
0 00 00 00 0
0

0
0 0 0

0“
0

a“ Cfi 0
0

Tf N 0 0 s 0 .s
ml-l-l-l- Y co 6 xi d o

,

t

I

,

I t

o0
o“
E
N

U3
CN
z

m



Commissioning Test Run CCTIA

3000,00

2500.00

2000,00

1500.00

1000.00

I

500.00

0.00

... .,-.

. ...-..,

.. .

r-....

. .

.... .. . . . .. .

. . . ... .

.. . . ....- . .

,..

.,. .

..

Jr
...........

..

.. .

. “.-.

. .

,.

,..

... -.

.

.

.

....

7/25 12:00 7/26 0:00 7/26 12:00
.—.—,,—-.. -- . -- - ..” .-.-, . . . . .,.- . .. .. --—.- -.-, ...... .,

-...

.

...-

.

.

-o-

.... . .. .....------- ..---

-. -.. ..... ... ....... .

... .. ... .—-...-— . .

7/27 0:00
-.—---—-. ---. —-— .

“ [.-,~~- WT8400:Sorbent Stg W( -0- SIC8404: FD0220 Feeder Speed---- .. .. . . -------- . . . . ... .. . ,. -. -. .-—... ..-. .-. —- ---- -.—. ...-.—--. —-- —— - 1

DOE Plot 9 of 45-5 minute data

Figure 5.1.5.22 Sorbent Feed for July 25 Through July 27,1996
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Figure 5.1.5-23 Start-Up Burner FlowlTemperature for July 25 Through July 27,1996
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Figure 5.1,5-24 System Pressures Downstream of PCDfor July 25 Through July 27,1996
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Figure 5.1.5-26 Reactor Mixing Zone and Riser Temperatures for July 25 Through July 27,1996
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Figure 5.1.5.30 PCD Ash Temperatures for July 25 Through July 27,1996
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Figure 5.1.5”31 System Temperatures Downstream of PCOfor July 25 Through July 27,1996
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Figure 5.1.5.33 Standpipe DP Profiles for July 25 Through July 27,1996
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5.1.6 Characterization Test Run CCT1B

5.1.6.1 Introduction and Test Objective

The objective of this test run was to circulatesand for the first time in the reactor loop and
to achieve coal combustion. As a prerequisite, the reactor loop was pressuretested to 200
psig to check and fix any leaks. Test run CCTIB startedon July 31 and was completed on
August 6, 1996. Figures 5.1.6-1 through 5.1.6-19 show the operating graphsfor this time
period.

The main air compressor (CO0201) was startedand the reactor pressurization began. At
approximately 178 psig reactor pressure,it was noticed that the reactor pressure could not
be increased any further though the control valve (PV287) was closed down as much as
possible (event 1, figure 5.1.6-6). The reactor loop was then depressurizedand the control
valve was visually inspected. The valve was opened and the trim assembly was found to be
severely eroded by solids. The worn out trim was replacedby a new trim. Prior to the
trim replacement, it was hypothesized that the solids that collected inside the refractory
pipe prior to routing the gasthrough the Westinghouse PCD causedthe erosion. The
piping from Westinghouse PCD to PV287 was therefore blown through with compressed
air for 12 hours to remove suspectalumina from piping. After the blow through was
completed, selected sections of the refractory piping downstream of the PCD where solids
could accumulate were inspected with a borescope and found clean. The bottom nozzle of
HX0402 was opened and approximately 50 lb of aluminawere drained from the heat
exchanger.

For this test run, on-stream oxygen analysiscapability was provided while the sampling
system heat tracing was being installed. At the end of the previous n-m (CCTIA) the
solids were drained from the reactor standpipeandJ-leg. The HX0203 loop was not
drained. The PCD and initial reactor loop preheat philosophy used for this run was
different from the previous run. The reactor/PCD system (afterair drying using CO0201)
would be heated up using the start-upburner (BR0201)to ashigh a temperature as
possible. In the reactor, the hot combustion gaseswould flow through the mixing zone
upwards through the riser, through the reactorJ-leg,and up the standpipe and cyclone. In
this manner, the refractory would be heatedup first before solids were loaded into the
standpipe. This was done to shorten the reactor preheattime. Becausesolids sealedthe
HX0203 J-leg, this loop was not preheated.

5.1.6.2 Test Chronology

The test run began on August 2,1996, afterall the ancillary equipment such as boiler feed
pumps, demin pumps, and HTF system were put in service. At 16:39 the main air
compressor was startedand the reactor loop was successfullypressuretestedto 200 psig
(event 2, figures 5.1.6-1 and -6). After the leak testwas completed at 21:20, the reactor
loop was depressurizedto 160 psig (setpressurefor coal combustion) to determine the
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instrument purge flow settingsfor this pressure. The reactor loop was depressurizedto
60 psig and the PDT/l?T instrumentpurge flows set. At 02:30 on August 3, 1996, the
thermal oxidizer firing ratewas increasedto increasethe steamdrum pressureto 400 psig,

At 0630 on August 3, 1996, the spent solids transport system was lined up to convey fines
collected by the PCD into the limestone feeder (FD0220) for subsequentfeeding into the
reactor. This recycle system ensuresthat the solid inventory in the reactor system remains
essentiallyconstant. While this was being done, the HTF system was put in service with
heat transferfluid flowing to the spent solids screw cooler (FD0206) and the fines screw
cooler (FD0502).

Opening of block valveson all the aeration/process nozzles that were closed during the
shutdown to prevent plugging by solids began at 09:00 and ended at 13:00. After the block
valves were opened, the aeration flows were set to standby flows. Some of the nozzles were
found plugged with solids. These were cleared laterwhen the compressor discharge
pressurewas greaterthan 250 psig. The reactor pressurewas reduced from 60 to 50 psig in
preparation towards lighting of BR0201 pilot. At 13:20 the downcomers of HX0202 and
HX0402 that were inadvertently left open were closed.

