Appandix A

PLANT CONTROL SYSTEMS

The gasifier contircl system normally oparatas sucl thatﬂﬁhu gagifior pressure ig
controlled by the proasura control valve ab the flare cu'ntro!.llnq the gas £low.

Tho staam amd oxygen in this mode are run in flow control and are cascaded cogether
with sEwam as the lmster.

This mathod of co;atrol has bean used exclusively by BGC in past ruans, usually oper-
ating off vwo flares, with ono flare fixed in manual contral and tho othor flaxe
oporating as above. fox EPRI, whilo still retvaining both cooling streams, final
gas make was routod up number A Strpam onty, this leading to easier definition and
..control of the total gas make. Alsc, tha special reguiromants ef a gas turbine
moant that, for EPRI, the flare gas flow should be held conatant in flow control,
This in turn reguires the stoam/oxygen flows to the gasifier to be linked as nor-
mal, but to be controlled off gasifier pressure S0 as to mailntain and hold constant
tha oporating pressure. This artangement is referred to as the flow control mode.

The avrangament Eur the pressure conttol mode is shown in Figure A=1l, and that for
- thoe flow-zonkrel in Figara A-2. MNota that, for pressure control, alternative Lap-
ping polnts are avallable (PR202 &nd PR10QH or 10D3). o "

PR
PERY

TiE MICROPROCESSOR

It was thought necessary to have the cababllity for “"demand feed forward" to the
stean/oxygen scts when in flow control, partioularly rapid load change trials.

The flare f£low sek point, modified by the -algorithm set up in the micreprocessor,
was to be addad to the output of the gaaifier presasure controller. The micropro-
ceagoy would allow total flexibilitky in seleciing the feed forward function as
thig could not be defined in advanca.

In pracktice, demand feed forward proved unnecassary under al1 rates of changa of
flare flow and was thus not commizsioned, ¥
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P & T D DESCRIPTION

The arrangemants Far pmﬁ:mra and flow gontrol modes are shown in Pigures A-) and
A-2 of the Run EPRI - 0l, Purther control is made wlith the holp of switches,

CONTROL SWITCHING
1wo colitrol modes are possible with the switching as shown:

. Flow control of steam and oxygcen into the gasifier and pressure con-
trol of the yasifier by modulation of the flare gas flow. This is
commanly called “"pressure contral.”

[ Flow control of the flare gas and pressure conktrol of the gasifier by
modulatjion of the steam/oxygon flow, Commonly caliled "flow control.,”

THE SWITCH FUNCYLIONS

Switch 1: Solects tho E} w measurcoments into the steam and oxygen controllers. .
The measurement is sither From an oxrifice differcntial pressure transmitter via a
danping network and a pneumatic to electric converter or fram a vortex shedding

Flownetay.

The orifice measurement 15 Eurther selectable between high and low range trans-
mitrers to enable a wide range of flows to be enntrolled., This switch is omitted
from the diagram Eor clarivy.

:Ir practice, it was not found necessary to alter the controlié¥ gains and -resevs ..

whan changing from “orifice” to "vortex" control.

Switch 2: Selects the-setpoint for the oxygen Elow controller. The signal is
either from the controller itself, "local contrcl,” ar from the steam flow signal
via the ratioc contrdller, “"cascade control.™

The steam Llow 1s used as the master input t¢ the ratio controller, in order that
steam failure should shut off the oxygen E£low. This constitutes part of the plant
fail safe system.

Switeh 3: Selects "pressure" or "flow" control mode.

Switch 3A: Selects the steam flow setpoint, "local" for “"pressuze" contrnl or "“re-

mote,” from the pressure control output via the plus-minus unit for "flow" control.



In the absence of a secons input eignal the plus-minus unit acts as a one-to-one
ralay.

;
Switch 3C: Selects th conkrel signal to the flare valve, from the pressure con=
trollar in “pressure" control or the flare flow centreoller in "flouw® control.

F::;: the EPRI Lrials the pressure controller gain and reset werc a compromise ha-
tween the requirements of “pragsure" and "Elow" control to allow change aver

without alteration.

Switch 4: Selects the measurement set for the flare in use. Number three flare is

available as a back up, but was not required during the EPRI program,

gwitch §5: Selects t}:é flow measurmnt: Inte the flare flow controller, The vor-
tax shedding flow meters on the flare lines proved unusable due to solids depesi-
tion Bo, in practice, the orifice plate signal was always selectod.

v

Pneumatic Switch 6t Selects the measurcment point for the “gasifier” pressure can-
troller, The follow}.ng inputs are available:

P202A Gagifier bottom bed pressure
'-‘Pmos No. 3 stream pressurc ex upper demister
" PLUOH _ No. 4 stream pressure ex upper demistor
P201 No. 4 stream pressurs before flare control valva.

CONTROL NOTES

Proportional Contral Only

The output of a proportional controlloer iz a fixed multiple of the measured e ror.
This multiple is known as the controller gain Ke.

At a steady atate,with proportional control only, there will be a differance be-
tween the actual level and the set point level known as an offset.

1008

Re = Controller gain ~ “FB

PH = The praportional band



A high gain value equivalent Lo a low proportional band raduces the cffset value
and corrects any surges vory rapidly, but tends to cause cscillations about the
doesiraed value.

On the gasifier a sudden increase in the gas make would probably mean that the
gasifier pressure would fall to & lower value because of the increased offset

required (assuming propextional control only).

Proportional Plug Reset Control

The controllers on the gasifier have proportiaonal and raset (sometimas called inte-
gral) control action. The contreller output consists of two parts, the first pro-
portional to the error, and the second proportional to tha integral of the orrer
Iwhich means that, as long as an error exists, the cutput signal will change. The
actual levezl and set point level should therafore be approximately the same.

The reset or integral time Ti Is the time requized Eor the integral portion of the

controller output to become agual to the proportional portion with a constant error.

Ti can be quoted in minutes par repeat, i.e., the time in minutes reguired te re-
peat the initial proportional action change in the contoller output.

The resob on the gasifier controllexs is marked in repeats per minuste, i.c., E% R
therefore, the higher the value, the greater the effect and the faster the return

to the required operating isvel.



