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Figure 5.1.7-68 System Temperatures Downstream of PCtl for August 20 Through August 23,1996
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Figure 5.1.7-70 Standpipe DP Profiles for August 20 Through August 23, 1996
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Figure 5.1.7.71 CY0201 Dipleg DP Profiles for August 20 Through August 23, 1996
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Figure 5.1.7”73 CO and H20 Analyzer for August 20 Through August 23,1996
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Figure 5.1,7”79 PCD Temperatures for August 20 Through 23, 1996
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Figure 5.1.7-80 PCD Differential Pressures for August 20 Through 23, 1996
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5.1.8 Characterization Test Run CCT2A

5.1.8.1 Introduction and Test Objective

Prior to the startof test run CCT2A, a newly fabricatedreactor start-upburner
(BR0201) pilot assembly was installed The deposits found in the reactor system
following the CCTIC commissioning test run were cleaned. Due to the difficulty
experienced in inspecting and cleaning the various sections of the reactor, additional
inspection ports and a flange near the top of the riserwere deemed necessaryfor safe
maintenancewithout causingdamageto the refractory. The objective of the CCT2 test
run was to continue the combustion characterizationtestswith silicasand asthe inert
start-upbed material. Sandwas chosen asthe start-upbed materialas it is one of the
likely choices in a largerunit. Sand is also availablein a wide rangeof sizes, has good
attrition properties, and is inexpensive.

The combustion characterizationtest run (CCT2A) was a three-phasetest carried out
between September 27 and October 14,1996. Process raw datafor this run areprovided
in figures 5.1.8-1 to 5.1.8-43. The figuresprovide trends for various tags in three time
periods: September 27 to 30, from October 2 to 6, and from October 14 to 17.

5.1.8.2 Test Chronology

StartingSeptember 27 the transport reactor (RX0201) was leak testedat 310 psig (event
1, figure 5.1.8-8). Selecteddifferential pressurebleeds were balanced at both 60 and 160
psig. The reactor was depressurizedand the leakswere repaired. On September 28,
1996, the HTF system, the thermal oxidizer (BR0401) (event 2, figure 5.1.8-7), and back-
pulsing of the PCD were started. On September 29 instrumentationproblems with the
thermal oxidizer slowed progress. The primary gascooler (HX0202) was cut-into
prewarm the PCD. The dense-phasesystemswere dry run for-20 minutes to check
their operability.

On October 1,1996, the reactor was leaktested at 310 psig, and no leakswere found.
The sealon the spent solids transporter system (FDO51O)spheri valve was lost, so the
reactor system was shutdown to repair the valve seal. The following day the reactor
system was againstarted,and severalattemptswere made to light the start-upburner
pilot all of which were unsuccessful. The flame rod was taken out and tested. The flame
rod was replaced, the BRo21o pilot was relit, and the outlet temperaturewas held at
500°F for 6 hours (event 3, figure 5.1.8-11). The reactorJ-leg aeration flow (F1681)was
set so that the hot air from BR0201 would be forced through the riser insteadof
preferentially flowing through the standpipeand out through the cyclone. This
balanced the temperature in the reactor riserand standpipe. After the 6-hour hold the
main burner was lit, and a 3-hour hold at 8000F was started(event4, figure 5.1.8-11).

5.1.8-1
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Commissioning Test Run CCT2A Transport Reactor Train

The burner exit temperature was then graduallyincreasedto 1,000”F and held for 3
hours. Then the burner exit temperaturewas raisedto 1,200”F at about 50”F per hour
and maintained for 8 hours. The combustor heat exchanger(HX0203) J-leg aeration
flow (F1680)and the reactor combustion air flow (F1201)were varied to induce hot air
into the HX0203 J-leg, but neither worked. Finally air through F1230to HX0203 was
increasedto use the hot air from compressor to heatup HX0203. During start-upand
operations the skin temperatureswere monitored closely.

On October 4 a total of 17,325 lb of sandwere fed into the reactor. During the day the
start-upburner tripped once but was relit after the reactor pressurewas lowered to 50
psig (event 5, figures 5.1.8-11 and -21). Solids circulation was startedand the reactor
pressurewas increasedto 90 psig to reduce riservelocity and maintainthe burner firing
rate. Approximately 3,300 lb of additional sandwere added into the reactor. Around
07:30 the start-upburner tripped and the reactor systemwas shutdown (event 6, figures
5.1.8-11,-14 to -17, and -21). After replacingthe burnt flame tip, the reactor system was
startedagtin. Attempts to relight the burner were unsuccessful;so, the reactor system
was shutdown. When the BR0201 pilot assemblywas pulled, the pilot nozzle was found
to be plugged with rust from the propane line, and the burner eductor tube had slight
bum marks.