After air drying for approximately 21 hours the start-upburner (BR0201) pilot was
successfully lit (aftera few attempts)to begin reactor refractory and PCD preheat. The
propane flow ratewas adjustedto 21 lb/hr, the combustion air and quench air flows were
set to begin a 2-hour hold at burner exit temperatureof approximately 500°F. At the end
of the 2-hour hold, the burner pilot flame was lost but was quickly lit back.

In preparation for raisingthe reactor pressurefrom 50 to 65 psig, CO0201 discharge
pressurewas increasedto 330 psig. After the reactor pressurewas increasedto 65 psig at
19:00, the propane flow to BR0201 pilot was increasedto 22 lb/hr to maintain flame
stability, keeping 13 psid between the pilot propane supply pressureat the burner skid and
the burner chamber pressure. The combustion air (FIC365) and the propane flow rates
were adjustedto raisethe burner exit temperature. At 19:45the propane pump was
startedbefore the main burner gun was lit at 20:35. The burner exit temperature
immediately increasedfrom 635 to 860°F (event 3 figure 5.1.6-11). The cold-shot injection
to HX0203, which was startedearlierin the run to help maintainthe steam drum pressure,
was discontinued at 21:57 because the steamdrum pressurebecame stable.

To ensure that the solids injected from FDo21o would be carriedupwards through the
riser and separatedin the cyclones, and then drop into the standpipe, the reactor J-leg was
first filled by transferringsolids from HX0203 (event 4, figure 5.1.6-15). This was
accomplished through manipulation of FIC680. Meanwhile, the startingbed materialwas
transferredfrom FD0140 into FDO21O. The FD0502, FD0520, and FD0530 systemswere
startedand the FD0530 was lined up to FD0220 so that any materialcaptured by the PCD
during the previous run and any subsequentmaterialcaptured by the PCD during the
present run would be returned into the reactor. After the reactorJ-leg was sealed, solids
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feeding from FDO21Ointo the reactor was attemptedat 01:10 on August 4, 1996. The
FD0210 rotor feeder problems delayed the injection of bed materialfrom FDo21o into the
reactor. Meanwhile, FD0220 was startedat 08:15 to inject materialthat was transferred
from FD0530. At 13:40 the FDo21o rotofeeder was opened for inspection. Foreign debris
such as pieces of welding rods, grating,nailsetc., was found at the dischargeof the feeder.
After the debris was removed, the inside of the rotor feeder was inspected with a
borescope and was found to be clean. The feeder was reassembledat 17:45 and bed
materialtransferredinto FDo21o was successfullytransferredinto the reactor (event 5,
figure 5.1.6-19).

It was discovered at 09:00 (while FDo21o was being serviced)that the gas coolers HX0202
and HX0402 were not put into steamproduction service asplanned. To prevent damage
to the coolers, the downcomers were closed for 40 minutesto condense steam on the shell
side to cool the heat exchangers. At 09:56 the downcomers of the coolers were opened.
This causedthe water level in the steam drum to fall below the LSLL level and resulted in
the shutdown of the thermal oxidizer. After 4 minutes the thermal oxidizer was relit at
10:14. The downcomer valves on the coolers were then closed. At 12:27 solids circulation
through HX0203 was initiatedfirst followed by reactorJ-leg circulation to reduce the riser
exit gastemperature to HX0202. At this time, the inlet gastemperature to HX0402 had
dropped sufficiently to allow its downcomer to be closed (event 6, figure 5.1.6-14). At
1A20 HX0202 downcomer was opened and the heat exchangerwas placed in steam
producing mode.

After HX0202 was successfullyput in service, the burner firing was increased and the
reactor heat-up continued. At 21:25 the MWK cooling water pump tripped causing
CO0201 to trip on a high inlet air temperatureto the third stage. The start-upburner also
tripped. At 21:45 the problem with the cooling water system was solved and the
operation resumed by startingCO0201 and then the start-upburner to continue with
reactor heat up. During this upset condition, nitrogen was supposed to flow into the
reactor upon loss of CO0201. However, this did not happen because the block valve on
the supply line was manually closed. The effect of the loss of the main air compressor on
reactor operation is provided as event 7, figures 5.1.6-12,-13, and -15.

Throughout the reactor preheatperiod, solids circulation through HX0203 and the reactor
J-legwere optimized to achieve ashigh refractory heat-uprateas possible. When
necessary,solids circulation through HX0203 was reduced to a minimum reducing the
heat input that was being transferredfrom the burner to cooling water. Periodic reactor
loop skin temperature profiles were taken to ensurethat the differentialthermal growths
between the various reactor legswere within the allowable range.

At 2235 the burner firing ratewas increasedwhile keeping the burner exit temperature at
1,750”F by raisingthe quench air supply to 170 lb/hr propane flow. After half an hour,
the propane flow began to decrease. The flow dropped to 160 lb/hr in about 10 minutes.
The propane vaporizer system was checked. The propane pump was running. The
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propane supply pressureand temperaturewere found to have dropped to 133 psig and
77°F, respectively. Afier3minutes, thepropme supply pressurecwebacktol8lpsig
and the supply temperature increasedto 99°F. The propane flow ratestartedincreasing
and after 5 minutes settledat 176 lb/hr. At approximately 23:55, the start-upburner
propane flow dropped slowly from 176 lb/hr to 166 lb/hr. The propane vaporizer
temperature controller setpoint was increased, increasingsteam flow to the vaporizer and
causingthe vaporizer temperatureto increaseto 194”F. The propane supply pressure
increasedfrom 123 to 182 psig. The propane flow rate settledat 176 lb/hr at the same
valve opening. Reductions in propane flow ratewere experienced severaltimes during the
preheat period. Each time, the propane flow was increasedby intensifying its supply
pressureand/or the vaporizer temperature. The responsesof burner exit temperaturesto
the irregularpropane flow are shown as event 8, figure 5.1.6-11.

