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5.1.9 Characterization Test Run CCT2B

5.1.9.1 Introduction and Test Objective

Test run CCT2B was a continuation of the CCT2A test run. Preparation for the test
run began on October31, 1996, and the test run ended prematurely on November 8,
1996. Data for the CCT2B test run are shown in figures5.1.9-1 to 5.1.9-21.

5.1.9.2 Test Chronology

Preparation for the run began with pressure(leak)test of the reactor loop to 300 psig on
October 31, 1996. Minor leaks found at 300 psig were repairedafter the reactor loop was
depressurizedto atmospheric pressure.

Preparation for the run continued on November 2 and 3, 1996. During this time, the
Clyde-solids conveying systemswere tested. The dischargelevel probe in FD0220 was
found defective. Minor leak through was discovered in PV287, but since PV287 is open
during normal operation, the leak was not fixed. The transport air drier was put in
service. The thermal oxidizer was startedon November 2, 1996, and because it had been
shutdown for more than 30 days, the manufacturer’srecommended procedure for restart
after a long downtime was followed.

The reactor loop was pressuredto 50 psig and the primary gascooler (HX0202) was placed
in preheat mode on November 3, 1996, (afterthe steamdrum pressurewas approximately
110 psig) by closing the downcomer and opening the riser and cracking open the
blowdown valve. This way, steamfrom the steamdrum was used to preheat the PCD
above the dew point before the start-upburner was lit. Shortly after, all the process
temperaturesdownstream of HX0202 showed a sharp increase(event 1, figure 5.1.9-11).
Although the main air compressor was not on at this time, nitrogen flow was established
through the instrument nozzles. As soon asthe HX0202 riserand downcomer were
opened, the steam drum pressuredropped from 110 psig to approximately 100 psig. At
this time the gas inlet temperatureto the steamcoils in the thermal oxidizer was
approximately 1,000”F.

At approximately 09:00 the first batch of sand (startingbed material)was transferredfrom
FD0140 into the coal feeder (FDO21O).Approximately 8,000 lb were loaded into FDO21O
for transfer into the reactor when needed.

About 03:00 on November 4, 1996, PCD back-pulsingwas established,the main air
compressor was startedwith its dischargepressureset at approximately 270 psig, and
process flows to the reactor loop were setper operating instructions. The reactor loop
pressurewas increasedfrom 50 to 60 psig and held constant at this pressure. The
compressor dischargepressurewas laterincreasedto 34o psig to help clear plugged process
nozzles. Approximately 9,5oo lb/hr of airwas routed through the mixing zone
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combustion nozzles to preheat the PCD to at least2,000°F as measuredby TI-439 before
the start-upburner was lit (event 2, figure 5.1.9-5 and -11).

In preparation for start-upburner light off, the air flow through the mixing zone was
reduced from -9,5oo lb/hr to -4,5oo lb/hr. However, some operating difficulties were
encountered when BR0201 combustion airwas turned on. The flow would not increase
when the valve was opened. After successfultroubleshooting, the burner pilot was lit at
11:40 and the burner exit temperaturequickly increasedto 500°F to begin a 3-hour hold
per manufacturer’srecommended heatup after a prolonged shutdown. Quench air was
used to control the burner exit temperatureto about 500°F.

At approximately 13:00 solids feeding into the reactor was initiated. Feeding was
continued until all the 8,000 lb inventoried into FDo21o was transferredinto the reactor
(event 3, figure 5.1.9-3). The transfertook approximately 2 hours resultingin an average
transferrate of 4,OOOlb/hr. Two additional batches of bed materialwere transferredinto
the reactor on November 4, 1996.

The gastemperature profiles in the mixing zone, riser, standpipe,and riser exit (including
disengage and cyclone exit) are presentedin figures 5.1.9-8 to -11. The initial increasein
temperature ( 03:00 and approximately 11:00) was due to the heat from the compressor.
The dip in temperature during this period was causedby the reduction in air flow in
preparation for start-upburner light off. The sharp rise in temperatureat 11:00 was due to
the heat from the start-upburner.

Since the reactor J-legwas not sealedby solids, hot gasfrom the burner bypassed the riser
up through the standpipe (event 4, figure 5.1.9-9). Before solids addition was started,the
upper reactor J-leg aeration flows were increasedand the lower aeration flows reduced to
prevent the hot gasesfrom the burner from entrainingthe solids collecting in the lower
portion of the standpipe and thus, preventing solids accumulation there. As soon asthe
solids injection started,the cold solids entering the reactor cooled the hot gasesfrom the
burner and causedthe reactor temperatureto suddenly drop (event 5, figure 5.1.9-8 to -10).
Thereafter, the reactor temperaturesincreasedat a slower rate. During filling of the reactor
standpipe, fluidization/aeration in the HX0203 loop was kept at minimum. During reactor
filling and initial solids circulation, the riser and standpipe pressuredifferentialsincreased
showing that solids were present (event 6, figure 5.1.9-15 and -16).

During the J-leg filling, solids migratedfrom the bottom of the mixing zone into the
burner duct (J-leg). As the solids fill the burner J-leg, they createpressurefluctuation that
affect the flame stability in the burner. Both the quench and combustion air flow rates
were increasedto improve the stability of BR0201 pilot flame.

,

As the solids level in the standpipe increased (asa result of bed materialaddition), the
solids circulation through the reactor also increased. This in turn increasedthe solids
loading to the cyclone system. By the time the first 8,000-lb batch of bed materialtransfer

5.1.9-2
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into the reactor was completed, the loading to the PCD increasedas result of increased
solids loading to the disengager/cyclone system. Around 14:45 bed materialfeeding into
the reactor was temporarily stopped to allow the materialcaptured by the PCD to drain
out through the fines screw cooler (FD0502) which was running at 12 rpm (-15 percent
above design). The draining of the PCD cone was trended using the pressurization and
depressurization of FD0520 lock vesselbelow the fines screw cooler (event 7, figure 5.1.9-
12). Each dump cycle was equivalent to approximately 140 lb of material. 14:30 and
15:00 when solids feeding was stopped, FD0520 cycled-approximately six times
corresponding roughly to 840 lb of solids lost at a rate of 1,680 lb/hr. As the solids loss
continued from the reactor system, the solids level in the standpipe dropped. The riser
superficialvelocity that was 33 ft/s at 16:15was reduced to 25 ft/s to bring the velocity to
design point and allowed observation of the solids separationsystem performance.

Solid sampleswere taken from the dischargeof the PCD and analyzed for their particle
size distribution and bulk densities. The resultsare plotted in figure 5.1.9-22 which shows
that the geometric mean size (except for the sample taken at 16:00) was not significantly
different from the feed sand. A similar trend was observed in the test run CCTIC in
October 1996.

