD-SU-91-25-01

The unit was started on July 21, 1991. The gas turbine was rolled and

paralleled at 2358 hours. During unit warm-up, a system response rate

test was conducted on the bed ash reinJectlon system. The bed preheater

was initiated, but did not light. The Performance Department

investigated the problem, but found no cause for the problem. The bed

preheater was successfully placed in service at 0842 hours on July 22,

1991. The steam turbine was rolled and paralleled at 1308 hours.

Sorbent injection was initiated at 1329 hours with the east llne.

Problems were experienced when attempting fuel injection with #1 and #4
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pumps not pumping. 8orbent injection was removed from service, the coal

injection lines were clean blown, and the #l splitting air line was also

blown out. Sorbent injection was restarted at 1657 hours. Coal

injection was then successfully initiated at 1704 hours. (A logic

problem was found that was limiting the signal to the paste pumps.)

at 1713 hours, the e3 coal paste pump tripped due to low splitting air

flow. The other pumps were biased in an attempt to stabilise bed

temperatures. The #3 paste line was clean blown and the splitting air

lines blown out with higher pressure air and nitrogen. The pump was

then put back in service at 1938 hours.

The east sorbont injection feeder tripped twice. It was returned to

service once, then tho west was placed in service so that the east

rotary feeder could be ropacked.

Bed level was increased to a level for once-through boiler operation,

but was lowered when the vertical separator level became unstable. Once

again bed level was ra£sod, the boiler circulation pump shut off

automatically, and once-through boiler operation was achieved at 0050

hours on July 23, 1991. Bed level was maintained at 75" with the bed

ash roinJootion system in bed level control.

It was observed about this time that #16 primary cyclone was plugged.

The gas turbine opacity was at a higher value than normal, and the #16

dlp leg temperature and ash cooler temperatures were much lower than the

others. Sorbent injection was stopped for a short time in an attempt to

unplug the cyclone, but was unsuccessful.

At 0306 hours, the combustor was tripped from the MCS because of the

plugged #16 cyclone. The steam turbine tripped at 0307 hours.

The boiler clrculatlon pump failed to start due to motor overload on

decreasing steam flow after the combustor trip. The feedwater flow

control was placed on hand and lowered to 100 kpph to keep the vertical

separator level from going too high. At 0404 hours, the gas turbine

tripped because of high flctlve disk temperatures.

_-
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start-UpTD-SU-91-26-01

The unit was started on July 28, 1991. The warming procedure was

accomplished by having the secondary ash piping disconnected and pulling

vacuum on cyclones while circulating feedwater and using boiler

ventilation system in the warming mode until the temperatures for dew

point were exceeded. The gas turbine was rolled and paralleled at 2222

hours. The bed preheater was initiated at 0531 hours on July 29, but

did not light. The Performance Department investigated this, but found

no problem. The preheater was successfully placed in service at 0731

hours. The steam turbine was rolled and paralleled at 1056 hours.

Sorbent injection was initiated at 1114 hours with the west line. Coal

injection was initiated at 1135 hours.

Bed level was increased toward a level for once-through boiler

operation. Once-through boiler operation was achieved at 1648 hours,

with an indicated bed level of 56 inches. Bed level taps looked fine,

but the bed density seemed to be high. Bed level was maintained to

control main steam flow at approximately 220 kpph with System 272 in-

bed level control. The indicated density slowly decreased and

indications of bed level slowly came together with the actual level.

At 0307 hours on July 30, 1991, the #4 coal injection llne plugged at

the nozzle. Splitting air flow and paste flow both stopped. Over the

next day, several attempts were made to unplug them by using different

methods. The coal nozzle was at least partlally unplugged, but the

primary splitting air flow tube appeared to remain plugged.

During the early hours of July 30, the #24 cyclone appeared to have

plugged or have significant air leakage as evidence by the dip leg

temperature decreasing drastically and the ash cooler temperatures

dropping to pressure vessel air temperature. At 0530 hours on July 30,

the #2 02 analyzer vent llne plugged and pressurized the analyzer,

causing damage to the pump, the cooler, and other components of the

analyzer cabinet.

Over the next day, bias adjustments were made to the remaining five

paste pumps in an attempt to maintain an evenly distributed bed

temperature and to control evaporator tube temperatures. Conditions
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continued to deteriorate, with freeboard temperatures and cyclone

/ temperatures increasing. The main steam attemporator bias was used to

help control evaporator temperatures, and flnally bed temperature and

main steam temperature set points were lowered to keep bed temperatures

from being too high.

At 1018 hours on July 31, the motor for crusher #2 at station #3 failed.

At 1151 hours, the deluge system on coal conveyors actuated falsely.

The cause was determined to be a defective section of Protectowire in

the N-2 conveyor. The 8ystemwa8 cleaned and returned to service with a

standby fire watch.

At 0515 hours on August 1, the combustor was tripped because of the bed

temperature imbalance and the inability to control temperatures.

Bed level was lowered by taking bed material up into the reinJectlon

vessels, and then by removing material with bed ash removal. The gas

turbine was tripped at 1200 hours from the MCS. The combustor was

cooled with the boiler ventilation system, combustor cooling fan, start-

up fans, and condensate airculatlon in preparation for outage work.

During the run, adjustments were made to the coal crusher. Data and

samples were taken for evaluation to determine which settings provide

the best product.

Start-Up TD-SU-91-27-0_

The unit was started on August 7, 1991. The warming procedure was

accomplished by having the secondary ash piping disconnected and pulling

vacuum on cyclones. The gas turbine was rolled and paralleled at 0947

hours on August 8. The air flow and the LPT inlet guide vane seemed

abnormal as the warming was continued. At 1122 hour_, the gas turbine

was tripped as air flow was continuing to decrease. The inlet guide

vane control circuit was checked, but no problems were found. Because

of the nature of the failure, it was suspected that the position

feedback circuit was again the problem. The amplifier for this feedback

was replaced.

Tidd PFBC Demonstration Project DE-FC21- MC-24132.000

Topical Report - First Eighteen Months of Operation March, 1994
29



start-Up_)-Su-91-2e-ol

Following repairs to the LPT inlet gulde vane posltlon feedback

amplifier, the gas turbine was rolled and paralleled again at 1717

hours. The bed preheater was initiated at 2248 hours, with snell fire

at 2253 hours.

The steam turbine was rolled and paralleled at 0146 hours on August 9.

Coal injection was initiated at 0253 hours, air flow increased to 500

kpph, and sorbent initiated at 0300 hours with the east llne. 8orbent

was held untll air flow wa8 at 500 kpph to help ensure that cyclones

would remain clear.

Bed level indication and density did not seem to be normal. The level

was slowly increased and these indications seemed to work their way to

normal. Coal paste pump biasing was done to equalize bed temperatures.

Once-through boiler operation was achieved at 1049 hours, with an

Indlcatodbod level of 59 inches.

Bed level was increased to 75 inches and sorbent flow rate was increased

to maintain Bez compliance. At 2047 hours, the #4 coal paste pump

tripped, apparently because of water getting into the control cabinet.

It was returned to service at 2256 hours In manual at an 11q demand, and

was increased to match the others and returned to automatic.

While cleaning the coal-water mixer on the evening of August 9, it was

discovered that the liner and blades were suffering from wear. some

sections of the liner were removed to prevent them from coming off and

entering the paste tank. The mixer was removed from service for

inspection, and repairs were made as time permitted between batch making

of paste. (This continued until the unit tripped.}

On August 10, the bed level was increased to a 90 inch level and

8tabillzed. At 0325 hours on August 10, the #17 primary cyclone dip leg

temperature increased above freeboard temperatures. Bed temperature was

lowered to keep the cyclone temperature from getting too high and the

temperatures were closely monltored.

At 0134 hours on August 12, the sorbent preparation system was removed

from service and a hole was discovered in the cyclone separator.
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Maintenance repaired this hole, and the system was returned to service.

Bed level was held at 90 inches because of the coal prelazation syste:

problems, sorbent prepazatlon rate limitations, and high temperatures on

#17 cyclone.