Start-upof the spent solids screw cooler (FD0206) and the spent solids dense-phase
conveyor (FDO51O)began at 00:30 on August 5. However, start-upwas delayed due to
logic problems. Once the logic problems were solved both FD0206 and FDO51Owere
startedat 01:15. From this time forward, FD0206 was run periodically for a brief period
to prevent it from jamming. Five minutes prior to startingthe transporter system, the
riser exit temperature was 780”F. The reactor pressurewas increasedfrom 60 to 72 psig to
reduce the riser superficialvelocity without reducing burner firing rate asthe riser exit
temperature increased (event 9, figure 5.1.6-15).

At 0625 the burner firing was increasedfrom 180 to 184 lb/hr and the burner exit
temperature increasedto 1,900”F, which is the targetedsetpoint. Shortly aftenvards, the
top FDo51o spheri valve refusedto close. At 07:15 the problem with FDo51o was solved
and it was placed in service.

At 1400 approximately 1,000 lb of coke breeze was inventoried into FDO21Oin
preparation for coke breeze combustion preheat. After about 30 minutes the aeration
flows to HX0203 were readjustedto optimize solids circulation through the heat
exchanger. The HX0203 standpipe differential pressureincreasedafterthe adjustment.

At approximately 15:00, a leak developed in the body of the backpressure control valve
(PV287) which spewed dark clouds of coke breeze/alumina mixture. The reactor
operation was prematurely terminated and the coke breeze was not fed into the reactor.

5.1.6.3 Post Test Activities

PV287

,

The valve was disassembledand the internal components were found to be severely eroded
by solids as shown in figures 5.1.6-20 to -23. The bottom flange of HX0402 was opened
and visually inspected for evidence of solids. There was no carbon-laden dust similarto
the dust that blew out of the PV287 body. The bottom flange was covered with rust dust
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with spots of white alumina sprinkled over it. The source of the dust (particles)was traced
to the vent systems on FD0220 and FD210 dispensevessels. The vents from these two
vesselsare combined and exhausteda few feet upstreamof PV287. The vent valveswere
removed and inspected. The vent valve on FD0220 plug and stem were completely eroded
away as shown in figure 5.1.6-24. Those of FDO21O(seefigure 5.1.6-25) also showed
considerable erosion. The dust cloud observed was a mixture of aluminaand coke breeze
that was present in FD0220. The vent lines from the feedersto upstreamof PV287 were
blown clear of solids. A new valve body and the original whisper trim (which was
modified by Fisher to allow high gasflow operation at 50 psig) were installed.

Start-up Burner

To increasethe heat input into the reactor from the start-upburner and at the same time
not operate at high riser superficialvelocities, it was necessq to operate the reactor at a
higher pressurethan 75 psig. To increasethe maximum operating pressureto 100 psig,
some of the instrumentation on the burner systemwas upgraded for high-pressure
operation. A new differentialpressure controller was installedon pilot gasto BR0201 to
increasepilot gaspressureand maintain pilot flame length as reactor pressureis increased.
The propane system regulatorwas also replaced.

A new burner pilot assembly and main burner tip were received from John Zink. After
some modifications the new pilot assembly was successfullyhydro tested at 380 psi. After
hydro testing, a trial run was made to show proper actuator movement under pressure.
Proper actuation was shown with the vessel at pressureand the cylinder using 110 psig air
pressure. The cylinder cycled properly. The old main burner gun tip was replaced with
the new main burner gun tip to increasethe firing rateto 5 MBtu/hr. The new burner tip
was also redesigned to prevent carbon deposition that plaguedthe old burner gun tip. The
new main burner gun tip was provided with a smallerport drilling, and smallerport circle
with the tip end closer to the end of the cone.

After review by MWK, the maximum burner exit temperaturewas increasedfrom 1,9oo
to 2,100°F to shorten the reactor preheatperiod and reachthe mixing zone temperature of
greaterthan 1,250”F needed for coke breeze combustion.

Solids Feeder Systems

Construction scrap was found in FDo21o feeder valve. It was suspectedthat it came
through FD0140 feed hopper. A 16-meshscreenwas placed over FD0140 to prevent
foreign debris from enteringthe feeder when materialis transferredfrom FDo140 into
either FD0220 or FDo21o.

The feeder dispensevesselvent problems were discussedin a teleconference between
Clyde, Kellogg, and SCS. Alternative solutions were developed; however, thesewere not
implemented for the next run. Rather, the vent valves were repairedand reinstalled.
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Double block valves were installeddownstream of the dispensevesselvent lines from
FD0220 and FD0210 (close to the feeders). The block valveswere to be closed during the
next run, ensuring no venting from FD0210 or FD0220 to PV287. Two PDV valveswere
installed on nitrogen supply to FD0220 and FDo21o dispensevesselsto be used in reducing
the aeration and hopper pressurizationflows.

Reactor Loop

The riser and its associatedcrossover refractory piping were inspectedwith a borescope.
Some erosion on top of crossover near riser outlet was observed. The pressuretransmitter
(P1287)was found to be faulty and was replaced with a new one.

Miscellaneous

D0206 screw cooler shaftwas repacked, and tubing changesmade to bring seal and bellows
purge in compliance with design. The 100-ton/day Nz plant was placed in service,
producing sufficient nitrogen to satis$ the presentneeds. The facility was no longer
dependent on truck nitrogen delivery.

5.1.6.4 Test Run CCT1B Observations

Sandwas added to the reactor at 65 psig and circulation was established. The circulation
through the HX0203 J-leg was controlled through aerationto achieve fasterheat-up of the
reactor loop. The superficial riser gasvelocities during heatup were high, and asa result,
the burner and reactor were operated at higher pressures. The source of particles eroding
the pressure letdown valve was found to be the vent systems on the FDo21o and FD0220
dispensevessels.

,
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5.1.7 Characterization Test Run CCT1C

5.1.7.1 Introduction and Test Objective

The objective of the CCTIC test run was to perform coal combustion shakedown testson
the transport reactor loop. Shakedown testswere performed August 14 through 21, 1996.
Figures 5.1.7-1 through 5.1.7-81 show the operating graphsfor this time period.

