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EPR! PERSPECTIVE

PROJECT DESCRIPTION

The Lurgi moving-bed garifier, as currently uied commercially in South Africa and
elgewhere, ls a pressurized countercurrent reactor with the ccal fed and the ash
withdrawn via lock hoppers. Exceas steam is injectad at the bottom to keep the ash
below its fusion temperature so that it operates with dry ash removal. Thie excess
steam reduces the thermal efficiency and produces large velumes of contaminated
water, which require treatment. The British Gas Corporation {BGC) i3 developing a
slagging version aof the Lurgi gaslfier. By operating &t higher slagging tempera-
ture, enly the steam for the gasification reaction is required. The steam consump-
tion ia therafore much lower, the overall efficiency is qreatly improved, and the
waste water treatment ls markedly reduced. In addition, the higher slagging temper=
ature increases the reactlon rate. 'These factors result {n throughputs three to
Eour times that of the dry ash unies.

In moving-hed gasifiers, both dry ash and slagging, a sized coal, typically k¥ inch
ta 1Y% inch, is used as top Csed through the lock hopper. The slagging version of
the gasifler, however, alao provides the apportunity for gasification of by-product
tar and fine coal by injiection into the bottom slagging zone.

In 1975 BEPRI and 14 U.5., 0il and gaa companies joined with BGC to convert one of
their commercial Lurgi dry ash gasifiers to slayging operation at Westfield, Scot-
land, This initial program, completed in mid-1977, culminated in a 23~-day run on
Scottish coal and confirmed the throughput (350 tons/day) and efficiency advantages.
BEconomic evaluations conducted for EPRI, uging Illinois No. & coal and based on
extrapolated performance of the Westfield Slagging Gasifiaer, conflcmed the economic
competitiveness of this process for gasifiecation=coimbined-cycle powecr generation
(EPRI Final Reports AF-642 and AP-1725), fuel gas (EPRI Final Report AP-782), and
methanocl (EPRI Final Repnrt AF-523) production.

The work reported here covera the resulta of a further test program on caking coals
(Brltish and U.5.) using the 6-foot-diameter, 350-tons/day gasifier. EPRI undertook



this projact (RP1267-1) in 1979 to examine the technical asiivablility of the tech-
nology for power genaration applicaticns.

A total of 17 days of testing was accomplished in eatientially three runs., In thu
fteat run a Beitish coal, Remaington, was uased. Thia coal, with which BGC had cone
slderable prior run expsrience, has caking qualities and other proparties simllar to
the abundant U.S. Illinols No. 5 and No, 6 coals. Load turndown and turnup wece
inventigated over the range of 30 to 1008 of full load, Measurements of operational
gtability at various load levaels and during trancients were completed.

The fecond run utilized Pittaburgh No. B coal with a simllar series of load-changz
tests to those conducted earlier with the Rossington coal. In addition, thie run
included golng te and returning frem standby conditicns,

In the thlrd and final run, also using Pittsburgh No. 8 coal, the following addi-
ticnal parameters were inveatigated: 20% fines addition to feed coal, tar recycle
ll:'t': bottom alagying zonhe, limeatone £lux addikion, and extended periods of system
cantrol in the gasifier follaw modw,

PROJECT OBJECTIVES

The main objective was to test the capabllity of the BGC-Lurgl 5lagging Gasifier to
reapand to the type of load changes vhich will be demanded from gasificatlon units
integrated with combined-cycle powar-generating systems. The four specific projact
objaectives wara:
. Meaaure and analyze steady-state performance of the gasifier on
atrongly~caking U.S, coal under variocus process gonditions including

varicus throughputs, tar recycle to diptributor and to tuyeres, and
with fines additicn to the feed coal

. Identify any mteady-ptate fluctuations in gam Elew or heating value
which might advermely impact the gasifler's suitability for use in an
integrated power system

. Determine the reaponse of the gasifier to various rates of load
change including extremely rapid atep changes

* Assess the genaral atate of the technology

PROJECT RESULTS

The high efficiency of the RGC=Lurgi Slagging Gasifler at full throughput and at
torndown wae dosumentad through good quality heat and material balances on both
woakly-caking and strongly-caking coals. The unit performed extremely well aver

vi



the short term, meeting all dynamic and ateady-state stabllity requirements of
conbined-cycle power-genorating syatems, Dramatio bed tnatabj;lities and gas-
heating value Fluctuations did not occut even during rapid |( 10%/minute) cate
changss,

All relevant steady-state fluctuations were quantifled and can he accommodated
through appropriate design. Simple control in the gasifier follow mode can be
uged for all transitions aven while incorporating lock hopper prensurization with
raw gas, The dynamic response was excellent. Fluxing with limestone [more widely
available than blast furnace slag), gasifying coal containing 208 fines, and total
ganification of net tar were all demonstratad with no short-term difficolties,
Scme adverse cperating conditions were encountered (most of which can be dasigned
out of a commerclal plant), and the gasifier proved itself to be very forgiving.
Recoveries Erom upsets were made with minimum deviation from the planned test
schedule and, in most cames, with no dlsruption of gas productian.

The following report accucately describes the BGC-Lurgi Slagging Gasifiec's excel-
lant short-term performance and operabllity during the EFRI tests. The pecfor-
manca reaults have been utilized under a saparate contract with General Electric
Company (RP914) to confirm the viabllity of several proposad schemes for control
of gasification-combined-cycle planks using the BGC-Lurgi Gasifier. A report on
thiz work will be igsued shortly.

Subseguent to this EFRI test program, BGC has conductad tests on additional fines
injection through the tuyeres to the bottom-slagging zone.

Not yet demonstrated are the performance on lower rank coals and the long-term
mechanical integrity of the gasifier. BGC has announced plans to address this
latter issue by conducting a long-term endurance run at Westfield in summer 1581.

Another concern with all gasification technology is that of scale-up to full cum-"
mercial size. A particular concern in the BGC-Lurgi technolugy is flow distribu-
tion at larger diameters than the é-foot unit already demonstrated. However, the
atability of performance at part-load conditions documented herein for the &-foot
unit gives reason for optimiem that the unit should also ba operable when scaled
up. BGC is Droceeding with plans to install a larger B-foot~diameter commercial-
sized unit at Westfield capable of §00 to 800 tens/day throughput for commission=
ing in early 1983. Together with the demonstrated short-term performance docu=
mented in this report, the extended run and scale-up to 8=foot diameter will

wid



confirm the poasition of the BGC-Lurgi Slagging Gaglfler as a most promlaing candi-
date Eor power gcneiltlnn applications. 'the technology development is theresfore
praceading oh a logloal plan, which, within a few years, should result in full
commercial avallability.

John Mobaniel, Project Mapager
Advanced Power Syatems Division
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Section 1

INTRODUCTION AND SUMMARY

the main aims of the EPRI project were to orientate the performance of the Slagging
Gasifier, with its alrxeady proven record of success on a variety of coals, to the
special reguirements of the combined cycle speration. The three main special re-

gquiremants wera:

. Fox tha gasifier to perform with stability and reliability at a
varxiety of loadings, perhaps over the yange 30 - 110% of standaxd
1nading. '

- For changes between the above loadings to be made raliably and

quickly, without producing gasifier upsets or transient behaviour
with variation in make gas CV,.*

] For the back end of the plant to praduce a constant CV gas at a
gteady flow, the latter being capable of rapid alteration when
desired.

Tie range of loadings regquired and the time required to change from one ka the
ather wara proposed by British Gas (from data supplied by EPRI) and accepted by
EPRI befora tha project and these are shown in Table 1-1.

Table 1-1

LOADINGS AND LOAD RATE CHANGES REQUYRED FOR SLAGGING
GASIFIER IN A COMBINED POWER CYCLE

Ioading (SCF/H Oxygen) % of Standard Load Time to Change to
Given Load From
standard Load

158,080 98,8 6 seconds
147,200 92.0 60 seconds
112,000 T0.0 10 seconds
48,000 30.0 1 hr 40 minukes

*Calorific Value

1.1



Table 1-1 assumes a standard loading of 180,000 SCF/H oxygen and the load chanhdo
rates correspond to the cowbined powsr cycle functions of froguency raegulation,
tie-line back up and daily load following.

Betore the runs, plant controls were modified te hold product gas flow stecady.
Using this "Flow Contrel" systam, steam and oxygen are autamatically fed to
the gasifier as neccded to maintain plant pressure. This system is described in

Mppendix A.

The project wis to be carried out on the British Gas standarad reference cecal,
Rossinygton, a 702 rank coal, and on the EPRI chosen coal, Dittahurgh 8, frem the
Chatpion Plant ia Ponnsylvania. Ancillary programme objcctives included running
this coal unscreensed {with 25% macerial less than Y% inch) and tar injeccion to the

tuayeres was planned.

EPRI HUN - 0]

Run EPRI - 0) was on Rossington coal and planned to commission hew gasifier instru-
ment systoms in parallel uiéh the invastigations into lead change. The run was
started on 14 Qctober 1979 at 11:12 hours when stcamfoxygon was injected invo tho
gasifier and the gasificr was set up ac standard loading of 160,000 SCF/Il oxygen,
with stoeam/oxygen 1.30. 5Sutcessive test porieds laoked ar gasifier performance at
110,000, 80,000 and 50,000 SCF/li oxygen leading, with the loading being returned to
standard bebween each rest pericd. The pertod of running at 80,000 SCF/N oxygen
loading was prolonged in order ko obtain dara on gasifier performance at different
stirrer speeds and different rates of tar injection to the bod top. At 50,000
SCF/H loadling the steam/oxygen ratio was high ar 1.80 [due to an errer in the scts),
but this caused no operational problems. All load changes were carried out at or
greater than the recommended rates and the gasifier was introduced to the flow con-
trol mode with gasifier rates being braught up to 180,000 SCF/H oxygen loading in
this mode before the run was terminated at 12:04 on 19 October.

EPRI RUN ~ 02

No .major gasifier changea were wade for EPRI - 02, with the run aiming to consolis=
data the position obtained on Rosoington coal with Pittuburgh 8. The run staxrted
at 03;03 haurs on 7 Novembor and, after a standard start up en Ressington coal, che
lcading was brought to B0,000 SCF/N oxygen loading and Pittsburgh 8 coal brought

to the gasifier, There were some initial problems with underfluxing on limestonc,
but eventually satisfactory operation was obtained with BF5* fluxing at

®*Rlast Furnace Slag



130,000 SCF/H oxygen loading. At this jundture, however, premature run termination
occurred, after only 364 hours on line, due to a flange failure at a tuyers. The
leak was rectified and all othaer tuyeres ware chacked before the gasifier was

raady for the continuation of run - 02, redesignated EPRI -~ 02R. This run started
on 21 Novewber at 16:43 with Pittsburgh 8, fluxed with BFS, belng introduced to the
gagifier at 130,000 SCF/H oxygen loading. The loading was then brought to 160,000
SCF/H oxygan and then down to 110,000 SCF/H oxygen befora baing returned to 160,000
SCF/Il oxyyen, some load spikes down to tha intarmediate’ loading being carried out.
At this stage in the run there was a problem in the quench chamber. At 10:11, 24
Nevember, it wag decided to carry out an atmospheric pressure standby to cure the
problem. This was done after depressurising the gasifier to standby conditions.
The gasifier was boxed up, repressuriaed, and the run restarted at 01:18 on 25
November, no problems being encountered. Test perieds at 160,000, 110,000, 80,000
and 50,000 SCF/H oxygen loading were carried out with extensive xrunning in flow
control in order to determine optimum controller settings. The gasifier again
demonstrated its ability to change rapidly from one loading to ancther with no pro-
cess upscks and nho gasifier transients, before the run was terminated at 12:20 on
27 November.

EFRI RUN - G3

EPRI - 01 aimed to amplify the succasses of run EFRI - 02B and to carry out the
ancillary programme obiactives af running on unscreened coal and of tar injection
to the tuveres. Limeatono fluxing of Pittsburgh B was also to be attempted.

The run was atarted at 13:03 on 13 December, and the gasifier established on
scraenad Pittsburgh 8 coal, fluxed with B¥S, at 130,000 SCF/H oxygen loading. Par-
formance data was obtained at this loading and then tar injectiun to the Tuyeres
was brought on, initially at about 1,000 lba/hr and then at an estimated 1,500
lbs/hr. Gauifier performance was satisfactory during these tests and following
these ungercened Pittsburgh 8 coal was charged to the gasiEisr. Performance on
this fuel differed little to that on the screened fuel, and it was run at leadings
of 130,000, B0,000, 50,000 and 160,000 SCF/H cxygan., Most of the run was carried
out in the flow control mode and the gasifier was able to change rapidly from one
lead to another without any process upsets., Limestore fluxing was also successful-
ly introduced for the first time. The run was terminated at 10:43 on 18 Dacember.

The runs are shown in table form in 1-2. The short programme had satisfactorily
demonastrated that the Slagging Gaslifier is suitable for use in & combined pawer
cycle, some of the important points being:

1-3
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Tha gasifer can run steadily, with no signs of degenerative beha-
viour, at a variety of loads in the range 50 - 180,000 (180,000
demonstrated only on Rosaington coal but prohahly certain on
pittsburgh B as wall) SCF/H eoxygen (30 - 1101 of standard}.

Average calorific value of tha mnko gas was nearly constant, what-

over the loading: omall differances which did arise could be attri-
butod to different concentrations of nitrogan from the Blag systam

at varied loads.

Changes from one loading to another can be carried out rapidly
without upsetting the gasiflor operation and without producing
any signiflcant transients (see Sectien 12) in make gas guan-
tity. Indeed, load changes In the 100 - 30 - 100% range were
carried out at up ko and over ten times the designated programma
rates of change on occasion.

Flow control, with back on@ of plant held steady, works well on the
ilagging Gasifier. A simple clesed loop circuit was shown to be
satiafactory) as tho gas CV is :teady and anly influonced in a very
minor way hy any bed upsets which did occur, the abova refarred to
simple closod loop appeara to be aduquate for gasifier control in
the combined power cycle mode.

As 3 consequenca of flow control, steam/oxygen flows to the gasifiex
will fluctuate slightly; more so if pressurisation of the ecal leck
is done by crude gas from downstream.

Tar can be re-injected to extinction down in the gasifier tuyeres
with no detriment to gaslifier performance and with only small
changes in gasifier charactoristics, including a slight drop in
make gas CV.

Fluxing can be carried out wich either BFS or limestone.

Locking can be on nicrogen or on xaw gas. Locking has no signifi-
cant effact upon gasifier performence.

Stirrer revolution spend and tar injection to the gasifier top con-
tributes to hed hahavior in gonoral and thare are apbimum values forx
the above for given conditions on a given coal. However, the
gasificr exhibits a wide tolerance of the above parameters.,

Pittsburgh 8 coal, as delivercd vo Westfield, is a suitable coal for
Slagging Gasification. The gasifier will tolerate £ine material of
less than 4" at levels up to at least 25% in the top coal feed.

This level, on the cvidence af EPRI - 03, could be significantly
higher.

It can therefore be concluded that the runs carried out In the short programme

sponsored by EPRI successfully achieved all major abjectivea. Pittsburgh 8 coal

can be regarded as a suitable fuel for the Slagging Gasifier in a combined cycle
Complete optimisation of oparating conditions on this fual was not possible
during the contract period, and this, coupled with gasifier design improvemgnts
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aimed particularly at Pitksburgh 8 coal, is 1likely to result in an even better
pérformance on a commercial plant dedigated chiefly to this fual.
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section 2

STEADY STATE HEAT AND MASS BALANCES

The production of heat and material balances during the EPRI project were subject
to errors arising out of the inaccuragiss discussed in Appendix E. In the pre-
paration of these balances, some of these potential inaccuracies can be taken into
account, and the data can be manipulated in a contistont manner to produce a Mass
and heat balance which will be close to within 2% for the major alemonts C, H, and
0. It is chis philosophy which has been applied Eo the thirteen heat and matexial
palancus produced across the EPRI projects, and whase details can be found in the
Appeondix.

The results of these mass and heat balances are sunmarised in Table 2-1. The re-
sults during the EPRI contract serve to illustrate the consistency of the Slagging
Gasifier performance data from coal to coal {parcicularly true for bituminous coals)
and the relative insensitivity of the process to thanges in process parameters.

The stoam usage of the process between 1.0 and 1.30 steam/total oxygen input ratioc
is shown in Figure 2-1, where it can be saon that, within experimental error, con-
sistent steam usage is obtained across the threc runs, despite variations in coal
type, load, fluxing and tar injection to the tuyeres. The oxygen consumption 1s
plotted agalnst gasifier loading in Fiqure 2-2, and this shows the only discornable
trend, that of increased specific oxygen consumption towards lower leadings. This
effect is likely to be due to relatively greater heat losses expressed as a percen-
tage of total gasifier energy output.

Changes in process condition did produce minor effects upon gasifier performance
data, although these effects were very small, Thus, tar injection to the . 2res
resulted ir a slightly higher gasifier cutlet temperature, a lower mathana concen-
tration in the maﬁe gas and a slightly higher oxygen consumption and lower gas HHV.

Coal with more fines in parhaps showed a slight increase in oxygen consumption.

Little cffect was seen of different coal types, different fluxing agents aand tar
injection to the gasifier ton.
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STEAM CONSUMPTION (LBS/THERM)
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Figure 2-1. Steam Consumption as a Function of Load
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OXYGEN CONSUMPTION (SCF/THERM)
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Figure 2~2. Gasifier Loading V. OXxygen Consumption
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The consistent performance of the gasifier across a wide varicty of conditiona can
be axpressed in another way by oxanining the gas analyses acroasas tha variour masas

balance pariods, ag Table 2«2 illustrates. Gas LHV was vary steady across a ranga
of conditions, showing a reduction towards low loadings because of extra contribu-
tion fxom slag aystem Nitrogen as Figure 2-3 shows.

Fluxing agent choice will have a marginal effeet m gasifler performance. If we
compare the last two mass balances on EPRI -~ 03, 0.81% of the total cutput gasifier
heat went out in the slag with limestone fluxing, whereas the BFS case was higher
at 1l.44%. Thug, limeytone fluxing will result in a slightly better efficiency
{reflocted mainly in oxygen consumption). The oxygen consumptions on limestone

{58.62 SCF/therm) and BFS (60.94 SCF/therm) hear this out, although in view of the
inacouracies in th~ latter figures thea trend may be fortuitous.

There are minor differences in gas analysis when comparing Pittsburgh 8 and
Rossington coal. In general, for the former coal, C02 levels in the raw gas tend
to ba higher by about ls, whereas CO figures are correspondingly lower. On a
Nz—free basis, the methane concentration in the gas goes up with reducing lcad on
Pittsburgh 8 wherease no effect is noticeable for Rossington, as Figure 2-3 shows.

In general, therefore, analysis of the hcat and mass balance and genexal perfor-

mance data shows the general constancy of performance of the Slagging Gasifier over
a ranga of conditions, confirming observations made over a significant number of
aarlier runsa.
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Section 3

PROCESS DYNAMICS AT STEADY STATE

Gasifier hehavior at stoady state undor a variety of operating conditlions is sum-
marized in Tablo 3-1. General gasifier behaviour centres arcund the fired bed of
conl, which in the Westfield Slagging Gasifier is approximately six fest in dlametec.
The "fixed" or more coxraectly, countercurrent, bed works best when smooth fuel flow
down the shaft toe the reaction zone is coupled with good well distributed gas flow
up the bed, allowing intimake contact with the descending fuel and proper promotion

of various phypical and chemical reactions of the ooal which muyst occur before the
carbon rieh char is delivarad to the raeaction zona.

At the top of the bed, there wust be a system which enaples coal to be laid down
smoothly and continucusly at the bed top, keeping this bed top level “fixed"; and a
suitable escapement cross-sectional area must be provided for the ascending gases
before they leave the reactor via one or more offtakes. At the bottom of the react-
ot there must be a system for injecting gasification medium which must allew the

ash to separate as molten slag and be continuously removed from the reacter.

ImperFact bed bahavior was obaerved during the EPRI contract and can be divided into
four categaories:

1. Poor coal feed to the gasifiex top, resulting in a low fuel bed
level.

2. irregular flow of solld Euel down the gasifier shaft.

3. Abnormally high torgque on the stirrer/distribution.

4. Bed channelling,,

Throughout the EPRI project, the only example of poor coal feed to the bed top was

during EPRI ~ 0l on Rossington coal. It was marked by a continuous rise in offtake
temperatuxe with concentrations of coa, CHA' czﬂq starting to fall.

on succeszful addition of fresh ccal, the suddan lnrush of fuel to the bed top

caused the offtake temperature to fall, and as the offtake temperature approached a
minimum value, the concentrations of an, Cﬂ4. Czﬁ4 all started to increase again,

3-1
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all tending to overshoot their original value eventually reaching squilibrium
again.