After the PCD cone was cleared of solids (at 15:00), the second batch of bed material
inventoried in FDo21o was fed into the reactor. Again asnoted previously, assoon asthe
bed level in the standpipebegan to increase,the solids loss ratefrom the reactor to the
PCD increasedas indicated by the closenessof the pressurization/depressurization pulses
from FD0502 (event 8, figure 5.1.9-12). The second batch of bed materialtransferwas
completed at about 19:00. the startand completion of materialtransfer into the reactor,
the FD0502 lockvessel cycled approximately 20 times giving a loss rate of approximately
1,400 lb/hr. At 17:45 the riser superficialvelocity was increasedfrom 25 ft/s back to -33
ft/s in an attempt to increasethe cyclone inlet velocity and improve its collection
efficiency. Around this time, sand feeding into the reactor was stopped. However,
because the standpipe solids level was high, solids circulation through the reactor Ioop was
also high resultingin continuous loss of solids from the reactor to the PCD asthe cyclone
system was not operating efficiently. The standpipesolids level continued a steady drop
and leveled out a around 18:00. Once this happened, solids carryover to PCD was also
reduced. 18:00 and 20:30 when the next batch of coarse sandwas added, FD0520 cycled
only about 4 times giving a loss rate of approximately 22o lb/hr. At 19:00 FDo21o was
deinventoried of fines sand (geometric mean of 189 pm) and coarse sandwith a geometric
mean of 254 pm (seefigure 5.1.9-23 for size distribution) was loaded. Coarse sandwas
used in an attempt to increasethe collection efficiency of the solids separationsystem
thereby retaining a higher proportion of the feed in the bed and reduce sand makeup into
the reactor.

At approximately 20:30 the transfer of the coarse sand inventoried in FDO21Ointo the
reactor began. As soon asthe standpipe level began to increasefrom its steady value, solids

5.1.9-3
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carryover to the PCD againincreased. Solids transferwas stopped around 22:15. At
around 20:30 and 23:30, FD0520 cycled 15 times giving a loss rateof 600 lb/hr. The solids
loss appeared to taper off asthe standpipesolids level returnedto its previous steady state
level. The solids sample from the FD0520 dump had a geometric mean of 178 microns.
Its size distribution is shown in figure 5.1.9-23 together with the coarse feed sand size
distribution.

While solids were being fed into the reactor, the burner pilot firing ratewas held constant
(on pilot only). Also the combustor heat exchangerwas fluidized but was not circulated.
Fluidization to HX0203 J-leg was maintainedat minimum. From the PDT profile, it
appearedthat some of the materialadded to the standpipewas transferredinto the heat
exchanger. The FD0206 was operated for a brief period every 2 hours and FDO51Owas
periodically cycled to prevent moisture condensation in the spent solids dischargesystem.

At approximately 01:20 the next day (November 5, 1996), an attempt was made to start
solids circulation through the combustor heat exchanger loop. The HX0203 dilute-phase
pressure control valve (PDV384) was opened 100 percent from previously fully closed
position. In an attempt to initiatesolids circulation, air flow through FIC680 (HX0203 J-
leg aeration) was started. However, most of the J-leg nozzles were found plugged with
solids. Severalattempts made to blow clearthe nozzles at 60 psig were unsuccessful. The
reactor was subsequently depressurizedto 40 psig and some of the nozzles were cleared.
Solids circulation through HX0203 was startedat around 10:00; however, one of the boot
fluidization nozzles remained plugged.

Operating conditions were maintainedessentially“steady” until at around 14:30 when the
main burner gun was lit (event 9, figure 5.1.9-15). The burner propane flow and outlet
temperature is shown in figure 5.1.9-5. After the main burner gun was lit, the burner
firing ratewas maintained constant for the rest of the day. The reactor loop temperatures
increasedafter the main burner was lit (event 9, figure 5.1.9-8 to -11). Other reactor and
temperaturesdownstream of the cyclone also show an increasewhen the main burner was
lit. Prior to this, the solids circulation ratesteadily decreasedasthe materiallost to the
PCD was not recycled back into the reactor. Neither was fresh material fed into the
reactor. The averagesolids loss rate (00:00 and 14:00) was approximately 150 lb/hr. The
FD0520 Iockvessel had only 15 dumps during this period. The size distributions of solids
samples taken from the PCD drain on November 5, 1996, areplotted in figure 5.1.9-24. In
addition to samples from FD0520, composite materialtransferredfrom FD0530 into the
ashsilo was sampled and their size distributions determined. These sampleswere used to
determine if the samples from FD0520 outlet were representativeof the solids captured by
the PCD since these sampleswere taken in situ while materialwas being transferredin
dense-phasemode from FD0520 into FD0530.

At approximately 15:00 the reactor loop pressurewas increasedfrom 60 to 80 psig and
then to 100 psig at around 17:00. Before the reactor pressurewas increasedeach time, the
propane supply and the burner pilot differentialpressureswere increased. This was done

5.1.9-4
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to increasepropane flow ratethrough the pilot and move the flame front away from the
pilot tip and prevent the tip from burning up.

To stop the continuous drop of solids level while additional make-up solids were not being
injected into the bed and also to reduce thermal stress the reactor loop and the HX0203
loop, the HX0203 solids were circulated after 15:00 on November 5,1996. This additional
circulation from the heat exchangercausedthe riserand mixing zone densitiesto increase.
The additional materialtransferredfrom HX0203 into the standpipe increasedthe solids

level in the standpipe (event 10, figure 5.1.9-15 and -16). After a brief period, solids
circulation from HX0203 dropped becausethe heat exchangerstandpipewas not
adequately fluidized. Some of the aerationnozzles were still plugged. All HX0203-related
aeration nozzles were made operational by 18:00 and solids circulation ratethrough
HX0203 was resumed. At about 22:00 the solids loss rate to the PCD was rapidly
increasingand the heat exchangersolids circulation was reduced through manipulation of
the aeration/fluidization flows. The increasein solids circulation through HX0203
resulted in a sharp increasein HX0203 solid and vapor-phasetemperaturesashot solids
from the standpipe entered the heat exchanger.

After the process temperaturesinside HX0203 were close to 300”F, the burner firing was
increasedat 00:28 on November 6, 1996. At that time, the HX0203 skin temperatures
were such that the differentialtemperature it and the reactor loop was within limits. Skin
temperature profile taken at 01:00 showed a difference of 50”F HX0203 loop and the
reactor loop compared to a maximum of 135°F allowed. The second skin temperature
survey taken at 07:30 showed the differentialskin temperatures the riser-mixing zone and
standpipe was ll”F, primay cyclone loop and standpipewas 3“F, the standpipeand
HX0203 loop was 19”F, and HX0203 loop and riser-mixingzone was 30°F. The results
of the skin temperature surveys taken during the test run aresumxnarizedin table 5.1.9-1.