Pretest Activities

Start-up Burner

A new redesigned pilot assembly for BR0201 with a retractableigniter was successfully
hydrotested at 380 psig atJohn Zink. The coking problem experienced during the lasttest
was also discussedwith John Zink. John Zink agreedto supply a new redesigned main
burner gun tip with smallerport sizes and port circle. The new burner gun increasedthe
maximum firing rate from 3.6 to 5 MBtu/hr. The new main burner gun tip was installed
and used during this run.

Operationally, it was decided to increasethe burner firing and burner exit temperatureto
2,000”F to raisethe heat input into the system so that the mixing zone temperature could
exceed l,OOO°Fto initiatecoke breeze assistpreheat. In the previous test, the maximum
mixing zone temperaturesattainedwere between 850 and 950”F, which were inadequate
to initiate coke breeze combustion. The operating procedure for the burner was also
revised to operate the burner up to 90 psig insteadof 50 psig during preheat.

Clyde Feeder Systems

The PDVS of the Clyde coal and sorbent feederswere taken apartand inspected. The plug
and seat of the limestone dispensevesselPDV were completely eroded away; the PDV for
the coal dispensevesselwas eroded to a lesserextent. The Clyde feed system problems
were discussedat length and solutions were identified to prevent the reoccurrence and
extend the life of the control valve. As an interim solution, the vent lines were capped off
and a pressure control valve was installedon the lower fluidization line to regulate
nitrogen flow rate into each of the dispensevessels. In this way particulate-ladengasis not
vented upstream of the pressureletdown valve. Discussions were also held between MWK
and SCS on methods to extend the life of the pressureletdown valve (I?V287). As an
interim solution, a whisper trim with modified cagewas installedand, as standardpractice
with this type of conversion, and the valve body was rotated so gaswould flow in from
the outlet port and out through the inlet port.

5.1.7-1
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Miscellaneous

Minor erosion marks were observed when the top of the riser and the riser crossover were
borescoped. The FD0206 screw feeder shaftwas repacked and tubing changeswere made to
bring its sealand bellows purge in compliance with design. The 100-ton/day nitrogen plant
was put into service, satisfyingall plant nitrogen needs.

5.1.7.2 Test Chronology

Alumina was used asstart-upbed materialfor this test. The inventory of alumina in stock
was not adequateto fill the reactor standpipeand HX0203 to the desired level. The
HX0203 and reactor standpipehad bed materialleft in them from the previous test which
had not been drained. The bed materialwas a mixture of alumina and coke breeze.

Preparation for the run startedon August 13, 1996, by startingup the thermal oxidizer
and the steamsystem. By 0800 on August 13, 1996, the steam drum pressurewas at 400
psig. On August 14, 1996, the reactor loop was successfullyleak tested at 200 psig, and
HX0202 and HX0402 were placed in the prewarming mode by closing their downcomers,
opening their risers, and cracking open their blowdown valves. This allowed steam to
condense inside the heat exchanger,preheatingthe air streamflowing through the tubes.
The reactor pressurewas approximately 50 psig.

The first attempt to light the start-upburner early on the morning of August 15, 1996,
after the PCD exit temperature reached240”F was aborted because of leaks in the propane
supply line. The blow down valves on HX0202 and HX0402 were throttled down to
conserve steamwhile the operation was put on hold to fix the propane leak. The leak in
the propane system was fixed at about 08:30 and the burner pilot was lit an hour later.
The burner flue gas exit temperaturewas maintainedat 548°F (T’1385). The burner
combustion air flow was increasedto 4,800 lb/hr and the main burner gun was lit at 10:3o
afterthe reactor pressurewas increasedfrom 50 to 60 psig. The propane flow ratewas 51
lb/hr (FIC364).

Solids circulation was startedthrough HX0203 at 10:50 and was reduced 2 hours later to
reduce the solids carryover to the PCD while troubleshooting was being conducted on
FD0530. To achieve this, the reactorJ-leg fluidization (FIC681) and HX0203 J-leg
fluidization (FIC680) flows were reduced. At approximately 12:30, alumina feeding into
the reactor was initiated. After approximately 600 lb of aluminawas fed into the reactor
the coal feeder (FDO21O)tripped becausethe nitrogen fluffing gaswas inadvertently not
turned on. At 13:20, FD0530 was fixed and the propane firing ratewas increasedto
continue with reactor and PCD preheat. The reactor pressurewas also increasedfrom 60
to 65 psig.

Solids circulation through the reactor was reduced further while FDo21o was being
worked on. At approximately 15:00, FD0210 was placed back in service and the balance
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of the alumina inventoried (1,400 lb) in it was transferredinto the reactor. The FD0220
was still plugged; however, solids captured by the PCD was recycled back into its surge
bin. At approximately 16:00 feeding from FD0220 into the reactor was initiated but the
feeder became plugged againand the conveying line pressureshot up from 70 to 300 psig.
The sudden increasein pressureoccurred becausethe vent valveswere capped off. A plug
in the conveying line or the rotary feeder causedthe vesselpressureto increaseto near the
nitrogen supply pressurebecausethe nitrogen enteringthe dispensevessel could not be
vented. To reduce the dispensevesselpressurethe vesselwas manually vented through a
bypass valve. The FD0220 was serviced and put back in operation at around 17:00, and
approximately 1,200 lb of materialstored in the surge bin were transferredinto the reactor
between 17:00 and 20:00. At 16:25 the temperatureat the exit of HX0202 reached 480”F
and the primary heat exchangerwas placed in steamproduction mode by closing the blow
down and opening the downcomer.

The burner tripped at 17:00 but was quickly relit. The propane flow was resetto 133
lb/hq-the burner exit temperaturewas 1,350”F. The mixing zone temperaturesranged
from 560 to 630°F, standpipetemperatureswere between 450 and 550”F. The spent solids
screw cooler (FD0206) was run continually to prevent moisture condensation inside the
screw.