Relative accuracy tests were conductmd on the stack monltoring equilz_nt

on August 13.

At 1639 hours on August 13, the combustor tripped when the boiler

depressurlsed rapidly due to a large leak in the economlser. The steam

turbine tripped at 1640 hours. The gas turbine was tripped at 1647

hours. The gas turbine outlet duct was flooded. Feedwater could not be

maintained to the boiler. Bed bottom cooling was established and bed

material reduced. The _lumped bed temperature was 1200_ at this time.

Combustor cooling was continued with the boiler ventilation and the

process air system.

Start-Up TD-$U,91-29-01

The gas turbine was rolled and paralleled at 1550 hours on August 23. A

combustor trip was experienced at 1608 hours when #2 and #5 splitting

air flows went below the trip value. The combustor trip was reset. The

bed preheater was initiated at 2357 hours. The steam turblne was rolled

at 0235 hours on August 24. After testing the overspeed ell trip when

increasing steam flow to the turbine, a combustor trip and a gas turbine

trIpwere experienced because of low boiler circulation flow. The

vertlcal separator level dropped very low (probably caused by the level

control valve}. The boiler circulation pump tripped on low net positive

suction pressure. After nitrogen inerting and gas oirculatlon cooling

was complete, the bed cooling was completed by the process air system in

the air cooling mode.

Start-Up TD-sU-91-30-01

The gas turbine was rolled and paralleled at 0833 hours on August 24,

1991. The bed preheater was initiated at 1022 hours. The steam turblne

was rolled and paralleled at 1408 hours.

Fuel injection was initiated at 1455 hours. Air flow was increased and
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sorbent injection was initiated at 1545 hours with the west llne.

As soon as coal fire was established, it was observed that #17 cyclone

dip leg temperature did not increase and the ash cooler temperatures

were lower than pressure vessel air temperature. Once-through boiler

operation was achieved at 2226 hours, with an indicated bed level of 62

inches.

As the bed level was increased, the apparent leak on #17 cyclone

disappeared and the temperatures came in llne with the other cyclones.

At 0549 hours on August 25, while lowering bed level with the north bed

relnJectlon line, the vent valves stuck open causing the bed level to

decrease to 71 inches. At this time, several cyclones had fires in

them. As conditions stabilised, all fires were brought under control.

At approximately 1200 hours, it was observed that #13 cyclone had

plugged. Attempts were made to reduce the ash loading to this cyclone

and allow it to unplug. No success was experienced. Evidence showed

that #23 was getting significant ash carryover and at 1543 hours, the

combustor was tripped because of the plugged #13 and #23 cyclones. Bed

level was first lowered by the bed ash reinJection system, and then by

the bed ash removal system.

The gas turbine was tripped at 2003 hours from the MCS and the unit

cooled for outage work.

Start-UpTD-SU-91-31-01

The gas turbine was rolled and paralleled at 1505 hours on September 4,

1991. The bed preheater was initiated at 0039 hours on September 5.

The boiler pressure control valve was not controlling pressure and was

placed on manual. When the pressure was caught, the vertical separator

level decreased rapidly, causing the low net positive suction head

preventing the boiler circulation pump from running. At 0149 hours, a

combustor trip and a gas turbine trip were issued because of low boiler

circulation flow. The unit was secured and prepared to restart.
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Sta_-un TD-SU-91-32,-0_

The gas turbine was rolled and paralleled at 0536 hours on September 5.

Bed level taps appeared to be plugged and the bed level was lowered and

raised while the Performance Department worked at getting the taps

unplugged. The bed preheater was initiated at 1442 hours. The steam

turbine was rolled and paralleled at 1752 hours.

Fuel injection was initiated at 1851 hours, but the #6 pump tripped

because of low differential pressure. The fuel lines sequenced through

reversing and then were clean blown. The function group was again

ordered on and a coal fire established at 2001 hours. Air flow was

increased to 500 kpph, and sorbent injection was initiated at 2105 hours

with the west line at minimum speed because of high fines in the

sorbent.

At 2328 hours, a combustor and a steam turbine tripwere experienced

because of a low vertical separator level. At 0226 hours on September

6, an oil fire was established. The steam turbine was rolled and

paralleled again at 0458 hours. At 0511 hours, a coal fire was
established.

Air flow was raised to 500 kpph, and sorbent injection was initiated at

0613 hours with the west line.

Bed level was increased with bed ash relnJectlon, and once-through

boiler operation was achieved at 0954 hours, with an indicated bed level

of 64 inches. Bed level was allowed to increase from sorbent injection

toward 90 inches. A bed temperature of 1545°F was maintained.

Problems were experienced during this period with the coal preparation

system crushers. The problems were tracked to speed transmitters on the

crusher motors.

At 0220 hours, the #24 cyclone dip leg temperature was observed to drop.

This temperature and the ash cooler temperatures were watched closely,

and it was determined that the cyclone was not plugged because of the

dip leg temperature still being active.

A bed ash production test was conducted using the bed ash reinjection
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system. The test was run for approximately four hours, with an average

production rate of 8.2 kpph.

At 0704 hours on September 7, the #6 coal paste pump tripped because of

low differontial p_essuro. The paste pump, the S-_ubo, and the high

side of the dif_erential pressure i_stz_ont wore cleaned. The pump was

returned to service at 0905 hours, with everything checking okay. At

1020 hours, the #3 paste pump tripped and was restarted without any

problems (low dlfferentlal pressure appeared to be the cause of the

trip}.

At 1745 hours, problems wore experienced with the #6 coal paste pump

flow control. Performance was called to investigate and at 0040 hours

on September 8, the pump was removed from service to replace the speed

control _ard. The pump was returned to service at 0200 hours.

At 0805 hours, a leak was discovered on the sorbent transport llne and

preparatlonswere made to remove the unit from service. The combustor

was tripped manually at 1205 hours, the steam turbine tripped at 1207

hours. The hod material was taken up into the bed ash relnJectlon

vessels, and then the gas turbine was tripped at 1618 hours.

Preparations were made to repair the sorbent _Iplng leak and to

investigate the #6 coal paste pump speed control problems.

start-Up TD-SU-91-33-01

The gas turbine was rolled and paralleled at 1812 hours on September 11.

Bed level tap #1 appeared to be plugged, and _ttempts to unplug it did

not help. Tap #1 and tap #2 wore valved together. Bed level was

increased to 26 inches in preparation for bed preheater lighting. At

2345 hourm, problems were noticed on the #4 coal paste _unp. Upon

investigation, it was found that part of the chrome lining of the paste

cylinders was coming off.

It was decided to stop the start-up and secure the unit. Bed material

from the relnjeotlon vessels was removed into the bed and then taken out

through the bed ash removal system.

The gas turbine was tripped from the MCS at 0730 hours on September 12.

The unit was then released to Maintenance for the Fall outage.
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sta,=t-UpTD-Su-91-34-01

Boiler circulation was started at 1755 hours on December 7, and air

heating started at 0233 hours on December 8. The gas turbine was rolled

and paralleled at 1338 hours.

While running the splitting air compressor at the reduced loading of the

new system design, the compressor was noticed to heat up. A bypass

valve and line was temporarily installed back to the sorbent air

receiver •

Problems were encountered with the bed preheater lighting. One problem

waz the needle valve sticking, and another was the ignitor not being

energized from the control system. The bed preheater was successfully

fired at 0342 hours on Monday, December 9, but a combuotor trip was

experienced at 0345 when the vertical separator level "swelled" and

reached the high level trip.

The combustor trip was reset and the bed preheater was put back in

service at 0430 hours. A combuotor trip was suffered at 0556 when

boiler circulation flow decreased to less than 24 kpph. The combustor

trip was reset and the bed preheater restarted at 0655 hours. The

temperature set point was kept at minimum to comply with the bed zone

refractory curing procedure. The bed zone refractory curing was

completed.