On October 6, 1996, after the pilot nozzle had been cleaned,the reactor was started
againand the pilot was relit. Flows were set to startreactor solids circulation, but
BR0201 tripped again (event 7, figures 5.1.8-11,-14 to -17, and -21). The reactor system
was shutdown after severalunsuccessfulattemptswere made to relightthe burner.
During every attempt the pilot was lit, but the flame rod did not detect the flame. Upon
inspection the tip of the flame rod was againfound burnt which made the flame rod
shorter and out of the flame zone.

The problem of flame rod tip burnout was traced to inadequatecooling of the tip with
the new pilot assembly that was installedat the startof CCT2A test run. In the old pilot
assembly, a hole was drilled in the flame rod guide tube at the site to induce air and
provide cooling to the flame rod tip. Apparently this cooling was sufficient and
necessaryto maintain the physical integrity of the tip. Due to uncertainty of the amount
of inducted air for cooling, an externalforced cooling purge was installedto provide the
necessary cooling for the flame rod tip and prevent burnout.

On October 13 auxiliary systems needed for transport reactor start-upwere put in
service. The following day the start-upburner pilot was lit with the newly installed
cooling purge to the flame rod tip. The burner was shutdown after 2 hours to visually
inspect the flame rod tip. The flame rod had some discoloration on the tip (which is
about 6 inches long), but there were no signsof bum marks. The burner was assembled,
all systems were restarted,and the pilot was lit with reactor pressureset at 75 psig.
About 3,OOOlb of sand were added to the reactor with a low carryover rateto the PCD.

5.1.8-2



Commissioning of M. W. Kellogg Transport Reactor Loop
Transport Reactor Train fiommksion~g Test Run CCT2A

On October 15 BR0201 was shutdown and the reactor was depressurizedto 15 psig to
blow out the plugged aerationnozzles (event 8, figure 5.1.8-36). The pilot was lit, the
reactor was graduallypressurizedto 100 psig, and the main burner was lit (event 9,
figures 5.1.8-26 and -36). Solids circulation was then started. Another 1,500 lb of sand
were added to the reactor to maintainthe inventory. The thermal oxidizer tripped
causingmomentaty fluctuations in the propane flow from the vaporizer that then
tripped BR0201. The reactor pressurewas reduced to 60 psig and BR0201 was started.
The aeration to HX0203 J-legwas reduced to decreasethe solids circulation rate, and
thus, the solid carryover rateto the PCD. Another 1,400 lb of solids were loaded into
reactor to makeup for the excessivecarryover to the PCD. The fluidizing air flow rate
(FIC230) to HX0203 and the vent control valve (PDV384) positions were varied to
evaluatetheir effect on solids carryover. The solids carryover seemed to be lessenedwith
FIC230 lowered and with PDV384 closed. However, there was still excessive canyover
to the PCD, and asa result,aeration to both theJ-legswere reduced to lower the
circulation rate. The burner exit temperaturewas increasedat 100°F/hr, and 3,OOOlb of
sandwere added to the reactor. The burner tripped for an unknown reason and was
relit after the solids circulation rateand the reactor pressurewere decreased (event 10,
figures 5.1.8-26 and -36). Increasingthe J-legsaerationthen increasedthe solid
circulation rate.

The reactor pressurewas increasedto 75 psig. The HX0203 J-leg aeration (FIC680) was
reduced so that the level in the reactor standpipecould be built up using the solids in the
HX0203. The reactor pressurewas then increasedto 80 psig to reduce the riser velocity
(event 11, figure 5.1.8-36). After establishinga sufficient level in the reactor standpipe,
FIC680 was increasedto increasecirculation. This resultedin a large carryover of solids
to the PCD, and in a temperatureincreasein the primary cyclone dipleg temperatures
which indicated that the cyclone was experiencing a largerloading and a correspondingly
largerseparation of solids (event 12, figure 5.1.8-31). The FIC680 was decreasedto
reduce the carryover to PCD and allow sufficient time to empty the PCD cone of solids.
Once the PCD was empty of solids, both FIC680 and FIC681 (the reactor J-leg aeration)
were increasedin preparation to perform a cyclone spoiling test. The spoiling gaswas
introduced into the primary cyclone to make surethat the solids in the cone section of
the cyclone were drainingfreely into the radix. It appearedfrom the cyclone dipleg
temperaturesthat the solids from the cyclone were flowing down asslugs. The FIC681
was increasedto determine if solids carryover was presentwith reactor standpipe
circulation alone. As more solids were added to the reactor the differential pressure
across the disengage increased,indicating an increasedloading of the solids. The solids
carryover to the PCD also showed a corresponding increase.