Reactor heat up was continued by increasingthe burner firing. Flow adjustmentswere
made to maintain a reasonablesolids circulation through the reactor without excessive
solids carryover. The reactor pressurewas kept constant at 100 psig. At around 13:00 the
data acquisition system (PI system) crashed,but was brought back on-line around 23:00.
While the PI system was being serviced, the reactor heat up continued. About 23:30 the
mixing zone temperatureswere above 1,000”F and preparation for coke breeze/coal
assistedpreheat began.

About midnight on November 7, 1996, the sorbent feeder (FD0220) was inventoried with
coke breeze and subbituminous coal mixture (3/1 wt ratio). It was planned to use the coal
feeder for bed materialmakeup. Feeding from the sorbent feeder would permit a better
control over the fuel feed rateduring start-upbecausethe feed rate from FD0220 is much
lower than from FDO21O. The minimum feed ratefor FDO21Ois 400 lb/hr compared
with estimated20 lb/hr of coal (5o lb/hr of dolomite) for FD0220.

5.1.9-5
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midnight and 02:00 coke breeze/coal feeding from FD0220 into the reactor was attempted
but the feeder did not operate. Largepieces of coal were later found blocking the
dischargeof the feeder. These pieces got mixed with the coke breeze/coal when the two
were mixed on the concrete floor nearthe coal pile. These largeparticles dropped through
the unsealedgap around the edges of the screen installedon top of FDo140. Sand
remaining in FD0210 was subsequently drained.

The coke breeze/coal mixture was also drained from FD0220. The fuel mixture was
rescreenedand loaded into FDO21Ofor feeding into the reactor. Approximately 1,000 lb
of coke breeze/coal mixture was loaded into FD0210.

At approximately 05:00 a coke breeze/coal mixture was fed batchwise into the reactor.
After the first batch of coke breeze/coal mixture was injected into the reactor, the second
batch of approximately 1,100 lb of coke breeze/coal mixture was loaded into FDO21O. At
07:30 continuous feeding into the reactor was started. The combustion heat exchanger up
to this time, was circulated periodically for a short time to heat up the HX0203 loop. As
the coke breeze/coal mixture feed injection continued, the reactor loop temperature began
to increase. To control the temperaturerise, continuous solids circulation through the
combustor heat exchangerwas started. However, as soon asthe solids circulation through
the heat exchanger started,the solids carryover rateto the PCD increased (event 11, figure
5.1.9-12). 07:45 (when continuous HX0203 circulation started)and 12:20, approximately
3,800 lb of materialwas lost from the reactor loop at an averagerate of 830 lb/hr, mostly
from HX0203. The size distributions of the solids carryover from the reactor are shown
in figure 5.1.9-25. After stable combustion was achieved, the start-upburner was
shutdown at approximately 10:00 (event 12, figure 5.1.9-5).

To control reactor temperaturewithout increasingsolids loss, HX0203 solids circulation
was reduced and air flow was establishedthrough the riser stagedair nozzles to provide
some cooling and help maintainreactor temperature 1,450 and l,6000F. Also, reactor
feeding was switched from continuous to batch mode. When the reactor temperature
reached l,6000F, the coke breeze/coal mixture feeding was stopped and when the
temperature dropped to l,400°F, feeding was resumed.

At 14:30 the FD0502 tripped. Being unable to dischargesolids from the PCD hopper, the
coke breeze/coal feeding was stopped and the solids circulation through the reactor was
reduced to allow the PCD cone to be clearedof solids afterFD0502 was restarted. The
reactor temperaturesalso dropped due to loss of coke breeze/coal feed. At 15:00 the PCD
appearedto be empty of solids. The attempted relighting of the start-upburner was
unsuccessfulat 100 psig. The reactor pressurewas therefore reduced from 100 to 70 psig.
The start-upburner was lit at 70 psig and reactor reheatwas resumed. After approximately
2 hours, the start-upburner tripped again. After severalunsuccessfulattemptsto light the
burner (including relighting at a reduced reactor loop pressure)the test was prematurely
terminated. The reactor temperatureswere too low for coke breeze/coal mixture to ignite.

, I
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5.1.9.3 Test Run CCT2B Observations

In this test run the primary gascooler was successfullyused for the first time as a
condensing heater during startupto preheatthe PCD. Excessivesolids carryover to the
filter vessel continued to plague operations. The size distribution of the solids from the
filter vesselwas nearly the same asthat in the reactor. A coarser inert bed materialwas
tried without much successto reduce loss of reactor solids. The solids loss rate from the
reactor increasedasthe solids level in the standpipewas increasedto sealthe cyclone
dipleg. As a result it was difficult to maintainhigh solids level in the standpipe. A
mixture of coke breeze and subbituminous coal was used to transition from propane firing
to coal firing. The reactor temperaturewas successfullyincreasedin this manner from
1,000 to 1,600 ‘F without accumulatingany carbon in the reactor.

5.1.9-7
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Table 5.1.9-1

Results From Reactor Loop Skin Temperature Surveys

Date 11/6/96 1116/96 11/7/96
Start Time 06:30 14:00 07:35
End Time 07:30 15:08 08:35
Riser Exit Temperature, ‘F 750 925 1100

Average Riser/Mixing Zone Skin Temperature, ‘F 134 169 179
Average Standpipe Skin 123 148 166
Temperature, ‘F
Average Cyclone Skin 127 149 160
Temperature, ‘F
Average HX0203 Loop Skin Temperature, ‘F 104 117 115

Differential Temperature ‘Fs

Riser/Mixing Zone 11 21 13

and Standpipe

Standpipe and Cyclone -3 -1 6

Standpipe and 19 31 52
HX0203 iOOp

RiserlMixing Zone and 30 52 64
HX0203LOOP

, I

5.1.9-8
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Figure 5.1.9-4 Sorbent Feed for November 3 Through 7, 1996
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Figure 5.1.9-6 System Pressures Downstream of PCDfor November 3 Through November 7,1996

5.1.9-14

.



o 0 0
0

0 0
0 0

0
0

0 0
0. o.0 0

0
0.

0
0

0
0

o“
o

0 0
0

0
0 0 0

0z o
0

0 0
0

0 0
0 0 0z oE os sz ml o co E

.7 v
w E

. ..

J~iQl ‘.YCIJ

.- . --, .- .---- -=. --- .-A—..-... - —.-.,... . . . .—--— .-.

0
0
0
m
.

o
0
0

io
11-

—

!?-. .,

m
=a-

c-o.

—... —7.- ,

m



commissioning Test Run CC’T2B Commissioning of M. W, Kellogg
Transport Reactor Train

1600,00

1400.00

1200.00

1000,00
L,-

400.00

200.00

0.00

..

... .

. . .

.,.

. .

. .

.

,.

.

... .