Appendix B

INSTRUMENT LIST
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Appendix €

PARTICULATE SAMPLING - DETAILS
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Memorandum

September 27, 1979

TO: Alan Leltch
FROM J. Mcbanlel, project Manager
RE: bDust. Probe

The dust probe I am familiar with consisted of a 0.2 micron
polycarhonate filter in a 47 millimeter {1.85 inch) filter
holder made by Nuclepaore Co., Pleasanton, California. This
unit filtered about 5,000 SCF of gus with a dust loadiny of

up to 5 micragrams per cubic meter before plugging. Finoer
filters quickly piungged with condensing water and the unitc

was probably not too well steam traced. The filter element
whs preweighed on a microbalance, used, placed in a drying
oven for lese than ona hour (I'm sorry, but I didn't note thec
temparature), and reweighed. Such & fine filtor will probably
only work on our Rvgtem 1f the ammonium carbonate can be kept
vapourized and if the dust loadings aie much liss than veour
design 50-7- mg/SCSF. I would suggest we try the flow control
with steam tracing and try to go finer in filter clements until
the service life of the clement becomes intolerably shart. The
polycarbonate elements arce good up to 180°C. .50 with good steam
tracing, we might be able to keep off the ammonium carbonate
crystals. .

John Stringer, whom you met, is preparing an accompanying memo
on the particularly troublesome compounds to look for in the
samples.

C=5



‘Memorandum | EPRI

Soptamber 27, 1979

TO: Terry Brooks
FROM: John Stringer

RE: Cleanliness of Fuel Gas for Gas Turbines

Impurities in the fucl for gas turbines <an causa two types of
damage to the hot components: (1) corrasion due to the dupo-
sivion of molren salt layers on the metal surface, called "hot
corrosion;® and (2) erosfon due to impace of solid pariicles
in the combustion gas shroam,

Hlol corrasion is usually attributable to the presence of alkali
metal sulphates. The combinatlon of sodium and potassium may be
worte Lhan oithor metal alone. Tho alkali metals may be present
as sulphates in the fuel, or the sulphation may take place in

the combustion chamber or on the metal surface. Generally, alkall
metals presunt In strongly bonded complexes {for example, in clay
minerals) will not suviphate, bot chlorides, hydroxides, oxides or
carbonates will, ‘The impurities may be present in the vapour
phage, or as particulates. Bs a guideline, the reackive alkali
metal content of the fuel should not exceed 0.5 ppm (by weight}
of Ha + K. ’

Certain elements can enhance the alkali sulphate hot corrosicn
markedly. These include vanadium, lead and phospho;us. The
amounts cf these elements combined should not exceed 2 ppm by
weight.

Another form of hot corrosion may occur at lower metal temperstures
(1200 =~ 1350 F compared to 1450 ~ 1750 F} and this has been attri-
buted to the formation of complex alkali sulphates invelving the
transition metals, iron, cabalt and nickel. It is possible that
the presence f compounds of these metals in the gas stream could
be @F gungern, but there is insufficlent experience to specify an
acceptoable limit.

grosion is dopendent on particle sige. It is generally accepted

that particles below lpm in diamcter will not cause ercesion damage

in curbines. Manufacturers specifications genarally require no
parcicies greator than 10 ym and a total loading no greater than

0.02 gr/scf (appreoximacely 35 ppm) . Hard angulax particles are
probably more erosive than soft rounded particles, and it seems likely
that parcicles softer than 4 mohs would not be damaging, but this has
not baen quantified as yet.



Terry Brooks
Sgptember 27, 1979
Page 2

There is extensive experience on burning gascous fuels in gas
turbines both natural gas and blast furnace gas. G.E. certainly
haa specification for gaseous fuecls and will provide a copy; I
imagine other manufacturers have Something similar.

ce: J. HMebaniel

Alan Leitch - please forward copy to LRS
Al Dolbec, EPRI
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The probe was designed to sample 5,000 scr/H_l of gas jsokinetically., assuming a

flow of 5 x 10° SCF/H of raw gar up tha No. 4 flars.

to flow through the probe is:

8 x 10°
———
5 x 10

160-

for isckinetic sampling.

Hence, the ratio of gas flow

Sampling was considered to ke isckinetic if this ratio was between 144 and 176.

Sam.ling was classed as "nearly isokinetic" for valuas in the range 128 to 192,
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LOADING CAPACITY

When losding capaciues of wypes af high
efficlency fiters are compared, the fundamental
differences beiwaen surface filtars. (e.g.
membranes) and depth filters, (8.9., glass microfihra
filters), become marked, Comparison between
Whatmzn GF/C and a membrane of equal nominai
retention efticiency (1.2 pm) 10 {iltration of
precipitated milk protein shows that the flow
through Whatman GF/C 1s maintained at a usable
level tong after the mambrane has Lecoma largely
blocked with precipintate, Fig. & compaeras flow
rates when filtenng river vater containing 7ppm
of suspendad solids (inorgamc, organic and
microbial). 1118 Intetesting 10 note that thick; -
Grade GF/B shows & very long ellagtive Iife,
maintaiming rapid fiow even after the passage

of a very larga volume. Even the relauvely

thin Grade GF/A fihar ramains elfective much
longer 1han the 1.2 um membrane.

B3 ax
y Vouene tcagh ives mh

Fig. 5 Llveding c&uacuv cuives « Mign ellicienty fitess (aver walye)

TEMPERATURE AESISTANCE

Wnaiman glass microfibre filters are binder-iree
and will vaithsiand wemparawres 10 500°C. This
charactensic 15 highly useful in filtranion of hat
gases. It also permits thase filters 1o be used in -
gravimetne analysis, where igmition of precipitate
15 invalved in convenuonsl analvsis with “ashless™
titer paper. Here the waight of the filter remains
unchanged during igriuon. A typicyl exarrnle (s
the determination ol inerganic matter and, by
diffarence, the determination ol volsule solids i
1otal suspended salids collected from waler
samples on Whatman Grade GF/C,

On the clher hand. Whatman glass microhbre
filers can be used at ax*ramely low temperatures
without becoming brittle.