This particulaz incident appeared to be causcd by fuel hanging up above the top cone
of the coal lock which needad to be released before conditions returned to normal,

The abpence of fresh coal feed led to increasing offtake temperatures. Mathane,
@thane and ethylsne are formed by hydrogenative pyrolyais of the volatile matter

in the coal in a zone somewhere at the top/middle of the bed and some of the m:;
will be farmed from pyrolyais in this zone and it is clear that the low bed level
interfered with this sonc, decreasing the amount of pyrolysis products. On Yestora-
tion of feed the zone wag rostored and momentarily enlarged, resulbing in a greatexr
than normal amount of product.

This phenomenon highlights the importance of good coal feed to the gasifier to main-
tain the "fixed" bed top level. Poor coal feed can result through mechanical fall-
ure, for instance, of- t‘he bottom cone shroud, but in the above example the problem
appeared te have bwen caused by wet dusty coal hanging up at the coal lock bhottom.

Unfortunately, in the Westfield Gasifier used for these tests, the distributor

volume bai . that of the oviginal Iurgl Gasifier now utilised as a Slagging Gasifier
in the Westfinld Gasifiey, in small in comparison with throughput, amrd cannot ade-
guately act as a buffer against ¢oal hang up in the feed system. 'This pxoblen is
corraected in commercial design.

The irrcgular flow of soli@ fusl down the shaft, 2 above, is by far the commonest
manifestation of imperfect bed behaviour, and may always be incipiently present, to

be only noticed in the more severe instances.

the irregular solid fuel Flow phenomenon occurs with jgreater frequency at kigh loads
and very low steam/oxygen ratios. It is promoted by tar injection to the gasifier
top and by low stirrer speeds and by tar injection to the tuyeres.

optimisations of gasifier conditions to xeduce the phanomenon needs to take several
variables into account including gasifier design. However, it should be streased
that, during the EPRI contract, whilst little affort was made towards complete
optimisation, no serious bed upsets were generated from this phenomencn and it
appears unlikely that those that did sccur would have interfered at all with a
gasiFier-cormbined cycle.
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A third type of bed phonomenon oan be recognised which appears to be mainly ro-
stricted to highly ewelling and caking coalz of high fines content, and chis muni-
featud itsalf on EPRIE - 03; Tha Lncidente arc characterlscd by an inereasing

torque on the stirrer/distributor system. Providing that the systom can be restored
back to normal cperation quickly, the gasificatlon processes carry on smocithly with
no marked upsets and interference from the above phenomenon, and this is genaraliy

the case.

The third phenomentn, describmd above, if it perslsts, may interfere with gasifieyr
operation but can be overcome with careful attention to gasifier designh and cper-
ating technigues.

The fixed bed gmnerally behaved very well throughout the EPRI projoct, although all
three categories of bahaviour doscribed above werc present. Given proper attention
ta design, there appaars little likelihood of poor Efped thirough the coal lock and
stirrer system happening on the type of Pittsburgh B coal used herc, and poor bed
behaviour for this reason is only likely to occur if the coal itself is of poor
gquality, perhaps high in fines and very wet. 'Unwashed coal could present problems
if the unwashed element comprises a sticky clay. Irregular flow phenomena, as
described above, axe likely to be always presont to some extent on all coals under
mest conditions, but on Pittsburgh 8 are unlikely to interfere with normal process
operation. Given Further optimisation, and attention to design, it is likely that
the occurrance of this behavior can be further minimised.

Bad channelling (4), is probably a phenomenon which iz always incipiently presont.
This phenomenon was not markedly present during the EPRI contract and nover caused
any bed upsets. It is probably characterised by an upwayxd spike in of ftake tem-
perature profile which then returns back to normal. In bed channelling, the closing
of a channel will simply restore the temperature back te normal and coal flow is
not ineerfared with. Very occasionally the c:co2 at the offtakes way increase
siightly and the bed DP's* fall, perhaps indicating a large channel in the center
of the bed.

For a given steam/oxygen ratioc and leading on a fixed coal type with a standapd
amount of flux, gas analysis, and hence gas CVy is relatively very stable for the
slagging Gasifier. Because of the natura of the fixed bed there are small fluctua-

tions in concentrations of all gageons components which occur even when the gasifier

*pifferential Pressure
+Calorific Value - net or gross heating value
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is sunning steadily; the widest observed variation occura in the minor components
Ciig, Cally, and CO;0  The majority of methane from the Slagging Gasifior is thought
to be gepoerated from the destructive pyrolysis of the volatile matter in the coal,
in the prasence of large partial pressures of hydrogen, in the middle/top of thc
fucl bed. Lesuor amounts of mathance will be formed Eurther down from direct char
hydrogenetion in the reaction zone at tEho hottom of the gaslfier. Ethane and
cthylene will also arise from similar, concurront reactions in the middle of the
Led; their relative concentrations, in the presence of lavge amounts af hydrogen,
correspond to coquilibrium at 6800 = 900°C under Slagging Gasifier conditions, which
may be indicative of the temperatures prevailing In the above mentioned pyrelysis
zone,

sarious interfarcnce with the pyrolysis sone can ovcur if the bed level becomes teca
low, whon mothane, othane and cthylene concentratlons dipped sharply as the bed
level dropped. Some perturbation of this zone cah occur during an irrogular Ffuel

flow, although the effect is less marked.

Duriny incidents when the stirrer torgue rises sharply thera is also evidonce for a
small rise in methane concentracion.

The majority of the carbon diexide is likely to be generated in the combustion zona
in a series of reactions, thus:

¢+ 0, 5 Co, {n

C02 +C = 2C0 {2}

€O + H 0= CO_HI, (3}

Alchough significant amounts can bu formed from pyrolysis reactions invelving tha
oxygon in the coal higher up the bed, a'slight fzll in carbon dioxide concentration
can occur when the bed level is low. Poor gas/solid losding in the middle of the
reavcor, which is chought to occur during coal flow irregulacities, can, however,
account for relatively high concentratlons of £CO, formed Erom reaction (1) eascaping
tha raceway, perhaps by channelling up the wallst liigh torque incidents appear to
have little efiect upon tha carbon dioxide concentration. variation of the calori-
fic value is unlikely to be a problem in the operation of a combined cycle system
using the Slagging Gasifier unless there is some mechanical breakdewn. Examination
af tha methane chart during the "starved fuel" incident shows that the methane
percantago in the make gas was reduced to below half its normal léevel, which would



have caused a reduction in ths flare gas CV of approXimately 10%. This type of
incident is more likely to he caused by a mechanical problem and is not a normal
feature of the gamifiex's operation.

The coal flow irregularity phenomencn can also have a slight affect upon the control
aystems. The gas production rate wos held constant throughout cne such incldent and
it can be concluded from the above that the effect of the incident is to slightly
reduca both the CV of the gas and its production rate. It appears that during the
incident the process is less efficient, this loss in effleoiency manifesting itself
in more than normal sensible heat lomses from the bed tep, due perhaps to less
devolatilisation/pyrolysis/hydrogenclysis reactlcn ogouring in the hed.

In the flow control mode, for this fairly severe incident, the steam/oxygen £low
rates increased by about GA. This perturbation en the gasifier may indeed help ta
lessan the offact of such incidents on tha bed, with the higher flows opening up
new channels in the bed.

when uperating the gasifier in flow control the steam/oxygen flows will fluctuate
slightly although controller settings can ba selected to minimise this fluctuation,
perhaps to about # J% under the hest conditions, However, when locking on raw gas
the problem is more sevara, with an increase in flow of up ta 22,500 SCF/H steam/
oxygen blast over a five minute period (four times an hour on standard lead). If
this system is practised, the oxygen and ateam aystems will need to have sufficient
flexibility to provide thip increase, which roprasents about 14% of standard lead
and S6% of quarter load. In view of this it would perxhaps appear degirable to lock

on nitrogen. The swing can be reduced significantly by & much slower pressurisation
of the coal lock, which would certainly be done at lower loadings.

Increase in the steam flow to the gasifier will not cause operaticnal problems as
considerably higher steamfoxygen ratios than standard were used, with no difficul=
ties arising, during EPRI « Q1. It did cause an increase in C:CJ2 level in the make
gas and had a small effect upon gas CV. Increasing the oxygen throughput with

regardé to steam was practlsed in EPRI - 02 and 03 when steam/oxygen ratios of 1.1
and 1,2 were used for perlods. No process problems wore encountered; thus the .
Slagging Gasifier is not unduly sensitive to steamfoxygen ratics, and precise con-

trol of this parameter, although desirable, is not essential for continuous smookh
cperation of the gasifier.



Section 4

DEMONSTRATED RAPID LOAD CHANGES

The load changes made during the FPRI contract are summarised graphically in Fig-
gure 4-1. The notational theoretical responses required are taken from D.N. Ewart
et al, 1978 American Power Conference. Note that the Westfield responses are

generally faster.
Details of the load changes are civen in the individual run reports. Discussion

of tha dynamics accompanylng some of these load changes is prescnted in the next
section and in the run reports.
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Section 5

PROCESS RYNAMICS ACCOMPANYING LOAD CHANGES

GENERAL BEHAVIOUR DURING TRANSIENTS

puring the EPRI project the gasifier showed that it was capable of making rapid
changes in load without interfering with gasifier stability; these rapid changes
oxceeding the original specifications, beforo the contract, by EPRI. It thus
appears that the Slagging Gasifier can respond reliably to locad changaes at a rate

which will more than satisfy tha waorst case of a single gasifier assouciatad with &
single gas turhine.

There is virtually no change in the gas produced due to load variations except for
an increase in nitrogen content as the load decreases because this particular gasi-
fier used nitrogen in the slag removal system, Slight variations in downstream
pressure and coé and st concentrations will be easily dealt with by acid gas re-
moval systems such as Rectlsol and Selexol.

The effects of rapid flow variations on the gasifier will be described in the fol-
lowing section and in the individual run reports. A flow spike or £low reduction
has no significant effects, but therxe is a noticeable effect upon bed pressure drop
when the gas production rate is incremased rapidly. They remain at about double
their normal values For more than 15 minutes. There i3 no evidence that these rapid
lcad changes promote bed disturbances.

The flare gas CV was nearly constant through all the changes imposed upon the gasi-
fier. The greatest varlation cbserved was a 5% lncrease for approximately 20
minutes after a very rapid load peduction; this was caused by an increas. in

methane concentration,and a slower change would probably reduce this small increase.

In cenclusion, the efifect of rapid change of throughput on the major performance
variables during a change are virtually indistinguishable From the normal running
gituation excopt for the gasifier prassure which shows a typical slight increase or
decrease at the change. The differential pressurc lewvels through the bed do show a
significant increasa when the gas make is increased rapidly. They then take at
least 15 minutes to reduce to their normal values at the new throughput. Bed DP's,
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although of value in understanding the behaviour of the gasifier, do not affect the
gasifier's ocutput in any way and, therefore, are not regarded as major performance
variables. The surge in bed DP's is probably caused by the narrow gas flow channels
of a particular size and shape established in the bed at the low rate which are
difficull to break down, but as this restricting bed reacts new upper layers will be
iald down so as to allow the high gas flow rate and, thorefore, the presuzure drop
slowly reduces to norpal.

A microprocessor would appear to be unnecessary to accommodate the required rates of
chunge; :-ut if immediate, wirtually inatant changes are required, then it could he

tuned to give an exact renponse for a particular coal and plant.

THE RESPONSE TO PULSE CHANGES

At the conception of the EPRI project, the Sponsors were concerned that the dynamic
response functions of the gasifier and its systems be measured. The preferred me-
thod was one of pulse testing which, in the simplest case, would consist of making a
sharp downward spike in the gasification medium, ideally lasting one to two minutes;
this spike would then producc a similar reduction spike in overall gas flow as
measured at the back end of the plant just before the final flare control valva.

The transfer function for the gasifier and its systems could then be derived by

using a computing method developed by EPRI.

The above ideal approach depended upon the gasifiex working in pressure control at
the back end and giving a steady Flow ocutput under constant conditions. However,
the gasifiur and its control systems do not produte this ideal behaviour and in
pressure control the flow profile at the back end is irregular and corrupts the
expected downward flow spike. In fact, afrer initial commissioning, the run pro-
gramme concentrated on working in the back end flow control mode, which meant that
such a spike could not be done. In this mode a spike in f£low at the hack end of

the plant, produced by moving the flow Set point, has the effect of producing a pres-—
sure rise at the gasifier, which is countered by fall in gasification medium input
te the gasifier.

However, during normal ruaining, a concentration spike in nitrogen in flare gas can
be introduced into the base of the gasifier, and the effects of this spike were in-
vestigated in detail during EFRI - 03, and the results have been analysed.

puring this run, a sharp rectangular puls: in the nitrogen supply to the gasifier

purge/control systems was produced over 20 seconds. Sinca nitrogen is inert this
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pulse can be used to identify details of the flow pattern through the gagifier and
its systems, as continuwous analysis for nitrogen is done just before the flare

valve, using a mass spectrometer coupled to a small side stream purificaticn system.

Typical cutput pesks taken during EPRI - 03 axe shown in Figure 5-1. These are at
160,000 SCF/H oxygen loading on Pittsburgh 8 coal and the input pulse is followed
by an N, peak measured by the mass spactrometer. BExamination of this output trace
puggests that in many cases a second minor peak occours, sometimes with a sufficient

delay to overlap the next pulse. This ghost peak may be caused by interaction of
the two cooling stxeams.

figure 5-2 shows the nitrogen output concentration from four such pulses for a par-
iod of running at 160,000 SCF/H oxygen loading. The figure alsc shows an "average
curve" which is reprecentative of all the curves and is arranged te start and finish
at the same level, ignoring any secondary peak.

The transportation lag in the system can be talculated from the known volumes and
conditions of tue coeling streams. These have been calculated as follows:

Reduced volume of:

(a) (4 gasifier + No. ) coeling train) 20557 sCF

{b) (4 gasifier + No, 2 cooling train) 26178 sCF

it

Table 5-1 shows the calculated times to traversc the cooling train using the above

data and compares it with the actual times measured from the charts at three dif-
ferent loadings.

Table' 5~1

TIME TAKEN TO TRAVERSE COOLING STREARMS

Oxygen Loading Time to Time to Tima to
{SCF/H) Traverse peak N first Na
{(Train- - Variation Variation
{Calctd)} {Secs) (Secs)
secs
(a) {b)
50,000 557 - T10 330 - 360 270 -« 300
130,000 214 am 170 - 180 L3a - 140
160,000 174 220 1s2 152
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Table 5-1 suggosts that the vessel volumes have bean greatly ovaraatimated by ig-
noring dead space and assuming plug flow, ar tho agrecment batwsen obsexrved and
valeulated results is not good.

Fraquency response analysis was carried out from the curve in Figure 5=2 by using a
rectangular pulse for input of duration 20 seconds. The height of the input pulse
should be adjusted so as to give conservation of nitrogen, l.e., s8¢ that the net
area undar sach pulse ls the same. This has not been dene since this only assures
that when input and output nitrogen are measured in the same units the overall gain
of the system is 1. Tha transportation lag of 130 seconds in the system has been
ignored so as to give an instantaneous output. The Bode diagram in Figure 5~-3 was
obtained using the programme supplied by EPRI,

aAn approximate transfer function has been obtained by a gencral least square analy-
ais of the two Bode plots, which yields

e 14-95, 145 + n?

The above function is also plotted in Figure 5-3. With the additional 130 second
lag the function bhecomes

-144.4
o %48 + 17

since the high frequency data is doubtful this transfer Eunction should be treated
with caution. The precisc utility of the function is not apparent since it might
be expected that the cooling train would be represented as a series of first oxder
lags and a transportation delay. If further details of this function are needed it
would b useful to cbtain information to define the Bode diagrams at higher fre-
guencies by using a shorxt input pulse and, were it possible, at a larger variation

in N2 flow, so as to retain acouracy in the maas spectrometry measurements.

Attention was also given te the behaviour of three gasifier variables aeress a load
epike shown. The gasifiar prossure is a function of both steam/oxygen inlet rate
and the down Stream valveo position. In tha axperiment a proporticnal/integral con-
troller is used to eliminate one dependancy by linking inlet flow to existing
gasifier pressure. The constants of the controller are known.
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For pulse testing ir would ba desirable that the gasifier is non disturbed in some
extra manner beyond the input pulse. It is obwious, in the example given, that
conl locking haa produced significant changaz in gasifier prassure apnd gasi‘fication
mediwn flow and therefore it is difficult to relate the oxygen flow changes directly
to the output £low level.

smoothed data From Filgure 5-4 ere plotted on a common time axis in Pigure 5-8,
allowing for differences in zerc time in the chart recordera. This suggesta that
the pressure change caused by altering the outlet flow takes about 12 scconds to
travel vp the cooling train and shows that coal locking has a major influenc: on
inlet Elow rate. There may be a possinvdlity that the FI controller gain is slightly
too high, causing unwanted flow fluctuations, but this would reguire much more
investigation and more details of the gasifier system pressure history.
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Pigure 5-4. Gasifier Parameters Acress a Spike in Load Nominally
from 160,008 - 110 - 160,000 SCF/H Oxygen
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Figure 5-5. Tracing of Chart Data for 10:15 Dacembexr 79
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Section 6

MECHANICAL PERFORMANCE

Sustained gasifiar operation, necessary in commercial sitvatlons for periods of the
order of nine months, roliesz heavily on the integrity of the various components of
the Slagging Gasifier reactor., OFf particular interest and rolevance ars)

» Coal fegpd and related systems which include systems for injoecting
tar to the gasifior top.

. The gasifier hearth.

] Slag tap systems.

[ ] The quench chamber atd slag tapping and removal systems.

. Gasifier standby pracedures which may be necessary for on line

ramedies to faults in the abovo systems.

A more dfetaned discussion of the top of the bed systems and coal feed systems is
found in the Lurgi raeport {Section 7). The importance of keeping a f£ixed bod top
has been streassed earlier in this report, and this meanz that coal charging and
fceding systems, as well as being of the right design, must be very reliable; and
westfleld experience with a few minor exceptions, has proved this to be the case.
It should be remembored that the Feed system is designed to handle lump coal, so
that problems can be anticipated in txying to feed fine coal, particularly if it is
contaminated with dirt and dust.

The stirrer system gave a good performance through wost of the project, being able
to produce a char suitable for gasification from a highly caking and swelling ceoal.
With a high fines content in Pittaburgh & coal there was a tendency for a high
torque on the stirrer/distributor system tao acqur, especially at high speed.

Table 6-1 summarizes the properties of the slag which passed through the hearth in
the four EPRI runa. For all the runs the slag analysis was fairly consistent and
the slag temperatureg will hava been roughly constant as most of the running was
done at about 1.30 steamfoxygen ratio.
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The slag tap system at the hearth bottom worked well during the EPRI project. The
syatem had run hafore the project and added & further 415 hours to their total
running time. The slag tap wra visually examined between runs and appearad hot to
ha waaring or baing damaged with time,

For EPRI ~ 01, on Roasington eoal, fluxing levels and slag tapping experience had
Leen gained over previous runs and the performance here can be regarded as being
cloge to optimum. For the given heafth geometry, turndown to 30% of standaré load
was achieved with good operation of the system.

During EPRI - 01 an error in f£luxing lad to the addition rate being 5 — 10% below
optimum but this had little effect.

Duxing EPRI ~ D2R, while on Rosgington, fluxing was inadequate bacause of a blcck-
age in the fluxing feed to the coal lock, but this was quickly recognised and easily
remediad., Fluxing on Pittsburgh 8 was initially carried out on limestone, and poor

slag tapping was obtained due to underfiuxing befoxe good conditlons were obtained
on BFS flux. For run - 02B, fluxing on Pittsburgh 8 was established immediately on
BFS and good slag tapping was obtalned. Thig run demonstrated the capability of the
hearth and slag tapping systems to make a rapid and compleke recovery following a
hot standby.

Slag tapping was gocd throughout EPRI - 03 and changing from soreened to unscreencd
‘geal did not effdct the tapping guality nor did changing fluxes.

The slag tapping systems worked well during the EPRI project and were shown ta be
capabla of dealing with all turn up and turn down conditions used.

Although fluxing on Pittsburgh B was not properly optimised during the project, it
ig apparent that significant amount of limestone flux are reguired to operate the
slayging gasifier on this fuel, with Flux/ash ratios likely to be of the order of
1.0/1.0. (in the two runs on Pittshurgh no attempt was made to optimise fluxing
which was set at 1.2 to give a good pexformance, An optimum xatio less than the

above 1.2 can therefore be possible).

Tuyere Systems generally gave satisfactory performance during the EPRI project.

puring EFRI - 03, tar injection through tuyeres was attempted. There was a 24
hour period of tar injecticnh to the tuyeres.
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slag tapping and slag removal systems worked well during the EPRI contract and these
systems are ready for commercial duty.

‘Tho problem with the quonch chamber during EPRI ~ O2ZB was mainly due to control
systems not being set up properly. Further improvement can ba obtained by due
attention to dusign.