Problmnzwere experienced at this time wlth the vertical separator level

and were traced to the drain valve (LCV-U200A) sticking. Silica was

high on main steam, which caused a hold until the cycle was cleaned

sufficiently to proceed.

During this time, the temperatures on the secondary cyclone ash removal

system indicated that at least part of the cyclones were plugged, and it

was determined to shut down after the sparge duct relaxing to

clean/inopect the secondary cyclones. (During the outage, ash

"peelings" were found in all of the secondary cyclone pickup pots,

except for #23).

As the steam turbine was rolled, the speed did not act as normal, and
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the oombustor was tripped to avoid further problems with the steam

turbine. Upon further investigation, it was determined that the speed

indication was faulty. At 2048 hours, the bed preheater was restarted.

At 2238 hours, the steam turbine was rolled/ and at 2347 hours, the

generator was paralleled.

While raising the bed preheater temperature to the 15500 sparse duct

relaxing temperature point, a high wind box temperature trip was

experienced at 0013 hours on December 10. The steam turbine was tripped

at 0015 hours. The bed preheater was restarted at 0045 hours to

continue the sparse duct relaxing. The sparge duct relaxation was

completed and the bed preheater function group ordered off at 0324

hours. Cooling of the boiler/combustor was continued for maintenance

outage work.

Start-UpTD-SU-91-35-01

Boiler circulation was started at 0137 hours on December 12, and air

heating started at 0700 hours. The gas turbine was rolled and

paralleled at 1330 hours.

The bed preheater o11 fire was established at 1837 hours and at 1839

hours, the oombuBtor tripped on high vertlcal separator level. The bed

preheater was restarted with o11 fire at 1901 hours, and the combustor

tripped at 1902 hours on high vertical separator level. A third bed

preheater ignition was acco_pllshed at 1925 hours, with a combustor trip

at 1926 hours (high vertical separator level). The vertical separator

drain valve (LCV-U200A) and the vertical separator pressure control

valve (PCV-B200) both were found to have control problems.

The bed preheater was initiated again at 1958 hours. At 2059 hours, the

bed level was increased toward 25 inches.

At 2235 hours, it was decided that the temperatures on #14, #24 and #25

cyclones indicated that they were plugged.

At 2236hourB, the aombustor was tripped because of the plugged

cycloneB. The aombustor was cooled and at 0103 hours on December 13,

the gas turbine was tripped from the MCSo (Outage inspection of the bed

revealed that the bed material had a high concentration of fines for
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unknown reasons.}

8t_-UDTD-SU-91-36-01

Boiler circulation was started at 2040 hours on December 15, and air

heating started at 0211 hours on December 16. The gas turbine was

rolled and paralleled at 1650 hours.

The bed preheater oil fire was established at 2139 hours. Bed level was

increased with 274 8yst_nto a start bed level of 25 Inchem (using

sand}.

At 0200 hours on December 17, the mteamturblne generator was

paralleled. Coal fire was emtabllshed at 0503 hours and sorbent

injection started with the west line at 0522 hours.

The gas turbine seal air valves did not switch from the LPC supply to

the HPC supply and had to be physically assisted. Problems were also

experienced with the gas turbine air flow control again. The symptoms

point to the LPT inlet guide vane position feedback.

Bed level was increased and pumps were biased for bed temperature

distribution. Once-through boiler operation was established at 1226

hours at a bed level of 58 inches.

At 1909 hours, a combustor trip was experienced when adjusting a

temperature trip point on the cyclone ash removal system. All 8ymtems

were ,soured and an o11 fire started at 2146 hours. We again

experienced problems with the bed preheater light off, as the needle

valves appeared to be stuck.

Start-Up TD-SU-9_-01-0_

The combustor was released at 1542 hours on January 8, 1992. Gas

circulation warming was placed in service at 1952 hours on the same

date. The gas turbine was rolled up, and at 1120 hours on January 9,

1992, it was paralleled with the system. At 1609 hours, an oll fire was

achieved. At this time, #24 cyclone showed signs of being plugged.

Used "stirring" air and secondary ash valve to try to get it to recover.
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At 1951 hours, January 9, 1992, the freeboard mixing systmmwas

commissioned. The system seemed to have a significant impact on gas

distribution once above 600 psig set point. A coal fire was established

at 0034 hours on January 10, 1992, and at 1910 hours, the unit went to

once-through operation.

At approximately 2000 hours on January 10, 1992, #24 cyclone unplugged.

Shortly afterwards, it again showed signs that it was plugged. Pulsing

the cyclone ash system cleared it.

At 2330 hours on January I0, 1992, the combustor tripped due to a logic

problem that indicated two bed temperature thermocouplem had failed.

At 0053 hours on January II, 1992, the gas turbine tripped due to a HPT

outlet thermocouple failing high. The bed temperature was low at the

timel therefore, nitrogen cooling was not required.

Start-Up TP,-BU-92-01-02

Following a trip due to a failed HPT outlet thermocouple, the gas

turbine was rolled at 0415 hours and paralleled at 0430 hours on January

11, 1992. An oil fire was established at 0614 hours. At 0944 hours, a

coal fire was established. At this time, #21, #24 and #27 cyclones

appeared to be plugged. Pulsing of the outlet valve and blowing of

stirring air cleared #21 and #27 cyclones, while #24 showed only a

slight response.

At 1231 hours on January ii, 1992, the combustor tripped on high bed

temperature as a result of losing #6 paste pump. At 1432 hours, an ell

fire was reestablished. While bed temperatures were being increased,

the fuel nozzles were blown clean.

The #2 paste llne could not be cleared and at 2139 hours, the bed

preheater was shut off and at 2143 hours, the gas turbine was tripped to

facilitate the Maintenance Department's cleaning of the fuel lines.

Start-Up _--$U-92-02-01

Following the shutdown for cleaning coal paste lines, the gas turbine

was rolled at 1138 hours on January 12, 1992. At 1501 hours, an ell
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fire was established. Coal was lit at 2108 hours. At 2129 hours, the

gas turbine tripped due to the lack of a breaker status feedback on a

feed pump which logics used as a part of the lo00 of feedwater scheme.

Nitrogen lne_cing was required since bed temperatures were above 1100_

at the time of the slump. Gas recirculatlon mode was roquirod to

further cool the bed.

Start-up TD-SU-92-0_-02

The bed was cooled following a slumped bed trip, and the gas turbine was

rolled at 0814 hours on January 13, 1992. At 1443 hours, an oil fire

was established and coal was llt at 2052 hours. At 2055 hours, the fuel

injection function group was taken off since #4 pump had not started

pumping. The pump was reversed and blown clean and at 2100 hours, a

coal fire was egtabllshed. At this time, cyclones #23, #24 and #27 had

low tamperatures. At 2145 hours, the #23 cyclone temperatures increased

and at 2330 hours, #24 cyclone temperatures increased, indicating that

they unplugged.

At 0418 hours on January 14, 1992, #6 paste pup was rm_ved from

service because it was no longer pumping. At 0638 hours, the combustor

tripped on low bed temperature while #6 paste line was being blown clean

with nitrogen.

The gas turbine inlet guide vane DCS station required troubleshooting

prior to lighting off again.

At 2157 hours on January 14, 1992, an ell fire was established and coal

fire followed at 0258 hours on January 15, 1992. Cyclone suction nossle

temperatures were low on #23, #24, #25 and #27. As pressure vessel

pressure was increased, the secondary cyclone ash lines cleared and by

0600 hours, #27 was the only one remaining with a low suction nossle

temperature.

Bed level was increased after the ash inventory in the bed ash

recirculatlon vessels was high enough to "make a run" to approximately

II0 inches. By 2250 hours on January 15, 1992, a bed level of

approximately 115 inches was reached at an air flow of 690 kpph and a

bed temperature of 15600F. This provided 408 kpph steam flow and 63
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mogawatts.

At 0030 hours on January 16, 1992, the sorbent injection systm tripped

for unknown reasons and could not be restarted. &t 2042 hours, #6 paste

pump tripped on over hydraulic pressure. At 0059 hours, the omubustor

was trippeddue to high temperature on |iS cyclone. At this time, it

was decided to shut down the unit and cool for inspections and

maintenance.