CHEMICAL STABILITV

The constituem glass mezrofbres. of Whatman
filiers are highly resistant 10 chemical attack
axcapl by hydrofluenc acid and strong alkals.
Resistance to all other acids 15 excellent up 10 8M
n strength. The glass microfibre matenal 1s little
affected by crganic solvents; wet sirengths
acivally incraase 1n nan-polar solvents. Whatman
glass microfibre filters can be used over a wide
range of chemical conditions for which othar
filtar medis would be unguitable, Glass microfibres
do not swall in either orgams solvents or water.

WEIGHT STABLILITY WITH HUMIDITY
Whatman glass microfibre filters will increase
anly very shightly iy weight as & result of
increased ambient raiative humudity. This s of
importance in gravimetnc analysis. Figure 6 plots
the ingrease 1 werght of grade GF/A and two
Whaiman celtulose filters as & function of relative
humudity,

Nu 42 Nulheidetod  (Bllulogs
Ho BaD . Ace fwrdenre  erilidene
P - N

2
? 10,
i
Ll
No 43
piahid L
o 0 <0 o Y [T]

Rulativa bbby %

Fig, 6 Wewin change of 1dter pavees with refative huinichty
THICKNESS

Glass microfibre filters are very compressible so
that the thickness will reduce considerably even
undar a low load,

Thickness hgures gwen below are

measured under constant load (600 g/em?).

GENERAL PROPERTIES OF
GLASS MICROF!2%E FILTERS

Whatman Woight Thickness Tletention Flitration

Grode gsm i pm Sp
mal/geq
QF/A 53 Q-25 1-8 130
GF/8 143 an 10 &
GQF/C 53 025 1:2 10-5
GF/D 120 085 17 166
QR/E 75 D43 o7 80
No 42
(cellulose) 100 020 25 i§
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STRENGTH CHARACTERISTICS

The averall strength of Whatman glass microfibra
tilters is diffigult to specify smce the term
“strangth” in the caontext 1s complex. 1t is made
up of, “tear strength”, “burst strength” and
other parameters. Oversll sirength probably
results from the very large number of weak bonds
betwasen thg hydrated silica surface of adjacernt
fibres. Whatman GF grades are binder-frea and
hence not subject {0 the weakening and
embrittlemant due to pre-ignition (which
irreversibly dehydrates these layers) which is
essantial where binders ate usod.

PAPER STREMNGTH ~ minimum levels

DRY EURST WET EURSET TENELLE

WHATMAN

ARADE [WATER} DAYV Wi
pal  KN/m' psi RN/m! ¢ q
GLASS MICRO-

FIBRE

GF/A 20 138 0J8 124 430 380
GFIB 70 483 QN 2.2y 830 b
GF/C 20 138 019 ;1 46D 355
aFin 70 821 036 238 S0 470
QF/F 70 443 0.3 207 800 560

16 cm wide Yoips

STORAGE ARD HANDLING

Very great care must be taken to ansure that filters
do not pick up airtharne or volatle impurities
during storage or handling.

The commongst gontaminants of this type are:
chlgrides. sulphates. mineral acids and ammonia
— from valatile componenis in the atmosphare or
laboratory.

sodium saits, ifon or other metal oxides or salts
—= from airborne dust.

amir.o acids . .

— from human skin or parspiration.

Filter media must therefore always be stored in
closed boxes in the laboratory and handied with
farceps if used for critical trace analysis.

Technical
Characteristics

COLOUR AND OPTICAL PROPERTIES

Whatman glass microfibre hiters are extramely
whule with a brightness of 96% compared with
86% for cellulose; these values are based on a
value of 100% far magnasium oxide, Chvigusty
this makes 1t easier to see or examine tinted or
coloured precipitatas. The Glters refleci ot
wansmit hight efficiantly and consistenily. This
facinates measurement aof light abserpuon,
frequenty used 1o determing the concentration of
retained particles on, or absorbed solution in, the
fitars. The refractive index of borosilicale glass is
1.5097 and Whatman GF tilters can be made
complately wranspareat by immersion in a liquid of
simiar refactive indax, such as ethyl benzoate or
benzene for example:

LIGHT ABSORPTION
Whatman Grade Transmitted® Roflocted™

Li‘ght% Light
GF/A 91.1 95.2
GF/F 965 96.0
No. 1 {(cellulose) 80.4 86,0

*By BS 2923 method
**Based on MgQ = 100% Z fikter

SURFACE EXTRACVABLES FROM
GLASS FIBRE PAPERS

The composition of borosilicate glass fibres is
typically:—

S k..
SiQ, 57.9 Ca0 28
B: Oa 10.7 MgQO 0.4
Aly Oy 5.8 BaO 5.0
Naz0 10.1 200 3.9
K0 29 F ]

To determine surface extractables from glass

microfibre paper, pre-washed paper {5 g.) is

dispersed in 200 ml. distilled water at the

conditians noted below. The lquor is then filtered

;hsrgug'h an acid-washed funnel and diluted to
mi,

27°C{24 hr. 100°C{1 hr.
.1, Bt ",
sodivm 170 790
patassium 30 14
calcium 2B 41
magnasium 0.8 3
zine <] 18

c-10
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OPEERATING PROCEDURE FOR DUST IN GAS PROBE

The attached pages are a draft of the operating procedures for the dust in gas probe. The
operating instructions refer to the attached figure 7,11 of the test probe and retated
pipework. This diagram is based on Westfield drawings; —
oW 2197 (probel
3w 2201 {pipework!}

The procedures listed below are given for the operation of the probe while the gasifier is
o line and the No. 4 flare is in use.

The box diagrams at the right hand edge of the operating instructions indicate the
positions of the val ‘s A to E (see Figure C-2),

Valve open, Q\\\\\ Valve closed.

Valve Fis inoperative and is permanently in the open position,

The attached procedures may be subject to alteration.

Cc-12



INSERTION OF PROBE

Initlal Canditiona

1.

Valves A, B, C, D and E closed.

All pipework in position except filter assembly J
and spool piece L.

Probe and threaded guides detached from the
probe inlet.