The incident rcferred ©o above illustrates the value of a gasifier that can readily
be put on standby to effect necessary repairs, either in the gasifier or its ancil-
liary systems; and then be expected to return on line quickly and reliably, The
Slagging Gasifier is an example of such a gasifler. as it has demonstrated often in
the past. Providing that the gasifier is running properly, with good bed and heartch
condicions, it appoars that return from a standby situation is certain, provided

the propoy simple routines are followed. The standby can e¢ither be hot, at pres-
sure, or cold at atmosphoric. In the latter case there appears to be no limit ta
the length of standby period which can be reliably obtained.
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section 7

PERFORMANCE OF LURGI PROPRI ¥ EQUIPMENT
(By Lurgi Kohle und Mineroldltechnik GmbH)

This report is produced with exclusive reference to the general performance of Lurgi
proprietary equipment. Special amphasis is given to the Influence of the perfor-
mance of the stirrcr/distributor system on the general gasifier bchaviour. Depend-
ing on the type of coal,an optimum stirrer speed has been identified to give the
best gasifier performance for steady state operations.

The stirrer/coal distributor aystem performed satisfactorily at all load changea.

Taxr recirculation on the distributor has, in this particular eguipment,a noticeable
impact on gasifier performance.

Thera iS5 no conclusive evidence of the influence of an increased fraction of finas
in the feed coal.

Although the gasifier parformed well under all operating conditions, several bed

npsets occurred in regular intexvals, These bed upsets, however, had no lasting
effect on the gasifier performance.

OBJECTIVES

The cbjectives of the EPRI-trials on the slagging BG/Lurgi gasifier in Westficld
include the test of the performance of the available stirrer/distributor eguipment
with respect to gasification of twe different coals. Due to the availability of
experience in fixed bed gasification, Lurgi was invited to pravide some input in
outiining the run schedulas and in covering and evaluating the trials as far as the
Lurgl proprietary eguipment is concerned.

Because of the countercurrent operation, fixed hed gasification is inherently more
efficient than fluldized bed or entrained bed gasification. Considering the large
volume of coal normally bresent in the reactor, there is reason to assume that
fixed bed gasification is operationally safer than other modes of gasification.
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The EPRI-trials consisted of three individual runs. This report covers only those
particular aspocta of the e.. ariments which are related to the Lurgli proprietary
equipment.,

The main points considered are:

e Optimizing stirrer speed for different loads of two different coals.

'y Evaluation of tar injection to the coal distributor.

. Influence of high fines content in regard to the upper part of the
gasifier.

. Evaluation of bed upsets.

Some convenient parformance criteria for good fixed bed gasification are:

e Low afftake temperatures of the raw gas.

. Low preasure loss of the frixed bed.

. High calerific value of the raw gas.

. Low standard deviations of all dependent variables.

GENERAL ARRANGEMENT OF COAL DISTRIBUTOR, STIRRER AND TAR RECIRCULATION SYSTEM

Coal is fed from bunkers via a manually operated lock hopper, into a coal distri-
butor. Flux is fed simultanecusly with the ceal intc the lock hopper via a vibra-
tor feeder. The ceal distributor is hydraulically driven and feeds the coal in
layers onto the coal bed. Tar is fed into the top part of the coal distributor to
wet the coal in the distributor. The arms of the stirrer break up any caked lumps
which may form during devolatization in the upper part of the reactor.

A particular coal distributor and stirrer system is usually designed for a set of
particular coal properties and for particular operation conditions of the reactor.
Although the available system in the Slagging Gasifier is certainly not suitable for
all coals, serlous operational problems did not appear. !

ANALYSIS OF EXPERIMENTAL RESULTS

Stirrar speed optimization for Rossington and Pittsburgh 8 coal

Figure 7-1 shows the dependence of offtaka temperatures on the stirrer speed {(Run
No. 1). Under certain conditicns the performance of the gagifier improves with

greater KPH {Revolutions Per Hourx).
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This affect 1s even mo¥e percsptible whan evaluating run No. 2. Table 7-la pre-
sents a guantitative evaluation of three stirrexr speade using offtake tomperatuxas,
bed Ap and calculated lower calorific value. 'Pable 7-la shows a rating of nine
hourly mean wvaluss in which the mOEt favorable value {(lowast offtake tempersturas

and bed Ap's, highest calorific value) is given the number 1, the least favorable,
the number 9. The elements of the matrix show the matching stirrer speeis. The
table Shows consistently the lowest value to have the woxst rating and the highest
value the best followed oloscly by the intermediate RPH. In the same mannex, the
standard deviations are evaluated (Table 7-1h). For the sake of clarity, Table 7-1b
shows only the twe lowest and two highest ratings of the nine periods investigated.

Conaidering the fact that the intexmediate value is close to the highest valuc in
Tableg 7-la and 7-1b, this intermediate value is assumed as a base for the relation
between load and stirrex spead (Figure 7~2). Comparing Rogsington and Pittsbhurygh 8
coal, a distinctive influence of the type of coal is evident.

Stirrer speed settings at inoreased fines content of fead coal

Pased on previocus experience of the influence of fines in “dry ash gassifier," the
stirrer speed has been incrsased proportionally with the fraction of fines in run
No. 3. However, the fines content is considered to be vexry moderate compared to

similar gasification tests with dry ash gasifier, where the fines content Yreached
30% < 1/8".

Stirrer tests with high fines content indicated .that increasing the stirrexr speed
above the previously identified value may improve the bed behaviour. However, the
Finos content Fluctuated considerably during the second half of run Ne. 3, hence a
econclusive assersmant was not possible

Table 7-la

EVALUATION OF STIRRER SPEED TESIS

Variable/Rating 1 2 3 4 5 6 7 '8 g»

lawer bed p 112 112 87 87 112 87 62 62 82 Matrix elemonts:
uppexr bed p X2 87 2112 g7 87 112 62 &2 &2 stirrer spead
T3 112 87 112 112 B7 87 62 62 a2 {in %)

Ta 212 g7 112 87 112 62 62 682 62

calorific value 112 112 112 87 g7 62 a7 62 62

*Ratings of 9 nmean values of bed prassure losses, offtake temperatures and heating
values.
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Table 7-1b

EVALUATION OF STIRRER SPEED TEETS

Variable/rating 1 2 35 36

hydraulic pressure of

stirrey drive 112 87 62 62 Matrix elements:

lower bed p 112 112 52 62 stirrer speed RPH (in %)
upper bed p» 87 a7 62 62

T3 87 42 62 62

T4 a7 4z 62 62

calorific value 42 a?r 87 a7

EVALUATION OF THE TAR RECIRCULATION

Objectives and analysis of the present system

The objective of the tar rxecirculation to the top of the reactor is to recycle the
tar to extinction in a countercurrent mode with the coal in the moving bed, Fur-
thermore, wetting evenly the coal in the upper part of the reactor decreases the
dust contant of the offgas.

Tha tar in the xeactox is partially distilled and parxetially cracked. Howavar,
from the experiments conducted within the EPRI-program, no pracise information is
available concerning the whereabouts of tar fractiens.

Impact of tar racirculation on the reactor performance under various operating
conditions

Figure 7-1 shows offtake temperatures at two diffevent tar rates; the graph shows
consistenly the influence of tar regi: ulaticm to the distributor. The performance
of the operation with Pittsburgh 8 coal dateriorates with increased tar recircula-

tion.
This is caused by constructional deficiencies and hence uneven wetting of coal.

Experimental evidence from other gasifiers has shown that tar recirculation has no
adverse oparational affects.
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Tha effect of tar on the raw gas analysis is given in Table 7-2. The influance of
tar is mainly shown by the increase of standard daeviations rxather Lhan a change in
maan values.

Table 7-2

INFLUENCE OF TAR RECIRCULATION TO THE DISTRIBUTOR ON RAW GAS ANALYEIS

no tar max. tar

Mean (%) st. dev. Mean (%) st. dev.
Ny 3.36 0.58 3.26 0.56
CHyg 7.13 9.44 6.87 0.B9
Hy 27.9 0.62 28.1 3.15
Calg 0.43 0.04 0.41 0.06
Colg 0.14 0.0 0.15 0.02
co 56.1 1.33 54.8 5.99
Coa 3.83 0.47 4.16 0.66
Hy8 .61 D.02 0.59 0.09
cos 0.08 0.002 G.07 0.008

There i5 no conclusive relation betwaen taxr recirculation and dust content of the

tar. Test periods were too short compared to the dynamics of settling and sedimen~
tation in the tar separator.

GENERAL REMARKS TO THE OPERATION AT LOAD CHANGES

Load changes, as teated between 100% and 30%, require, in general, adjustments of
the stirrer speed according to Figure 7=-2.

However, at pulse test [duration up to ten minutes) the stirrer speed can be kept
constant without any bed upsets. Ramp changes require approximate proportional
chang2s in stirrer speed, Too high a change leads to instant overfilling of the

reactor and hence, to severe upsets (high hydraulic pressure, high offtake temper-
atures, high bed Ap's).

A typical incidence shows that increasing the stirrer speed too rapidly leads in-
stantaneously to immediate rapid increase in beth bed Ap’s and hydraulic pragsure.
The parmeability of the bed decreases suddenly and the offtake temperaturas rise.

Usually, incidents of this kind ca:i. be rectified by lowering the stirrer speed
immediately and following gradual increase.
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EVALUATION OF BED UPBETS

The operation of fixed bed gasification is essentially dependent on the dynamics of
the coal bed.

Any uppet inh the sncoth downward flow of coal has severa effacts on the gasifiexr
PerfOrHANCS.

Several times during the exparimental runs, bed upsets occurred in irregular inter-
vals which were immediately recognized by strong variationrs in bed pressure losses

and gas temperatures.

These random bed upsets, however, never caused serious operational problems. In
mast cases, bed upsets rectified themselves without any operational interference

from outside.

CONCLUSIONS

Tt is generally known that the aperation of the fixed bed BG-Lurgi Siagging Gasificr
&5 influenced by the performance of stirrar and coal distributor. This phenomenon
has been confirmed during these axperiments. The stirrer speed has to be adjusted
+o the particular conditions of this system. Optimizing the stirrer speed leads

to significant improvement of the cperational behaviour.

The experimental evidence indicates that the operation of the stirrer and coal
distributor can be further adjusted for different ccal properties.

There is a significant influcnce of tar reciroulation in this particular equipment
under any operating conditlons. However, tar recirculaticn never caused any ¢ “oti-

eal operational problems,

There is no canclusive evidence how the increased fines content of the feed coal
affects the performance of stixrer and coal dlstributor.

From the experience with the dry ash gasifier, the stirrer speed is to be increased
with increased Fraction of fines in the feed coal. However, fines content during
the EPRI-trials has been very moderate (approximately 20% < 174" vs 20% < 1/8" in
»dry ash" gasifier on bituminous coal}.
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Section 8

PARTICULATES IN RAW GAS

EPRI is concernaed about the affect of impurities in the gas from the Slagging
Gasifior on the hot components of gas turbines. In particular, two types of attack,
namely hot corrosion due to salt layer deposition and exosion due to dust particles,
arxe of interast.

A maximum limit of 0.5 ppm by weight of reactive alkali metals is givan as a guide-
line for fuel impurities. Fuller details of the more important aspects af the above
problems are given in Appendix C.

Measurements carried cut at Westfield during the EPRI trials allowed the duut con-
centrations in the gas from the Slagging Gasifier to be calculated for a range of

loadings. The dust samples collected were then sent off to the Brirish Gas
Corpoaration London Rogearch Statlan for further analysis.

DESCRIPTION OF DUST PROBE AND FILTER SYSTEM

The dasign of a dust probe to sample the flare gas to No. 4 flare isokinetically
was based on the British Standard Methed for sampling superheated steam from steam
generating units (B.S. 3285: 1860).

The location of the dust sampling point in the No. 4 flare line ls shown in
Figure C~l in Appendix C. Figure C-2 shows the probe and filter assembly for samp-
ling the gas fxrom the 6" MN.B. line, and dak: ils about the related pipework and

instrumentation are given in Figure C-3 in Appendix C. 5team trace heating of the
prope plpework was nacessary to prevent blockage of the filter by ammonium carbo=
nate, a problem encountered in preliminaxy trials prior to EPRI - QL.

The filrvers were held in the filter holder by a stainless steel mesh disc and a
thregaded retaining ring. Whatman GF/B glass microfibre filters werea used throughout
the trials and their technical characteristics are given in Appendix C.
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DESIGN CONSIDERATICNS AND COMMENTS

The dasign was based on sampling gas produced at an oxygen loading of 160,000 SCFH-J‘

and a steam/oxygen ratioc of 1.3, with single flare operation. Orifice plats calcu=
lations for the probm were carriad out at Westfield on line to the computer at
ILondon Research Station, using the orifice plate program developed by British Gas.

Details about the location and diameter of the probe sampling parts calculated as
per B.S&. 32B5: 1960 are given in Appendix C. Eventually, the proba was located in
a portion of the flara line of 6" N.B., and the design with four sample parts was
adopted.

The probe design, Figure C~2 in Appendix C, hud to allow for filters to be changed
when the gasifier was on line., Incorporated in the design was a facllicy for re-
moving the whole probe from the flare line should any blockages occur, allowing it
to be cleaned and replaced, again, while on liae.

The control system on the prabe pipework enabled the flow through the filtex to be
adjusted 50 that isckinetic sempling could be achiaved for the rangs of loadings
used throughout tha EPRI projact.

METHOD OF OPERATION OF DUST PRCBE

The operating procedures £ox the dust probe are given in detail in Appendix €. In

particular, the valve sequences for the following operations are glven:
1. Insgrtion of prcbe cn line.
2. Removal of probe on line.

3. Changing probe filter on line,

PROBLEMS ENCOUNTERED AND HOW THEY WERE QVERCOME

From preliminary trials prior to the EPRI project, there was a problem .v.-u‘.th ammo-—
nium carbonate crystals blocking the filters. This was overcome to some extent by
using steam trace heating on the probe pipework. The effectiveness of this was im-
proved after run EPRI = Ol by lagging the system.

Batween test runs., it was noted that liquor had condensed in the flare line at the
dust probe sampling point. &s there was no drain valve on this section of the Nao. 4
flare line, the dust probe pipework was purged ont for several hours with the flare
gas in an attempt to remove the condensed liguor bafora starting a test.

B2



Prior to the EPRI trials, no flow controllor was used, but tha flow was observed to
drop off avan when reset. This was partly due to ammonium carbonate crystallising
out in the pipework. For the EPRI runs, a flow controlisr and flow control valve

ware introduced, giving better flow coptrol. After run EPRL =~ 01, the size of the

flow control valve was reduced to give even betber control.

In preliminary tests and at the beginning of the EPRI tirials, problems were en-
countered with the filters. On sccasion, they either disintegrated or blocked up
e mpletely. However, as expuricnce of oparating the probe increased, these situa-
tions became l=ss frequent. It was discovered that tightening the filter retain
ring too much halped cause the Filtor to disintegrute. It became casier to judge

tha duration of a test as the EPRI project progressed and so test failure duc to
blocked filters became less frequent.

RESULTS OF DUST CONCENTRATION MEASUREMENTS

Ful) details of the dust cancentrakions measured for the threc EPRL teat runs are
given in Table B-1. Figures 8-1 and 8-2 show the dust congentrations plotted against
oxygen loading, and against gas flow at No. 4 flare for the run EPRI - 03. The

data hava been corrected for the actual temperatures and pressures being slightly

different from the design temperatures and pressures. The criteria for accepting a
given result as baing isokinctic are given in Appendix C.

Not much useful quantitative information was obtained from EPRI - 01, although val-
uable exporience and expertise at using the probe were gained. In fact, for

EPRI - 01, only two isokinetic values werc obtained, while for EPRI - 028, four
values were chtained, two of which are suspect because the filter papers were
slightly damaged. These suspect results wera for the two highest oxygen loadings
and may be lower than was actually the case. By far, the most reliable results were
‘t‘rum run EPRI - 03, wherc all the filter papers werc intact and all the tests were

isckinaetic.

Hence, from the results obtained, it is not possitﬁle to compare the dust concentra-
tions obtained for the three different coals, samoely, Rossington, Screcned
Pirrsburgh 8 and as received Pittshburgh 8.

The highest dust concentration mcasured was for as received Pitesburgh B during the
test period N of run EPRL - 0D3. This corresponds to about 3.5 x 10 °mg. of dust
per standard cubic foot of gas, equivalent to 1.3 ppm. w/w.
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Figure 8-1. Graph of Dust Concentration Against Oxygen Loading
EFRI - 03
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Figqure 8-2. Graph of Dust Concentration Against Gas Flow at
No. 4 Flare - EPRI - 03
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RESULTS OF DUST ANALYSIS

Dust particle analysis was carrxried out at tha Britizh Gas London Rassarch Station.
The particles were observed using a acanning slagtron wmicroscope, and analysis of
individual particles was carriled out using an energy dispersive X-ray speactrometar.
The material collected on the filter papers was pratreated, before analysis, by
solvent washing to remove tar and other organic materials.

Under the contract, two dust samples only vware analysed, namely thesa for samples 3
and 4. The gasifiar conditions for sample 3 are given in Tabls 8~1. Sample 4 was
obtained under the same conditions, but in this case, sampling was isokinetic. For
sample 4, howavar, the filter was found to be slightly ercded on removal from the
filter holder, making quantitative detarmination of the dust concentration
impossibla.

Examples of the dust particles analysed are given in Figures B-3 ta &-6. Micro~-
graphs of a blank filter are given in Figures 8-7 and 8-8. Table 8-2 gives the
analyses of the particles numbered in Piquras B8-4, 8-6, and 8-8, while Table B-3
gives a summary of all the particles analysed.

Interpretation of the resvlts should he considered in tha light of the information
given by EPRI in Appendix C,

None of the particles analysed for samples 3 and 4 had Na as a major component, and
only 6% of the particles had K as a »ajor component. This does not take into

account the different sizes and weights of the particles. The analyses thus ob-
tained are only gualitative.

An extremely approximate guide to the levels of the various elemeiits is as follows:

major componient > 10%

LY

o "
minor ¢omponent 1 - 10% t

traca component > 1%

Care must be taken, however, to avoid reading tco much iato the above figures.
It thaerefore seems likely that even for ‘the maximum observed dust loading of about

1.3 ppm, the reactive alkali metal content will be the 0.5 ppm limit specified hy
EPRI in Appendix C. Only elements with atomic number > il were detectable, which

8§-7



Figure 8-3. Dust Filter Test 3, Magnification X 110*

Figure B-4. Dust Filtar Test 3, Magnification x 275 *

*please note that the Mustration{s) on this page have baen raduced 10% In printing.
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Figure 8«5, Dust Filter Teat 4, Magnification x 100*

T 'W?M\i‘}"\". -

o

Figure 8-6. Dust Filter Test 4, Magnification x 250%

*Pieace nole that the fllustration(s) on this page have been reduced 10% in printing.



Figure 8-7. Blank Filter, Magnification x 100%

LSRN,
AT

Gal 5

Tigure 8-8. Blank Filter, Magnification x 250*

*pjeaga note that the ilustration{s) on this page have been reduced 10% in printing.
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TABLE 8-2.

ANALYSES OI' PARTICLES NUMBERED

IX MICROGRAPHS

i aure

Test Particle Ma jox Minox Trace

7.7 3 1 g, Fe Al, Bi -

2 8, Pe 5i Mn

3 41, 8i, Ca Mg, 3 X

4 S, Zn Fe Si

5 8i, S, Fe Na Al, Ca

6 S, Fe Na, Si Ca

i Si, 8, Fe - -
7.9 4 1 Si, B, Ca Na, Mg, 41, K Pe

2 8, Fe 8i, Cxr, Mn Ni

3 3 8i Al, Ca, Te

4 3, Fe 51 Ca, Cr
7.11 Blank 1 Na, C1L 8i Al, X, Ca

2 Si. Ca Na, Mg, X 5, 01

8=11




TABLE 8-3. SUMMARY OF PARTICLE ANALYSES

Test 3 Teat 4 Blank uniza

Number of Particles Analysed 34 24

Proportion with S and Fe major T4 42 0 ¥
Proportion with 5i major 78 83 BB %
Proportion wich K major 6 0 o %
Proportion with K trace 18 25 43 %
Proportion with Na major 0 0 14 %
Proportion with Na trace 21 75 100 %
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means it is not possible to comment on the relative levels of akall metal chlorides,
nydroxides, oxides and carbonates in the particles.

No vanadium, lead or phosphorus, believed to enhance hot corrosion, were raported
ta be present.

Complex akalli metal sulphates containing Fe, Ca and Ni arc also thought to contyi-
bute to hot corrosion. From the results in Table 8-2, Co and Ni are not important,

although Fe was found to be a major component in many of the particles.

PHYSICAL DESCRIPTICON QF DUST PARTICLES

Particles were found to range in size from 1 to 50 um, Attempts to isolate smaller
particles were unsuccessful, and because a proportion of the finer particles dis-
appeared into the bulk of tha filter, particle size analysis was not pogsiblea.