At 19:40 the reactor pressurewas increasedto 80 psig while maintainingthe burner pilot
propane supply differentialpressureof 21 psig. At this time the propane flow ratewas 169
lb/hr and the burner exit temperatureas measuredby T1385was 1,650”F. The mixing
zone temperaturesincreasedto between 685 and 785°F and the standpipe temperatures
were between 562 and 676”F.

It was observed during the-runthat anytime solids circulation was increasedthrough
HX0203, the riser solids circulation rate increasedand at the sametime the solid carryover
to the PCD ako increased. To reduce excessiveloss of bed material from the reactor loop,
periodic solids circulation through the HX0203 was started. This was also done to
maintain the differentialloop skin temperaturedifference between HX0203 and the rest of
the reactor within the desired limits and to convey materialinto the standpipewhen the
standpipe level dropped to an unacceptable level. The HX0203 contained approximately
10 times asmuch solids asthe reactor standpipe.

While continuing to increasethe burner firing to raisethe heat input into the system at
22:40, approximately 270 lb of coke breeze were inventoried into FDO21Ofor batch
feeding when the mixing zone temperatureswere high enough to sustainits ignition. The
burner exit temperaturewas 2,000”F at 22:55. At this time, the reactor pressurewas 100
psig and the propane flow was 229 lb/hr (firing rate of -4.6 MBtu/hr). The burner
combustion air flow was high with 100-percentexcessairto ensure sufficient flow to the
pilot through the index holes in the pilot guide tube. At 23:55 the temperature at the exit
of HX0402 reached 400”F and it was cut-into generatesteam. The temperature profiles
around the reactor loop are presented in figures5.1.7-9, -10 and -11. The reactor
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differential pressuresare plotted in figure 5.1.7-15 and the standpipe in figure 5.1.7-16. The
primary cyclone dipleg pressuredrop shown in figure 5.1.7-17 indicated that the cyclone
was collecting solids which continually drained into the standpipe.

On -August16, 1996, reactor preheat continued. Solids in HX0203 were continually
circulated. The Clyde feeders FD0220 and FDo21o tripped a few times. The FDO21Owas
opened up and the conveying line was plugged by epoxy coatings which apparently fell off
the surge bin wall. Severalpropane flow problems were experienced. At 03:45 the
propane firing ratewas increasedfrom 240 to 250 lb/hr. Ten minutes later, the propane
flow began to steadily drop while the burner exit temperatureheld steadyat 2,000°F. The
propane vaporizer was found to be operating at the expected temperatureand pressureof
121°F and 190 psig respectively. The flow transmitterwas suspectedto be faulty.

At 06:00 a reactor loop skin temperature survey was startedand detected no abnormalities
in the differential loop skin temperatures. The survey resultsfor the entire test period are
summarized in table 5.1.7-1. The propane flow as measuredby FIC364 continued to show
a steady drop. The flow transmitterwas taken off line and found faulty. The run
continued with the propane flow being estimatedfrom the valve position (percent open).
The FDo21o conveying air flange was found to be leaking at the bottom of the feeder at
08:30 and was repaired. While this was being done the FD0220 line became plugged. At
10:40 the pressuresensinghose to FD0220 cabinet blew out and had to be replaced. The
FDo21o work was completed at 13:50 and (during testing) some of the coke breeze
inventoried in the surge bin was inadvertently fed into the reactor.

Between 14:00 and 16:30, coke breeze was intermittently fed into the reactor. The reactor
temperaturesincreased in response to coke breeze injection (event 1, figure 5.1.7-9). The
primary cyclone dipleg temperaturesalso increasedindicating that the cyclone was
collecting hot particles (event 1, figure 5.1.7-11).

At approximately 15:00 the propane flow to the burner dropped and after 5 minutes the
flow recovered. Upon investigation, it was found that the drop in the propane supply
pressurewas causedby the propane delivery truck driver who failed to equalize the
pressurebetween the propane tank and the truck prior to transferof propane. Feeding of
recycled material from the PCD into the reactor was resumed at approximately 15:30,
after FD0220 was repaired.

Batch feeding of coke breeze into the reactor was startedagainat 17:15 and stopped 3
minutes later. At 17:30 the propane flow to the burner was lost and the burner tripped.
The pilot was relit but tripped 4 minutes later, and afterthat all attemptsto light the
burner failed. The reactor pressurewas reduced from 100 to 60 psig but the burner failed
to light. At 20:38 the reactor loop was shutdown and the burner flame rod was removed
and found to be faulty. A new flame rod was installedand after severalunsuccessful
attempts to light the burner the reactor was shutdown and the pilot assemblywas pulled
out at 00:00 on August 17, 1996.
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The pilot tip was replaced with a new one and the pilot assemblywas installed. The main
air compressor was startedand the burner pilot flangewas successfullyleak testedto 200
psig. The leak test was completed at 14:25 on August 17, 1996. After the leak test, the
reactor pressurewas reduced from 200 to 50 psig in preparation for burner pilot light off.
After a few unsuccessfultrials, the pilot was lit at 15:22. The reactor pressurewas
increasedto 60 psig and the main burner gun was successfullylit.

Preheat of the reactor continued as the burner firing was rapidly brought back to
preshutdown conditions, since the refractory was alreadyhot. Also, the reactor pressure
was rapidly increasedfrom 60 to 100 psig. The burner exit temperaturereached l,966°F at
23:10. To prevent burner pilot tip bum through the pilot differentialpressurewas
increasedto 60 psig at reactor pressureof 100 psig. Injection of materialcollected by the
PCD into the reactor through FD0220 was resumedat approximately 17:00.