Packing gland locknut G at probe inlet slack,

Probe in the withdrawn position relative to guides.

Procedure for Inserting Probe

1.
2.

10.
11.
12

13,
14,

Insert probe inte packing gland locknut G.

Insert threaded guides into anchor plate and
tighten securing nuts.

Tighten packing gland locknut G.

Slowly open ball valve A,

Check for gas leaks.

Stacken off packing gland locknut G just enough
to allow the probe to be insaerted.

Insert the proba by turning the nuts on the
threaded guider to push the probe into position
against the force exerted by the gas pressure,

Stop once the probe is in position {indicated by
téne 2 stop nuts on each guide). Tighten locknut
Elace filter assembly J an the bottom hatf of flange

Position spool piece L.
Securg flanges K and M,

Open valve T slowly.

Check for gas leaks.

Begin test by opening valve E slowly to give
required flow rate.

C=-13
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CHANGING PROBE FILTER

Initial Conditions (Test Running)

1.

2.

Vailves A, C and E open. Valves B and D closed,

Probe and pipework fully assembled and
operating.

Procedure for Changing Fiiter

1.

10.

1.

12.

13.

14.

15.

16.

Close valve C.
Pausa tilt flow reaches zero,
Close valve E.

Open valve O to depressurise the line from valve C
to valve E.

Unbolt flanges K and M.
Hemovg spool piece L and filter holder assembly J.

Unscrew filter retalning ring and remove stianless
steel maesh support.

Remove used filter carefully and glace in sampla
bottle,

Insert new filter.

Replace stainless steel mash support and filter
retaining ring.

Elace filter assembly J on the bottom half of flange

Position spool piece L.
Secure flanges K and M.
Open valve C slowly.

Check for gas leaks.

Begin test by opening vaive E slowly to give
required flow rate.

C-14
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REMOVAL OF PROBE

initial Conditions

" Valves A, € and E open. Valves B and D closed.

Al pipework in position as per diagram.

Packing gland locknut G tight and locknuts on
threadad guides secure.

Procedure for Removing Prohe

1-

2.

10.

1.

12,

13.

14,

Close valve C.
Pause 1l flow reaches zera.
Closs valve E.

Dpen valve D 1o depressurise the line from vaive C
to valve E

Unbolt flanges K and M.
Remove spool piece L and filter assembly J.

Slacken off packing gland locknut G just enough
to allow the probe to be removed.

Remove prabe slowly by tuming the nuts on the
threaded guides. The force exerted on the probe
by the gas pressure will be sufficient to push the
probe put.

Stop whan the weided s1o0p nuts are reachad las
the probe will then be clear of valva A).

Shut vatve A,
Open vant valva B.

Remove the anchor nuts at the botiom of the
threndad guides.

Slacken oft G a bit further if necessary {but not
completely) and remove tha prabe.

Close valves B and D.
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ERSRCY BALANCE -~ RN EPnI 01 M.B, 1

Total Potentiol | Latent T::;;ﬁf{:
Coal 1,427.04 3,4%7.9¢
Steem 135,35 135.2
Oxygen 3.63 T.E32
Nitrogen 0.18 D.18
Tar injection 147.50 147,39 0.1?
TOTAL 3,783.68 3,644.35 135.25 4.00
Methane 594.105 578,162 15.93%
Carbon Monoxide 1,662,856 1,596,906 85,957
Bydrogen 813,537 T79.359 40.17¢
Carbon Dioxide 4,118 £.11E
Nifr&sen 3734 4.734
Ethylene 16,613 16,220 0:3.’3‘.
Ethane $5.525 564.142 1,853
Hycérogen Sulphide 27.913 26,958 1.015
homonia 0.801 0.801
Tax 412.794 398.412 3.332 11.0%0
Liquor 83.693 59.409 24.284
Phenol 1,056 1.007 0.012 0.037
Naphtha 46.420 44.982 0.33% 1,105
Fatty Acids 0.687 0.652 0.009 0.026
Slag 14.736 0.829 13.888
Eeat Loas 96,351 96,251
TOTAL 3,861,069 3,497.664 63,095 300,310
% Error - 2.05




FERFOSMANCE DATA EPRI 01. M.B. 1

Crude gee ftov (inc. lock gas) a 20.22 x 105 gefd

Stesm consumption = 3.2% 1b/thers gas
Steaw decomposition = 17.13 ]

Oxyeern ¢ noumption = 15,776 sef/ton DAF
Crude gas production (inc. lock gas) = 280.95 therms/ton DAF
Fuel consumption LAT = 256.4 tons/day
Liquor yield = 1,87 1b/thers

EFFICIEICIES

incl. tar, oil,

Gas oply onl naphtha
Total crude gas therms
Coel therus 87.02 oa_g§5
Total crude gas theyms
Coel + steam 83%.27 05.49
Total crude gae thewms
Coz}) + steam & 8% effy.
+ oxvgen & 2,254.36 3tu/lh, 75.7¢ 87.97

E=4



DATA USED IN RON NO. EPRT 01, 2.8, 1

D.4,F. Coal CV = 14,565 3B.1.0./1b.  Calculated = 14,507 B.Thu/1b.
(Value used)

Flux Moisture = 1.83 % w/v Coai Moisture = 9.0 % w/w -

Dry Coal Proximate Anmlysis: Ash = 5,96 V.M. = 34.14 F.C. = 59.88
(96 by waight)

Proximate as cherged, including flux (% by wefght)

Moigture = £.683% Ash = §.70 V.M. « 31,28 F.C. = ©3.49
€O evolved frem fiur entered as Volatile Matier.

Coa) Ultimete Analysie (D.4.F.) (% by weight)

Cw8248 HaB5.32 Nat6] S5=1.5 Cl=0.55 0-=8,42
G0z evolved from limestone flux entered wunder appropriate vlements.