Examples of the individual particles studied are given in Figures 8=3 to 5-6.
small groups of particles were often found, as shown in Figure B-4 and may have
been deposited as part of a tarry draoplet.

Aceording to the information in Appendix €, particles below 1 pm in diameter should
not cause erosion and in general manufacturers specify no particles > l0um for a
total cdust leoading of > 35 ppm. The dust particles collected are outside the size
restriction, although the total loading should be much less than 35 ppm. Although
the hardness of the particles was not measured, problems of erosion may perhaps he
encountered.

More quantitative experimental information using better filters is required before

the full extent of the erosive nature of dust particles can be satisfactorily
assessed.

DISCUSSION AND CONCLUSIONS

The methad of sampling gas from Wo. 4 flare line is worth further consideration, as

iz the origin of the dust particles collected.

As the gas was required to be sampled just before No. 4 flare, the only xeasonable
configuration for the probe in this location, bearing in mind the physical con—
straints at the deaerator roof, was, in fact, with the probe pointing vertically

8-13



upwards frem the flayxe line. It is likely. therefore, that a proportion of the
heavier dust particles may not actually have reached the filter.

The filters were found to be discoloured on both sides, suggesting that some mater-
ial had passed through. It is not, thersfore, possible to specify whethex the
values obtained in this work for the Gust concentraticns are lower or upper limits.

The f£ilters used were not ideal, but were chosen initially to survive the aggres-
sive environment of the raw Slagging Gasifier gas. Blank filters were observad to
contain some particles similar in appearanee to those being collected by the test
filters. It has been suggested thai Nuclepore f£ilters would be more suitable for
future experiments.

Considering the limited number of samples, and the wncertainties in the measured
dust concentrations, together with the gqualitative nature of the analytical results,
the overall sffect of dust from the Westiield Slagging Gasifier on turbine blades is
very much open to debate. It is not possible to draw geientifically valid conclu-
sions, but it would appear that hot carresion is unlikely to present too much of a
problem, particularly since in an industrial plant, there would be at least one
more cleaning stage, mainly for sulphux removal, which would reduce the dust con-
centraticn even more.

It is likely that most of the dust collected originated from the inside walls of the
pipework downstream of the gasifler, as oppcsed to carxry over from the top of the
bed of the gasificr. This leavas tha interpretation of the result open to specula-
tion without further experiments to determine the origin of the dust. Further
analysis did reveal that apprxomately 25% of the selid material was present as
hydrocarbon,.
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Section 9

LOAD CHANGE TESTS ON OXYGEN PLANTS
{By BOC Limited)

BACKGROUND

British Gas operates two BOC designed and built.lOO. TPD* Tonnox Internal compraession
plants supplying oxygen to thelr gasifiers., The test for EPRI required the gasi-
fiers to be flexed from full lead to 55% load and back again in short periods of

time, to simulate SNG production for gas turbines generating electricity.

To deronstrate the ability of typical oxygen plants to cope with the flexible
oxygen demands of a yasifer it was necessary to carry ocut load change tests on cone
of the Westfield Tonnox plants. The objective of the tests was to ldentify the
rate at which the oxygen plant could be turned up and down, such that the power
savings associated with reducing output could be realised.

TEST PROCEDURE

The test was carried out on Ne. 1 plant.

The plant was running in a turndown condition on 19 December, 1979, making both
gaseous and liquid oxygen. Power readings and oxygen make were recorded at thisg
gsetting.

Gn 20 becembexr, 1979 the plant was increased to a maximum gaseous oxXygen setting.
It was then run for 2% hours at this setting and power and oxygen make racorded.

The plant was then reduced to a turndown gas plus liguid setting,
The oxygen and nitregen purities were measured by portable analyser since the plant
continuous analysers were not operable, Oxygen flow was taken from the plant flow

recorder. Power consumption was taken f£rom the KWhr meters. Cooling water power
is not included in the L.T. measurement since C.W. is common site supply.

*TPD = long tons (1016.1 kg) per day
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RESUL'TS

The readings taken whilst inoreasing and reducing plant cutput ara shown on Fig-
uras 9-1 and 9-2 respactively.

o Turndown setting 19 & 20 December, 1979
-~Liguid oxygen make = §.3 TPD = 5,850 s.ft3/hr*

~--Gaseous oxygen make = 66.5 TPD = 73,400 sftafhr
Chart Reading = 5.3

3
--Total oxygen make = 79,250 sit ™ /hr purity 56.7%
==Total powar = 2,084.8 kW
--Spacific power of oxygen = 26,4 kW/1,000 s:EtS/h:

. -=Specific power of gassous 3
oxygen = 25.4 kW/1,000 sft”/hr 3
{allowing 40 kW/1,000 sft™/hr for LO]

. Increasing plant output:

~-The gaseous oxyden flowrate was increased from a chart reading of
5.5 to 8.2 in 20 minutes. This represents an increase in oxygen
flow Evom 73,400 sft3/hr to 109,430 sftd/hr: i.e., 67% to 100%.
The oxygen purity increased over the next 20 minut=s and the
gasaous oxygen flow was correspondingly increased to a8 further 3%.

- Maximum gaseous oxygen 20 Dacember, 1979
--Liguid oxygen make = 0

--Gaseous oxygen make = 102.2 TPD 3
= 112,770 sft” /hr Purity 96.5%

n

--Total power 2,378.8 kW

--Specific powar of gaseous 3
oxygen = 21,1 kW/1,000 sft /hr @ 450 psig

. Redi:cing plant output

--The gaseous oxygen flow rate was reduced from a chart reading of
8,55 to 5.5 in 22 min&tas. This represents a decrease in oxygen
flow from 114,100 sft”/hr, to 73,400 sfti/hr; i.e., 104% to 6%.

] The oxygen purity as measured by the portable analyser read low be~
fore and during the test such that tha rate of oxyaen take off was
reduced to recover this. The indicated purity partiaily recovered.

*sft3 = oubic feet at:t Pressure - 30 inches Hg
Temperature - G0°F
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COMMENTS

No difficulty was experienced in retaining purity or increasing the
plant output in 1G minutes. Indeed the increased oxygea purity
implies not encugh gaseous oxygen was withdrawn. Therefore, with
galn in operating experience it is possible that 20 minutes could
be improved upon, when increasing plant output.

The rap.d turndown of a plant is usually more difficulr than the
reverse, therefaore, it is unlikely that a turndown time of better
than 20 minutes is achigvable on this plant.

The limits of turndown and maximum gas as measured during these
short tests cannot be conslidered to be the absolute limits of this
plant's operating range. Certainly there is scope for optimisation
which could not be attempted within the timescale of the tests.

DISCUSSION

SUMMARY

No problem was experienced turning the plant up or down in 20
minutes and still retaining the design purities on both oxygen and
waste nitrogen. It is probable the turn up rate could be improved
upon with practice. The guality of produckts imposes restxaints on
the flexing time of plants. If nitrogen purity is not critiecal.
and oxygen purities down to 904 are acceptable then it iz likely
that similar load changes could be carried cut in less than 20
minutes on this particular plant.

The Westfield Tonnox plants are oversized for their present oxygen
demand. A plant specifically designed for the oxygen demand would
have a more sultable range of opcration.

The Tonnox plants use a now outdated high pressure Heylandt ligue-
faction cycle which incurs higher power consumptions than would be
acceptable on modern plants. Modern low pressure gas plants deliver
gaseous oxygen at a few peig with external axygen compression,

Tonnox plants are similay to modern low pressure air separation
plants insofar as the distillation columns are concerned. Both use
the classic double column system.

The turn up/down rates of these tests werwe caxried out totally
manually on a plant with practically no automation. Automatic
computer controlled plants could undoubtedly operate these load
changes far more efficiently and effictively than any manual
opcration.

The objective of the tests was to identify the rate at which typical
oxygen producing plants could be turned up and down to Simulate a
variable gasifier demand.

The tests proved that a 100 TPD Tornox plant can flex between 65
and 100% of gaseous axygen make in 20 minutes.



Ne difficulties in maintaining design purities were experienced.

There is considarable scopa for optimisation of the plant which was
not possible with the limited time and data available. A wider
cperating range and quicker load changes might be possible with
operational experience,

Automatic computer controlled plants could undoubtedly operate these
load changes more efficiently and effactively than manual operation.



Section 10

REPORT ON TEST RUN EPRI - 01

SUMMARY

Run - Ol was the first of the three run programmes of the EPRI contract and aimed
o demonstrate the ability of the gasifier, operating on the standard reference
coal, Rossington,* to run at varlous loadings, and to change to these various load-
ings quickly and rellably. ‘The dynamic behavior of the gasifier during these
changes was to be investigated as was the ablility of the gasifiex to be controlled
£rom the back end of the plant.

Slagging Gasification on Rossington coal started at 11:12 on 14 October, and with
goed running obtained under standaxd conditions.t Some brief assessments of the
effect of stirrer speed on perfovmance were carried out bafore a mass halancé
performance test period was initiated, The gasifier was then turned down over ten
minutes to 100,000 SCP/H oxygen loading with no problems and held at this loading
for four hours, and then brought back up again at 13:17 on 15 Octecber, 1979. Ovex
the next six hours the gasifier was then spiked down to 110,000 SCF/H oxygen and
back again on two scparate occasions, the total duration of each spike being ten
minutes and three minutes. Thase ware carried out without problems and at 22:07
gasifier loading was brought down to B0,000 SCF/H oxygen over half an hour.

There was a prolonged peried of running of over 40 hours at this loading. During
this time several performance tests were carried out on the gasifier. These
inctuded three planned mass balance periods, the successful conmmissioning of Elow
contrel en the gasifier, and a series of short tests with different rates of tar
injection and differzent stirrer speeds. All these tests were successiully carried
out and at 19:33 on 17 Octocber the rates wers brought back slowly to standard con-
ditions in flow control. After a period of steady running at 160,000 SCF/H oxygen

*The standard reference coal, Rossington, is a 702 rank ccal from a long life
single seam colllery in Yorkshire and is thought to be typical of coals available
for gasificatien in Britain in the 2lst century.

+gtandard Westfield Slagging Gasifier conditions are defined as 160,000 SCF/H

(approximately 96% pure) oxygen loading to the tuyeres Hzolcz = 1.30(v/v), and
pressure psig.
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1oading rate reduction again commenced, with the gasifier being steadied cut at
50,000 SCF/H oxygen loading on 1B October. Rumaing at 50,000 SCE/H oxygen loading
was planned to be carried out at 1.30 steam/oxygen ratio, but due to a calibration
error this was, in fasct, 1.88. This high value did not affect smooth cperation at
the low loading.

The Yun was concluded with a pexied in Flow rontyol, with rates being brought up to
180,000 SCF/H oxygen before pressure control wias rostored and a controlled shut-

dawn was carried out.

The run is summarised diagramatically in Figure 10-1. Table 10-1 describas the
load changes made during the run.

EQUIPMENT, INSTRUMENTS AND CONTROLS

There were no major gasifier changes for EPRT - Ol. However, numerous changes
were made on the control and instrumentation side, some of which had started ta
be commissioned during previous runs, Some of these weres

] Installation of & new flare tip at number 4 flare to provide for
guieter running on single flara, full icad, operation.

- Replacement of the 4" flare control valve by a B" walve on numbey 4
stream to deal with potential higher flows up the flare.

. A new control asystem which enabled the gasifier to work in back end
Flow control and front end pressure control as well as tha normal
mode of flow control on the steam/oxygen and pressure contxol at the
flare. .

L] continuous gas analysis at the flare by mass spectrometer for the
elements CO., Hz. CHQ. C02. N2' CZHQ' ChHE. cos, nzs.

. Continuous gas analysis at the upper dimester (either 3 or 4) using
discrete individual analysers to monitor CO, coz, Hz' CH4, st and
total hydrocarbons.

- Continuous measuzement of gas CV and Wobbe number at the upper
demistear.

e Metering of tar injection to gasifier.

. Installation of data logging system.

Instrumentation apart, systems were operated as par previous yuns and it was plsnned
to use the system developed to facilitate running at low loads.
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RUN DIARY

The run was inltiated at 0B:45 on 14 Oztober, 1979, At 11:12 locking on Rossington
washed singles (4" — 1%") commenced. Coal locking waa intially on raw gas. By
11:45 the gasifier was under standard conditions of 160,000 SCF/H oxygen loading,
1.30 steam/oxygen vatio and 340 psig. It waas decided to hold pressure slightly
below the normally used 350 peig in order to avoid any probhlems with pressure fluc-

tuations lifting reljef valwves when the various control modes were tried later on
in the run.

A goad start up was obtained, with autvmatic slag tapping being commissicned and
tar injection to the gasifier top being brought on at 60% pump stroke.

Barly on 15 Qctober the gasifiex was settled down and running well on Rossington
coal at standard reference conditlons and a performance test period was started,
with a sidestresm being put on at 04:17. Good gasifier performance continued
throughout this mass balance peried. At 11.00 rate reduction to 100,000 SCF/H
oxygen commenced, with the gasifier being brpught down from 160,000 SCF/H oxygen in
ten minutes. Tar injection was brought down to 50% pump stroke. This reduction in

rates was carried out smoothly and produced no discernable transient effects upon
the gasifler.

At 15:43, after four hours of steady running at 110,000 SCF/H oxygen, the rates
wexe brought back up te 160,000 SCF/H in ten minutes, again, with no problems

and again, without the gasifler exhibiting any significant transiert phelomena.
Aftey ~liowing two hours for the gmuifier to settle down at standard loa.ding. the
rate~ sve dropped to 110,000 SCF/H oxygen and then brought back up again, all in
the spuce of ten minutes. This produced no affect upon the steady performance of
the masifier, nor did it when the exorcise was repeated again at 20:15, this time
ovei three minutes. Again, no upsets were created.

At 22:07 gasification rates were starting to be lowered towards 80,000 SCF/H oxygen
loading, this loading being reached at 22:30. Again, a good transition was ob-~
tained, with no obvious major transient phenomana, and the gasifier settled down to
work well at this half load, with good pexrformance in all areas; Tar injection to
the gasifier top was proving difficult to establish and at 03:42 both pumps were
turned on at high stroke. This appeared to upset the bed slightly with a high bed
DP and offtakes tomperatures. Tar injection was thew sgziiled on to one pump at 603
stroke and good gasifier performance continued. FPerformance data was gat}:ered at

this leading and a sidestream was run this period ending at 11137 when tar injection
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was raised to BO%t pump stroke Batwasn 14:00 and 17:00 experiments were carrlied out
on gasifier control, which ended with successful f£ront end pressurxe control, back
end flow control being achieved. Tar injsctlon was then hrought to as high as
poseibla, at 90% pump stroke, which represented a tar rate of about 12% of the DAF
cozl feed, and further performance data gathered under these conditions, with
anothey sidestream being run. At this high tar load the effect of three stirrer
speeds ware investigated. Gasifier control in back end flow was restored and fur-
ther adjustments and improvements made to the control aystet. Gasifier pexformance
continued to be good and at 06:15 tar injection was reduced down to 50% pump stroke,
so that further pexformance data could be gathared at half lcad, this time with a
low tar injection rate to the gasifiexr top. Sidestream number 4 was put cn.
Distributor revolutions were changed at 13:15 and again at 16:33, which represented
the last test at 80,000 SCT/H loading.

At 19:33 the gasifier was put in back end flow control and rate increased achieved
by moving up the flow sontrcl set point at the back end of the plant. In this way
gstandard running conditio.s of 160,000 STF/H oxygen, 1-120/'01.i 1.30 were reached by

21:05, and eaxly on 18 Ontober the gasifier waz estored co back end pressure con-
trol. Gasifier performance continued to be satisfactory at the high loads and at

04:15 rate reduction to 50,000 SUF/H oxygen loading wes commenced as per programme,
this being finally reached at 06:15. Due to a ¢alibration error on the steam f£low
indivator, the steam/oxygen ratio at this loading war subsaquently discovered to be

1.88. However, thiw ratloc still allowed acceptable hearth conditions and good bed
behaviour.

For 50,000 S5CF/H running, tar was reduced to 31% pump stroke. A good transition
was made to this loading. Performance data was gathered under these conditions with
a sidestream being run, after which the gagifier was put in flow contxol and the
rates raised. Early on 19 October, while this was occurring, gasifier conditions
deteriorated due to ad hoc manipulation of the steam/oxygen flows because of uncer-
tainty about the steam/oxygsn ratio. However, the problem wag idendified, and

this allowed rate increase at 1.30 steam/oxygaen ratio to take place. The rates
wore successfully brought to 180,000 SC¥/H oxygen at which load steady running was

obtained for a brief period before tle run was texrminated with a controlled shug-
down at 12:04.

Pigure 10~1 shows the run schamatically with the run perieds in Table 10-2.
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Date
14.10.79

14.10.72

14.10.79

14.10.79
15.10.7¢9

15.10.79

15.10.79

ls‘ 10. 79

15.10,79

15.10.79

15.10,79

15.10.79
15.10.79
15.10.79

15.10.79

15.10.79

15.10.79

Time
08:45

11:12

11:45

13:00
04:05-10:10

11:00

11:26

15:10

15:43

15:53

18:15

18:20
18:25
19:15

20:15

20:27

20:37

Table 1C-2

SUMMARY OF RUN PERIQDS

Pariod

1

1

10-2

Start up rhase.

Steam/oxygen cn. Locking on
Rossington coal and 180lb/lock
CAco3 £lux.

Rates now 160,000 SCF/H, steam/
oxygen 1.3/1.

Tar injection on at 60%
Sidestream No. 1 completed.
Start of rate reduction to
110,000 SCF/H. Dlstributor revs
down 70=-60-50%. Tar injection
down to 50%.

Rates now 110,000 SCF/H. Tar

-injection 40&.

Increamed proporticnal band to
100% to steady flow.

Starting to lncraase rates.

Rates 160,000 SCF/H. Tar injecw=
tion uwp to 60%.

Dropping rates in steps of 10,000
SCF/H.

Rates now 100,000 SCF/H.

Back up to 160,000 SCF/H.

Tar injection up to BD%

Dropping rates to 110,000 SCF/H
over 90 seconds then increased to
160,000 SCF/E over 80 saconds.

Tar injection now 95s%.

Tar injection rate now 50%.

{Continued next page)



Data

15.10.79

15.10.79
l6.10.79

16.10.79

16.10.79

16.10.79

16.10.79

15.10.7%

16.10.79

16.10.79

16.10.79 -

16.10.79

16. 10.79
16.10.79
16.10.79

16.10.79

16.10.79

6.10.9

16.10.7¢
16.10.79
16.10.79
16.10.79

16.10.79

04:31

05:00
06115

06:35

11:10
11:37

13:40

14237
15:17
15:22

15:37

15:58

16:20

16:45
17:15
18:15
18: 20

20:15

3

4

Pariod

10-8

cutting rates.
Rates now 80,000 SCF/H.
Tar injection now 100%.

Pirzt tar injection pump on alse
at 95%.

Second tar pump shut down. First
one still at 95%.

Tar injection pump turned down
tc B0O&,

Bidestream Na. 2 on.

Propartional band on gasifiay
pressure controllar is now 60%.

Tar injection down to 60% pump
stroke.

Sidestream No. 2 off.
Tar injection up to 80%.

Gasifier No. 4 valve in manual
cantrol.

Steam into manual contrel.
Into front end autcmatic contrel.
Into flow control on TV 201,

Gasifisr pressure dropped to
323 psig.

Tar injection dropped to 60%.

Switched from local to rewmote
control on FC.100.D.

Gasifier pressure up to 334 psig.
Tar injection pump up to 90%.
Sidestream No. 3 on.

Distributor down to 20%.

Gasifisr back on pressure control.

(Continued next page)



Date Time Period

16.10.79 22100 6 Tar injection stopped.

16.10.7% 22:19 6 Tar injection back on line.

16.10.79 22:20 6 Sidestrsam No., 3 off.

17.10.79 01:10 6 Tar injeotion pump stoppsd.

17.10.79 02:05 6 Taxr injection back on line.

17.10.79 03:40 ki Automatic £low contrel
astablished.

17.10.79 04:40 7 Back to pressure contraol
conditions.

17.10.79 06:15 7 Tar injection down to 50%.

17.10.7¢ " 08:10 7 Sidestream No. 4 on.

17.10.79 14:00 7 Sidestream No. 4 off.

17.10.79 1B8: 37 7 Flow control established in
avtomatic.

17.10.79 18157 8 Increased rates to 100,000 SCF/H.

17.10.79 20:12 8 Proportional band down Ereom
©0-50%.

17.10.79 10:15 8 Rates 115,000 SCF/H.

17.10.79 20:30 8 Rates 130,000 SCF/H.

17.10.79 21:05 8 Rates 160,000 Scr/i.

18.10,.79 04:15 8 Starting te reduce rates.

18.10.79 05:23 8 Rates now BO,000 SCF/H.

18.10.79 06:15 g Rates down te 50,000 SCF/H.
Proportional wand set at 700%.

i8.10.79 06:30 9 Tar injection set at 31s.