The spoiling gas testswere completed and all standpipeaeration nozzles were closed.
No significant change in solids carryover or the flow of solids into the cyclone dipleg
due to spoiling was observed. The FIC680 was increasedto increasethe circulation rate
through the combustion heat exchangerand increasethe level in the standpipe (event 13,
figure 5.1.8-37). The PDV384 was opened, FIC230 was increased,and FIC680 was

5.1.8-3
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varied to expand the solid bed in the heat exchangerand increasethe circulation through
HX0203. Sand drained from the process was fed back into reactor to increasethe
inventory levels, but the combination of solids circulation and solids feed to the reactor
increasedthe solids carryover rate. The burner firing ratewas decreased (event 14, figure
5.1.8-26) to lower velocities, but the solids carryover to PCD continued to be excessive,
so the reactor system was shutdown on October 17. It was suspectedthat there may be
possible restriction in the cyclone system or that possibly the solids may not be draining
well from the disengage and the cyclone, resultingin reentrainment.

5.1.8.3 Test Run CCT2A Observations

The reactor start-upburner performed well at higher pressuresafter modifications were
made to the pilot assembly to eliminate safety concerns with the retractingmechanism.
Also, a cooling purge was installedon the burner detection mechanism. It was necessaryto
operate the burner at higher pressuresin order to reduce the superficialriser gasvelocity
during stai-t-up. Excessive solids carryover from the reactor to the filter vessel continued to
be of concern and various testswere performed to understandthe cause. It was suspected
that a restriction in the disengage or primary cyclone was affecting their performance.
The system was shut down and inspections revealeddeposits in the disengage aswell as in
the prim~ cyclone that were left over from the previous test run. The deposits were
removed and the system was put together for further testing.

5.1.8.4 Post-Test Activities

The period between the test run CCTIC and the beginning of the next test (CCT2B)
was used to review the operating dataobtained during the first coal combustion test
(CCTIC) and the hot sand solids circulation test (CCT2A) during which excessive
solids carryover was experienced. Both MWK and GEESI were consulted about the
excessiveloss of solids from the reactor loop during the hot sand circulation run.
Process review meetingswere held between DOE, MWK, Westinghouse, and SCS to
understandthe resultsfrom the previous coal combustion test and find out why
extensive agglomerateformation occurred during the test. It was recommended that
the solids level in the standpipebe raisedto sealthe cyclone dipleg to avoid gasfrom
the disengage short-circuiting the cyclone through the cyclone dipleg. Severaluseful
resolutions came out of the review meetings. Some of the important ones are:

A. The PCD team, after reviewing the datafrom the previous test, developed a
better understandingof the PCD instrumentation and the interpretation of the
temperature and differentialpressuredata. Previously, the filter differential
pressurewas monitored. The data analysesshowed that monitoring the
differential temperatureprofile in the PCD and FD0520 dump cycle would
provide better indication of solids level and draining rate out of the PCD
hopper.

,
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B.

c.

D.

Dolomite will not be used for bed materialmakeup but only for sulfur capture.
The requirement for sulfur capture is far lessthan the requirement for bed
makeup. Also, materialfrom the filter vesselbelow a certain mean size and
distribution will not be used againto makeup for lost reactor bed level.

An attempt will be made to add sufficient bed materialto sealthe cyclone dipleg.

To reduce the carbon buildup in the bed during start-up,injection of
carbonaceous materialto assistreactor preheatwill not be attempted until the
mixing zone temperature is at least l, OOO°F.Also, Belle Ayre subbituminous
coal will be mixed with the coke breeze in a 4:1 ratio by weight to increaseits
volatile content and improve its ignition properties.

The deposits found in the disengage and cyclone after the hot solids circulation run were
removed and the crossover reconnected. Figures 5.1.8-44 and -45 show the disengage
before-and after deposits were removed, and figures 5.1.8-46 and -47 show the cyclone
before and afterthe deposits were removed. After this run, the reactor loop solids were
drained for the disengage cleaning. The combustor heat exchangersolids were not
drained.

5.1.8-5
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Figure 5.1.8”2 Total Gas lrrlOut Flow Rates for September 27 through September 30,1996
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Figure 5.1.8-6 Temperature Profiles Downstream of Reactor for September 27 through September 30,1996
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Figure 5.1.8-7 System Temperatures Downstream of PCDfor September 27 through September 30, 1996
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Figure 5.1.8”11 Start4p Burner Flow Temperature for October 2 through October 30, 1996
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Figure 5.1.8-13 Total Gas In/Out Flow Rates for October 2 through October 6,1996
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Figure 5.1.8.14 Reactor Mixing Zone and Riser Temperatures for October 2 through October 6,1996
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Standpipe Temperatures for October 2 through October 6, 1996
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Figure 5.1.8-16 Cyclone Dipleg Temperatures for October 2 through October 6,1996
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Figure 5.1.8-17 Temperature Profiles Downstream of Reactor for October 2 through October 6, 1996
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