Gag_Analysis (Volume %)

c34 = 6.77 CO0 = 58,97 E, = 23146 co,

= 1.87 |
Ny + dv = 2.58 G, = 0.12 OB = 0.36 B8 = 0.50
M8, - 0.3¢  OO5 . 0.03

Ges Offtake Temperature = 528 %

i Gasifier Pressure = 335 peig
~Product Data
G 5 By Weight —
cv B N 0 5 c1
‘ (B.7.0./1b)
Tax/04) 16,35% BB.S0 7.10 1.00 2.07 0.8% 0,04
Yaphtha 18,982 B89.0 B.50 0.0  1.53 0.44 0.43
Minor Liguor
Compounda 0 17.48 0 0 46.61 3.04. 32.87
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ENERGY BALANCE - EPRI 01, M.B. 3

P ——————————— A

Total Potentiel | lLatent | TROES/ET
Coal 1,614.90 1,214.90
Steam 69,09 69.99
Oxygen 1.95 1.9%
Nitrogen 0.08 0.08
Tar Injection 191.76 191.51 0.25
TOTAL 2,077.76 2,006.41 £9.00 2.26
Metheane 291.5M 284.497 7.014
Caxbon Monoxide 850,860 818.498 40,071
Hydrogen 404,540 386.355 18.18%
Carbon Dioxide ?.696 2.696
Bitrogen o 2.534 2.954
Ethylene 11.08% 1C.8587 0.2282
Ethane 25.760 25,160 0.60C
Eydrogen Sulphidg.. 14.25% 13,792 0.467
Ammonia 'A 0.211° 0.211
Tar 358,200 345._515 .2.898 8.784
Liguor | 42.180 30,765 11.415
Fhenol 0.483 0.463 0.005 0.015
Naphtha 22.15%0 21.546 D.16D 0.484
Patty Acids 0.246 0.235 0,003 0,008
Slag 7.209 0.415 6.794
Eeat Loss 69,461 62.46"
TOTAL 2,911,534 | 1,908,336 | 33.831 | 160.367
% Error - 1.63%
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EPRT 01

Oxude gas flow {inc. lock gas)
Steam consumption
Steam decomposition

Cxygen consumption

Crude gas production (ine. lock gas)

Fuel consumption DAF

Liquor Yield

EFFICIENCIES (%)

Totzal Crude mas therme
Cocal themms

Total Crude gas therms

Coal + steam

Total Crule gas therms

Co2l + steanm @ 8050 elfy.
+ oxygen & 2,254.36 Btu/lb.

FERFCRMANCE DATA

= 10.49 X 10

= 3.30
= T2.1
= 16,477
= 271.4
= 134.5

= 1.90

Gas only

85.14

80,98

T3.22

=8

M.2, 3

6

scfd

1b/thern gas

%

ecf/ton DAF
therms/ton DAF
tons/day
1b/therm

incl. tar, oil,

naphtha

105.62

100.50

90.98



DATA USED IN UM NO. E.P.R.T. O1_N.B, 3
D.A.F. Coal CV » 14,395 B.T.U./2b. Caloulated = 14,401 B.Thu/lb.

Flux Moisture = 2.25 % w/w Coal Hoisture = 7.5 % w/w
Dry Coal Proximate Analygist Ash « 5,51 V.M. = 35.35 F.C. = 59.14

+ Prorimate es charged, inoluding fivx (% by weight)
Moigture = 7.37 lah a 6.41 V.M, = 32,87 F.C. 53.35

* This anslysis includes co, evolved from limentene flux as volatile matter.

g Coal Ultimate Analyeis (D.A.F.) (% by weight)
C = B2.40 B ~ 530 X = 1.66 8 = 1.50 €1 = 0.5 0 = 8.582

This gls inecludes CO, evolved from limestone flux wndexr the appropriate
2
element.

Gas fwalysis (Volome %)

CB, ~ 6.43 00 = 58,25 H, = 27.19 0D, = 2,61
Fp+ &r = 429 GH, = 0.16 O, = 0.3 HS = 0.49

NHB = 0.19 €05 = 0.07

Gas offtake Temperature = 485 °C

Gagifier Pressure = 335 psig

By=Froduet Data
% By Weight
cvY C | N ] 8 {421
(3.7.7./1b)

Tax/041 16,367 89.3 1.2 1.0  1.54 0.86 0.10
Naphtha 17,905 839.55 9.25 - - 6.89 0.43
Minor Liguor
Compounds - 22.24 - - 59.31 2,85 15.60
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TERGY BALANCE - EFig 01 M.B.

Total | Potential | Latent T:::fb/ﬁ"
Coal 1,756.48 | 1,756.48
Steam 68.65 68.65
Oxygen 1.9 1.91
Nitrogen 0.08 Q.08
Tar Injection 110,62 110.48 0.14
TOI'AL 1,977.74 1,9D6.96 63.65 2.1%
Methane 281.316 274.565 6.751
Carbon tanoxide 850,581 B810.968 20,613
Hydrogen 300,579 3732.05A 17.521
Carbon Dioxide 2,350 .10
Ritrogen 2,847 2.847
Ethylene 10.130 n,nzi G,nnn
Sthane 24.404 ?3.837 0.567
Hydrogen Sulphide 13,426 12,087 0,431
Ammonia Q. 140 0.14¢
Tar 2B8.967 279.558 2.330 71.071
Liquor 43.017 21.39% 11,622
Phenol 0.226 0,217 0.002 0.007
Naphtha 21.604 20.97° 0.155 0.470
Fatty Acids 0.088 0,084 0.001 2.003
Slag 6.65% - 0,383 6.272
Heat Loas 80.818 ag.p1@
TOTAL 2,017.166 | 1,B06.567 37,801 176,708
% Error - 1,99
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PERFORIUNCE DATA  BUN EPRT 01, M,B, 4

Crude gas flow (inc. lock gas) = 10.26 x 106 sofd
Steam consumption = 2,38 1b/therm gas
Steam decomposition = 68.98 %
Oxyren consumption = 16,629 geffton DAF
Crude gas production (inc. lock gas) = 268,9 thexrms/ton DAF
Fuel consumption DAF = 124,2 tone/day
Liquor yiald = 2.00 1b/therm
ETITOIENCIES (36)

8as_only inel, ta.:}.:aoll,
Totel crude gas therns
Coal themms 84.16 101,11
Total crude gas therms
Coal + steanm 80,01 96.13
Total crude gar therms
Coal + steam & 805 effy. 12.85 87.52

+ oxygan & 2,254.35 B3tuflb

E-12



DATA USED IN RUN NO. E.P.R.JI, D4, M., 4

D.A.F. Coal CV = 14,422 B.T.U./1D. Calowlated = 14,285 B.Thu/1db
Flux Moietuze = 2.0 ¥ w/v Coal Moisture = 7.0 % w/w

vy Coal Proximate Amalygia: Ash « 5.13 V.M. « 34,44 F.C. « 60.46
% by weight)

* Proximate as chavged, including flux (% by weight)

Moigture = 6.88 4sh « 6,05 V.M. = 32,22 PF.0, = 54.B85

* This analysis includes 002 ovolved from limestone flux as volatile matter.