18.10.79 06:45 9 Proportional band set at 40%.

18.10.7% 07:25 9 Increased tar injection to 40%.

18.10.79 Q7:45 9 Tar injection Sus.

18.10.79 11:10 2 Sidestream No. 5 on.

(Continued next page)
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Date Tima Period

18.10.79 17:20 9 Sidestrasam No. 5 off.

19.10.79 00200 10 Changing to flow control at back
end.

19.10.7¢ 0l:50 10 Double loads of flux added; i.e.,
360 1bs.

19.10,79 02:06 10 Back to pressure control. Rates
at 60,000 SCF/H.

19.10.79 02:17 10 Rates at 80,000 SCF/H.

19.10.79 02157 10 Changing ratio to 1.1/1.

18.10.79 03:39 10 Ratic back to 1.3/1.

19,10.79 04:25 10 Going over to flow control. Tar
injection up to 60&.

19.10.79 07:40 10 Raducing rates in Flow control
to 60,000 SCF/H.

19.10.79 08:40 10 Increasing rates.

19.10.79 09:32 10 Rates now 110,000 SCF/H.

19.10.79 09:45 10 Rates up to 120,000 SCF/H.

19.10.79 10:24 10 Rates now 155,000 SCF/H.

19.19.79 11:00 10 Rates 180,000 SCF/H, ratio 1.25/1.
Tar injection off.

19.10.79 11:56 10 Into pressure control,

19.10.79 12:04 10 Shut down.

(End of Table 10-2)
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SLAG TAPPING AND SLAG REMOVAL

slag tapping aand alag removal were good throughout run EPRI - 01, although when
changes were made to gasifier loadihg it was noticeable that the hearth took far
longexr than any other gasifier area to completely respond to these changes.

FLURING SYSTEMS

Fluxing during EPRI - 0l was on limestone Flux.

Table 10-3 gives the flux/coal ash-=lag balances for the various run paricods. Some
of the errors observed can ba attributed te the fact that the periocds analysed were
short and time to attain equilihrium was not achleved. Errors in iron balance may
ba attributed to difficulties in Bampling and analysing the slag for Ffixed and free
iron.

Fluxing systems worked well during EPRI = 01, yielding good hearth conditicns with
a free flowing slag.

BED BEHAVIGUR

Bed behaviour was generally good throughout EFRI = 01, The steady run periods of
the gasifier allowed the following periods to be analysed in soma depth:

1a: 160,000 SCF/H, 1.30 Hy0/0p: distributor 1.37% tar injection 60% pump
stroke.

1B: As ahove with distributor at 70%

3 160,000 SCF/H, 1.30 H 0/0,,, distributor 70% varlous tar injection
rates., This period iciudes two brief excursions down to 110,000
SCF/Y oxygen.,

6A: BO,000 SCE/H, 1.30 5!20/02; distributox 20% tar high (963 pump stroka).

6B: As above with distributor 65.5%.

6C: As above with distributor 100%.

6D: A5 abaove with distributor 37.5%.

7A: 80,000 SCF/H, 1.30 B;0/0,; distributor tax injection low (50% pump
stroke).

7B: As abova with distributor 62.5%.
7C: As above with distributor 170%

7D: As above with distributor 37.5%.

10-11
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8: 160,000 SCF/H at 1.30 nzo/ozg gasifier in flow control; distributor
70% tar injection 60% punp stroke.

93 50.000 SCF/H oxygen loading at 1.88 Hzo/oz. pistributor mt 0% tar
injection 40% pump stroka.

The offtake temperature analysis for the periocds above shows a trend to higher mear
offtake temperaturas at higher loads as per Table 10-4.

Table 10-4

QOFFTAKE TEMPERATURES

Test Mean Temp. Median Temp.
Period . °F
la 889 886
ki 283 a77
3 943 940
6A 965 964
6B a0l : 898
6C 920 913
6D 518 9219
78 319 913
7B 896 Q03
c 894 889
7D 888 880
8 (all) 949 944
8 (last 2 hxs) " 956 945
8 (last 5 hrg) 947 548

9 : 880 883
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The aeffect of tar injoction and stirrer speed on offtake temperature was aleo
examined at 80,000 5CF/H oxygen loading at 1,30 during periods 6 and 7. The
conclusions were:

. Tar injection leads to less than perfect bed conditlons.

[ There is an optimum stirrer speed for the bast bed conditions.

The 602 traca is more ragged at high tar injection (Figure 10-2) than at low tar
injection {Figura 10-3). "High" tar injcction rate rafers to a recyale rate cof
about 500 lbs/hr of wet dusty tar to the bed top; "low" refers to a rate of about
450 lbs/hr.

As was stated earlier, bed behaviour during the run was good. There appeared to be
little effect of transients and any effect of a change in loading produced an imme-
diate effect upon those factors which did change, such as bed DP. The mean offtake
temperature adjusts gquickly to the new conditions, there was no significant change
in average offtake temperature.

DUST IN FLARE GAS

An Isokinetic gas probe was installed at the high pressure side of numbar 4 flara
valve for EPRI - 01 and the gas passed at pressure under flow contrxol through a
Whatman GF/B paper filter. The filter was weighed before installation, then dried
at 100°C far 24 haﬁrs. and weighed again after it was remcved. The assembly was
heated to prevent ammonium carbonate entrainment on the filter. The results ob-
tained are summarised in Table 10-5. The results indicate that dust levels in the
flare gas are low, of the order of 0.1 ppm (W/W}.

PLANT BEHAVIOUR IN FLOW CONTROL

The controller settings were altared from time to time during the run because of the
various throughputs and centrol methods uged. These settings are glven in Table
10-6. The steam/oxtygen ratic was nominally 1.3 to 1 throughout except for the
50,000 SCF/H oxygen loading when it was higher at 1,88 to 1. The steaw/oxygen flow
characteristios and the gasifier pressure plus fiarc gas flow for the periods re-
foerrad to in Table 10-5 are given in Figurs 10-4, which is mede up of sections of
recorder chart taken during a typical pariod.

rhege figures show, as expacted, variable gas flow in pressure control and variable
steam/oxygen flow in flow control.
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%0 S
CONDITION 1. PRESSURE CONTROL. LOW P.B. AND HIGH RESET ON
P.C. CAUSED FLUCTUATIONS ON GAS MAKE.

W'

PR

0 S

CONDITION 2. PRESSURE CONTAOL. LOW P.B. AND DVERSIZE
GONTROL VALVE ON P.C. SYSTEM CAUSED THE GAS
FLO!\'IS"TJ%EVARY N ORDER TO CONTROL THE GASIFIER
PRE! X

i0 S

CONDITION 3. PRESSURE CONTROL. LOW D.B. AND AN OVERSIZE
CONTROL VALVE ON THE P.C. SYSTEM CAUSED THE
GAS FLOW TO FLUCTUATE,

Figure 10-4. Re=order Charts Showing Flow and

Pressure Characteristics at Several
controller Settings
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S

CONDITION 4.  PRESSURE CONTROL. INCREASING THE P.B. ON THE
P.C. STEADIED OUT THE GAS FLOW AND THE
ADDITIONAL PRESSURE VARIATION WAS NOT
EXCESSIVE.

F P

L
to

CONDITION 5. PRESSURE CONTROL. AT STANDARD RATES THE
STEAOY STATE CONTROL WAS QUITE GOOD.

[l

[

;[0 S
CONDITION 6. FLOW CONTROL. THE GAS FLOW WAS CONTROLLED

AND THE STEAM AND OXYGEN FLOWS VARIED TO
MAINTAIN A STEADY PRESSURE.

Figure 10-4 {(Con't)
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CONDITION 7. PRESSURE CONTROL. THE CONTROLLER SETTINGS ARE
THE SAME AS FOR CONDITION 6 BUT THE GASIFIER IS

IN PRESSURE CONTROL.

P F
=,
£
S,
A
i,
o/ sy
CONDITION 8. FLOW CONTROL.
F P
b
=
2
~20 s

CONDITION 8,  FLOW CONTROQL. THE GAS FLOW IS STEADY. THE
STEAM AND OXYGEN FLOWS ARE NOT VARYING
EXCESSIVELY. THE GASIFIER PRESSURE IS UNSTEADY
BUT AGAIN THESE SMALL FLUCTUATIONS ARE

ACCEPTABLE.
Figura 10=4 (Con't)
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CONDITION 10. PRESSURE CONTROL. THESE CHARTS SHOULD BE
COMPARED TO THOSE UNDER CONDITICN 5. IT CAN
BE SEEN THAT A 30% P.B. IS PROBABLY TOO LOW
WHEN USING THE 6" CONTROL VALVE AS IT TENDS
TO PRODUCE FLOW FLUCTUATIONS.

el

3

F
CONDITION 11. PRESSURE CONTROL.

Sl

(o] S

CONDITION 12. PRESSURE CONTROL. THERE WAS A FLOW
VARIATION ON 't HE STEAM SYSTEM WHICH WAS
BEING TRANSFERRED TO THE OXYGEN BY THE
CASCADE CONTROL SYSTEM. THE LOW RANGE
INDICATORS NEED DIFFERENT CONTROL SETTINGS
TO MAINTAIN STABLE CONTROL.

Pigure 10-4 {Con't)}
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CONDITION 13. PRESSURE CONTROL. THE STEAM FLOW
CONTROLLER RESET HAS BEEN INCREASED FROM

ZERD TO 2.
1
F
S
CONDITION 14, FLOW CONTROL. SETTINGS AS FOR 13 BUT NOW
IN FLOW CONTROL,

0o IS

CONDITION 15. PRESSURE CONTRCL. SETTINGS AGAIN AS FOR 13 .
BUT AT 80,000 RATHER THAN §0,000 SCFH DXYGEN
BLAST EQUIVALENT.

Figure 10-4 (Con't)
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CONDITION 18. FLOW CONTAOL. SETTINGS AS FOR 35,

Py
L Y,
! - ')o s
CONDITION 17. FLOW CONTROL. CHANGING RATES IN FLOW

CONTROL OVER AN EXTENDED PERIOD CAN BE
CARRIED OUT WITHOUT ANY DIFFICULTY,

o S
CONDITION 18. FLOW CONTROL. THE GASIFIER PRESSURE CHART
SHOWS THE INCREASE CAUSED BY SETTING A RESET

OF 5 ON THE PRESSURE CONTRCL .ER. WHEN THE
RESET WAS ZERO THERE WAS AN OFFSET ON THE P.C.

Figure 10-4 (Con't)
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Although ga=sifier bed behaviour was steady and very satisEactory throughout the
run, the bed appeared te be more steady when operating in flow control, with the
front end pressure control quickly recegnising the slight pressure lncrease from 5
high offtake temperature and dropping the rates slightly. f%Tha 6" flare gas control
valve was almost chut at the lower gasifier rates and a small valve would clearly
be beneficia) for contral. :

The zero reset levels recorded in Table 10-5 werc salected by accident hecause the
raset dlals on the instruments were not continuous. Condition 1B on Figure 10-4
shows how the gasifier pressure lncressed to its set point when a reset level of 5

was selected.

The experience of this run showed that the gasifier can be operated satlsfactorily
in the flow control mode at both low and high flare gas production rates, although
the controllexr settings are not at their optimum values. Comparison ¢f pericds 5
and 10 shows that in the gasifier preasure control mode,the gas flow rate,and also
the gasifier prassurq,is considerably wmore stable with a 40% proporticnal band val-
ue on the gasifier prbssure controller. 1In the gasifier flow control mode the
steamfoxygen flows arxe still rather variable at high rates, although no problems
were experlenced as long as sufficiantiy high vent rates on oxygen and steam ring

mains were maintained.

STERM/OXYGEN RATIO AT 50,000 SCF/H OXYGEN LOADING

The carbon dioxide lavel in the make gas was considerably higher during EPRI - 01
at 50,000 schH oxygen loading than would be expected for the nominal set steam/
oxygen ratic of 1.3, 50 the gteam and oxygen sets were checked and calibrated imme-
diately after the run.

The high steam and oxygen flow indicators and the low range oxygen indicator were
found to be accurate, but the lov steam range flow instrument was giving a much
lower indicated flow than the actual value.

The effect of this was that the steam/oxygen ratic, instead of being 1.34 was
actually 1.88 to 1. This ratio would give a considerably higher carbon dioxide
lavel in the flare gas.

The limestone fluxiﬂﬁﬁbﬁfEPRI = 01 will add about 1/3% COZ' so that at a steam/
oxygen ratlo of 1.88 during this run the €0, level should be about 6.9%, which is
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tlose to the value recorded by the macs spectrometer during this pariecd of
BPFRI = 01, confirming the error and carrection.

BEHAVIOUR OF GASIFIER DURIRG TRANSIENTS

During run EPRI - 01 thae gasifier was subjected to several programmed load changes
which are represented generally in Table 1l0-l. Most of thase changes were

done in pressure control, that is, there was tight control at the gasifier front
end on the steam/oxygen flows, with consaquent floating and varjation in pressure
and flow in particular at the back end. Apart from start up, the tranaients can
be listed as follows: '

. Rate rcduotion From 160,000 ECEF/H oxygen (H 0/02 = 1.3) to 160,000
SCF/H in ten minutes, then cettling down to stefdy running at
160,000 SCF/H oxygen.

- Rate increase from 110,000 SCF/Hloxygen (H20/0 = 1.3) to 160,000
SCF/H in ten minutas, then settling down tO6 stéady running at
160,000 SCF/H oxyden.

. Rate reduction fxom 160,000 SCF/H oxygen (1.30 H D/O ) to 110,000
SCF/H oxygen and back in ten minutes.

L) Rate reduction from 160,000 SCF/H oxygen {(2.30 H 0/0 } to 110,0c0
SCF/H oxygen and back in three minutes.

- Rate reduction from 160,000 5CF/RH oxygen (1.30 H o/o ) to 80,000
SCF/H oxygen in 35 minutes, then settling down to a s%eady running
80,000 SCE/H oxygen.

- Rate increase to 160,000 SCF/H oxygen (1.30), from 80,000 SCF/H
oxygen in 35 minutes then settling down t0 a steady running at
80,000 SCF/H oxvgen.

® Rate decrease to 50,000 SCF/H oxygan from 160,000 (.30 H 0/0 ).
This also invelved an alteration in H., 0/0 to 1.88.

3 Rate increase from 50,000 SCF/H oxygen to 180,000 SCF/H axygen,
steam/oxygen also changing from 1.88 to 1.30, followed by a steady
running at 180,000 SCF/H just prior to shutdown. This change was
pexformed in flow control and invoived a stop at 80,000 for four
‘houzs before going back to 50,000 SCEF/R to check the sers and then
brlinging the gasifier up over about three hours to 180,000 SCF/H.

The above changes were carried out without causing any'gasifier upsats. No prob—

lems were encountered that could be attributed to dust carry over, and manual
operational requirements ware untroubled.
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A qualitative picture of tha éharp spike down to 100,000 SCF/H froem 16D,DDD SCF/H
oxygen ir given in Figura 10-5. This appeared to have no signficant affect upen
gas analysis, as is seen in Figures 10-6 to 10-8.

Similar lack of gignifigant change was cbsarvable at the rast of the transients.
The only consistent discornable effect was the greater contribution of nitxogen to
tha total gas composition at lawsr loads, an expected phencmenon as the amcunt of
nitrogen to the gasifier was roughly constant throughout the_rﬁn.

POST RUN INSPECTION

The gasifier was shut down & few minutes after the bottom cone of the coal lock had
cleared of coal, with the distributor being stopped at the same time as the tuyeres
were switched off. Tax injection to £he distributor had been stopped an hour
previously.

After cooldown, the gasifier was opened and the . contents inspacted. Thera was scme

caked eoal at the top of tha bed, which had been broken down into reascnable sized

lumps before the coal left the influence of the stirreZ, and the rest of the bed

was full of good charuqnd showed o inhomogeneitiss or large caked agglemerations.
-\ . .

CONCLUSIONS

Run EPRY - 01 successfully met its objectives. During steady state running, Eha
gasifier showed steady parformance at 160,000 SCF/H oxygen (100% loading), at
110,000, at BO,000 and at 50,000 SCF/H oxygen. At all of the above loadings the
gasifier showed that Lt was capable of sustained running, with the possibilities of
even lower turndowns than the 30% reached on this run.

Change from one loading to another was carriaed out smoothly according to séhadule,
and produced no gasigier upsets and minimal transient phenomenz such as varying
gas analysis., The gasifier 4Aid not cbject to being coatrolled in the back end,
flow control mode, although further work is needed to eztablish best operating
conditions under this latter regime.

The available evidence suggests that turnup and turndown in load can he achieved

ve#y quickly on the gasifier itself whén working on the medium caking and swalling
Rossington coal.
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FLARE GAS FLOW

T U e

OXYGEN FLOW

|
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;

/ STEAM FLOW

Pigure 10=-5. Spike Down to 110,000 SCF/H from 160,000 SCF/H
Recordor Speed: 2 Min./CM
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All gasifier systems worked wall during tha run, and post run inspaction revealad
no significant woax or damage to gasifier internals.
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Saction 11

REPORT ON TEST RUN EPRI -~ 02

SUMMARY

EPRI ~ 02 was planned to assentially repeat run EPRI - 01, but to use Pittsburgh 8
coal instead of Rossingtoh. Fluxing on Pittsbuxgh 8 coal would be on BFS and not

limestone, a3 no experience had baen obtained on the latter flux with Pittsburgh 8
coal.

The run was done in two parte because the first attempt (EPRI - 02A) was frustrated
by an incurable leak at a tuyere flange after only 36 hours on line which necessi-~
tated shutdown for repalrs. The run was then restarted as EPRI - J2B.

EPRI - O2h stmrted carly en 7 November, and after a ctandard startup on Rossington
coal, the loading was reduced to 80,000 SCF/H oxygen, and Pittsburgh 8 coal intro=
duced to the gasifierx. Pluxing was with limestone and not with Blast Furnaces $lag
(BFS) as originally planned, as there were problems with the BFS welgh hopper. On
limestons there were problems with black tuyeres caused by underfluxing, these prob-
lemns not being satisfactorily solved until BFS fluxing was restored at 130,000 SCF/H
loading at 06:25 on 8 November. However, shortly after this, an incurable leak at
the back end of a tuyere develeped, enforcing a shutdown at 15:32.

The gasifisr was unloaded after cool down, and the necessary repairs and checks made,
and run EPRL -~ 02B was started on 21 November with steam/oxygen being introduced to
the gasifier at 16:45. A good standard ztartup on Rossington coal fluxed with
limestone was obtained and the rate was then dropped to 130,000 SCF/H in preparation
for changeover to Pittsburgh 8 coal with BFS replacing limestone fluxing. Changeover
te the latter fuel was started at 22:38 and a good transition obtained, except that
a tuyere went black. This was cleared by 13:05 on 22 November, by which time the
loading had been brought up to 160,000 SCF/H oxygen. Running on this losding was
good, and performance tests were carried out and control in the flow mode tried.

At 05:15 on 23 November the load was reduced to 110,000 SCP/H oxygen at 1.20 steam/ -
oxygen, where it was held for 18 hours before being brought back up again to 160,000
ECF/H loading. At this loading the rates were spiked down to 110,000 SCF/H oxygen
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in flow control without any gasifier upsetp oscuring. Early in the morning of the
24th there were problems in the guench ghamber due to an inatrument faunlt.

By 10100 hours the problem had bacame savers, so it was decided to go on atandby,
cool the gasifier down and depressurise, thus allowing entry to remedy the problem.
The gasifier was put an standby at 10:11 and cooled down and depressurised. The
manway was taken off at 19:05 to reveal the problem which was rectified x-adily.

The gasifier was then closed at 21:00 hours and restarted successfully on Rossington
roal at 130,000 SCF/H oxygen loading, before heing switched over to Pittsburgh 8
coal at 03:33 on 25 November. A good transition to this fuel was cbtained, and at
06:3B, with the gasifier in flew control, the load was brought down to 80,000 SCE/H
oxygen. Performance data was gatherad at 00:38 on 26 November, with running being
ecstablighed at this loading befora the rates were dropped to 50,000 SCF/H oxyjen

by 05:21 hours. Further data was gollected at this leading before the rates vere
again brought up to 160,000 SCF/H oxygen loading, saettled down and then dropped to
110,000 SCF/H oxygen. Two performance tests were done at this loading, one vith no
tar injection to tne top of thi bed and one with high tar (100% pump stroke). The
run was then terminated by standard procedurxes at 12:20 on 27 November, after nearly

six days continuous running, ineluding the cold standby period.

Post run inspection revealed satisfactory conditions. A schematic of the zun is
given in Figure 1i-1. Table 11-1 summarises the load changes made during the run.

EQUIPMENT, INSTRUMENTS AND CONTROLS

No changes were made to gasifier configurations as compared to EPRI - 01, although
eontinued improvement of instrumentation and data logging systems were carried out
between runs EPRI -~ 0} and BPRI - D2.