Start-Up 'JL'D-SU-92-O3-Q_

The combustor was released at 1535 hours on January 20, 1992. Gas

circulation_de warming was established at 2220 hours. The gas turbine

was rolled at 0922 hours on January 21, 1992, paralleled at 0842 hours,

and air flow established at 0848 hours. At 1317 hours, an ell fire was

established. The steam turblne was rolled at 1600 hours and in parallel

at 1652 hours.

A coal fire was established at 1852 hours on January 21, 1992. Air flow

was increased to 500 kpph, and sorbent injection placed in service at

2005 hours.

At this time, we began expariencing difficulties with the coal crusher.

The coal was not going through the crusher and was backing up in T1

hopper.

Once-through operation was achieved at 0630 hours on January 22, 1992,

and bed level was increased. Cyclone fires were prevalent from 70

inches bed level to approximately Ii0 inches. Bed level was increased

to 132 inches. Gross generation was 66 megawatts at an air flow of 710

kpph, fuel flow of 60 kpph, and a steam flow of 408 kpph.

At 1547 hours, #6 paste pump tripped on low splitting air flow. The

pump was restarted, but tripped again on low splitting air flow. The

local needle valve was opened and the pump restarted. It did not trip,

but would not pump. The fuel master station was put on hand and

lowered, pumps were biased, main steam temperature set point was

lowered, attemperator bias was lowered, and In-bed level was reduced.

The unit was stabilized while #6 pump suction box was cleaned and the
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line blown clean. At 2646 hours, f6 pump was successfully r_urned to

service.

The unit required 21 kpph sorbent flow for SO: compliance, and the bed

ash removal symtem needed tuning to keep up. Thzoughout the night of

January 22, 1992, bed density decreased, resulting in fuel flow

decreasing, megawatts decreasing, freeboard and cyclone temperatures

decreasing.

On January 21, 1992, it appeared that the north paste tank had wetter

paste since pumps #I, #2 and #3 llne differentials were lower than #4,

#5 and #6, and the north tank agitator amps worn lower than the south

tank agitator amps. The associated cyclone strings (#5, #6 and #7) had

much higher temperatures. At 1725 hours, sinterm were observed in the

bed ash. It was speculated that earlier tomting of splitting air (down

to .65 of the curve) may have caused the sinters.

At 1955 hours on January 23, 1992, #25 cyclone temperatures all dropped,

indicating a plug.

On January 24, 1992, more problems were encountered with the crusher not

taking coal. By the evening of January 24, 1992, the CWP tank level was

approaching the low alarm point. Bed level was dropped rapidly, while

the crusher was returned to the "old" mode of operation. Tank level was

at "0" inches before the fuel preparation system began gaining on the

tank level.

At 1407 hours on January 25, 1992, the unit tripped due to a BDD

operation (transformer IA differential protection} while starting a feed

pump. (Later investigation showed 10& and 10B auxiliary transformer

CT'o polarity were reversed. ) The gas turbine also tripped due to HCV-

TI20 (an intercept/bypass valve} coming off of its open limit switch.

Thls occurred due to a drop in voltage at the trip when auxiliaries

transferred in the middle of starting the south boiler feed pump. The

voltage drop caused the control fluid pump breaker to open, which

resulted in HCV-T120 moving.

Nitrogen Inorting was roqulred and gas reclroulation was used to cool

the bed. The unit was secured in preparation for a maintenance outage.
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8ta_t-UD_)-SU-92-04-01

The combustor was released at 1600 hours on Februa_r 2, 1992. Gas

circulation mode warming was established at 2124 houri. The gas turbine

was rolled on February 3, 1992 at 0939 hours and paralleled at 0952

hours. The valves were opened to establish air flow at 1003 hours.

An oil fire was established at 1444 hours on February 3, 1992, the steam

turbine was rolled at 1703 hours and paralleled at 1759 hours.

Establishing a start bed took longer than normal as it seemed that bed

ash reinJection vessels had an abnormally high amount of fine material.

A coal fire was established at 0052 hours on February 4, 1992. 6orbent

injection was placed in service at 0152 hours.

On February 4, 1992 at 1120 hours, |6 paste pump stopped pumping for a

short period and then started pumping again.

Once-through operation was achieved at 1514 hours on February 4, 1992.

Bed level was increased to 120 inches with no evidence of cyclone fires.

At 2000 hours on February 4, 1992, bed level was increased to 128

inches. By 2155 hours, bed level had been increased but to 133 inches.

At 0528 hours on February 5, 1992, the #4 paste pump tripped on low

spllttlng air flow. The pump was restarted and began pumping again.

The ea_st sorbent injection feeder packing blew out and had to be

changed. This required single line operation on sorbent injection. To

vent, refill, repressurlse and place back in service required 18

minutes.

The bed level was brought up to almost 140 inches early the mornlng of

February 6, 1992, to check the effect of higher bed level on cyclone

Inlet temperatures. This was performed at a bed temperature of 1525°F.

In general, conditions were worse than at 130 inches and higher bed

tomperaturel therefore, bed level was decreased back to 130 inches.

The stack monitoring equipment testing was conducted on Friday, February

7, 1992. The unit operated smoothly throughout the test, although

sinters were found in the bed ash samples. Early Saturday morning,
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February 8, 1992, the #5 paste pump beosme erratic. It ran until 1431

hours when it came into alarm and stopped pumping. At 1435 hours, it

was restarted and it began pumping once again.

The unit ran along falrly smooth the remainder of the weekend, with the

exception that it appeared that a gorbent accumulatlon in the tube

bundle was developing.

Evaporator tube temperatures, in the area of the north sorbent injection

nosmle, indicated that heat transfer was not very good in thlo area.

(Outage inspection revealed a 8orbent accumulation in thl8 area.}

On Monday, February I0, 1992 at 1059 hours, the aombuator was manually

tripped by the operator due to 30 kpph mismatch in steam flow versus

feedwater flow and numerous superheater tube temperature high alarms.

It was later discovered that two economlmer pressure transmitter Impulse

lines had separated at union fittings and the water flow was blowing to

atmosphere. The unit was cooled down in a normal manner in preparation

for a maintenance outage.

Start-Up _-SU-9_-05-0!

The combustor was released on February 15, 1992 at 2003 hours. At 2346

hours, gas recirculatlon was placed in service to warm the coa_ustor.

The gas turbine was rolled on February 15, 1992 at 1650 hours, and

paralleled at 1705 hours. Air flow was establlshed 11 minutes later.

The bed preheater was lit at 2144 hours, but tripped on low temperature

on #1 burner. At 2158 hours, another attempt resulted in no flame. At

2212 hours, an oll fire was 8uocesgful. At 2243 hours on February 16,

1992, the gas turbine tripped due to a logla problem.

Start-up T_-SU-92-O5-02

Following the gas turbine trip on February 16, 1992, the gas turbine was

rolled at 0312 hours on February 17, 1992. The turbine was paralleled

at 0332 hours, and an oil fire was established at 0406 hours. After oil

firing, temperatures on the cyclone ash system showed that #22 and #26

cyclones were open, but the other secondary cyclones were plugged. The

cyclones werepulsed and all but #23 were cleared.
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At 1809 hours on February 17, 1992, coal injection was placed in

service. At 1903 hours, a coal fire was established. At 2000 hours,

air flow was increased to 500 kpph. At this time, |23 cyclone cleared.

At 2146 hours, 8orbont inJe_cion ,_as placed in service. No obvious

effects of the new "T"B in the sorbent feed nossles and skateboards wore

Immediately apparent. The unit was brought to 50 inch bed level for

testing.

A freeboard mixing steam test was run, which indicated that 650 to 750

psig is the best pressure range for gas distribution.

At 2000 hours on February 18, 1992, a splitting air test was conducted,

which indicated that 1.5 times our original curve is best at this 50

inch bed level.