# Oopl Mtimata Anmlysis (D.A.F.) (% by weight)
C = 82,44 H = 533 H = 1.68 5§ =« 1.64 Cl = 0.45 O = 6.4

¢ This analymis inoludea co, evolved from limestone flux nnder appropriate
@lements.

Bas inm)ysig (Volume %) -~ by Mase Spectrometry

CH, = 6.34 C0 = 59.05 B, = 26.E6 o, = 2.34

Nz - 4-27 Q2H4 - 0115 0256 - 0‘32 st a 0.47

N33- 0.4 CO0S = 0.07

Gan Offtake Temperature = 484 °C

Gasifisr Pressure = 335 peig
By~Product Data )

-— % By Weight >

cv ¢ :¢ R 0 8 c1
(2.2.9./1v)
Pax/0il 16,383 88.40 7.20 1,7 2.34 0.2 0.04
Naphtha, 17,505 89.55 9.25 - - 0.89  0.43
Min,
co:;‘uﬁg:“' - 19.01 - - S0.T1 2.84 27.44
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ENERGY BALANCE - E.F.R.I, 0113 %

Total Potential | Lotent T:;‘;iﬁ;';j

Coal 1,119.86 1,115,886
Steam 58.78 58,78
Oxygen | 1.07 1.27

" NitTogen 0.04 0,0z
Par Injection 110,62 110,48 0.14
TOTsL ~1,290.37 1,230.34 58,78 1.25
Methans 184.075 179.807 4.268
Carbon Monoxide 479.118 . 457.431 21.687
Hydrogen 283.436 271,067 12,367
Cazbon Dioxide 4,265 4.265
Kitrogen 2.811 2,81
"Bthyleng 5125 5.02% 0.102
Ethane 16.735 16.3%60 0,375
Bydrogen Sulphide | 8,903 B.621 0.282
Amponig 0.198 0,186
Tar 229,976 222,642 1.362. 5.472
Liquor 38.814 28,5672 19,254
Phenel 0,218 0.2092 0,002 0.027
Naphktha 14.%94 12,936 0.104 0.204
Tatty Acids 0.007 0.093 0.001 0,003
Slag 4.278 0.246 £,072
Heat Loss 57.423 37.423
TOTAL 1,329.B64 1,175.485 30.520 | 123,859
% Error. = 2,06 i
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Crude ces flow (ine. loch gae)

Stean consuzption

Stean decomposition

Oxygen eonsunption

Crude gas production {inc. leck gas) =

el eonsumption DAT

Total Crule pas therns
Cozl therze

Dotel crude ras thercss
Coal ~ stesr

Zotel crude pos therce

Coal + steag & 80¢ effv.
+ oxygen 4 T.PF4A.IT Bou/ib.

‘sefd
1b/thers gas
%

scffthemm
sof/ton DAF
therms/ton DAF
tons/dey
1b/thers

tu| oilg

naphihe

= 6'9? X 10‘
= d-s?
= 61.05
= 62.25
16,790
269.7
- 182-7
= 2,97
inel.
Gas only
fa8,12
TA.RS
T71.72

E-16
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DaTA USED IN RUN NO. EFRI 01 M.B. §

D.AF. Ooal OV = 14,311 DB.T.U./1b.  Calculated = 14,687 B.Tay/1b.
Flux Moisture = 2.5 % w/w Coal Moisturs = 8.5 % w/v

Coal Proximate yois: Ash = 5.25 V.M. = 35.64 F.C. = 59,07
=y % by weight

* Proximate as charged, Including fiux (% by weight)
Moigture = B.35 Ash = 6.15 V.M. = 32.78 F.C. = 52.72

* Thie anelysis includes 002 evalved from the limestone flux as volatile matter

# 802l Ultimate Analvsis (D.g.F.) (% by welent)

€ = 8231 H = 5.33 F = 1.62 S = 1.4 C1 = 0.31 0 = E.98

f This analyeis includes G0, evolved from the limestone flux under the
appropriate elements.

Gas Avalyeis (Velure %) - by Masa Spectrosetry

054 « 6.25 00 = $50.07 B, = 29.34 602

= £.58
N, = 6.53 CoBy = 0.71 CpHe = 0.33 ES = 0.47

W, - 0.29 O0F = 0.05
Gas' Offteke Temperature = 471 °C

Gapifier Pressure = 335 peig
By=Produot Data

- % By weight >

cy ¢ n N 0 ] Ccl
{B.7.7./11v)

Tar/011 16,315 8.8 7.2 1.0 2.04  0.81 0.15
Kaphtha 17,905 89.55 9.85 - - 0.89 D.43
”é-:;;‘oﬁg:“ - 19.06 - - 50.83  1.87  28.24

E=17
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ENERCY BALANCE ~ E.P.Ra1. 02

MB |

Total Potential Latent ]i Thermslhf
gensibie
Gaal ©3,470.19 |3,470.199
Steam 122.01 122.01
Oxygen 3.52 3.52
Nitrogen ‘ 0.19 0.19
Tar Injection 147.50 167.31 0.19
TOTAL 3,743.41 |3,617,50 122,01 3.90
{Methane 586.528 | 571.260 15.268
Carbon Monoxide 1,523.146 | 1,447.269 75.877
Hydrogen 763.488 |  726.945 36.543
Carbon Dioxide 6.002 6.002
Nicrogen 5.636 5.636
Echylene. . 10.526 10.291 0.235
Ethane 48.569 47.339 1.230
Hydrogen Sulphide 31.933 30.R06& 1.127
Ammonia 0.566 0.566
Tar 415.991{ 401.780 1.360 10.871
Liquor 56,321 40,288 16.033
Phenol 3.547 3.388 0.039 0.120
Naphths * . 148,341  143.829 1.065 3,447
Fatty Aclds 0.250F  0.238 0.003 0.009
Slag 62,363 6.707 55,656
Heat Loss 103.410 103.410
TOTAL 3,766.617? 3,389.832 44,755 332.030
% Error ~ 0.62
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Crude gas flow (inc. lock gas)
Steam consumptioun