.,.

,.

.,

. . . . ,.

-.

,-

. .

.. . .

.. . . ..

. .. .

.,.

. .. .

..

.. .. .. d ‘-”.r.......
J@’

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

. . .. . . ...-. .—.--,.-. .

. ,. ... --- ,-. .... ... . .. ..... ..

. .. --, .. .. . .. . ...

J.................----Yq...... .....................
.,. . .. . ... . ----

1 1/3 0:00 11/4 0:00 11/5 0:00

...---—--.,-..—.-——— —-— — -

/

--------------

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

—. ...... . . ..

..—-. —-....—-

,.. .. ....... .. ...

A.

.-.—.—--- .-.—.—- ...- .—.

4

. —-—- --—-—.

.---. -.—- -----.-—-

————

..-,--..-—-.-. —---------

. A {

11/6 0:00 11/70:00

i ——

-.—— .—

. ,—

——

L-.———
----.—----.

-—-

—--—-

11/8 0:00

I
. . ..... .. .... .... .......... . . . . .. . . . ., .-, .-....... . .. .,.. ... .——---....... ...-..--—------.—.

D . T1344:Temp below Comb Air In] .0- T1349: Temp Abv Upr Comb Air In] - A-- T1360: Riser Temp ,]
- ----- .-. ---.-—- ------- ------- . ------- ,. ..., . . . . ... . . ... . . .. . . . ...--—. - --— -.. —-..-.--—--.—.

DOE Plot 14 of 45-5 minute data

Figure 5.1.9-8 Reactor Mixing Zone and Riser Temperatures for November 3 Through November 7,1996
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Figure 5.1.9.14 Mixing Zone DP Profile for November 3 Through November 7,1996
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--

11/80:00

5.1.9-24

.



4
,,:,.. Commissioning of M. W. Kellogg Commissiotvhg Test Run CCT2B,,..,
,:3 Transport Reactor Train

.. .

. ..

...

.,...,. . . .. .. . .

. .. ....... . .------- --— . ...

. . ...-, .. . . ....

11/30:00

,:~

50.00

45.00

40,00

35.00

30.00

25.00

20.00

15,00

10.00

5,00

0.00

. . . . .

.. . ... ,., . . . .

..... ...... ......... ----—.....,.. ...

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

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

...—. . .. .... .. . -.

.... ----. .

... . . . . ..

----- .

. . . . .

... ..

&
1 1/4 0:00

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

. . . . . ... ...... . --_ ....

,,

,.. .... . . . . .--. -,------ --..--

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

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

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

. ... .

,.

.

,. ...

.,.

. .-

2

----- .. ........____________

—..-..——. --..-. ...,..-— _ .

.. .. .... .... -.-- ...-—...--—-

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

.. .. .. . ... .— . .----- .--- .,..-,

.. . . .. .,, -- . ..... . ....

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

11/5 0:00 11/6 0:00

I -D- PD1253: Upper -O- PD1254: Standplpe/Dipleg Diff d. . ....... ...-—.—_____________________

DOE Plot 23 of 45-5 minute data

Figure 5.1.9”17 CY0201 Dipleg DP Profiles for November 3 Through November 7,1996

-—..-—- .. .- —.———-- .-,

. .. ... .. ------- .,-_...____.. --_.,

.. -----..--... . -... ,—--—____

.... ... .... .. ..... .... ________---

___________________

.-...-.—-..&...... ........... ...—

1 1/7 0:00 11/8 0:00

5.1.9.25



Commissioning Test Run CCT2B Commissioning of M. W. Kellogg
Transport Reactor Train

4000.00

3500,00

3000.00

2500.00

2000.00

1500.00

1000.00

500.00

0,00 I

11/3

-500,00

I
—.....-..-.--.............. .-....... .... ...... -. ..-..—.--.-.—.-.--....—.---.-—..-.-——.---——-

--0- A161O: S02 Analyzer (ppm) --0- A1462: NOX Analyzer (ppm) –A- A1435C: 02 Anal-d
.. . . . .. . . . -. . . . . ... . . . . . .. - . . . . .. . .—----- .-..-.-.. -— -------- ..- ....——— —-—— - .—

DOE Plot 25 of 45-5 minute data
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Commissioning of M. W. Kellogg Transport Reactor Loop
Transport Reactor Train Commi$sionihg Test Run CCT2C

5.1.10 Characterization Test Run CCT2C

5.1.10.1 Introduction and Test Objective

This test run was a continuation of test runs CCT2A and CCT2B, asthese test runs were
terminated prematurely. The objective of CCT2C test run was the same as in the previous
two test runs: characterizationtestsin combustion mode of operation with sand asthe
start-upinert bed material. The combustion characterizationtest run (CCT2C) was
carried out between November 14 and November 22, 1996. Process raw datafor this run
are provided in figures 5.1.10-1 to 5.1.10-50. The figuresprovide trends for various tags in
two time periods: November 14 to 17 and November 18to 22.

5.1.10.2 Test Chronology

On November 13 start-upof the MWK transport reactor train was initiated. The thermal
oxidizer was lit and fired to reach 150psig steamdrum pressure. The HTF system was
startedand the nitrogen system was lined up. The primary gascooler (HX0202) was lined
up to preheat the PCD. The main air compressor (CO0201) was startedand the reactor
was successfully leak tested to 300 psig. The Clyde systemswere startedand checked for
their operations. In preparation for adding sand into the reactor, about two drums of sand
were loaded into FD0140.

Preheating of the PCD continued on November 14. The reactor pressurewas reduced to
60 psig and back-pulsing of the PCD was initiated. The spent solids screw cooler
(FD0206) was run periodically to ensurethat it was not plugged. The differential pressure
indications were rebalancedand the corresponding instrumentpurges were set. The steam
was lined up to the propane vaporizer. Around 08:30 the PCD outlet temperature ~439)
reached 200°F (event 1, figure 5.1.10-11). At 10:00 the start-upburner pilot was lit, but it
tripped severaltimes during the next 30 minutes. It appearedthat the 1,250-scfhcooling
purge flow to flame tip was high. It was determined that if the flame tip cooling purge
flow is above 950 scfh the burner trips. Around noon, sand addition (-1,400 lb) to the
reactor was startedat LO-percentmotor capacity (3.7 rpm). This sand came from draining
almost two drums from HX0203 on November 11, 1996. As the aeration on the cyclone
dipleg was turned on, cyclone dipleg temperatures(T’1382,T1441, and T1442) started
increasing. To confirm this, the aerationwas turned off at 13:50, and the temperatures
starteddecreasing. As the sand was added, the upper standpipetemperature (T1357)
startedincreasingwhich showed hot sand (asit was being addec$was coming down the
disengage. At about 13:50 T1357 starteddecreasing,which indicatescompletion of the
addition of sand through FDO21O(event2, fi~re 5.1.10-9).