8orbent testing was started at 0930 hours on February 19, 1992, to

evaluate the effects of single nossle feed.

At 1900 hours on February 19, 1992, the bed level dropped 10 inches

rapidly, and the south bed ash removal system tripped on high

temperature.

At 0300 hours on Februazy 20, 1992, bed level was increased with intent

to come to 125 inches. Once-through operation occurred at 0350 hours.

At 0911 hours, a bed level of 125 inches was reached. Evaporator tube

temperatures Indlcatedthe presence of a sorbent ac_nnulatlon in the

tube bundle.

Paste pump blases wore changed to near 1.0 on all slx pumps. At 1619

hours on February 20, 1992, splitting air flow was brought down to a

bias of 1.0 for testing. At 1713 hours, splitting air was brought back

to 1.1 to che_k repeatability.

At 1846 hours, bed temperature was dropped to 1520_ to bring the bed to

full bed height.

At approximately 2100 hours, the bed level was brought to 142 inches.

The post-bed cmatmstion was very limited. The paste being made seemed

to have more fines due to the crusher being operated heavily loaded.
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Holsture in the paste has been drastlcally reduced. Bed temperature was

increased in steps from 1540 to 1575_. At 0148 hours on February 21,

1992, groom generation peaked at 70 megawatts at a steam flow of 429

kpph.

Xany paste pump problems were experienced during this run.

At 0345 hours, the combustor was tripped for cooldown and inspection of

tube bundle for dopoolto.

Start-Up TD-8U-92-06-01

The gas turbine was rolled at 1532 hours, and was paralZeled at 1548

hours on February 28, 1992. Air flow was established at 1558 hours, and
an ell fire achieved at 2147 hours.

A coal fire was established at 0608 hours on February 28, 1992.

The north relnJectlon vessel would not feed out any bed material.

A stable operating condition was achieved on the crusher with 5 to 8

kwh/ton energy input. It did not appear, hmenver, that more fines wore

achiewed with the higher energy input as was expected.

The paste moisture content was d_reased as the energy input to the

crusher was increased, having expected better fines. This may have led

to more problems than normal with the paste pumps plugging.

Due to evaporator temperatures indicating the possibility of having

formed a deposit, sorbent transport velocity was increased. At 1325

hours on Narch 2, 1992, the velocity was set to 30.5 ft/sec.

During the run, the south reinJection vessel also ommwd to plug up and

would not allow bed material to flow out of it to the bed.

Also during the run, the 026 cyclone appeared to plug, but later

unplugged and returned to normal conditions.

At 0029 hours on Narch 3, 1992, the |5 paste pump tripped on low

splitting air flow. The next 15 hours wore spent trying to return the

Tidd PFBC Demonstration Project DB-FC21- NC-24132.000
Topical Report - First Bightoon Honths of Operation Narch, 1994

45



pump to service. It was returned to so=vice at 1606 hours. &t 2013

hours, the #4 paste pump tripped on over hydraulic pressure. &ll

attempts to return it to service were unsuccessful. At 1749 hours on

March 4, 1992, the #5 paste pump again tripped on low splitting air flow

and the ccmbustor was trlppedby the operator at 1753 hours due to

unstable firing conditions, with two paste pumps out of servloe.

8t_t-UD TD-SU-92-07-01

The gas turbine was rolled at 1347 hours on March 15, 1992, and

paralleled at 1403 hours, and air flow established at 1418 hours.

The bed preheater was lit at 2035 hours, and the steam turbine was

rolled at 2326 hours and paralleled at 0159 hours. While establishing

start bed level via bed ash reinJe_tion, it was observed that the ash

evidently consisted of a high number of fines. Secondary cyclones #23,

#24 and #25 showed signs of pluggage, and opacity ran high.

A coal fire was not established because of the inability to produce an

acceptable coal paste. The crusher was skewing badly and oversized

material was getting through. This coal appeared to be much drier than

the coal used during the coal crusher testing of the previous week. &t

1143 hours on FaLrch 16, 1992, the bed preheater was removed from

service, followed by the gas turbine. Maintenance started on

installation of water spray nozzles above the crusher to attempt to

correct the crusher skewing problems.

8tar_-Up TD-SU-92-07-0_

Water sprays were installed in the chute above the crusher to try to

correct the crusher skewing problem. This worked well and following

testing of the coal preparation system, the gas turbine was rolled on

March 17, 1992 at 0519 hours, paralleled at 0536 hours, and air flow

establlshed at 0601 hours.

Throughout the entire day of March 17, 1992, the bed preheater could not

be lit off. A decision was made to shut down and inspect the bed

preheater. The gas turbine was tripped at 1652 hours on March 17, 1992.
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Sta_c-0DTD-SU-92-08-0_

The bed ash reinJection vessels, particularly the south, was in, aching

material into the bed without any pulMlng.

The steam turbine generator was rolled and paralleled at 0039 hourm on
Decmuber 18. A coal fire was established at 0240 hours. 8orbent

injection was started at 0322 hours with the west line. Bed level was

increased and paste pumps were biased in order to obtain better bed

temperature distribution.

Bed level was increased to the point to match the 40.5 kpph fuel input

(previously 90 inches), and then held there to evaluate. At thim time,

#13 cyclone dip leg temperature lncreased to 100 ° above freeboard.

Paste pump biases were returned to 1.0, air flow was increamed, and bed

temperature set point was raised all in an attempt to put out the fire

in #13 cyclone dip leg temperature. After changing the pump biases, all

primary cyclone dip leg temperatures increased to above freeboard. Air

flow was increased and bed temperature was increased to try to get the

cyclone fires out. Bed level was then reduced to 70 inches. This

seemed to at least control the primary cyclone temperatures from going

any higher. Splitting air flow was increased to 116t and then lowered

to 96t, with no success in lowering the temperatures.

At 0202 hours on December 19, the #23 cyclone was determined to be

plugged. Air flow was increased in an attempt to unplug. At 0304

hours, a combustor trip was initiated because of the plugged secondary

cyclone. At 0306 hours, the steam turbine tripped.

The gas turbine was tripped from the panel at 0445 hours, and the

combustor wag continued to be cooled wlth the boiler ventilation system

for outage work.

The co.buster was released by the Maintenance Department at 1545 hours

on May 19, 1992. Warming this start-up included hot gas clean up bypass

cyclone and associated inlet and outlet piping. Secondary cyclone

warming was aided by pulling a vacuum on the llne during start-up.

A number of attempts at rolling the gas turb£ne up to speed were

unsuccessful due to HPC outlet pressure taps being plugged, causing
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false trips on _ low efficiency.

The gas turbine was ouooeolfully rolled at 1917 houri onNay 20, 1992,

and air flow wao established at 2012 hours. There was a hold while

preheating with the gas turbine to dry out the HGOU refractory.

The _ed preheater was lit off at 0429 hours on Nay 21, 1992. The hi,pass

cyclone wag noted to have several hot spots right after the oil fire,

with the aanway nossle being at 1S0_ for a 450_ gas tesTerature to the

cyclone. 011 fire was held to maintain temperature requirements for

terra.cry curing.

At 1221 hours on liay 21, 1992, the steam turbine was rolled/ parallel
occurred at 1411 hours.

¢o21 fire was initiated at 2026 hours on Nay 21, 1992. At 2110 hours,

|6 pamte pump tripped on low-low splitting air flow. Number 6 pump

could not be returned to service until 2342 hours cn Kay 21, 1992, due

to difficulties getting the line and splitting air nossle blown close.

During the early morning hours of Kay 22, 1992w testing was conducted,

with ABB involvement, to get the LPTblado strain gauge data.

Number 24 cyclone plugged during the stag-up and resined plugged to

this point despite several air flow increases and resultant pressure

vessel pressure increases.