Steam decomposition
Oxygen consumption

PERFORMANCE DATA

Crude pas produetion (inc. lock gas)

Fue] consumption DPAF

Liquor yield

EFFICIENCIES %

Total crude gas therms

Coal therms

Total srude gas therms

Coal + steam

Total crude gas Lherms
Goal + steam @ ROX effy.
+oxygen B 2254.36 Btu/lb.

E-20

19.16 x 106 scfd

3.19
85.58
57.43
15,624

272.1
247.29

1.37

Gas only

81.32

78.03

Tr.22

1b/therm gas
z H

scf/therm
scE/ton DAF

therma/ton NAF
tons/day

1b/therm

fncl. tar, ofl
naphtha

97.15

93.22

85.09



DATA USED IN RUN NO. EPRI D2 HaB.1

DsA.F. Coal CV = 14,935 B,T.U./lb Calculated « 14,961 b.Thu/lb.

Flux Moisture = 7.0 % w/w Coal Molsture = 5 % wiw

Dry Coal Proximate Analysis: Ash = 11.24 V.M. = 35,30 Fule = 52.R6
(%X by weight)

Proximate ag charged, including flux (X by weight)
Moisture = 5.31 aAsh = 23.61 V.M, = 28,75 F.C. = 42.33

Coal Ultimate Analvsis (D.AJF.) (% by weight)
C e 83.62 ¥ =572 N = 1.64 § = 2.05 Cl = 0.15 0 = 6.82

Gas Analvais (Volume %)
CH; = 7.07 ©CO = 56.42 Hz = 28.02 €Oz = 2,96

Nz + Ar = 4,22 CgHg = 0.08  CoHg = 0.34  HpS = 0.60
Wi = 0.26 <€OS = 0.03

Gas Offtake Temperature - 516°C
Gagifier Pressure = 335 psig

By-Product Data
X By Weight

[ c H N 0 ] cl
(B.T.U./1b)

Tar/oLl 16,350 az7.7  7.30 0.80 3.30 0.74  0.12
{ash = 0.04)

Naphtha 17,418 90.2 R.6& NIl Nil 0.72 0.37
(Ash = 0.07)}

Minor

Liquor - 20,70 Nl Wil 55.20 1.Be 22.24

Compaounds

" E-21
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ENERGY BALANCE — E.P,R.I. 02 HB 2

Total Potential Latent Therma/hr

sensible

Coal 2,388.55 2,388.55
Steam 84.67 84.67
Oxygen 2.53 2.53
Nitrogen 0.09 0.0%
Tar Injectiom 110,62 110.48 0.14
|T0TAL 2,536.46 |2,449.03 B4.67 2.76
Methane 403.714 393,564 10.150
Carbon Moncxide 1,048.629 | 597.885 50,744
Bydrogen 525.019 500.581 24.438
Carbon Dioxide 4.867 4,867
Nitrogen 4,944 4,944
Ethylene 10.054 9.837 0.217
Ethane 44,624 43,536 1.088
Hydrogen Sulphide 23.27} 22,476 0.795
Armonia 0.384 0.384
Tar 293,403 283,575 2.372 74456
Liquor 43,985 31,741 12.244
Phenol 3.1312 2.976 0.034 0.102
Naphtha 26.492 25,704 0.190 0.599
Fatty Acids 0.253 0.241 0.003 0.00%
Slag 41.031 3.165 37.866
Heat Loss 68.814 68.814
TOTAL 2.542.597f 2,283.540 34,340 224.717
3 Error ! - 0.24
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E.P.R.1. 0

L&)

Crude pas flow (inec. -lnck gas)
Steam consumption
Steam decomposition

Oxygen consumption

PFRFORMANCE TATA

trude pas prodvction (ine. luck gas)

Fuel consumption DAF

Liquar yield

EFFICIENCIES %

Total crude gas therms

Coal therms

Total crude pas therms

Caal + steam

Total crude pas therms
Coal + steam @ RO¥ effy.
4oxygen @ 2754.36 Rtu/lb.

E-2¢

13.4R
3.21
7r.01
59.8R8
16,588

277.0
16R.54

1.55

Gas Omly

R4.03

RO.2R

72.84

M.2.2

scfd
1b/therm gas
2

scf/thetm
scf/ton PAF

therma/ton DAF
tons/day

1b/therm

inel. tar, oil
naphtha

97.30

Q3.na

f4.42



. DATA_ _USED I i 1 G M.,B., 2

D.AP. Coal OV = 14,717 B.T.U./lb. Caloulated = 14,929 B.Thy/ib.

Flux Mpisture = 7.25 % w/w Coal Moisture = 4.5 % w/vw

Dry Coal Proximate Analyaiss Ash = 11,09 V.M., = 35.83 R.C, = 53.08

(% by welght)
Proximate as chavged, inoluding flux (% by weight)

Moisture = 4.94 Ash = 23.67 V.M. = 28.77 F.C. = 42.62

Cgal Ultimate Anslysis (D.A.F.) (¥ by weight)
¢ = 835! E = 571 R = 1.64 B = 2.1 01 = 0.4 0 = 6.85%

Gas_Aralysis {Volume %)