The riser differential pressureprofile after restartis shown on figure 5.1.7-42 (event 2).
Throughout the run, the disengage differentialpressurewas always higher than the
cyclone differential pressuredrop. The temperatureprofiles around the reactor loop are
presented in figure 5.1.7-36 for the riser, figure 5.1.7-39 for the cyclone exit, and figure
5.1.7-37 for the reactor standpipe. Solids were continually circulatedthrough HX0203 as
required to maintain a reasonable differentialtemperaturebetween it and the rest of the
loop. The FD0206 was also run periodically for 2 minutes throughout the preheatperiod.
Around midnight the mixing zone temperatureswere above l,OOO°Fand preparation was
made to start coke breeze injection. This injection will acceleratethe reactor preheat to
l,400°F, which is necessaryfor injection of coal.

Batch coke breeze injection into the reactor was startedapproximately 5 minutes past
midnight on August 18, 1996. Coke breeze was fed for approximately 5 to 10 minutes at a
time. Every time coke breeze was injected (except for a few trialsat the beginning) the
reactor temperature increased (event 3, figures 5.1.7-36,-37, and -38). This mode of
operation was continued until approximately 05:00 when the FDo21o was stopped. The
reactor temperaturesbegan to rapidly increaseabove l,200°F in the mixing zone because
the circulating materialcontained a high amount of carbonaceous material. As the reactor
temperature began to rise, the devolatilized coke breeze particlesbegan to ignite resulting
in an additional heat kick. Coke breeze combustion also startedin the standpipe (event 4,
figure 5.1.7-37) which was fluidized with air. To reduce the impact of the residualcarbon,
the burner firing ratewas reduced by 50 percent and continuous coke breeze injection at a
low feed ratewas resumed at 05:36. At 05:00 FD0220 tripped becausethe conveying line
plugged. The plug was removed and the feeder was put back in service at 05:25. Solids
circulation through the reactor J-leg was manipulatedto even out the temperature in the
standpipe and solids circulation through HX0203 was also adjustedto control reactor
temperature.

The reactor temperature began to steadily increaseas continuous coke breeze feeding was
maintained. The burner firing ratewas reduced graduallyto reduce the total heat input
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and control reactor temperature. At the sametime, preparation was made to begin feeding
coal into the reactor. At 08:30 coal was inventoried on top of the coke breeze in the
FDo21o surgebin. The coal and dolomite particle size distributions used during this run
are shown in figure 5.1.7-82. Prior to this, the oxygen concentration in the flue gaswas
12.08 percent. Coal feeding into the reactor startedat around 09:00, constituting the first
coal feed at the PSDF. Once combustion was establishedthe start-upburner was weaned
off. The combustion air flow to the burner was reduced while the quench air flow was
slightly increased to cool the refractory and provide fluidization at the bottom of the
mixing zone. The quench air flow was latershutdown but some air flow was left through
the combustion air nozzle. When the burner was shutdown and the flows were reduced,
bed materialmigrated into the burner duct and the differentialpressurebetween the
burner and the mixing zone increased.

Due to high carbon concentration in the circulatingmaterial (estimatedto be greaterthan
30-wt percent), the reactor temperaturein the riserand standpipeperiodically overshot the
desired set point of l,6000F by 200”F. The coal feed ratewas reduced and solids
circulation through the heat exchangerwas increasedas a response to lower reactor
temperature to within the desired set point. BecauseHX0203 solids contain the same
concentration of carbonaceous materialasthe reactor standpipe,the cooling effect of the
heat exchanger was offset somewhat by additional combustion of carbon from the heat
exchanger solids in the riser. The operation was carefully controlled and included
increasednitrogen injection into the reactor standpipe to reduce the oxygen concentration
until the carbon level in the system was low. It took approximately 6 hours to burn off
the carbon present in the circulatingmaterial (event 5, figure 5.1.7-36 and -37). At 09:00
when the HX0203 circulation was significantly increasedthe bed level in the heat
exchanger began to drop until it stabilized at a lower level. Some of these solids were
transferredinto the standpipe (event 6, figure 5.1.7-43), some were lost to the PCD, and
the rest being carbonaceous were consumed in the riser.

Cold shot injection into HX0203 was stopped about 11:30 and the heat exchanger was put
in steam production mode for the first time. The flue gascomposition was as follows:
oxygen, 8.28 percent; moisture, 4.87 percent; SOZ,242 pprn, and COZ, 11.4 percent.

Recycling of PCD solids was stopped and dolomite was briefly fed through FD0220 into
the reactor as make up solids to build back solids level in the reactor loop since the
alumina inventory was depleted. Dolomite was also injected to obseme its effect on S02
emission. The S02 concentration (which was 251 ppm) decreasedto 46 ppm in
approximately 1 hour. Dolomite was added to the reactor againat 23:20 to build up bed
level becausethe recycled solids were too fine to be captured by the solids separation
system. When dolomite feeding was resumed, the SOZconcentration decreasedfrom 17o
to 50 ppm.

Steady reactor operation was maintaineduntil 18:40 when the reactor pressurewas
increasedfrom 100 to 110 psig and eventually increasedto 140 psig at 21:20. The coal
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feeder tripped a few times. Coal and spent solids/sorbent feeding history for August 18,
1996, is shown in figures5.1.7-31 and-32 respectively.

Reactor operation wmheldessentially ~eadyfiroughout Au~st19, l996. The reactor
pressurewas increasedto 160 psig to reduce the riser superficialvelocity to approximately
35 ft/s or less. The FDO21Ofeeder operated well with few feed interruptions. Dolomite
feeding continued as a meansto maintainbed level in the reactor (no fresh aluminawas
available). Between 12:00 and 14:00 afterthe inventoried dolomite transferwas completed,
the feeder was connected to FD0140 to permit materialtransferfrom FDO140 into
FD0220. The FD0220 was lined up to receive recycled PCD catch, and injection of the
PCD fines into the reactor was initiated. However, after feeding for a short period, the
conveying line became plugged by pieces of epoxy coating. The FD0220 was put back in
service at about 20:10. Feeding resumedbut the line quickly plugged again. Material
recycling from the PCD was stopped and the materialinside FD0220 was drained and
drummed. Dolomite was inventoried into FD0220 and fed into the reactor.