At around 1405 more coarse sand (type T30/T50 from BadgerMining of Berlin, WI) was
added to the reactor. The FDo21o tripped severaltimes. Minimum aeration flows were
set as sand was added to the reactor. All HX0203 J-leg aerationnozzles were plugged and

5.1.10-1
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.

had to be blown out. By 15:30 there had been 3,OOOlb of sand loaded into the reactor.
Another 3,OOOlb of sand were transferredfrom FDo140 into FD0210.

At about 15:00 T13001 and T13002 (PCD cone temperatures)went up from about 110 to
200”F due to solids carryover. Even though T1501, T1505, and the FD0520 dumps showed
no further carryover for the next 3 hours, the T13001 and 3002 temperaturesstayedup at
around 200°F. T1505 appearedto have come down to where it was before carryover.
T1501 had a new baselinetemperaturethat was about 600F higher than before carryover.

Initial attemptsto light the burner at around 17:00 were unsuccessfuldue to a high
pressuredrop in the burner J-leg (> 60 inH20). Air flow through the burner J-leg was
increasedand the reactor pressurewas decreasedto lower the pressuredrop. The main
burner was then successfully lit at a burner J-leg differentialpressureof about 35 inH20.
The reactor pressurewas then increasedto 60 psig. About 40 minutes later the start-up
burner tripped (probably due to a fluctuation in the propane flow at the vaporizer). The
burner w~ successfullyrelit. Solids circulation in the reactor was establishedby adjusting
the reactor J-leg aeration. The solid bed in the HX0203 was fluidized and the aeration in
the HX0203 J-legwas slowly increasedto initiatecirculation through the heat exchanger.
Throughout this test run, the solids circulation through the heat exchanger was poor due
to bridging at the intersection of HX0203 standpipe and J-leg. The HX0203 standpipe and
J-leg aeration flows and the bed fluidizing air flows were often adjustedto unbridge and
induce circulation.

At 02:45 the FD0220 was startedbut it plugged in 5 minutes. The block valve to the
reactor was closed, and the dispensevesselwas depressurized. The reducing elbow from
the feeder was rodded out through the bottom block valve. The dispensevesselwas then
repressurized, and air flowed through satisfactorily. The FD0220 feeder was startedagain
at a very low speed (1 rpm) (event 3, figure 5.1.10-4). There continued to be some
plugging problems in FD0220. At 06:33 the HX0203 boot and standpipe flows were reset
to improve circulation through HX0203. Around 07:00 the start-upburner firing ratewas
lowered to reduce the HX0202 inlet temperature (-8000F) so that the downcomer could
be cut-in (event 4, figures 5.1.10-5 and -8 to -11). Startingat 07:30 the downcomer was
gradually cut-in and by 10:00, the HX0202 downcomer was fully opened and the
blowdown was fully closed, placing the HX0202 in steam production mode.

The BR0201 firing ratewas increasedto raisethe burner exit temperatureto 1,475”F. At
10:15 solids addition from FDo21o was started. The initialweight was 3,3oo lb. The
FDO21Otripped twice during the loading so the feeder speed was increased. As solids were
added, the standpipe level increased(event 5, figure 5.1.10-15). At 11:55 the ball valve was
opened by SRI to collect a batch sample of particles. At 12:15 the l-hour warming up of
SRI sampling system was started. Fifteen minutes later, the FD0520 was forced to cycle
and take a sample in order to compare with the SRI batch probe sample. From 13:20 to
13:40, SRI took the samplewith their batch sampling probe.

5.1.10-2
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At 13:45 the propane pressureat the trench was increasedto 200 psig and subsequently the
reactor pressurewas increasedfrom 65 to 80 psig with a corresponding increase in the
pilot propane pressure. At 17:00 the reactor pressurewas increasedto 100 psig and the
start-upburner pilot differentialwas set to 70 psig (event 6, figure 5.1.10-15). In order to
better evaluatethe flow of gasesaround the disengage, primary cyclone and its dipleg
(PDT250 and PDT254) were taken out of service to repipe the transmitters. After
establishingsolids circulation through HX0203 by adjustingaeration flows and unbridging
the solids near the bottom of the heat exchangerstandpipe, the HX0203 J-leg aerationwas
reduced at 19:40 so that the circulation rate through the combustion heat exchangerwould
decreaseand the reactor loop temperaturecould rise faster. Six drums of the coke breeze
and PRB coal mixture (3-to-1weight ratio) were added to FDo140 bin for transferto
FD0220. The total amount of coal and coke breeze mixture transferredto FD0220 was
1,75o lb.

At 20:40 FD0220 was startedand the feeder speed was graduallyincreased to 6.0 percent
over the next hour (event 7, figure 5.1.10-4). At 23:20 the start-upburner tripped, and was
relit. By 23:21 the pilot and main burner were lit. At 23:38 the start-upburner and the
reactor system tripped. The root causeseemed to be CO0201, which unloaded and
tripped everything in the reactor loop. The alarmswere resetand the compressor was
loaded (event 8, figures 5.1.10-1,-5,-7 to -11,-15, and -19).

The pilot and main burner were relit around midnight on November 16. The main air
compressor continued to have control problems so it was placed in the manualposition.
After establishingall the aeration flows and solids circulation, a coal and coke breeze
mixture feed to the reactor was startedat 01:17 using FD0220 at 1.11 rpm (3.o percent).
From 01:38 to 02:44 the FD0220 feeder speed was increasedfrom 4.0 to 8.0 percent (1.68
rpm) in steps of 1.0 percent. The FD0220 feeder speed was further gradually increasedto
15 percent (2.45 rpm). Coke/coal mixture feed continued through FD0220 at the same
rateto bring up reactor temperature (event 9, figure 5.1.1o-4). At 07:15 the start-upburner
temperaturewas at l,950°F. The differentialpressureacross CY0201 was slightly higher
than across CY0207. TotaLgas flow rate in and out of the reactor was about 16,200 lb/hr.
The mixing zone temperaturesvaried from 1,120 to l,220°F, the risertemperatureswere
around l,220°F, the standpipetemperaturesvaried from 1,o7Oto l,170°F, and the cyclone
dipleg temperatureswere between 900 and l,OOO°F. The PCD gasinlet and outlet
temperatureswere between 500 and 550°F. Figure 5.1.10-8 shows the reactor mixing zone
and riser temperatures,figure 5.1.1o-9 shows the standpipetemperatures,figure 5.1.1o-10
shows the dipleg temperatures,and figure 5.1.10-11 shows the cyclone exit and PCD
temperaturesduring this time.