At 0700 hours on May 22, 1992, conditions were:

Bed Level 58 inches

Bed Tamp 1525_
ST _M 14.5

GTHW 0

GT Opacity 79

Stack Opacity 70

Fuel Flow 25 kpph

Air Flow 530 kpph

Pressure Vessel Pressure 100 poig

Bypass Cyclone Inlet 955°F

Splitting Air Bias 1.0

Sorbent Flow 8 kpph
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The unit had been experiencing high opacity, and after trying all

combinations of tapper and TR sot adjustments, the TR sets were put into

"intermittent" operation, one at a time, and the steak opacity took four

distinct atop changes from 70q to approx4mately 40q. It appoazod that

the fields wore in a "back corona" problem.

At 0715 hours, the unit wont once-through. Bed level was increased to

7S inches, whore additional GT tests were run for LI_ blade tooting (up

to 57S0 I_LP shaft opm_).

H_U piping continued to have hot spots. Overall, piping was hotter

than expected. Fang wore required on several expansion Joints and

sections of piping.

At 1405 hours onN ay 22, 1992, the TR sets wore placed back in energy

management from intermittent operation as a toot. Opacity dropped from

36t to 20t. Back corona tooting showod that it was no longer present.

At 1715 hours, Nay 22, 1992, #24 cyclone was unplugged by pulsing the

stirring air.

During the early morning hours on May 23, 1992, the 43t inlet guido vane

gas turbine tests wore run (additional LPT blade stress testing).

The bed level woe increased to 141 inches, with abed temperature of

1535_. The HPT disc temperature _maohod 840_F, and bed level was

dropped to 135 inches at a bed temperature of 1S2S°F.

At approxJ_uatoly 0741 hours on May 23, 1992, the combuotor and GT wore

tripped due to failure of the #4 expansion Joint in the hot gas clean up

mystmu.

_tart:-UDTD-SU-92-09-01

The |1 cyclone string was effectively blocked off and following other

outage work being completed, the oombustor was :oilseed by the

Maintenance Department at 0947 hours on June 7, 1992. Normal gas recite

wo_ning was accomplished on the six internal cyclone ash strings. The

vacuum on the secondary ash llno was again used.
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The gas turbine was rolled at 0515 hours on June 8, 1992, but a high

vibration trip was experienced f_om #1, #3, and #4 bearings before

reaohing 250_PNhold speed.

The gas turbine was successfully relied at 0604 hours, paralleled at

0624 hours, and air flow established through the oaubustor at 0629

hours.

8tart bed level was establishodwith sand and the bed preheater was lit

off at 1048 hours on June 8, 1992.

The steam turbine was rolled and paralleled at 1412 hours on June 8,

1992.

A seal fire was established at 1806 hours on June 8, 1992.

Bed level was then increased. The |24 secondary cyclone plugged during

start-up, but was suaoe|sfully pulsed open.

a problem with indicated bed level caused unit aontrol problems. The

main steam temperature control station ran into saturation, and main

steam temperature was extremely high, which resulted in a oombuetor trip

at 0211 hours on June 9, 1992.

The unit was secured, bed level was lowered to below the paste nossles,

and the paste lines were reversed and clean blown with air.

The bed level was reduoed to no indicated differential on bed level

taps, and the bed pro-heater was started again at 09S0 hours on June 9,

1992.

The steam turbine was rolled and paralleled at 1336 hours.

Coal fire was initiated at 1800 hours.

Bed level was increased and once-through boiler operation was achieved

at 0622 hours on June 10, 1992.

Gas turbine inlet guide vane testing was done at 40", 50", 70", 80", 90"
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and 100" bed levels.

The stack opacity fluctuated around 22_ from 8taz_ bed level to 90", and

no _rovement could be made with the precipitators.

The 024 cyclone plug41Ned mgeln during thlm coal fire Imrlod. (No. 24

remained plugged for the ent£re run. )

The gas turbine 4)1 bearing vert£cal and #3 and |4 bearing vertical and

horisontal vibration were in and out of alarm several t/Jmm during the

start-up and run.

During the entire run, the paste tank level was limited because of

agitator _m (due to drler paste which was achieved due to the crusher

producing desired fines}.

Full load acceptance testing was accomplished on June 12, 13 and 14,

1992, with a bed ash production test being parfon_d on June 16, 1992

(9,200 lbs/hr at 131" bed level).

On June 16, 1992, a failing current transfoz_er (CT) was found on the

steam turbine generator "A" winding Phase 2 neutral winding. The

temperature of the CT was monitored closely. The loading of the steam

turbine generator wag l_m£ted to approximately 40 14H to limit

overheating of this CT.

& duet loading test on the eoonomiser/GT duct was conducted on June 23,

1992. A short bed ash production test was conducted during this dust

loading test (9,000 lbs/hr at 116" bed level).

On June 26, 1992, the Phase 2 ST generator "A" winding CT temperature

started to increase. The load was reduced on the generator, the steam

diverted to the condenser, bed level droPl_d, and the steam turbine was

tripped at 1158 hours. Bed level was reduced to approx_tely §S

inches, steam flow lowered to lSS kpph, and the boiler circulation pump

started. The CT was replaced, and at 0112 hours on June 27, 1992, the

steam turbine was paralleled and load backup.

During the run, the performance of the sorbent prep system deteriorated

to the point where we could 0nly hold our own at 116" bed level
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(approximately 18-20 k_ph). ThAn was with all material, including the
fines going to the storage vessel. The pe:centageof fanes (-60mesh)

was soaWcJJuesas high as 4Or.

During this run, both of the expansion _oints on the sorbent storage
vessel outle_s failed. The east one was contained very quickly. The

west one caused a considerable mess before it was repaired.

During this _un, one of the APT speed pickups failed. The spare one wae

oonnec_ced.

The #2 precipitator _ field shoz_ed to ground, trapped, and could not

be reset. (During the outage inspection, a broken ware was _ound.)

Also, the |3 TR set trapped several tames on low D.O. voltage, causing1

seve:al opacity exceedanoes. Opacity was a continuing problem

throughout the run. The fields seemed to "saturate" with ash and wou_d

not clear unless they were de-energised.

Several control systems were tuned during the run, including the bed
mass controller and the coa_ustionmaster.

_taz"c-Un TD-OU-92-09,01

During the scheduled shutdown 3uly 10, 1992, a test was performed by

taking the freeboard mixing system out of service. Ash loading changed,

but not significantly. Bxcess air on |2 c/clone went oven lower than it

was previously. The Ot readings on e4 and |7 cyclone strings increamed.

The system was returned to service for better distribution in the
freeboard.

A test was also conducted to determine if the secondary ash could be

removed by a baghouse. (Duct opacity dad not drop during this test.)

The bed level was lowered to approximately g5", and at 1400 hours on

3uly 10, 1992, the oombustor was tripped. A steam turbine trip followed
at 1403 hours.

After the trip, the paste measles were reversed while the bed level was

otAll above t_,e nossles, using LP nitrogen for the splitting air supply.

This appeared to have workedverywell.
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The gas turbine was tr£pped at 2026 hours on July 10, 1992. AL: cooling
and feedwater circulation was continued in preparation for maintenance

outs91 a_ivLtLes.

Full load aocel_anoe testing, a 30-day reliability run, and 740 hours o£
continuous coal £ire were accomplished during the run,

llta__t:-,Uo. TD-iU-92-10-01

The combustor was released by Naintenanoe at 1600 hours on July 26,

1992. Gas reoiroulatLon warming began at 1236 hours on July 26, 1992.

The gas turbine was rolled at 2111 hours and pa:alleled at 2127 hours on

July 26, 1992. Interceg_ and bypass valves were opened at 2137 hours.

Problems were experienced while attuning to light the bed prohoater.
After the initial light-off, when the temperature control valve was

released to go to minimum fire position, the flame booauo unstable and

the preheater tripped on loss of £1mm. A£ter trying several solutions
for correcting the problem, the bed preheater was successfully lit at

0405 hours on July 27, 1992, by not allowing the control valve to go to

min_ firm position.

The #24 c/clone showed signs of being plugged as soon as temperatures in

the boiler began increasing. (Number 24 cyclone remained plugged for

the entire run. )

At 0903 hours, the steam turbine was rolled and pa:alleled.