The control system was as for run -~ 0l except that the size of the flare gas centrol

valve was redoced from six inches to four inches in diametar.

RUN DIARY

Start up phase for EPRI - OZA began at 01l:25 on 7 November, 1379. Steam/oxygen at
start~up rates was admitted down the tuyeres at 03:03 and Rossington coal charging
comnenced, with linestone fluxing. A good stertup was achieved, and the gasifier
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wag settled down under Standard conditions of 160,000 oxygen loading., steam/oxygen
at 1:30. Gasifier presoure was Kept slightly low at 335 psig in anticipation of a
fluctuating pressurae when flow control was engaged; thus the lifting of a relief
valve at WHR could be avoided.

Running under standard conditions was satisfactory, with all tuyeras bright, good
slag tapping in automatic, and steady bed behaviour. At 08:45 the rates were re-
duced to 110,000 SCF/H oxygen followed by a reduction ko 80,000 SCF/H, Running
u-ler these conditions was satisfactory and at 19:03 preparations were started to
change over to Pittsburgh 8 coal. The south flux weighing hopper, which works on
BPS, was found to he faulty, sc the decision was taken to flew the Pittsburgh 8
coal with limestone, Lnitially (at a flux/ash ratioc of about 0.6). The first lock
of Pittsburgh B, fluxed in this way, was charged to the gasifier at 19:37, and a
good transition to this fuel was achieved at 80,000 SCF/H oxygen laading, with
steam/oxygen 1.30. Slag tapping was qood with all tuyeres bright, although bed be-
haviour was more unsteady as compared to Rossington @oal at this loading. Howaever,
conditions deteriorated overnight with tuyeres going dim and black so it was de-
cided to purge out the gasifier with Rossingtcn coal to establish good conditions,
on switching back to Pittsburgh coal the tuyeres again went black so Rossington
coal was again supplied as feed. The fluxing rate with limestone for Pittsburgh
coal was elearly tcoo low and needed further investigation.

There was also a problem with 2 leak to & tuyere flange and emergency repairs to
this joint were carried out. By 10:54 the gasifier was working satisfactorily on
Rossington coal, and as an emergency system was now available for BFS charging, it
was declded to restore Pittsburth 8 foed with BFS fluxing and this was done at
13:08, with loading 130,000 SCF/H oxygen and steam/oxygen 1.30. A good transition
was obtained and running was satisfactory under these conditions, but the leak to
the tuyérg flange became worse and with no possibility of on line repairs being

carried out a controlied shut down was carried out at 15:32 hours.

The gasifier was cooled down and unloaded. The leak was repaired and other tuyeres
checked and preparatiens made for restart and continuation of EPRI - 02 (EPRI = O2B).
These wera completed by 21 November at 11:30. Standard start up procedures were
slightly delayed due to a prablem with the ceal lock hydraulics, but by 16:45,
steam/oxygen were introduced to the gasifier at start up rates. Rossington ecal
charging was started with fluxing with limestone.
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Rossington coal was established under standard conditions with no problems and the
rata was then brought down to 130,000 SCF/H oxygen in preparation for accepting
Pittaburgh 8 coal. Fluxing was changed to BFS and at 11:38 the first lock of
Pitpsburqh 8 coal was chaxged to the gasifier. A good trangition to this fuel was
obtained. The steam/oxygen ratic was decreased to 1.10 and the fluxing rate in-

creased slightly.

At 10:00 tar injection was brought on to the gasifier top and the loading was

brought to 160,000 SCF/H. This increase in loading produced no problems, and the
stoam/oxygen ratio was brought to 1.20 at 13:05. Elag tapping remained good with
all tuyeres bright. Performance data was collected at this loading, with a side

stream being started at 21:20 and the gasifier put into the flow control mode
at 23:25.

Running at this loading continued into 23 November and at 05:24 the rates wera
brought down to 110,000 SCF/H oxygen in pressure control. Steady running at this
load was achieved with no sign of any transients due to the cliange in rates. A

mass balance period was started at 11:30.

The gasificr was put into Elow control at 17:00 and running continued to e
satisfactory.

At 23:53 thoe rate was incroased to 160,000 SCF/H, again in pressure control, with
the gasifier put back in the flow control mede at 00:25. A good transition was
obtained with no problems being encountered. During the early morning of 24
November some sharp spikes down to 110,000 SCF/H and back were done in flow con—
trol, with the controller settings being tuned to eventually allow the complete
exercise to be carried out in seven minutes without causing any process problems.
By 09:00 it was épparent there was a problem in the quench chamber so the decision
was taken to do a cold standby, remove the manway door and investigate the problem.
At 10:11 the preparations for standby were complete. By 18:15 the gasifier was
nominally at zexo pressura. Inspection of gnench chamber was carried ocut from the
manway door. The fault was rectified.

The manway door was raplaced and it was decided to come back on line with Rossington
coal. Steam/oxygen at start up rates was admitted to the gasifiar at 01:28, with
the flrsc lock of Rossington coal, fluxed with limestone, being charged at 01:35.

At 01:57 the gasifier had reached its planned loading of 130,000 SCF/H oxygen, with
steam oxygen 1.20 and pressure 335 psig. All tu?eres were coming bright and a good
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raegtart had been obtained with no problems. At 03:06 the ateam/oxygen ratioc was
trimmed te 1.30 and at 03:33 Pittsburgh B was charged to the gasifier with fluzing
being switched to BFS, An excellent transition to pitrshurgh 8 was cbtained and
at 06:38 the gasifier was reduced to 80,000 SCF/R oxygen loading in flow contrxeol.
The gazifiey was settled down at this loading and performance data collected, with
a side stream being run. Ruaning was good at thls leading and at 00:38 on 26
Novemhar the load was brought up to 160,000 SCE/H oxygen loading, without any
upsets occurring, ovey half an hour.

With steady conditions established at the above loading, the rates were dropped ta
50,000 SCE/H oxyden at 05:21. Tar injection te the gazgifier top set at 50% pump
stroke. Good running was obtained and performance data was collected at this
loading with a side stream being run. At the end of this pericd, at 23:35, the
gasifier loading was bzought up agaln to 160,000 SCF/H oxygen.

Both the changa down in loading to 50,000 SCF/Honygen. then later hack again to
full loading proved to be satizfactory operations with the changes themsalves pro-
dueing no observable transients in gasifier behaviour. Good running at full load
was had into 27 November and at 01:40 the steam/oxygen flow was rveduced again,
this time to 110,000 SCF/H oxygen at 1.30 Ho0/Op. This loading was chosen to
investligate the effect of tar injection at the bed top. Initially the pump was
turnod off and then, at 07100 brought on at a maximum stroke. This latter process
alteration brought about a slight, but significant effect upon bed behavicur, with

offtake temperatuxe, stirrer toxgue. coz pt offtake and bed DPs being more varia~
ble at high tar lcedings to the top of the gasifier.

At 11:30 preparations were made for shut down with the tar injection to the gasi-
fier top being turned off, and this was carried out in a standard manner at 12:2C.

The run is sbown sehcmatically in Figure 11-1. A breakdown of the major run pcr-
iods For EDRI - 02 is given in Table 11-2,

SLAG TAPPING AND SLAG REMOVAL

EPRT - 02A started by fluxino the Pittsburgh 8 coal with limestone and the rela-
tively law levals of this flux used led to poor hearth conditions, particularly
with regard to tuyeres. When a furthex attempt was made to re-intxoduce Pittsburgh
8, aﬁain fluxed with limestone the same problems recurred, and it was not until
Pittsburch 8 was fluxed with BFS that completely satisfactory tapping was obtained,
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TABLE 11-2. SIMPLIFIED RUN DIARY OF EPRI - C2

Period
Date Time No. Comment g
7 Nov 79 03.03 - Steam/oxygen in
(EPRI - 024} 03.35 Rates 160,000 SCFH™L oxygen ratio
1.2/1.
05.900 Tar injection on at 60%Z. Ratio 1.3/1
27.58 : Limentone and BFS fn. Rates 110,000.
08.50 2 Ratea dowa to AD,000 SCFA-L.
09.15 PB changed from 40% to 80Z,
10.30 PB ~ 400%. RESET 1.
14.15 Tar injection cut to 50%.
14.20 ' Tar injectlion cut to 40%.
15.45 PB — 4D00%Z. RESET - 0.2.
16.30 PB - 400%. RESET - 0.1.
8 Nav 79 00.58 Reducing steam/oxygen to 1.1/1
01.23 Steam/oxygen to 1.3/1.
02.17 All tuyaeres black.
02.25 .~ 3 Rates now 100,000 SCFHL,
02.38 Rates fncreased to 120,000 SCFi™1.
02.58 Rates to 130,000 SCFH™L,
_Steam/oxygen to 1.1/1.
(EPRE - 02A) 03.44 Locked in Rossington.
03.57 Tar injection on at 40%.
04,48 Steam/oxygen to 1.3/1.
06.10 PR —~ 100%.
06.25 Pittsburgh in. Tar injection 60X.
07.1% Tar injection 100%.
07.30 Tar injection 60X.
08.50 Tar injection off.
09.00 Roasington and BFS.
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Period

Date Time No. Comment.s
09.50 Steam/oxygen to 1.1/1.
11.48 Steam/oxygen to 1.3/1.
13.08 Pittsburgh + BFS.
15.32 Shut down - leak in tuyere.
21 Yov 79 )
(BEPRI -~ DZB) 16.45 Stean/oxygen in.
17.45 Rates 160,000 SCFH™! oxygen.
18.45 Tar fnjection on at 100%,
19.33 Tar injection 60%,
20.15 . Rates now 130,000 SCFH™! oxygen.
21.44 Rossington + BFS. .
22.38 Pittsburgh + BFS.
22 Nov 79 00.00 Steam/oxygen to 1.2/1.
00.47 Flux Increased.
01.00 Steam/oxygen to 1.1/1.
22 Nov 79 02.06 s Flux up.
(EPRI - 02B) 07.05 Flux down.
07.50 Flux up.
10.20 . Increasing rates.
11.35 6 Rates 160,000 SCFH™!l.
12.42 Tur injection off.
13.05 Steamfoxygen to l.2/1.
14,18 Tar ‘injection at 50%.
17.20 Start of mass balance period.
1%.10 PE - 200Z. RESET - 2.
21.30 PB - 600%. RESET - 1.
23.30 PB - 40X. RESET - D.1.
23435 Into flow control.
23 Bov 79 00.15 Reverted to pressure control.
) 00.18 Back to flow control.



Periad

Date Time No. Comments
01.47 Ph - 30%. RESET - 1.
02.35 In pressure control.
02.42 . Back to flow control.
03,15 | PR - 1004. RESET - 2.
04.00 Tar injection 60X.
05.04 . PR - 200%. RFSET - 2.
05.10 7 Into pressure control.
05,15 Reduclng rates.
n5.24 A Rates 110,000 snrr-l oxygen.

08,15 Pressure Tar injection 50%.
11.30  Control Start of mass balance period.

17.00 PB - 100X. RESET - 2.
B
Flow Into flow control.

23 Nov 79 23.25 Comntrol Into flow control.

23,31 8 PB - 200%. RESEI =~ 2.
{EPFRI - D28} 23.42 Increasing rates.

23.53 Rates 160,000 SCFH™! oxygen.
24 Nov 79 00.25 c Into flow control.

01.03 160,000 PB ~ 10DX. RESET - 2.
02.5¢ in Flow Spiking down.

02.55 only down to 145,000 SCR-l.
03.29 Control PR - 40Z, RESET - 2.
03.50 PB - 4NZ. RESET - 0.1.
04.30  (malnly) Redvcing £low to 110,000 SCFR™1.
04.44 with Rates increased to 169,000,
08,07  Spikes PR - 3DX. RRRET - 0.1.
08.57 10 ninute spike dowm to 110,000.
10.11 Cold standby.

25 Nov 79 Q1.28 Steemfoxygen in. Rates to 130,000.
01.35 Rosgington *+ Cal0gy ibcked in.
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25 Nov 79

26 Nov 79

Time

02.26
02,38
03.06
03.30
04,55
05.30
06.00
06.38
06.45
07.13

11.00

23.02
23.25

60.38
00.58
0l.12

0L.58

(4,05
04.54
05.21

09.42
17.36

Pariod
No.

D
Restart
on
Rossington
E
Regtart on
Pitesburgh
130,000
9

10
F
80,000
Pittsburgh
in
Flow Control
11

Period at
160,000
12
G

55%

50,000

37.5%.
Hz

Comment s

Tar inj an on at 60%.
Steam/oxygen to l.1/1.
Steanfoxygen to 1.3/1.
Pittsburgh + BFS.

PR - 100%. RESET -2.

Into flow control.

PB — 30X. RESET - 0.1.
Reducing rates.

Tar injection 50Z.

Rates 80,000 SCFH™! oxygen.

Start of mass balance period.

Into pressure control.

Into flow control.
Increasing rates.

PB ~ 30%. RESET - 0.1.
Rates 160,000 SCFH™} oxygen.

PE - 30X. RESET - 0.1,
Starting to reduce rates.
Rates 50,000 SCFH™! oxygen.
Tar injection 40%.

Tar injection 50%.
PB — 30%. RESET ~ 0.2,



Pariod

Date Time No. Comments
21.33 13 PB - 30X, RESET - 0.5. Starting to
increase rates.
23.35 1 Rates £60,000 SCFR™! oxygen.
160,000
27 Nov 79 01.00 Tar injection off.
01.30 l4a Starting rate reduction.
(EPRI - 02B) 01.40 J Rates 110,000 SCFH™! oxygen.
NO TAR
110,000 PR — 304. RESET = 0.l.
07.00 l4b Tar injection 100%.
K

11.30 7.00-11.30 Tar injection oif.
HIGH TAR  Into pressure control.
110,000

12.20 Shut down.

1)l-12



and by then the run had to be terminated because of a bad leak at a tuyere maln
flange.

For the continuation of the xun, EPRI - 028, it was decided to filux with BFS at a
flux ash ratio, on Pittsburgh 8, of about 1.60:1, and this high fluxing rate led to
satisfactory slag tapping pexrformance: with high slag discharge rates under all
conditions. Return from srandby was followed immediately by goed hearth conditions.

FLUXING SYSTEMS

Fluxing on Pittsburgh B was planned to ba on BFS throughout EPRI =~ 02, using the
south bunker and the weigh cell system which ensbled the weight of slag charged to
each coal lock to be accurately estimated. Unfortunately, there was a problem with
the systeme sarly in EPRI ~ 02A and it was decided to go over to the north bunkerx
and flux the Pittsburgh 8 goal with limestone,

Fluxing on limestone was initially at a flux to ash ratio of about 0.5, but this
gave poor hearth conditions, particularly with respect ta hlack tuyeres, and the
fluxing load was later increased to fiux ash ratio of 0.6. This again proved to
ba too low a fluwing level. At this stage in the run BFS flux was again available
50 this flux was switthed to a flux/ash ratio of 1.6. This flux and fluxing level
proved satisfactory.

For EPRI - 02B, fluxing with blast furnace slag Slux was used throughout. This was
brought up to a level corresponding to & flux to ash ratio of l.6.

The flux/coal ash-slag halance is given in Table l1l-3. However, no attempt was
made te optimise the fluxing. Table 11-3 shows good agreement between the calenla-
ted and experimental slag composition for all the run periods analysed. The dis-
crepancy in iron figures shows that more than the assumed 20% of iron total is
reduced to free iron.

BED BERAVIOUR

The bhed behavisur throughout run EPRI ~ 02 on Pittsburgh B coal was satisfactory,
causing no 9perational upsets, although it was generally less stable than fox xun
EFRI = 0l on Rossington coal.

11-13
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The ateady run porioda which were analysed in somo depth are datailed in Table
1l-4. The avaerage offtake tomparatures fox these poxiods are givan in Tabla 11-5.
For normal behaviour on Rossington at standard rates tha fraquancy of above tem-
perature excursions is general of tha order of 1.0 or less per hour. Figure 11-2
Plots the freguency of high temperaturc excursions as a function of oxygen loading
for EPRI - 02B shows, but not unexpectedly, a marked trend to less stable beha-
viour at high loads. This effaect also shows up in the general bed DP bshaviour,
kthe stirrer torque and the CO, analysix at the offtake, all of which become more
ragged at high loads.

During periods A, C and E, bed behaviour was generally less stable than in the
other psricds studied. A comparison of periods A and B shows a marked improvement
in gasifier behaviour obtained in going from pressure control to Elow control.
This latter effect was generally observable throughout the run.

The offtake temperature profile shows a slowly undulating pattern with reduced bed
stability on Pittsburgh 8 coal compared with Rossingten.

No significant trend to higher mean offtake temperatures with increasing oxygen

loading was obtailned from this run, in contrast with the trend observaed on
EPRI - 0l.

Tar injection to the bad top was almost constant throughout the run and insuffi=
cient data were obtained to eatimate the effect of this parameter on bed behaviour.

PLANT BEHAVIOUR IN FLOW CONTROL

Experience obtained during run -~ D1 indicated that very satisfactory steady flow
control operation could be obtained when running on Rossington coal. Run - 02 was

indended to compare the plant behaviour on run = 01 with that obtained on Pittsburgh
coal.

The control systam was as for run - 02 except that the slze of the flare gas con~
trol valve was reduced from six inches to four inches in diameter.

The control characteristic settings were changed at various times threughout the
run to obtain a number of different periods. The fctual settings and their effacts
on the steam/oxygen flows, gasifier pressurs and flare gas flows are shown in
Table 11-6 and Figure 11-3. PB is the proportional band and the reset is ghown as
repeats per minute. V

11.15
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TABLE 11=5. OFFTAKE TEMPERATURES EPRI -~ 02B

Test No. 3 Offtake] No. 4 Offtake
Period , Mean Mean
| eF P ep
i !
A 933 933
B 945 927
c | 928 929
D 873 873
E 964 | 965
F 920 912
G 9n8 514
H1 796 794
Hz 890 884
1 914 923
J 894 888
K 938 931
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NO. OF OFFTAKE TEMPERATURE EXCURSIONS/HR.

PERIOD C
3.0+
2,04
PERICD A
1.0+
PERIOD ¥
PERIOD H,
o 3 L 1
o 50.000 100,000 160,000

OXYGEN LOADING SCF./HR.

Figure 1ll-2. Graph of Offtalke Temperature Excursions voz Loading
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CONDITION 1

CONDITION 3

CONDITION 4

o] S

iN PRESSURE CONTROL, GAS FLOW IS VARIABLE
DUE TO HIGH RESET VALUE ON P.C. THE PRESSURE
1S BEING CONTROLLED QUITE WELL,

0O |5

IN PRESSURE CONTROL, GAS FLOW PRESSURE AND
OXYGEN FLOW ARE VARIABLE. THIS IS PROBABLY
DUE TO THE REDUCED THROUGHPUT, THE INCREASED
P.B. ON THE P.C. AND THE HIGH P.B. UN THE Q.F.C.

o s

IN PRESSURE CONTROL. GAS FLOW, PRESSURE AND
OXYGEN FLOW ARE VARIABLE, THIS IS PROBABLY DUE
TO THE INCREASED P.B. AND INCREASED RESET ON
THE P.C,

Figure 1ll-3. Recorder Charts Showing Flow

and Praasure at Saveral
Controlier Settings
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CONDITION 5 IN PRESSURE CONTII:IOL:THE.VAHIABIUTY HAS BEEN
REDUCED BY SWITCHING TO THE PRESSURE TAPPING
201 WHICH 1S CLOSE TO THE PRESSURE CONTROL

VALVE.
P IF

CONDITION 7 IN PRESSURE CONTROL. THE VARIABILITY HAS BEEN
REDUCED AGAIN BY REDUCING THE RESET VALUE ON
P.C. THE GAS FLOW 158 NOW FAIRLY STEADY.

VP |
5 - RSN OUS D
10 S

CONDITIONB IN l;RESSURE CONTROL. THIS SHOWS THAT CHANGING
COALS DOES NOT MAKE ANY MAJOR DIFFERENCE TO
THE CONTROL. CHARACTERISTICS.

Figure 11-3 (Con't)
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CONDITION 10 IN PRESSURE CONTROL. THE GAS FLOW HAS

CONDITION 11

CONDITION 13

BECOME SLIGHTLY MORE VARIABLE AT THE HIGHER
THROUGHPUT.

» Ok

IN PRESSURE CONTROL, THE PRESSURE CONTROL
HAS IMFROVED AND THE GAS FLOW IS STEADIER,
DUE TO THE REDUCED PROPORTIONAL BAND AND
REDUCED RESET ON THE P.C.

.

0. Ca e .‘S. N T

IN PRESSURE CONTROL. THE P.C. SETTINGS ARE THE
SAME AS CONDITION 1, BUT THE P.B. AND RESET ARE
AEDYCED ON THE O.F.C. AND THE RESET IS REDUCED
ON THE S.F.C.

THERE ARE AGAIN CONSIDERABLE VAUATIONS ON THE
GAS FLOW, TAPPING POINT 202A IS IN USE.