At 07:20 about 1,000 lb of sand in FDO21Owas fed into the reactor to build level in the
reactor standpipe. Figure 5.1.10-3 shows the FDo21o storageweight and the feeder speed.
At 09:15 the averagecoke/coal feed ratewas 126 lb/hr. The risertemperatureswere close
to l,300°F. FD0220 feeder speed was increasedfrom 2.45 to 3.0 rpm. Solids from
HX0203 were periodically circulated to make up for the level in the reactor standpipe. At
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10:00 HX0203 circulation was initiated for a short period by increasingthe boot,
standpipe, and J-leg aeration. Solids from HX0203 areused to increasethe level in
standpipe, typically from 110 to 160 inWG on PDT259. Circulating cold solids from
HX0203 causedthe reactor temperaturesto drop by -1OO”F (event 10, figures 5.1.10-8
and -16). The feed rate from FD0220 was further increasedgraduallyto 3.49 rpm giving a

coke/coal mixture feed rate of about 160 lb/hr.

About 14:00 the FD0220 feeder speed was increasedto 5.51 rpm. Even though the mixing
zone temperatureswere around l,250°F and the top of the risertemperatureswere around
l,370°F, the temperature rise was slow since most of the coal/coke breeze mixture that
was fed was being carried out to PCD. Also, the circulation through the reactor J-leg
slowed down due to a decreasein the standpipe level.

The risertemperature continued to increasegradually. At 16:30when the riser
temperature was about l,450°F, the FD0220 feed was reduced from 5.51 to 5.25 rpm due
to excessive carryover to the PCD (-8 FD0520 dumps/hr). The riser temperature
decreasedby about 15°F and PDT259 steadiedaround 135 inWG. The FD0502 speed was
increasedfrom its nominal operating maximum of 8.2 rpm to 12.17 rpm to observe
operations at higher speeds. This increaserevealedthat the speed indication on the PI
system was smoother at 12.17 rpm. The higher speed also increasedthe fines removal
capacity.

At 18:00 the burner exit temperaturewas 1,994”F, and since the reactor temperatures
could be maintained through coal/coke breeze mixture combustion, the start-upburner
firing ratewas reduced (event 11, figure 5.1.10-5). The FD0220 (setat 5.3 rpm) was feeding
about 167 lb/hr based on the FD0220 weigh cells.

At 19:10 the FD0220 feed ratewas increasedto 40 percent, and the risertemperaturewas
around l,550°F. At 20:00 there were indications that combustion was occurring in the
cyclone dipleg by TE441 climbing to l,650°F (event 12, figure 5.1.10-10) due to lower
mixing zone temperatures. The coal feed rate and the solid circulation rateswere reduced.
Also at 21:oo, the flow rate on one of the aeration nozzles in the dipleg(FI811) was fully ,
opened.

At 21:15 the start-upburner firing was increasedin an attempt to restrictthe coal/coke
breeze combustion to within the reactor insteadof the cyclone dipleg. Also, the FD0220
speed was reduced to 37 percent. At 22:oo the compressor surged,which causedthe
burner to trip and shut down. The start-upburner pilot and main burner were relit. The
riser temperatures dropped from about 1,500 to l, OOO°F(event 13, figures5.1.10-5, -8 to -
11, and -19).

On November 17 at 00:36 when the mixing zone temperaturesreached about l,200°F,
coal feeding resumed with the feeder speed set at 5.o percent. The FD0220 speed was

5.1.10-4
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gradually increasedto about 38 percent. After-burning againoccurred in the cyclone
dipleg. At 03:00 three drums (960 lb) of Calumet mine bituminous coal were transferred
from FD0140 to FD0220. The FD0520 was forced to cycle in order to test whether the
Spheri valve was functioning since FD0520 had not dumped for a long period of time due
either to problems with FD0520 or very little car~over of solids to PCD. The FD0520
functioned normally.

At 07:14 the start-upburner tripped. The propane vaporizer was suspectedof causinga
fluctuation in the propane flow. At 07:30 the burner was relit afterthe J-legsaeration rates
were reduced in order to increasethe burner quench flow and blow the solids from the
burner J-leg. This reduced the differentialpressureacross the burner J-leg. Since the solids
circulation through the HX0203 continued to be a problem, the fluidization velocity in
the heat exchangerwas increasedby increasingFIC230. This was done to determine if
expanding the bed of solids in the heat exchangerwould provide better control of
circulation of solids through the heat exchanger. The bed expanded and with an increase
in HX”0203J-leg aeration, the solids circulation through HX0203 J-legwas established.
The reactor standpipe level asmeasuredby PDT259 also increasedto 160 inH20 (event 14,
figure 5.1.10-16). Two drums of T30/50 sandwere transferredfrom FD0140 into FDO21O
for reactor level makeup.

At 11:10 with the mixing zone temperaturesabove 1,200”F, the coal feed was startedfrom
FD0220 at 1 rpm and increasedto 6 rpm over the next 2.5 hours. At 13:45 the standpipe
level was again increasedfrom 130 to 155inWG (PDT259) by establishingcirculation
through the HX0203 J-leg for a short period of time. At 14:50the coal feed ratewas
further increasedto 7.5 rpm (event 15, figure 5.I.1o-4).

Basedon solids loss calculations, about 250 to 300 lb/hr were lost from the reactor (solids
addition, standpipe level changes,and heatexchangerlevel changes)over the previous 24
hours (excluding trips). The number of dumps to the PCD while feeding coal was about 8
to 10 per hour. The density of the PCD carbonaceous ashwas about 30 lb/ft3. The
FD0530 weigh cells show that each FD0520 dump was about 15 to 25 lb. It is possible that
the FD0520 lockhopper vessel may have had solids sticking to the wall of the vessel,which
would reduce the amount removed through FD0520. Also, solids from FD0520 dispense
vessel appeared to be moving to FD0530 surgebin much faster,due either to the material
being lighter or lessamount of materialper dump. It was laterdetermined that the fines
from the PCD were sticking to the sidesof the FD0520 lockhopper and thereby
transferringa much smaller arnount-per.dump.

At 15:1o the FD0220 speed was increasedto 8 rpm. The burner firing was decreasedsince
the riser velocities were high (42 to 48 ft/see). The propane flow ratewas maintained at
about 195 lb/hr and the burner exit temperaturearound l,925°F. The FD0220 feeder
speed was increasedfrom 8 rpm (63 percent) in stepsof 0.2 rpm to maintainthe riser exit
temperature between 1,575 and 1,6000F. At 15:55 five barrels (1,600 lb) of bituminous
coal were transferredinto FD0220.

5.1.10-5
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At 16:05, FV364 was set to 65 percent with F1364around 163 lb/hr. While waiting on the
reactor to equilibrate, the risertemperaturesstartedto increaserapidly. The burner outlet
temperature was decreasedeven further to 1,670”F. The temperaturewas still increasing
so the coal feed was graduallyreduced from 67 to 64 percent (8.1 rpm). PDT259 was
steady at 145 inWG. At 17:55 five drums of coal were transferredto FD0220 from
FD0140.