The firing rate of the thermal oxidizer was continuously reduced as more steamwas
generatedfrom HX0203, HX0202, and HX0402 and the steam requirement for the plant
dropped. The thermal oxidizer exit temperaturewas reduced to 500°F. The PCD inlet and
outlet temperaturessteadiedout at 674 and 629°F respectively. The mixing zone
temperaturesand risertemperatures (figure5.1.7-36) aswell as cyclone exit temperatures
(figure 5.1.7-39) all remained steady during reactor operation on August 19,1996. The
oxygen concentration in the flue gaswas also reasonably steady at around 10 percent. The
S02 concentration varied between 40 and 50 ppm. The transfer of PCD catch solids from
FD0530 to either FD0220 or ash silo is shown in figure 5.1.7-51.

On August 20, 1996, the reactor operated at essentiallysteady statewith minor
adjustmentsmade to the flows and coal feed rateto control reactor temperatureand
velocity. Dolomite feeding into the reactor for bed makeup was continued. Up until
15:30 on August 20, 1996, approximately 7 tons of coal and 8 tons of dolomite were
processed in the reactor. The cyclone exit temperaturewas maintainedbetween 1,400 and
1,500”F. The mixing zone temperatureprofiles are given in figure 5.1.7-63. The PCD
inlet and outlet temperatureswere nearsteady at 68o and 650°F respectively.

oximately 3.4 tons of ashwere drummed out of the ash silo. The ash had a lightAppr
brown color ancl visually appeared to contain very little carbon. At about 12:40 the gas
anafyzerswere reading 0#.12 percent, CO-O percent, SOZ-32ppm and moisture-2.9
percent. The reactor pressurewas increasedfrom 160 to 170 psig in an attempt to reduce
the solids carryover to the PCD. The particle size distribution of alumina (startingbed
rnaterid) materd Iost to I?CD and the standpipe drain at the end of the run are shown in
figure 5.1~43 for test datesfrom August 16,1996, to August 19, 1996. The size
distributions of the solids kxt to the PCD on August 20 and August 21,1996, are plotted
irrfigure F.I.7-84.
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At approximately 22:40, the reactor pressureincreasedvery rapidly to 260 psig in just a few
minutes (event 7, figure 5.1.7-69). This causedmomentary stoppage of solids circulation
through the reactor. The mixing zone and riser temperaturesincreasedsuddenly to
approximately l,9000F before coal feed was reduced (event 7, figure 5.1.7-63) and then
stopped causingthe reactor temperaturesto drop. After that, the air flows to the reactor
were reduced to minimum. Dolomite feeding and solids transporterswere also stopped.
The back pressurecontrol valve (PV287) was placed in manualand the reactor pressurewas
reduced to 100 psig. During problem troubleshooting, the thermal oxidizer firing was
increased in preparation for restart,if required. The problem was diagnosedto be causedby
a broken positioner on PV287.

At approximately 23:30 the mixing zone temperatureshad dropped to between 700 and
820°F. Coal feeding was startedfor heat maintenance. Becausesolids circulation was not
established (event 8, figure 5.1.7-69) before coal injection was begun, both mixing zone and
riser temperaturesincreasedvery rapidly (event 8, figure 5.1.7-63). The coal feed was
quickly stopped and the reactor temperaturesdropped. During this time, PDV287 was
manually controlled. The positioner arm was replaced at approximately 23:50 and the
operation was resumed with PV287 in automatic control. The reactor pressurewas
increasedback to 170 psig and the air and coal feed rateswere increasedto their steadystate
values. Between 23:50 and approximately 01:00, solids circulation through the reactor was
low and dilute-phasecombustion occurred in the mixing zone and the riser. The solids
level in the standpipe dropped, indicating loss of solids from the reactor. The coal feed
ratewas subsequently reduced to lower and control reactor temperature. After
approximately 01:00 on August 21, 1996, solids circulation ratethrough the reactor was
higher after dolomite injection resumed.

Reactor operation was continued, holding conditions at steadystateand making minor
adjustmentsto coal feed rate and air flow to the reactor to maintainreactor temperature.
Dolomite feeding was continued to keep the standpipe solids level within the operating
range. Since there was no fresh alumina in storage and the recycling of fines captured by
the PCD was discontinued, keeping reactor solids inventory at minimum level required
that coal combustion was done with dolomite injection rateshigher than that required for
sulfur capture. The solids separatingsystem did not effectively capture the ash generated
from the coal. Approximately 29.2 tons of coal was burned in the reactor from startof
coal combustion to 11:40 on August 21, 1996.

A PCD filter baseline pressuredrop increasedand continued to rise at approximately
11:30. The supply pressure of the blowback gaswas increasedfrom 500 to 700 psig to
increasethe cleaning efficiency of the filter elements. Both coal and dolomite feeding to
the reactor were reduced to allow the PCD to recover. Despite this, the pressuredrop
across the PCD continued to increase. Dolomite feeding was stopped shortly after and the
coal feed ratewas further reduced to a minimum for heat maintenance. The air flow to
the system was then reduced at 14:20 to reduce solids carryover to PCD while the candles
were being cleaned.
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At approximately 15:22, it was decided to shut the reactor down since the PCD candles
could not be effectively cleaned to bring the baselinepressuredrop to within acceptable
limits. All reactor flows were reduced to conserve heatafter coal feeding was stopped.
The PCD was pulsed every 5 minutes and at approximately 17:50 it was decided to
continue with the run after the baselinepressuredrop was within acceptable range.

Coal feeding into the reactor resumed before high air flow and solids circulation (event 9,
figure 5.1.7-69) through the reactor were established. This causeddilute-phasecombustion
of the coal in the riser and post combustion in the disengage and cyclone. The reactor
temperature increasedvery quickly and temperaturesof l,900°F were observed in the riser
(event 9, figure 5.1.7-63). After reactor flows and solids circulation through the reactor
were reestablishedthe combustion front was contained in the riser and the reactor
temperatureswere within the expected range. Solids circulation through the reactor was,
however, low as shown by PD1202 in figure 5.1.7-69 since dolomite feeding was
discontinued. The PCD baselinepressuredrop began to increaseagainso coal feed rate
was first reduced to minimum required for heat maintenance.