Figure 11-3 (Con't)
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CONDITION 36 IN PRESSURE CONTROL. REDUCTION OF THE RESET
ON THE P,C, HAS REDUCED THE VARIABILITY OF THE
GAS FLOW SLIGHTLY,

- 30 |s

CONDITIGN 16 IN PRESSURE CONTROL. CHANGING TD PITTSBURGH
COAL HAS AGAIN NOT MADE ANY MAJOR DIFFERENCE -
TO YHE CONTROL CHARACTERISTICS, THERE IS A
REDUCTION IN THE GAS MAKE AT THE SAME BTEAM/
OXYGEN FlLOW,

CONDITION 17 N PRESSURE CONTROL. THE GAS FLOW IS STILL
RATHER VARIABLE.

Figure 11-3 (Con't)
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CONDITION 18

CONDITION 19

CONDITION 22

a . . {8

IN PRESSURE CONTROL. THE P.B. AND RESET ON

E P.C. HAVE BEEN INCREASED, WHICH HAS
STEADIED OUT THE GAS FLOW. THE PRESSURE
CONTROL HAS OETERIORATED BUT iS STILL
ACCEPTABLE.

o " 5

IN PRESSURE CONTROL. THE P.B. HAS BEEN
INCREASED AND THE RESET DECREASED QN THE P.C.
THIS HAS STEADIED OUT THE GAS FLOW EVEN
MERH‘E.B ‘B_lélT AGAIN THE PRESSURE IS SLIGHTLY MORE
VARIABLE.

S

IN FLQW CONTROL. THE FRESSURE CONTROL IS
REASONABLE. THE GAS FLOW AND THE STEAM/
OXYGEN FLOWS VARIABLE.

Figure 11-3 {Con't})
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CONDITION 23 IN FLOW CONTROL, THE P.B, AND RESET HAVE BEEN
iINCREASED. ON THE P.C. THE PRESSURE CONTROL HAS
THEREFORE DETERIORATED.

CONDITION 26 I\ PRESSURE CONTROL.

p F
o Js
CONDITION 26 N FLOW CONTROL, OXYGEN AND STEAM FLOW

VARIABLE.

Figure 11-3 (Con't)
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. <. 0. s
CONDITION 30 IN FLOW CONTROL. OXYGEN AND STEAM FLOW
VARIABLE.

o S

CONDITION 31 IN FLOW CONTROL. OXYGEN AND STEAM FLOWS
MORE VARIABLE DUE TO THE REDUCTION OF THE P.B.
ON THE P.C. BUT THE PRESSURE CONTROL HAS NOT
HIPROVED,

=

o] )

CONDITION 32 (N FLOW CONTROL, THE OXYGEN AND STEAM FLOWS
HAVE STABILISED AND THE PRESSURE HAS BECOME
MUCH MORE STABLE. THIS WAS DUE TO THE
l-'zs‘grDoUCT 10N IN THE RESET VALVE ON THE P.C. FROM
0.1.

Pigure 11-3 (Con't)
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o S
CONDITION 33 IN FLOW CONTROL. THIS CONDITION IS VERY
SIMILAR TO CONDITION 32. THE SLIGHT REDUCTION
OF THE P.B, ON THE P.C. SHOULD HAVE IMPROVED
THE PRESSURE STABILITY SLIGHTLY, BUT DOES
NOT APPEAR TO HAVE MADE MUCH DIFFERENCE,

o S
CONDITICN 34 IN PRESSURE GONTROL. THIS GIVES VERY GOOD
PRESSURE CONTROL WITHOUT EXCESSIVE SWINGS
ON THE GAS FLOW RATES, L.E. A LOW P.B. WITH A
LOW RESET VALUE ON THE P.C. GIVES THE BEST
CONTROL.

1

e/ 5 .

CONDITION 36 IN PRESSURE CONTROL. AGAIN A CHANGE OF COAL
TQ PITTSBURGH MAKES LITTLE DIFFERENCE, EXCEPT
FOR A REDUCTION IN THE GAS MAKE.

Figure 11-3 (Con't)
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o s

CONDITION 35 IN PRESSURE CONTROL. INCREASING THE P.B, AND
RESET ON THE P.C. CAUSES A DETERIORATION OF THE
PRESS:J(I;\V% CONTRDL PLUS MORE VARIATION OF THE
GASF f

- F
¢>
. o) &s
CONDITION 37 IN FLOW CONTROL.. THE PRESSURE IS RATHER '
VARIABLE AS ARE THE OXYGEN AND STEAM FLOWS..

-
Lo

CONDITION 38 1IN FLOW CONTROL. WITH P.C. SETTINGE SIMILAR
TC CONDITION 35 EVERYTHING WAS FAIRLY STABLE
AND THE PRESSURE CONTROL GOOD. {THIS WAS
UNFORTUNATELY A RATHER SHORT PERIOD,
THEREFORE THIS RESULT NEEDRS CONFIRMATION.)

Figure 11-3 (Con't)
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, . ' o} s
CONDITION 39 IN FLOW CONTROL. AGAIN WITH P.C. SETTINGS
SIMILAR TO CONDITION 36 EVERYTHING WAS FAIRLY

STABLE AND THE PRESSURE CONTROL GOOD. THE
GASIFIER AT HALF THE STANDARD LOAD.

0 5
CONDITION 40 IN FLOW CONYROL, USING LOW RANGE OQRIFICE
SIGNALS, THE PROPORTIONAL BANDS HAD TO BE

INCREASED AND RESETS DECREASED ON THE OFC
AND SFC BECAUSE OF THE RANGE CHANGE,

FiP

S

CONDITION 43 N FLOW CONTROL. INCREASING THE RESET VALUE
TO ONE ON THE P.C. CAUSED PODR PRESSURE
CONTROL AND VARIABLE STEAM/OXYGEN FLOWS.

Figure 11-3 {Con't)
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A,
.

0 S

CONDITION 44 1N FLOW CONTROL. REDUCING THE RESET VALUE
BACK TO 0.1 ON THE P.C, IMPROVED THE PRESSURE
CONTROL AND REMQVED THE WIDE SWINGS ON THE
STEAM AND OXVGEN FLOWS.

o S
CONDITION 45 IN FLOW CONTROL. CONTROL WAS QUITE GOOD,

¢ S

CONDITION 45 IN FLOW CONTROL. USING LOW RANGE ORIFICE
SIGNALS. INCREASING THE RESET ON THE P.C. TD 0.2
MADE LITTLE DIFFERENCE.

Figure 11-3 {Con't)
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CONDITION 48 IN FLOW CONTROL. INCREASING THE RESET ON THE
P.C. TO 0.5 CAUSED THE PRESSURE TO BECOME
VARIABLE AND THE STEAM AND OXYGEN FLOWS

TO START SWINGING.

]

CONDITION 49 IN FLOW CONTROL. WITH THE PRESSURE CONTROLLER
SETTINGS SIMILAR TO CONDITION 35, 38 AND 39, THE
PRESSURE CONTROL WAS STEADY AND THE DXYGEN
AND STEAM FLOWS NOT VARYING WILDLY.

0

CONDITION 50 N PRESSURE CONTROL, THE PRESSURE CONTROL IS
GOOD WITHOUT WILD SWINGS ON THE GAS FLOW.

Figure 11-3 {(Con't)
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Flgure 11-3 consiste of a number aof chart sections showing the gazs flow and dagi-~
ficr pressure on the uppeoxr chart and the oxygen and asteam flow an the lowar chart.
Tha flow is marked F, the Pressura P, the oxygen flow 0 and the steam flow S. A
few conditions given in Table 1)}-6 are not shown in Figure 11-3 because eithecr the
period was too short or load changes were being carried out.

It may seem from conditions 35, 38, 39 and 50 that the best pressure control set=
tings for the fpur inch control, valve are 30% PB and 0.1. reset. These were the
lowest values evaluated, therefore the optimum sectings may be even lower. The

smeller valve gives much bsttor control than the six inch valve used on run = Ql
which suffered from instablility once the PB was reduced below 40%.

The steady state operation of the gasifier whether in pressura or flow contxol was
at its bgst when tha pressure controller settings were at the minimum values eval-
vated which wera 30% PB and D.). raset in combinution with the 4" praessure control
valve. Tha optimum settings may be even lower.

The £lare gas, steam and oxygen flow controllers were set up with wide proportion-
al bands which gave acceptable control characteristics, An improvement will be
achieved in the case of the steam/oxygen flows by commissirning the vortex f£low
meters 50 Lhat one instrument range can be used to give the full turn down. The
proportional band of the gas flow controller should be reduced during the next run
such that more rapid changes of flow can be achieved in automatic control.

BEHAVIOR OF GASIFIER DURING TRANSIENTS

During run EPRI - 02, various programmed locad changes were carried out as detailed

on Table ll=1l. Nc probleme were encountered during the lead changes.

A gualitative picture of the sharp spikes 1 and 2 @own to 110,000 sCF/H from 160,000
SCP/H oxygen blast is given in Figures 11-4, 11-5, 1li1-6, 11-7, 11-8, 11-9, 11-10

and 11-11 for the two separate spikes down in rate. There was no significant change
to the make éas during load changes except For the slightly greater contribution of
cthe nitrogern input from the slag systewms and purges did not vary with throughput.
There was Some modification of the gas composition approximately 15 minutes after
Spike 1.
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OXYGEN FLOW

FLARE GAS FLOW

STEAM FLOW

Figure 11-4. Major Gasifier Parameters Across Spike
EPRI « 02
Chart Spaed: 2 Min./CM
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B

DXYGEN FLOW

Figure 11-8. Majoxr Gasifier Parametexs During Spike
Down in Rates
EPRI - 02
Chart Speed: 2 Min./CM
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POST RUN INSPECTION

The gasifier was ccoled down bEter EPRI - 023 but close inspection of the fusl bed
and gasifiar internals were not carvied out. The necessary repairs were carried
out before xestarting the run as EPRTI - O2B.

EPRI - 02B was shut down with the distributor almest empty of fuel. The coal was

strongly caked in the region of the uppar part of the stirrer, but there was tran-
sition to a good miza distribution char by the time the bottom of the stirrer was

reached. At the shaft top, there was a mass of what appeared to be partially car-
bonized finesz/tar nixture.

The bed below the stizrer was full of good char but in the shaft centre it ap-
paared to have a greatar tendency to be stuck together than at the walls, perhaps
indicating a more rapid flow of fuel down the centra of the shaft.

During EFRI - 02B the gasifier was put on to cold standby at 10:11 on 24 November
due to a problem in the quench chamber. Wwith the gasifier on a ccld standby the
gquench chamber was opened. The problem was cured and the run rastarted.

The major cause of the problem was due to an instrument error. Post standby, the

conditions were corrected and there wera no further problems.

CONCLUSIONS

Run EPRT - 028 successfully demonstrated that the gasifier can work wel) on
Pittsburgh B coal and can rxespond Eavourably to rapid load changes. at standard
load bed hehaviour was less stable than on Reasington coal, with greater offtake
temperature swings, but sustained running was always possible.

Shut down of BPRT - 02R was caused by a leak at a tuyexe flange. This type of
prohlem can be readily avolded. The standby of EPRI - 02B was a convincing demon-
stration of the gasifier's ability to cowe back, rapidly and reliably, on line
after an upset.

It is clear that the Slagging Gasifiexr ofifers a reliable source of intarmediate
BTU gas for combined cycle power generaticn, and that changes in power demand can
be rapidly accommodated by the fixed bed system, which is not upset by major
changas and maintains a reliable supply of gas at a fixed CV. Tight gas flow
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control at the baek end of the plant will lead to slight fluctuations in gasifier
pressure and gasification medium flow, but thege were shown to have no detrimental

effect upon gasifier performance.
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Section 12

REPORT O TEST RUN EPRI - D3

SUMMARY

Ran BPRI - 03 aimed to consolidate the results of EPRT -~ 02, which had been a suc-

cessful gasifier operation on screened Pittsburgh B coal, and to carry out the
thrae additional chjectives:

[ Running the Slagging Gasifier on Pittsburgh 8 coal with tar injoe-
tion to the tuyeres.

. Running on Pittsburgh 8 coal as delivered, which contained about 25%
material less than %", instead of on the screened fuel.

. Attempting to flux Pittsburgh 8 coal with limestone instead of BFS.

Run EPRY - 03 was planned to further investigats the behaviour of Pittshurgh 8 ccal
in the 5lagging Gasifier and started on 13 December, 1979, with standsard conditiaons
being established on Rossington coal. Scraened pittsburgh 8 coal, fluxed with BFS
was introduced at 19:18 at 130,000 SCF/H oxygen loading, 1.30 H20/02 and a perfor-
mance tast run under these conditions. Gasifier conditions were satisfactory and

tar injection down tuyerss was brought on at 00:12 en 14 Decewmber, with sakisfac-

tory pexformance of the systaem. A performance test was done under these conditions

and at 23:05 the tar rate to the tuyeres was increased and a further performnance
test run.

Satisfactory completion of the above major cbjactive of the run enabled the sacond
objactive to be started, with as received Pirtsburgh B coal, containing about 20%
material less than 4" being charged to the gasifier at 14:25 on 15 December. Per-
formance on this fuel was satisfactory and at 04:23 on 16 December the rate was
reduced from 130,000 SCP/H oxygen to 80,000 SCF/H, followed at 11:28 by a further
reduction to 50,000 SCF/H. Both the step downs and subsequent running were satis=-
factory and at 1B:34 the rate was returned 130,000 SCF/H oxygen. A spike down to
50,000 SCF/H loading over ten minutes was performed. A further run objective of
fluxing Pittsburgh 8 coal with limestone was then started. Limestone was charged
early on 17 Decumbar and no problems were encountered with this method of fluxing,
and at 14:07 gasifier load was raised to 160,000 SCF/H oxygen with test perioda at
three different stirrer revolutions being initiated.
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At 04:30 on 1€ December tha load was raduced rapidly from 160,000 SCF/H oxygen to
50,000 SCF/H and stabllised; it was then brought back to full load at 08:30. &K
further load spike down to 110,000 SCF/H was performed at 10:15. Nona of these
rate changes caused any problems, and the gasifier was subjectad to a controlled
shutdown at 10:43 after 118 hours of continious running.

Post run inspection revealed good conditions inside the gasifier. The schematic of
EPRI ~ 03 is given in Figure 12-1. Table 12-1 shows the load changes carried out

during the run.

EQUIPMENT, INSTRUMENTS AND CONTROLS

The gagsifier system was modified to provide tar injection ta tuyeres with the tar
being pumped into the raceway.

Dther gasifier asystems wers unchanged for the run except for continuing improvements

in data ncguisition and logging systems.

RUN DIARY

Preparations for EPRT -~ 03 were completad on 13 December and at 10:51 the run was
initiated.

At 13:03 the steam/oxygen was brought on at startup rates. Rossington singles

charging commenced, fluxed with limestone.

The startup was good and the gasifier was established at standard conditions of
160,000 SCF/H oxygen ioading, with steam/oxygen 1.30 and pressure 335 psig. Control
was initlally in pressure control at number 4 f£lare, with the pressure being held
slightly low, at 335 psig, in anticipation of the flow mode of control being engaged

once satisfactory running was established.

Good conditlons were cbtained at the standard leadings with steady bed conditions
and good slag tapping. At 17:09 the rate was reduced to 130,000 SCF/H oxygen over
five minutes in preparation for accepting Pittsburgh 8 coal. This change went very
smoothly with no discernable trxansients due to the locad variation, and at 18:30 the
gasifier was put in back end flow-front end pressure control.
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There war a slight preblem with flux flow, due to a blockage, and this was reeti-
fied; at 19:08 the first look of Pittsburgh 8 coal was charged to the gasifier.,
with fluxing being switched to BP3. A good transition ta this fuel was cbrained
with no bed procblems.

With gasifier performance good, a mass balance period was started at the beginning
of 14 December, with the side styoam sampling system being put cn. NoO tar was in=-
jected aither to the gasifier top or down the tuyeres and gasifier performance wag
satisfactory in all areas. At 10:08, with the performance test on screened
Pittsburgh 8 at 130,000 SCF/H oxygen loading completed, tar injecticn was put on to
the gasifier top and this was switched to down tuyeres at 65% pump stroke, at 11:12.
The gystem was successfully commissioned.

By 13:00 it was apparent that the estimated 1,000 lbs/hour of tar beaing injected
into the gasifier rxaceway was having a significant affect upon gasifier performance.
Coal locking frequency was down slightly, the methane content of the make gas had
dropped by about 10% of the previous value and the average offtake temperature had
risen appreciably. A performance test under these conditions was started.

Gasifier behaviour continued to be satisfactozry. At 23:05 tar injection to the com-
bustion zone was increaced to 95% punp stroke, with no problems arising. A perfor-
mance test period under these conditions was started at 01:00 on 15 December. The
indications from average offtake temparature and methane concentration in the make
gas suggested that not much more tar was being put into the raceway at 95% pump

stroke as compared to 65% pump stroke, although there was a slight deterioration in
‘slag tapping.

At 1):00 hours the perEormance test period was completed and tar injection was
switched to the gasifier top with a small steam purge being left on the tuyere tar
injection system. Preparations vere being made for switching the screensd
Pittsburgh B feed to0 an unscreened fuel containing about 25% material less than

%¥". By 14:25 unscreened Pittsburgh B coal was entering the gasifier, with tar
injection turned off during this transition period, which produced little noticeable
effect, although the bed conditions were slightly more ragged as compared to the
screened fuel case.

Tar injection to the gasifier top was restorsed at 60% pump stroke at 16:15 and a

performance test parlad was started at 17:00 on a toal with a fines content running
at about 20% less than %". Gasifier performance under these conditions continued
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to be satisfactory into 16 December and at 00:30 hours coal locking, which had been
on nitrogen, was switched te raw gas. With the gasifiex in flaw cantrol, this
depletion of gas down stream at intervals was easily accounted for by the control
system, with no upsets belng caused, and the gasifier was left in this mode for the
reat of the run.

At 04:18 the gasifier rates Were lowered to 80,000 SCF/H, from 130,000 SCF/H oxygen,
across f£ive minutes, the operation being carried out smoothly in flow control with
no transient upsets cccuring at the gasifier. Running at half loading pzoved to be
satisfactory, and at 11:20 a furthar reduetion in rates to 50,000 SCE/H was carried
out successfully. Running at this loading was szkisfactory. At 18:31, with running
steady at 50,000 SCF/H oxygen loading, tha rates were brought up to 130,000 SCF/H
oxygen over threa minutes.

With steady running established at these loadings on the unscrecned coal, the gasi-
fier load was spiked to 50,000 SCF/H oxygen and back again over ten minutes. This
provided scme ncticeable transients in the gasifier.

Running continued into 17 Decenber with these conditions and satisfactory perform-
ance was ohtained. At 02:00 fluxing was changed over fxom BFS to limestone with
the latter being charged at a Flux/ash ratio of about 1.0. The changeover was
accomplished without any prohlems with slag tapping remaining gocd and all tuyeres
remaining brighé. and a performanca test period was started at 03:00. As part of
this test periecd, stirrer revolutions were to be varied.

At 14:07 the testing at 130,000 SCF/H oxygen loading was completed and the rate was
brought up to 160,000 SCF/H across three minutes, with the distributor revolutions
then being brought up more slowly to 125%. At 21:21 Tates were cut to 50,000 SCF/H
and at 23:47 rates were increased to 130,000 SCF/H.

Four hours. running were cbtained at this loading without any incidents. At 04:30
the gasifier load was dropped very sharply down to 50,000 SCF/H nver about two
minutes and was held at this load until 08:15, when it was restored again to 160.000
SCF/H oxygen, thie tims over 25 minutes. Both the above load chinges caunsed no
gasifier upsets and generated no obvious transients.

with the loading established at 160,000 SCF/H oxygen, a sharp spike down to 110,000
SCF/H was performed and the load held briefly at the latter value for three minutes,
before kaing rapidly brought back to full load. This load spike resulted in
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no gasifier problema and aftey ro-ctabilising at full load, preparations ware made
to carry out shutdown. This was carried out at 10:43 and was followed by standaxd
cool down with nitxugen. Run EPRI - 03 lasted 118 hours. A schematic of the run
is shown in Figure 1l2-1, and & run dairy is given in Table 12-1.

SLAG TRPPING AND SLAG REMOVAL

Slag tapping and slag removal was good throuout run EPRI - 03, with good perform-
ance being ohtained acrogs load changes and changes in fluxing agent. At tﬁe
higher rate of tar injection to the tuyeres there was a subjective impression that
slag tapping deteriorated, although any effect was small.

The transition from screened Pittsburgh 8 coal to the unscreened feed (containing
25% material less than %") had no effect upon slag tapping.

Slag quenching was geod with dense black frit always being produced.