Around 18:00, since the coal feeder (FD0220) tripped a couple of times, the burner firing
ratewas increased (event 16, figures5.1.10-4 and -5). At 18:20 sand addition to reactor was
startedfrom FDO21O,but the FDO21Ofeeder kept tripping. At 18:30 FD0520 was
investigatedand it was found that gaswas continuously leaking through the vent valve
XV8539 (aball valve). This could have been the source of premature level indication in
FD0520 and also the causefor the 5- to 10-inch differentialpressureon the FD0530 vent
filters. By 18:40 all sandhad been fed from FDo21o to the reactor so that FDo21o could
be used asa backup to FD0220.

At 19:401,143 lb of coal were transferredto FDo21o due to the problems with FD0220.
At 20:00 start-upburner firing was decreased. At 21:15 the start-upburner tripped
probably due to a fluctuation in propane flow. Becausethe temperaturesin the reactor
could be maintainedwith coal combustion, the burner was not relit (event 17, figure
5.1.10-5). The HX0203 boot and standpipeaerationwas pulsed and adjustedto initiate
solids circulation. The reactor pressurewas gradually increasedin small stepsfrom 100
psig at 21:30 to 180 psig at 09:00 on November 18 and then reduced back to 160 psig. The
process was operated at 160 psig for the remainder of the test run. The instrument purge
flows were set to 160 psig operation (event 18, figures 5.1.10-15 and -40).

The FD0220 feeder speed was set to 100 percent. The corresponding coal feed ratewas
about 400 lb/hr. As FD0220 surgebin was being emptied, about 3,OOOlb of coal were
transferredfrom FDO1O4into FDO21O,and at about 23:00 coal feed resumed from
FDo21O. The estimatedcoal feed ratewas about 520 lb/hr. As reactor temperatures
continued to increase,coal was fed in batch mode from FDo21o.

At 01:05 on November 18 about 3,120 lb of sand were loaded to FD0220. The sand was
fed from FD0220 until about 07:30. During this time period, the standpipe differential
pressure (PDT259) increasedfrom 130 to 190 inH20 (event 19, figures 5.1.10-29 and -41).
As the level in standpipe increasedthe circulation rateand carryover to PCD also
increased. The coal feed rate during this time period ranged from 49o to 720 lb/hr.

At 08:50 sand feed resumed from FD0220 and continued until about 14:00. The HX0203
J-leg aeration ratewas reduced to decreasethe solids carryover to PCD while
troubleshooting was taking place on problems associatedwith the transport air dyer. At
11:20 the main air compressor was put back in the automatic position. At 1415 PDT250
and PDT254 were repiped and reconnected so that PDT250 read pressureloss across
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CY207 hopper, and PDT254 measuredthe differentialbetween the standpipe and cyclone
dipleg. At lLk30the reactor standpipe aerationswere pulsed and set to specified values.

After all the sand in the bin was fed, coal was added to FD0220. Coal was fed from
FD0220 whenever problems developed with FD0210 or when the feed rate from FDO21O
was too high and could not be adjustedto control the reactor temperature. Between 18:00
and 23:00, the coal feed ratevaried from about 650 to 730 lb/hr. Since the standpipe level
was low (about 120 inWG as measuredby PDT259), about 3,OOOlb of sandwere added
through FD0220 between 01:00 and 05:00 on November 19 (event 20, figures 5.1.10-29 and
-41). Continuous coal feed was maintainedwith FDo21o at coal feed ratesranging from
590 to 720 lb/hr.

The coal feed was switched from FDo21o to FD0220 a few times due to FDo21o tripping
(becauseof lock vesseltop Spherivalve fail to close alarm). Also, coal was batch fed from
FDo21o since the reactor temperaturewas too high with the feeder set at the minimum
speed.- At 12:20 the coal feeder speed was changed for a better turndown enabling coal to
be fed continuously from FDo21o. Between 11:30 and 15:00 about 3,OOOlb of sand were
added using FD0220. However, most of it seemed to escape into the PCD because there
was little accumulation in the standpipe and HX0203.

By 14:20 about 29,000 lb (14.5 tons) of coal had been fed into reactor. The coal feed rate
was about 575 lb/hr which was close to the value calculatedbased on C02 (event 21, figure
5.1.10-43). Intermittent sand addition to the reactor from FD0220 was resumed at about
17:30. The skin temperature differentialscalculatedusing the midnight readingswere as
follows: 22°F between riser/mixing zone and standpipe,5°F between standpipe and
cyclone dipleg, 90”F between standpipe and HX0203, and 112°F between riser/mixing
zone and HX0203.

The mixing zone, riser, and standpipetemperatureswere quite stable after 12:00 on
November 19. Stablereactor temperaturesand standpipesolids level continued onto
November 20. No sandwas fed between 03:00 and 14:00. At 11:00 the reactor
temperaturesstarteddecreasingand the excessoxygen began increasingbecausethe coal
feeder speed dropped due to unknown reason. The feeder speed was increased (from 1.0 to
1.5 percent of motor capacity) which resultedin higher stable reactor temperatures (from
1,534 to 1,584°F highesttemperature in the riser)with decreasedexcessoxygen level in the
gas.

The product gasanalysiswas as follows: SOZconcentration = 123 ppmv, 02 = 14.14
percent, CO = 0.0015 percent, and COZ = 5.23 percent. The coal feed ratewas about 578
lb/hr. All stagingair nozzles were fully open. Approximately 2,080 lb/hr air flow was
flowing through the three-stagedair nozzles. At 11:40 the riser crossover was blown for 5
minutes by increasingthe third-stageairflow. It did not appearthat a significant amount
of “salted” material (if any) was being blown from the crossover into the standpipe. The
flows were resetto the prior valuesafter the test.
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Between 14:20 and 17:001,380 lb of sand (T30/T50 type) were added to the reactor. At
15:50 cyclone spoiling testswere startedby settingFIC444. The FIC444 was increasedand
then decreased from zero to 1,500 lb/hr in increments of soo lb/hr to see what the effect
would be on cyclone performance. No noticeable change in cyclone performance was
observed. With the reactor operations stable,the coal feed ratewas slowly increasedfrom
about 1.0 to 2.1 percent (3.1 to 3.6 rpm) of feeder motor capacity by 22:30.