The duct opac£ty was high the entire t!_o while bringing the bed to
start level. Fine bed ash e_terial carryover ltaited the rate of bed

level increase that was possible because of p=lamry cyclone ash £1owand

pressure 1iJuitat£ons. Nhile increasing the bed level with 274 System,

the south reinJeot£on vessel outlet "L" valve plugged. All attmml_m at

unplugging it failed.

At 1247 hours on July 27, 1992, coal fire was in£tLated w£th a bed level
of 24".
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Ix_ t_rature inorea_ to tl_ point where the controls for _uel

master and bed temperature _o pulsed to auto, the tmuporatuz_s began to
decrease. (It was dotezininod later that the bed temporatuzo station had

been nist_nly loft in manual with a sore output. ) Bed temperatures

wore not able to be brought back up qu£okly enough and at 1300 hours,

the c_sbuetor was manually tripped. The steam turbine tripped st 1032

hours. The unit was secured following the trip. Because of the plugged

rein_eotion vessel, there was not enough bed material available for

another start-up. ,at was then decided to cool and open the combustor to

unplug the south be_l ash rein_ection vessel, as well as 024 sooonda_r

cyclone.

|taz_-th_TD-gU-g2_llm01

The oombuotor was reieaamdbyNaintenanoe at 1026 hours on August 1,

1992. Gas :eoirouiation weaning wen stazted at 1940 hours.

The gas turbine was rolled and paralleled at 0219 hours on August 2,

1992, with the valves being opened at 0224 hours.

The bed preheater •gain had flame-out when the temperature control valve

was ordered to the minimum fire position. The minimum fire position was

increased and the probe•tot fire established at 0862 hours.

Again, J24 cyclone showed no signs of •ny ash flow.

The mteam turbine was rolled and pa:alleled at 1363 hours on August 2.

Duct opacity was high throughout bed level increase, •s was ash loading

in the primary cyclone ash system.

A co•l fire w•o initiated at 1964 hours, but was ordered off JNJo•use #4

coal nossle was plugged. Attempts to clean it wore unsuccessful and at

2246 hours, the coatbustor was tripped. At 2335 hours, the gas turbine

was tripped. The Kaintenance De_mont was issued • clearance to allow

mechanical removal and cleaning of #4 cos! nossle. (The 01 coal nossle
was also removed and cleaned.)
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|taZ_-qR 55)-80-92-11-02

The moohsn£caL cleaning of the paste nossles was completed by the

)_lntensnoe D_nt and the gas turbine was re!led sad paralleled at

0511 hours on Augu0t: 3, 1992. ¢_:bustor air flow was established at

0518 hours; o£1 fire was initiated at 0558 hours.

The |24 cyclone was still plugged.

The 8_eam turbine was rolled and paralleled at 0911 hours.

The duct opacity again was high whLle establishing start bed level, and

also the primary ash loading in the transport piping. This limited the
rate of bed level increase.

A coal fire was initiated at 1231 hours, but was ordered off when the |4

coal paste pump did not pump through the nossle. Attempts at clearing
it were unsuccessful. A successful coal fire with fLvo pumps was

established at 1617 hours on J_Ug_lSt 3, 1992.

After increasing air flow and pressure vessel pressure, the 024 cyclone

was pulsed and showed signs of at least some ash flow. (Later It

plugged again. )

Sorbont injection was ln£tiated with the east line at 1850 hours.

Bed level was increased to approximately 40 inches and bed material

inventory was built to enable increase to once-through operation.

Throughout this per£od, adjustments were made to the pr_Lp£tato: TRs to

optimise the dust eolloot£on. The opso£ty was never reduced below

approximately 45t during the entire por£od.

At 0743 hours on August 4, 1992, several indications po£ntod to a t_

].oak on the outside of the boiler (inside the oombustor). The combustor

was tripped at 0821 hours An order to avoid further damage from the

suspected leak. Outage inspection revealed a leak in a drain oonnoction
wold on the boiler bottom header.

The gas turbine was tr£ppod from the NCS at 1154 hours on August 4,
1992 •
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Itazt-UDTD-a_-92-12-01

The cmnbustor wam released by the Naintenanoe Departamnt at 1435 hou:s

on August 8u 1992. Gas reo£:oulation warming was initiated at 1745
hours.

The gas tu:bine was :olled at 2337 hours, paralleled at 2356 hours, and

the turbine valves were opened at 0001 hours on August 9, 1993.

The bed preheater was lit off at 0658 hours on August 9, 1999.

lncreaaed mintaum firing set point was again used.

The bed level was £noreamed using bed ash re£n_eotion. The steam

turbine was rolled and ];MLralleled at 1254 hours, with a coal fire being
initiated at 1349 hours.

Sorbent £n_eotion was staz_ed st 1616 hours with the east line.

Bed level was increased to a.z_roxJ_ately 50 inches and malnta£ned to

build bed ash inventory.

The stack opacity was unusually high from the time bed mater£al was

started into the bedunt£1 abed level of approxJJutely 80 inches was

attained. Tests _:re conducted on the precipitator TR sets and it was

determined that '*back corona" existed and was preventing collection of

the ash. ("Power off" rapping of each field for approxJ=mtely 45

minutes cured the problem and the stack opacity was maintained at 10t in

energy management mode for the remainder o£ the run.)

During the lower bed level condition, a total of seven duet loading

tests on the precipitator inlet duct were conducted. At 0117 hours on

August 10, 1992, the t4 paste pump tripped due to low splitting air

flow. Nanual reversing cleared the splitting air tube, but the nossle

was mt£11 plugged. Several hours later, after many unsuaoessful

attempts, the nossle was cleared and the lmmpwas returned to service at

0849 hours.

While increasing air flow, the low pressure turbine speed was quickly

brought through the critical speed range of 4550 - 4610 ]RPN by closing
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the LI_ inl_ guide vane and increasing the air _low demand.

During the next several days, problems wore exparionood with 04, 05, and

|6 paste pumps pumping inconsistently. The problem was, once again,

soused by poor distribution of paste in the tanks.

At 0310 hours on August 13, the oorbont prep oyJ_on vLbrating screen

motor bearings failed. Bed level was lowered to reduce sorbent usage

while repairs wore made. The motor was repaired and at 1514 hours,

sorbent prop was started and bed level was Increased.

Problem wore experienced very early in the start-up with the coal prop

oy|tem crusher. Skewing was a problem and the recycle rate could not be

operated high enough to obtain a good product (fines) and to keep the

throughput high enough to ouppo_ the needed firing rate. On August 14,

1992, the screws wore reinstalled above the crusher and both throughput

and an acceptable ass! pasts were achieved.

Prepared gorbent mixing with the coal paste was tooted during the week

of August 17. A SOt rate was tested from August 17 through AUguSt 19w

1992, and 8 100t rate was tested from August 19 through August 21, 1992.

At 1320 hours on August 21, 1992, the return roller bearing on oon_ffor

#2 failed. Bed level was reduced to conserve coal. The bearing was

replaced and on August 22, 1992, the bed level was again increased for

tooting of oorbent fines.

The sorbont fines mixed with the coal paste toot was conducted August 24

through&uguot 26, 1992.

After completion of the oorbent-in-paete tooting and sample collection,

the unit was shut down for tube bundle inspection. The ccmbuotor was

tripped at 0341 hours on August 27, 1992, the unit was cooled and

secured in the normal manner. The gas turbine tripped at 1028 hours.

The combustor continued to be cooled for maintenance outage work.

8t_:-UoTD-SU-92-13-01

The combuotor was released by the Haintonanco Department at 1063 hours

on Soptmubor 13, 1992. Gas rocirculation wan started at 1536 hou=s; and
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vacuum was applied to the seco_ ash llne prior to starting the gas

z_c/zculatlon.

The gas turbine was rolled at 2251 hours and was paralleled at 2311

hours. The valves ware reset aDd el: heating of the cmsbustor began at

2316 hours.

All _ondery _lono dip logs evidenced signs of heL_g plugged, e:oept
£or Numbers 22 and 24.