FLUXING SYSTEMS

Fluxing at the start of EPRI - 03 was set up to be on limestone £luxing while
Rossington coal was being charged. In the initial stages a lump of concrate par-

. tially blocked the vibrator gate, resulting in underfluxing Rogsingten. This fault
' was soon corrected, and when the transition to Pittsburgh B coal was made the flux-
ing was switched to BFS from the South bunker.

Fluxing on BFS wag at a rate giving a flux/ash ratio of about 1.6. Fluxing rate
on BFS remained the same for the unscreened coal (which had a very similar ash con-
tant) and a good free flowing slag was chtained. The £luxing rate may have been
slightly high but no attempt was made to cptimise the Flux/ash ratio.

During the later stagas of the run, when gparating on unsoreened Pittsburgh B,
fluxing was switched to limestone, giving a flux/ash ratio of 1.20. Again, a free

flowing slag was obtained, and again, no attempt was made toc optimise the amount
of flux raquired.

The Flux balsnces across run EPRI - 03 are presented in Table 12-3. ©On BFS there
was good agreement bhatween the exparimental and calculated ash compositiocn. A good
free flowing alag was obtained. Balance agreements with limestome fluxing were not
as good, elements were out of balance, indicating that the hearth had not come to
equilibriun on limestone fluxing following the long period on BFS fluxing. The
main difference may be due to analytical erzor.

V=T



Date

13 Dec 79

14 Dec 79

TABLE 12-2.

Time

SIMPLIFYED RUN DIARY OF EPRI - 03

Pericd
Nos

10.51
13.03

13.45

i7.09

17.15

17.25
18.30
- 19,08

00.00
10,08

11.12

13.00

19.30
23.00

23.05

Conments

Start up commenced.
Steam/oxygen down tuyeres.

Rates 160,000 scru—t oxXygen.
Steam/oxygen 1.3/1,

Preasure 335 psig. In
pressure contrel. On high

range trensmitters.

Reducing rates.

Rates now 130,000 SCFa™!
oxygen.

Distributor to 87.5%.
Into flow contral.
Pittsburgh in with BFS.

Start of Mass Balance 1
End of Mass Balance 1,

Tar injection on to
distributor - 60%

Tar injection on to tuyeres
- 65%.

Statt of Mass Balance 2.

Steam/orygen ratio now 1.2/1
Bnd of Mass Balance 2

Tar injection set at 95%.

12-8
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Date

15 Dec 79

16 Dec 79

Time

01.00
11.00

il.28
12.35

14,30
16415

17.00
03.00

03.01

04.18

05.01

09.00

11.20
11.28

14.26

Period

Noa

Daca
Logger
Commants Period

Start of Mass Balance 3.
End of Mass Balance 3 D

Tar injection back on to
distributor

R.0.M. Pittsburgh starting.
Tar injection off.

Tar injection on at 60X to
distrihutor.

Start of Mass Balance 4,
End of Mass Balance 4. B

Tar injection up to 80X to
distributor.

Dropping rates to 80,000
sCFE-l oxygen.

Tar injection down to 50%.

On low range transmitters.

Tar injection to 80% pump F
stroke.

Starting tc reduce rates.
Rates now 50,000 scrr~]
OXYRCN. G

Steam/oxygen ratio mow on l.3/1
Steam/oxygen ratio to l.1/1.

12-9



17 Dec 79

Time

17.05

17.54
18.31
18.35

20.04

20.14

21.30

01.33

03.00

08.15

14.00

14,05
14.10

20,07

20.42
21.21

Period

No.

Data
Logger
Comments Period

Tar injection down to 603. I

On high range transmitters
Starting to increase ratea.
Rates now 130,000 SCFy~i
oxygen.

Spike dowm te 50,000 scFu-!
OXygern.

Spiie up to 130,000 SCFH-!
OXVEEeN.

Tuyers shut off.

Rates still 130,000 SCFH-)
oxygen. Steamfoxygen 1.2/1.

Pittsburgh and limestone. J
Start of Mess Balance 5.

Steam/oxygen ratio 1.3/1 L
End of Mass Balance 5. M

Starting to increase rates.
Rates now 160,000 SCFH™!
0XYBEN.

Using Vortex meters on flow
controller.

Back on arifice wmeters.
Rates cut to 50,000 scrm-l

oxygen.
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Date

18 Dec 79

Time

23.47
23.55

0n.22

00.32

04.30

04.35

07.03

07.59

08.15

08.22

08.40

10,153

10.26

10.43

Period

No.

10

10

10

Comments

Starting to increase rate.
Rates now 130,000 SCFH™!
oxygen. Distributor at 85X%.
Increasing rates.

Rates now 160,000 SCFH™1
oxXygan.
Reducing rates.

Rates cut to 50,000 SCFH~L

OXyZEena

Tar injection off.

Tar injection cn.

Starting to increase rates
and distribution speed.
Tar injection off.

Rates at 160,000 scru~!
OXYEEN.

Scarting to splke down to
110,000.

Rates back to 160,000 SCFH~)
oxygen.

Shut dgowm.
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BED BEHAVIOUR

Bed bshaviour on Pittsburgh 8 coal during EPRI - 03 was genexally less steady than
that expectaed on Rossington coal during the test periods of significant duration.
As with EPRI - 02B, many of the tast periods were short, although it was apparent
that thera wag a trend to greater bed unsteadiness at the higher gasifier loadings.
However, at all loadings no significant operational problems were encountered, with
the gasifer capable of running under sustained loading at all conditions.

Table 12-4 gives detalls of the steady run periods analysed for EPRI - 03. An
examination of the charts for offtake temperatures, and offtake co, analysis shows
that periods C, D and E exhiblt more instabilities, which correlates with the ob-
sexrvations on offtake temperatures (Figure 12-2). Figure 12-3 compares the charts
cbtained for pericd B (reascnably well behaved) and period C (less steady). These
charts indicate that ter injection to the tuyeres results in a less steady bed per-
formance, although it should be emphasised that bed behaviour during this latter
period was steady and allowed sustained running with no operational problems.

There was a trend to higher offtake temperature with increased oxygen loading.

The behaviour of the screened and unscreened Pittsburgh 8 coal in the gasifier can-
not be dirsctly compared at no two substantial run pericds differed only in this
factor. However, there is little evidence to suggest that there is any difference
in perfarmance between the two feeds. Thus, comparison of B, C, D periods with B
and M revaal no significant effacts of coal feed.

A similar situation arises when a comparison between the gasifier running on BFS
and on limestone fluxing is attempted. At the changeover to limestone, at the end
of period J into period K, the gasifier was in flow control, and steadier behaviour
on limestone fluxing was apparent, as evidenced by less eycling of input/steam
flows (which follow offtake swings caused by bed instabilities).

Comparison of behaviour in perieds B, C, D and E with that of K, L and M suggests
again that the limestons flux gives batter bed behaviour than the BFS.

Bed behavicur during EPRI — 03 was thus usually satisfactory, with no operational

Procblems. However, there Were too many process changes to properly assess the
effact of a multitude of ¢peraticnal parameters on gasifier behaviour. These
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NO. OF EXCURSIONS PER HR.

5~ FIG. 6.1 GRAPH OF OFFTAKE TEMPERATURE
EXCURSIONS V 0, LOADING
" OT
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o 50.000 100,000 150,000
OXYGEN LOADING SCF./HR.
Figure 12-2. Graph of Offtake Temperature Excursions Vs. O, Loading

2
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Figure 12-3. & 02 Charts. Top Chart: Deriod B. Bottom Chart: Peried c
Chart Speed: 2 HMin./CM
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include tar injection at both the top and bottom of the gasifier, stirrer speed,
effect of flux type, amount of fines in the coal and gasifier loading. all the
above factors will contribute to bed conditions. hgain, for the above reasons, it
is difficult to compare the performance of Rossington in the gasifiar to that of
Pittsburgh B.

PLANT BEHAVIOUR IN FLOW CONTROL

One aof the cbjectives of run EPRI - 03 was to improve the gasifier's speed of re-
sponse under flow control mode conditions. Thia was to be done in combination with
trials on the tar injection to the tuyere region, gasification of Pittsburch B coal
containing a substantial amount of fines and fluxing with limestone, Control sys-
tems were as fox EPRI - 02.

The controller settings for the varlous run periods are given in Table 12.5. Sec-
tiens of the flow and pressure charts are given in FPigure 12-4. During steady
state operation, pressuring the coal lock on raw gas, which was practiced for most
of the run, caused the oxygen and steam demand to fluctuate in order to provide the

additional gas surge required.

The vortex meters gave satisfactory cutputs throughout the run and should provide
a better method of flow measuremant because of their turn down capability. They

did, howevex, als¢ give a more variable flow signal at the lower rates.

The gas flow centxol valve was affected such that the change from low to standard
throughputs caused it to Eluctuate, and thus, the response to this valve was set
rather slower than had been necessary on run EPRI ~ 02.

The experience of this run shows that it is possible to control the gasifier in the
back end flow mode. The use of raw gas for praessurising the coal Lock would mean

that the oxygen/steam supply system would have to be fairly flexible with regard to
throughput.

If the coal lock is pressurised with nitrogen, then fairly stahle steam and pxygen
flows will still give good control. Vortex meters, which were only used briefly
during the run, are probably satisfactory for providing the flow signals to control
the steam and oxygen throughputs.

12-17
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0

CONDITION 1 FLOW CONTROL. GASIFIER PRESSURE AND ALL
FLOWS RELATIVELY STEADY,

1l

CONDITION 2 FLOW CONTROL. PRESSURE AND FLOWS ALL
SLIGHTLY MORE VARIABLE DUE TO THE AFFECT
OF TAR INJECTION DOWN TO THE TUYERES.

0

CNDTION 3 FLOW CONTROL. AGAIN EVERYTHING RELATIVELY
STEADY, R.0.M. PITTSBURGH HAS LESS AFFECT THAN
TAR INJECTION DOWN THE TUYERES.

Figure 12-4. RecoruU®e charts Showing Flow and
Pressure Chatagteristics at Several
Controller Settings
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CONDITION 4 FLOW CONTROL. THE LOW RANGE TRANSMITTERS WERE
IN USE THEREFQRE THE O AND S VARIATIONS LOOK
WQRSE, THE CONTROL SETTINGS ALSO HAD TO BE
ADJYSTED TO AVOID FLUCTUATIONS ON THE OXYGEN
AND STEAM FLOW. LOCKING ON RAW GAS CAUSED
PEAKS ON THE OXYGEN AND STEAM FLOWS,

iy

CONDITION 5 FLOW CONTROL. THE LOW RANGE TRANSMITTERS
WERE STILL IN USE. A TYPICAL FLOW AND PRESSURE

VARIATION CAUSED BY A COAL LOCK IS SHOWN.

P 1F
30 2‘5
TONDITION 68 FLOW CONTROL. THE STEAM AND OXYGEN FLOWS
ARE BACK ON THE HIGH RANGE TRANSMITTERS AND
HAVE BEEN RESET TO THE NORMAL CONTROL
SEYTINGS. THE CONTROL ACHIEVED IS SIMILAR TQ
THAT IN CONDITION 1 EXCEPT FOR THE FLOW PEAKS

CAUSED BY THE COAL LOCKS. -

Figure 12=4 (Con'+*)
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CONDITION 7

CONDITION 8

CONDITION 9

FLOW CONTROL. THE GAS FLOW CONTROL VALVE
QSCILLATED WHEN THE FLOW WAS INCREASED TO THE
EQUIVALENT OF 160,000 SCFH OXYGEN BLAST SO THE
P.B. WAS INCREASED TO 500. THE GASIFIER PRESSURE,
OXYGEN AND STEAM FLOWS ARE AGAIN VARIABLE
BECAUSE OF THE FREQUENT COAL LOCKING ON Raw
GAS. .

FLOW CONTRQL. THE VORTEX SIGNAL 13 LINEAR
WITH FLOW. ONLY THE OXYGEN AND STEAM FLOWS
WERE PARTIALLY CONTROLLED USING THE VORTEX
SIGNALS. THEY MADE LITTLE DIFFERENCE TO THE
FLOW VARIATIONS AT THIS POINT ON THE RANGE,

0
FLOW CONTROL. AT LOW RATES THE COAL LOCKS ARE
RELATIVELY FAR APART, THE AFFECT OF COAL LOCK IS

SHOWN. THE PRESSURE CONTROL 1S VERY GOOD
EXCEPT FOR THE DIP AND RECOVERY DURING A LOCK.

Figure 12~4 {Con't)
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CONDITION 10 FLOW CONTROL. THE GAS FLOW CONTROL VALVE
AGAIN OSCILLATED WHEN THE FLOW WAS INCREASED
TO THE EQUIVALENT OF 160,000 SCFH OXYGEN BLAST
S0 THE P.B. WAS AGAIN INCREASED TO 700, THE
GASIFIER PRESSURE, OXYGEN AND STEAM FLOWS ARE
AGAIN VARIABLE BECAUSE OF THE FREQUENT COAL
LOCKING ON RAW GAS, BUT THIS HAD BEEN MADE
WORSE BY THE REDUCED CONTRQOL OF THE GAS
FLOW.

THE VALVE QSCILLATION .AAY BE LINKED TD THE

CHANGE OF FLOW AS THE SYSTEM HAD WORKED
PREVIDUSLY AT THESE SE"TINGS (SEE CONDITION 7).

Figure 12-4 {Con't)
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BEHAVIOUR OF THE GASIFIER DURING TRANSICNTS

During EPRI — 03 saveral transient load changes were carried out and the general
description of these changes is given in Table 12-1.

With the control valves set up as for Conditiyn 10, a load reduction spike was
carried out reducing from 160,000 SCF/H oxggeﬁ‘blast eguivalent to 110,000 SCF/H
and back again. The change and its effgcé on the constituents of the make gas are
showin in Figures 12-5 to 12-8. '

The major step change of thqdrﬁ; was from 160,000 SCFR/H to below 50,000 SCF/H oxy-
gen blast equivalent in gﬁaat two minutes with the contrpllers set up as for
Conditicen 7. This cnahae and 1ts effect on the constitutents of the make gas arxe
shown in Filgures 12:9 to 12-13. The mosat rapid increase in the gas make waa from
50,000 SCF/E +o 130,000 SCF/H oxygen blast equivalent in three minutes with the
controllers set up as for Cendition 6. This change and its effect on the constitu-
ents of the make gas are shown on Figures 12-14 to 12~17. It can be seen from
these figures that, apart from the normal changes in nitrogen levels, there is a
small temporary increase in the methane and ethane pergentages of 2% and one tenth
of a percent respesctivaly after the rapid major load reduction and, similarly,
thare is alse a similar Sawporary reductlon after the rapid increase in throughput,
although the la+tter i not o well defined. Cara should be taken to keep the gas

flow control valve in good condition so ags to avoid fluctuatkions when making large

incraases in throughput.

Major changes in the gas woie cayxried out in pericds of two or three minutes can
cause a slight temporaxry  .ange in the methane and ethane levels in the product gas.
¥low spikes From 160,00u To 110,000 SCF/E oxygen blast eguivalent have no signifi-
cant effect. The slight temporary change in methane and ethane levels may disap-
pear by change in operational technigues.

TAR INJECTION T0 THE TUYERES

With pericd B of the run completed (which was carried out at 130,000 SCF/H oxygen
loading, 1.30 Hzo/o2 and no tar injection either at the top or the hottom) tar
injection was brought down tuyeres at a pump stroke setting of 65% to give an esti-
mated tar flow rate of between 1,000 teo 1,200 lbs/hr. The introduction of tar down
the tuyeres produced nc dramatic effects at the gasifier bottom, and the steam/
oxygen ratic was moved from 1.30 to 1.20 in anticipation of cooler raceuwav
conditlons.,
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- LHV FLARE GAS

‘m GASIFIER PRESSURE
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OXYGEN FLOW
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Ve,

TEAM FLOW RS

Pigure 12-5. Major Gasifier Parameteis Acrose a Load
Change from 160,000 to 130,000 SCF/H
Dxygen and back
EPRI ~ 03
Chart Speed: 2 Min./CM
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LHV FLARE GAS

‘GASIFIER PRESSURE -

STEAM FLOW

FLARE GAS FLOW

Figure 12-9. Major Gasifier Parameters ACrOSS a Load
reduction from 160,000 to 50,000 SCE/H
EPRI - ©3
Chart Speed: 2 Min./CM

12-28



WO/ "UTH Z spaeds JABUD
£0 - Td&d

295 000705 03 000F09T WOIF UOTIINPEY PrOT ¥ S80I uoT3Tsodiod Se9 MTIII0

{%oL — OV N

(%001 —0) *H

(%001 I.‘.Q )

-01-¢T 2T0bra

12-29



/U z spsadg aaeyp
E0 - X344
H/JIDS 000705 ©31 D00709T WOAI UCT3ONDaY PROT B SE0IOV UoTltscduo) ses aveayo “TI-ZT 2xnbTd

1 —0}s02 .
HZ—0SH — e e

“I2=30



W/ Ut € (paeds 3aBud
€0 - Igdd
H/4DS 000’05 O3 000 ‘09T WOIF UCTIONPIY peo] © ssoaoy STSATRUY SED OYEIJJO  ET-ET aznbTd

(%z— 0l "H*O

\2/\/\'\(

(%0¢ — 01 "HO

12-33



W/ UTH o1 :peods 3aeu)d
. €0 - Mad
H/303 000°0S O3 000709T WoXJ UCTIONDSM DPROT B SS0ITY A PU UOTRTSCAICO 5ed aXeW “EI-2T 93ubld

12-22



' R LHV FLARE GAS

GASIFIER PRESSURE

OXYGEN FLOW

FLARE GAS FLOW

STEAM FLOW

Figure 12-14. Major Gasifier Parameters Across a Load Increase

frem 50,000 to 130,000 SCF/H
EPRLI -~ Q3

Chart Speed: 2 Min./CM
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Later analysis (seoe Figuro 12-3, Table 12-4, and rolated discussion) indicatoed that
the bed was alightly leas stoady with tar injection to the raceway and that hearvh
conditions had deterioraved slightly, although both thoge factors did not intorfove
with coantinued savisfactory npariting vonditiona. The averagqe offrake tvemperature
'uf the gasifier vrose from 902 to 971°P. and the average methanw concentration in
the offtake gases dropped to 5.7% from 6.4%v, The asave reprasonted the total of
approciable Aifferencns that could Lu obmorved on line, and, afwar a 12 hour poricd,
the pump stroke was raisod te 95%. During the ensuiny period, at the supposadly
higher injection rato, the offtake tomperaturae avarago vemained tho samo and the
mechant coneentration in the make gas did not change, leoading to the suspicion that
the flow rate of var had not changed, despite tlie altoration in pump stroke.

PFOST RUN INSPECTION

Tha gasifiar was shut dewn while running at 160,000 SCF/H oxyaen loading on un-
sarecned Pitksburgh 8 at the moment the goal lock was empty. Standard proceduros
weye uscd,

Post run inspoction rovéalad that the distributor was nearly vmpty. There was some
caked matorial at the top of the bed.

Tho distributor arca was full of caked coel which was readily brokan into smaller
piceces, and bolow the distributor, there wpro discrote char lumps ganorally in the
range 4" ko 1%"; two exgoptions wero two discrote volumes of caked coal, which,
again, were readily breken up into smaller picoes. Thoro was little dust in the
bed until the very bottom was voached, whon bthere was a considerable amount of dust
associated with the raceway chac.

CONCLUSIONS

Run EPRI - 03 axtended the experience of run EPRI - 02 on Pittsburgh 8 coal with
furcher experience on load turn up and turn cown, with particular emphasis on
control systems; with running on limestone instead of BFS flux: with running on a
coal feed containing a considerable amount of fine makerial, and with running with
tar beiny injected down the tuyeres.

Load turn up and turn down again proved to be a reliable operatien with little cvi-
dence of transient upsets occurring in the gadifier, The gasifier worked well in
flow control, and it appearcd possible to tune the control characteristics of the
plant to cbtaln a minimum of fluctuation in the steam/oxygen flows and on gasifier
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prossurc, although scme significant variavion in gapification madium ia likely to
accur if conal lacking oh raw qan is practiced, The ganifior operatod at loast as
wull on limestone flux az on BFS £lux, although there was not time to optimise
either fluxing agent., Up to 25v matcrial less than 4" in the coal foed appeared

to make littlo differemes to gasifler performance.

Tar injection to tho tuwyerts at a rate at least equal €o the nec gasificr moke at
the vop end was succedsfully accomplished.  When running with tar injeccion to the
tuyores, voth heatth and bod hohaviour appoared to deturiovate a iitele, although

thoere was no indicatdon of any procoss probloms.

The throe EPRI tuns have thereforo boeen ablu to domonstrate the potential and ver-
satility of the Slayging Gasifior when working on Plutaburgh 8 coal, althouwgh thorve
wag little time to optimisu ganifiur operating vonditions, and scill los: to opti-
miwe gasificr deszigu for porformance of this ceal, Given this time. it is apparont
that commercial operation in the combined cyele mode, for cloctric power geuerakion,

with all its advantages, is curtain to be successful,