The reactor inventory levels were self-sustainingwith the ash generatedin the process even
with the higher coal feed rate. At 06:00 on November 21 the coal feed ratewas reduced
from 2.1 to 1.3 percent to reduce the maximum reactor temperaturefrom 1,670 to
1,6000F. At 07:55, since sand was not being used to makeup for the reactor level, 1,540 lb
of sand were drummed out of FD0220 and 500 lb of dolomite were transferredinto
FD0220. At 08:23 FD0220 was started,but dolomite addition into the reactor did not
actually occur until 08:40 becausesome sandwas left in the dispensevessel. Dolomite
addition was indicated when the SOZlevel in the gasstreamdropped from about 110 to 46
ppmv (event 22, figures 5.1.10-29 and -44). The coal feed ratewas about 600 lb/hr and the
estimateddolomite feed ratewas 600 lb/hr. By 09:00 the S02 concentration had dropped
to 25 ppm. The FD0220 feeder speed was reduced from 2.5 to 1.2 rpm, and another 500 lb
of dolomite were transferredinto FD0220. Total coal fed up to 08:45 on November 21
was about 22 tons.

At 09:50 SRI startedsampling the inlet to PCD. At 10:00 the sorbent feed ratewas
estimatedat 200 lb/hr with feeder at 1.2 rpm. By 10:25 SRI had finished collecting the
sample. The desu.lfurizationratewas estimatedas 93 percent at an SOZconcentration of 16
ppmv. The dolomite feed was stopped to determine the system response by monitoring
SO, emission. By 11:10 S02 concentration increasedfrom 16 to 25 ppm, and by 11:25 SOZ
concentration increasedto 47 ppm (event 23, figures 5.1.10-29 and -44). Dolomite feeding
at that time was then resumed at 0.7 rpm.

At 11:28 the FD0220 speed was set to 0.9 rpm which is equivalentto a Ca/S molar ratio of
3/1. From cyclone dipleg temperatures,it appearedthat the cyclone operations were
smoother with dolomite addition to the reactor (event 24, figure 5.1.10-35). At 12:20
FD0220 was increasedto 1.2 rpm to increasedolomite feed rateback to 200 lb/hr, so that
FD0220 could be emptied to feed sand into the reactor to bring up the solids level in the
reactor.

Startingat 13:3o about 300 lb of sandwere fed into the reactor, and the standpipe level
increasedfrom about 99 to 117 inWG. An additional 1,600 lb of sandwas added into the
reactor. At 18:25, 650 lb of dolomite were added into FD0220. The coal feeder speed was
gradually increasedfrom 1.8 to 3.0 percent over the next 3.5 hours (event 25, figure 5.1.10-
28). At 19:35, dolomite feed was startedat 10-percentmotor output (1.9 rpm) of FD0220
(event 26, figures 5.1.10-29 and -44). The S02 composition (according to the analyser)
dropped from about 130 to 20 ppm. At 20:45 FD0220 speed was reduced to 1.7 rpm, and
an additional 566 lb of dolomite were transferredinto FD0220.

5.1.10-8
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At 21:48 FDO21Otripped due to a lock vesselSpherivalve failure. The feeder was
restarted.

Again, around 23:57 FDO21Otripped three times: once becausethe lock vessel spherical
valve failed to close and another time becausethe vesselfailed to pressurize. Very little
coal was flowing through the FD0210 storagebin to the lock vessel even though the gate
valve at the bottom of the bin was fully opened. Five drums of coal were drummed out of
FDo21o to transfer coal to FD0220. The coal feed ratewas reduced to 2.1 percent motor
output, because the feeder was having problems. The FDO21Otripped at 00:52 becausethe
lock vessel failed to pressurize. Between 01:10 and 01:28, FDO21Otripped three times
because the lock vessel Spheri valve failed to close. At 01:36 FDO21Owas shut down due
to operational problems and FD0220 was started(event27, figure 5.1.10-28). The FD0220
was used to maintain the reactor temperaturewhile troubleshooting was taking place on
FDo21o. There were also problems with fluctuations in the main air compressor flow,
and as a result, the air compressor was put in manual control position.

By 06:15 the coal feeder seemed to be working. At 06:20 a coal sample was taken from
FDo21o surgebin to determine if coal was wet. The FD0220 motor speed was adjustedto
provide 15 to 20 percent more speed above the design in order to achieve a higher coal feed
rateusing FD0220. At 07:00 FDo21o tripped and was restarted. At 07:05 FD0220 was
started. At 09:13 the isolation valve on FDo21o surgebin was closed halfway and
fluidization was checked. The fiuidization rateswere set at normal positions.

By 10:45 the FDo21o feeder was working better. At 11:30 coal was drummed out of
FD0220 to add two drums of sand since the reactor standpipe level was low. At 12:00
there were hot spots in the reactor, and asa result, coal was batch fed to keep the
maximum temperatureslow (event 28, figure 5.1.10-36). The T1357 (top of standpipe)
stopped increasingand the standpipe temperaturessteadilydecreasedto a low level (about
300 to 400°F instead of 1,500 to l,600°F). Even with addition of sand and circulation of
solids from HX0203, the standpipe level did not show any increase(event 29, figure 5.1.10-
41). Further increasein solids circulation from ElX0203 resultedin higher carryover to
PCD. It appearedthat either a plug or a bridge was holding the solids keeping them from
draining out of the disengage. Also, it is possible thatthe J-leg sealmight have been lost
due to a low solids level in the standpipe and that the reverseflow of gasesthrough the
standpipe prevented solids from flowing down the disengage and cyclone dipleg. At that
point the process was shut down.

At 14:00 the coal feeder was shut down. At 14:20 the reactor pressurewas reduced from
160to 100 psig. All standpipe and reactor solids were removed by using FD0206. The
standpipe solids were drained into FD0530 asthe reactor system shutdown proceeded.
The PCD was back-pulsed for an additional 2 hours. At 18:25 the main air compressor
was shut down (event 30, figure 5.1.10-26).

5.1.10-9
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5.1.10.3 Test Run CCT2C Observations

Thistest mnwmacontinuation ofprevious testmns thathad ended prematurely. The
solid circulation through the heat exchangerwas poor during the first half of the test run
due to bridging at the intersection of heat exchangerstandpipeandJ-leg. During the latter
part of the test run uneven circulation through the heat exchangerJ-leg causedwide
fluctuations in the reactor temperature. The reactor temperaturewas gradually increased
from 1,000 to 1,600”F using a mixture of coke breeze and subbituminous coal. Also, after
a trip during this test run, reactor temperatureswere increasedfrom 1,200”F (with
propane fire) to I,6000F (with bituminous coal), avoiding the use of coke breeze and
subbituminous coal. The transition was smooth. With coal feed, the reactor operations
were maintained initially at 180 psig and then for the remainder of the test run at 160 psig.
Sandwas added intermittently in the beginning of the test run to maintain the reactor
solids inventory. However, during the latterpart of the test run the reactor solids
inventory was self-sustainingfrom dolomite addition for sulfur capture and from the ash
generatedin the process. In this test run coal feed to the reactor was maintained for 132
hours.

, I
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5.1.10-2 Transport Air System for November 14 Through November 17,1996
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