Bed level was Increased and the steam turbine was rolled and paralleled

at 1906 hours. Du:/:_ this t_no, the #24 secondary c_=lone plugged.

coal fire was ordered on at 0127 hours on September 15, 1992. The |3

paste pump failed to start and the function group was ordered off. The

pump was run in recirculation locally and then was stopped. The

function _p was ordered on again at 0132 hours. Bed teRperatures

rose at an extremely fast rate. O: levels dropped rapidly, the boiler

water circuits entered into a large swing, and the boiler circulation

flow went low enough to trip the ccmbustor at 0136 hours.

After securing the unit, the paste pumps wore reversed. All indications

wore that the reverse sequence was acceptable.

The bed preheater was lit off at 0208 hour_. The steam turbine was

rolled and p_ralleled at 0443 hours.

At 0538 hours, a coal fire was ordered on, but the #3 coal paste pump

again did not start. The function group was ordered off. It was

recirculated again locally, then returned to automatic. At 0546 hours,

a coal fire was again ordered on, but No. 5 paste pump was the only one

which did not have an over hydraulic problem. Unsuccessful attempts

wore made to unplug the nossles, and the combustor tripped at 1115

hours. The gas turbine tripped at 1257 hours.

The unit was then released to the Maintenance Dependent to clean the

paste nossles and the secondary cyclones.
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8raZe-OlD TD-aU-92-14-01

The gas turbine was :olled at 1332 hours on 8e1_m_ber 20, 1992, and was

paralleled at 1349 hours. The valves were reset and air heating of the

ccmbustor began at 1400 hours.

The M_ was cleaned with Csrboblast injection durlng the wa_si_ng period.

The had preheater was lit at 1922 hours. Bed level was increased. The

steam turbine was rolled and paralleled at 1906 hours.

At 0121 hours cn SegCamber 21, 1992, a coal fire was initiated. Bed

t_ratures rose very fast. Fuel :aster was cut, but the coa_bustor

tr£1_d at 0128 hours on two bed temperature thermocouples greater than
16v09.

After paste line reversing, the 02 and 03 nozzles were still plugged.

The bed was taken back up into the relnjectlon vessels, and plans were

made to remove the gas turbine from service to clean the fuel nossles

from outglde of the ccmbustor. At 0543 hours, the gas turbine tripped

because of flctlve disc temperature dlfferentlalo

Stax_-UD TD-8U-14-02

After the cleaning of all six paste nossles from the outside of tha

combustor, the gas turbine was rolled at 2107 hours on Se_cambar 21,

1922, and was paralleled at 1349 hours. The valvms were reset at 1400

hourS.

The paste nozzles were checked for flow with LP nitrogen. The #1 nossle
did not show a clean flow of nitrogen. The bed level was lowered to six

inches, and a reverse sequence attm_ced. This also failed to show good

flow. Zt was determlned that the Isolatlon valve, HCV-B711, was not

seating. The gas turbine was removed from service at 0139 hours on

8e_cad_er 22, 1992, the valve was dlsassembled, and the seat repelred.

angle valve used for clean blowing was also replaced because of

leakage and opening problems.
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8ta_c-_ _)-mU-92-14-03

Following the repair to the #1 l_ste line isolation valve, the gas

turbine was rolled at 1001 hours on September 22, 1992. Pawallel was at

1018 hours and the valves were opened at 1029 hours.

The bed preheater was lit at 1242 hours. Bed level was increased and

the stemuturbine rolled and l_Za1101ed at 1553 hours.

Coal ignition was acoompllshed at 1944 hours. Bed temperatures again

increased very rapidly. The fuel master set point was lowered to 10.5t.

Air flow was increased to 425 kpph, freeboard mixing was initiated, then

sorbent injection with the east line was started at 2035 hours.

Bed level was increased to 45 inches and held there to build bed

material inventory.

When sorbent injection swal_d to the west llne, material would not feed

out of the bottom of the injection vessel. The systmmwas operated on

single-llne operation with the east llne. Msintenance worked on the

west injection vessel outlet. Wet materlal was found to be the problem.

(This line was returned to service st 1436 hours on SelYcember 23, 1992.)

Once-through operation was acccs_llshed at 0740 hours on Se1_amber 23,

1992, with an indicated bed level of 82 inches.

Increased bed level to the 112 inch tap to hold there for the intended

1/Jestone £nJectlon test.

Estimates are that the llmostone sorbent arrived in the bed at 2200

hours.

At approximately 0200 hours on Sel_cember 24, 1992, the beg conditions

became unstable. Bvaporator outlet tube temperatures were increasing

into alarm, hot and cool spots were observed in the bed, and mx_

slntors were found in the bed ash rRuoval mymtmn.

The splitting air flow was increased and bed level decreased in an

attem_c to eliminate sintering and to improve the bed dynamics.

Conditions did not _rove and at 0510 hours, the combustor tril_x_
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because of th:_l bed taqwrature thersocouples leoo than 1200_.

All bed material was removed, the gas turbine removed fz_m service at

1014 hours, the combustor was cooled and then released to the

Maintenance Department for outage work.

star_-qo TD-SU-92-1S-01

The ccabuotor was released by Maintenance at 2000 hours on September 28,

1992.

The combuotor warming was accomplished by starting the air circulation,

establishing 0 pressure in the freeboard with 741/758 System, then

warming the boiler circuits.

The gas turbine was rolled at 0706 hours on September 29, 1992.

parallel was at 0726 hours, and the valves were opened at 0733 hours.

Unusual vibration and noise were d_moted on the LPC housing during the

air heating period.

The bed preheater was llt at 1346 hours. The test O: analyser lines

were found to have leaks Just outside of the combustor. These lines

were plugged wlth high temperature RTV to prevent leaks.

Water mloc nozzles were used on the inlet to the precipitator in an

attempt to increase the cell@orlon of the ash. This appeared to help

until after seal fire when the bed level was increased.

Bed level was increased for the steam turbine roll. The steam turbine

stop valve trip solenoid cell _ailed and was replaced. At 2031 hours,

the steam turbine was rolled and was paralleled at 2132 hours.

Coal fire was initiated at 2222 hours. The #3 paste pump was pumping

much lower flow than the others. The bias was increased to 1.5. Thlm

helped, but tuning in logic was required to bring the flow up to what

was needed. Bed temperatures increased slowly, and the fuel master met

point was increased to 12.5t.

The vibration on #1 and #2 bearings of the gas turbine increased until

air flow was increased above 375 kpph. Air flow increase was stopped at
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400 kpph, splitting air flow bias set to 1.25, freeboard mixing was

initiated, then sorbent injection with the east line was started at 2337

hours. Splitting air flow bias was increased .0St at a time to a bias
of 1.55 at a bed level of 45 inches (splitting air flow at this t_mo was

3875 p_m).

ned level was maintained at 45 inches to build bed inventory.

Once-_hrough operation was accompllshed at 0557 hours on SolYcember 30,
1992.

At approximately 0800 hours, water was found in the e_onomiser outlet

duct drain. The precipitator inlet duct water injection was shut down

to d_cermlne if this water was coming from that operation. (Outage

inspection preyed that this was true.}

At 1143 hours, air flow was decreased because of hlgh v£bration on the

#1 bearing of the gas turbine.

Splitting air flow bias was increased to 1.58 and a flow of 3950 kpph.

Bed level was increased to the 112 inch tap to hold there for the

intended limestone injection test.

Some slnters were found in the bed ash removal system and at

approximately 2100 hours, the slnter production seemed to be increasing,

and evaporator tube temperatures and bed temperatures became erratic.
Water was added to the coal paste tank in an effort to cause the paste

to split better in the bed. Splitting air flow was increased to try to

l:prove conditions. Nothing appeared to have any significant effect.

The combustor was manually tripped at 0101 hours on October 1, 1992,

because of the very poor bed dynamics.

All bed material was removed, the gas turbine removed from service at

0446 hours, and the combustor was cooled and then released to the

Maintenance Department for outage work.
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