Coal feeding was resumed at 20:45. Although at this time the air flows were set at proper
levels, the riser PDIs indicated that there was very little solids circulation through the
reactor (event 10, figure 5.1.7-69). The standpipesolids level was also low as shown in
figure 70 (event 10). Consequently, dilute-phasecombustion of coal took place in the riser
with post combustion occurring after the riser. This time temperaturesin the mixing zone
and riser were close to and exceeded l,700°F (event 10, figure 5.1.7-63). The reactor was
shutdown and the run was prematurely terminatedbecauseof low reactor solids invento~
after approximately 80 hours of coal combustion feeding a total of approximately 32.2 tons
of coal.

5.1.7.3 Infrared Scan

Art infrared scan of the transport reactor hop was taken orrAugum2T, 1997. WItenthe
scan began, the riser exit temperaturewas ~,679°F ancfthe primary cyclone inlet was
I,644°F. The resultsshowed no unexpected hot spots. Most of the reactor skin
temperatureswere around 230 to 270”F, with some areasin the piping (mainly at the weld
joints) approaching 300”F. A discussion of major observations from infrared scan on this
and other test runs is presented in section 9-23-

5?%? Test Run CtX?t Observations

A. The start-upsequence, namely propane prehea~ coke breeze-assistedpreheat, and
cod combustion were demonstrated.

B. The easeand flexi%dky of reacx= temperaturecontrol with HX0203 vzere
derttonstmted.
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c.

D.

E.

F.

G.

H.

I.

J.

K.

The burner can be operated at a higher outlet temperatureand operating pressure
than design. However, at high pressuresadequatepropane flow must be
establishedthrough the pilot to avoid flame flashback.

Recycling of fines from the PCD into the reactor was stopped.

Coke breeze will ignite above 1,000”F in the transport reactor, not at 800”F as
previously thought. A mixture of coke breeze and subbituminous coal would be
used for subsequent start-ups. The subbituminous coal will increasethe volatile
content of the coke breeze mixture.

Carbon content of bed during coke breeze-assistedpreheat should be limited.

Deposits/agglomerates formation is dependent on temperature. It is important to
control reactor temperatureto avoid agglomeration of ash.

Proper flow levels and solids circulation must be establishedbefore injecting coal
during restartafter a hot standby.

The riser crossover should be blown clear of solids after shutdown.

Dolomite injection for bed makeup should be avoided. Dolomite should be used
for sulfur capture only.

The fines screw cooler should be run at maximum speed to convey the ash from
the PCD filter vessel assoon as it collected.

5.1.7.5 Post Test Activities

When the outlet elbow was removed from the Westinghouse PCD head, corrosion was
seen on the four flanges associatedwith the elbow. The rustwas ground off the flanges
and they were painted.

Pieces of broken PCD candle were found in the outlet of the fines transporter (l?D0502).
The Westinghouse PCD head was pulled and the filter vesselwas found to be
approximately one-third full of ash/dolomite fines. Thirteen candles out of 36 were
broken from the top tier; only I candle survived out of 55 candlesin the bottom tier.
Overall, only 14 candles out of a total of 91 survived. The restwere broken. The
Westinghouse PCD vesselwas recandledwith new candlesand the head buttoned back up.

The reactor loop was extensively borescoped. There were extensive agglomerates/clinkers
found in the riser disengage crossover, the top of the riserand pillow-top, down inside the
standpipe below the disengage, the upper portion of the burner J-leg, and the mixing
zone. The disengager/cyclone crossover was pulled (and cleaned), showing minimal
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deposits. The cyclone appearedclean but the disengage had solids buildup surrounding
inlet pipe (above exit). The deposits were cleaned. Coal combustion operations from the
test run were discussed. Severaltheories were proposed asthe causeof agglomerate
formation in the reactor. The underlining factor was high-temperatureexcursions.

BR0201 was pulled, inspected, and no coke depositions were found. Some burn marks
were seen around the edge of the pilot tip. The backpressurecontrol valve (PV287) was
inspected. The whisper trim was lightly coated with dust and did not show any visible
wear marks. The valve body was in good shape.

Approximately 48,000 lb of sandwere purchasedfor use asstart-upbed material insteadof
alumina. Sand is lessexpensivethan aluminaalthough its fluidization properties are
poorer than that of alumina. The sulfator blower motor vibrated intensely during its
initial commissioning run. The motor was repaired and reinstalled. The operations of all
Clyde units were tested and repaired asnecessary.
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Table 5.1.7-1

Results From Reactor Loop Skin Temperature Surveys

Date 8/16 8/16 8/17 8/18 8/18 8/19 8/20 8/21
Start Time 06;00 13:30 --- 05:00 08:49 04:00 --- 02:30

End Time 08:45 --- --- --- --- 07:15 --- 03:15

Riser Exit 1,212 1,200 703 1,200 1,596 --- --- 1,661

Temp, ‘F

Average Riser/ 165 225 127 173 218 233 250 229
Mixing Zone

Skin Temp., ‘F

Average 158 218 119 159 217 235 253 237

Standpipe Skin

Temp., ‘F -

Average 158 210 118 161 210 222 237 217

Cyclone Skin
Temp., ‘F
Average 124 158 105 122 158 179 184 175

HX0203 Loop

Skin Temp., ‘F

Differential Temperatures ‘F

RiserlMixing 7 7 8 14 1 -2 -3 -8
Zone and
Standpipe
Standpipe and o 8 1 -1 7 13 16 20
Cyclone
Standpipe and 35 60 14 37 58 55 69 62
HX0203 Loop

RiserlMixing 42 67 22 51 60 54 66 53
Zone and
HX0203 Loop
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