CH, = 6,92 €0 = 55.27 H, = 27.42 00, = 3.52
N2+Ar = H5.42 02‘54 = 0.1 0236 = 0.44 st = 0.62
N}i,j = 0.26 005 = 0.03
Gas Offtake Temperature = 502 °C
Gasifler Prencure = 335 psig
By-Produot Date
< % By Weight >
cv ¢ B N ] S c1
(8.7.7./1b)
Tar/011 16,567 88.1 7.4 0.9 235 0.96 0.21
{Ash = 0.08)
Naphtha 17,615 90,2 8.64 Nil Nil 0,72 0.37
(ABhn,{LQT)
Minor Liquor
umnx%as - 22,61 Wil Nil  60.31 1.83 15.25

E=-25
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ENERGY BALANCE — E.P.R.I, 02 MR 3
‘ Totnl Potential ! Lokent 'l‘hurm./'h:
‘ sensible
Conl 1,652,133 . 11,652,933
Steam 62,58 ' 62.58 _
Oxygen 1.71 ' : 1.7
Nitrogen 0.08 . n.08
Tar Injection R2.81 Bl. M} a1l
TOTAL 1,799.51 1,735:03 . &2.50 1.90
i —
Mathane 03,552 296,130 { 7.422
Carbon Monoxide 7380152 7N3.242 : 34,910
Hydrogen 371.113 154.215 « 14,R9R
Carhon Dioxide 3.527 j 3.527
i
Nitropen 3.540 i 3.540
Fthylene 7.220 7,060 | n.151
Ethane 35.659 JL.R14 ] 0.R45
Hydrogen Sulphide 15.574 15.056 : 0.518
Ammonia 0.277 ; 0.277
Tar 218,107 | 210,924 1.764 | 5.419
Liquor 30.840 22,407 8.4133
Phenol 1.089 1.042 1 0.02 0.035
Naphtha 10,514 10.206 1 0.076 0.232
Fatty Acids o.161 0.153 1 0.002 0.006
Slag 26,172 1.695 24,477
Reat Loss 68.272 6R8.272
TOTAL 1,R33.769) 1,634,545 24,2681 174.962
X Frror - 1,90

TTE=2T



E.P.R.Y. N2 " PRRFORMANCE DATA

Crude gas flow {ine- lock pas)
Steam consumption

Steam decoviposition

Oxygen consumption

Crude gas production (inc. lock gas)
Fuel consumption DAF

Liquor yield

EFFICIENCIES 2

Total crude gas therms

Coal therms

Tctal crude gas therms

Coal + steam

Total crude gas therms
Coal + asream @ 80 effy.
+oxygen € 2254.36 Rtu/lb.

E-28

Q.60
3.32
76.28

§1.14

17 625

288.13
116.18

1.52

Gas Only

B5.7%

81.37

73.59

acfd
1b/therm gas
H

scf/therm
scf/ton PAF

therms/ton DAF
tons/day

1b/therm

inel. tar, oil

naphtha

99.35

94.27

85.25



DATA USHP IN MWUN HO. EPRI 02

V.D.

3

D.A.F. Coal CV = 15,007 B.T.0./1b. Caloulated =

14,962 B.Thu/1p.

T "B-29

Flux Moisture = 7.75 % w/w Joal Moisture = 3.75 % w/w
Dry Cpoal Proximate Analysis: Ash = 10.38 V.M. = 36.44 F.0. = 53.18
(% by weight)
Proximate as charged, including flux (% by weight)
Moisture = 4.37 4sh = 22.68 V.M. = 29,66 ©F.C. = 43.29
Coal Ultimate Amalysis (D.A.F.) (% by weight)
C =857 H=25.68 N=1.65 S =209 C =0.15 0=56.68
Gae Analysia (Volume %)
CHy = 7.51 €0 = 54,70 H, = 27.24 €O, = 3.68
N, + dr = 5.58 0254 = 0.1 C/H. =0.49 B =0.59
m15 = 0,27 CO0B = 0.03
Gas Offtake Temperature = 491 °C
Gasifier Prossure = 335 psig
(Bstimated)
By-Product Tata
¢ % By Welght >
cv c | N 0 s €l
(B.T.0./1b)
Tar/0i1 16,645 B7.7 7.4 0.8 300 0.99 0,05
Ash = D.10
Naphtha 17,615 90.2 B.64 Nl Nl 0.72 0.%7
. Ash = 0.07
"Miner Liguer .
Compounds - 23.32 N1 Nil  62.19 2,55 11.%4
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LCNERGY PALANCE - E.P.R.1. 02

MB 4

Total | Potential Latent Therms/hrg
senrible’ ;

Coal 1,144,622 11,144.62 |
Stean 38.04 18.04 ;
Dxygen 1.11 t.1L
Nitrogen 0.0 0.04
Tar Injection 86, R6 86.55 fi.1]
TOTAL 1,270,47 | 1,231.17 18,04 [.26 ‘!
Methane 209.733 204,818 4.915
Carbon Monoxide 497,215 474,507 22.706
Hydrogen 244.740 233,968 10.772
Carbon Dioxide 2,431 2.431
Nitrogen J.324 3.324
Ethylene 2.282 2.236 0.046
Ethane 15.321 14,973 0.348
Hydrogen Sulphide 9.631 9.323 0.308
Ammonia 0.180 0,180
Tar 168.109 162.713 1.361 4.035
1iquor 19.942 14.637 5.305
Phenal 1.708 1.706 G.Q19 0.055
Na phtha 39.883 38,745 0.287 0.85]
Fatty Acids 0.158 D.151 0,002 0.005
Slag 19,464 1.296 18.168
Heat Loss §5.981 55.381
TOTAL 1,290,172 1,144.436 16306 139,410
X_l:‘.fmr - 1.55
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F.p.R.T. 02 PERFORMANGF TATA

Crude gas flow {(inc. lock pgas)
Steam consumption
Steam decomposition

Oxygen consumption

Crude pas production (inc. iock gas)
Fuel consumption NAF
Liquor yield

FFFICTIFNCIFR 7

Total crude pas therms

Coal therms

Total crude gas therms

Coal + steam

Total crude pas therms
Coa! + steam € ROX effy.
+oxygen @ 2254.36 Rruflb.

E-32

6.61
3.ox5

78.77
64.33
17,807

272.1
RO.57
1.37

Las Mnly

R3.12

78.6%

71.13

acfd
1b/thern gas
P4

scE/thern
scE/ton PAF

therms/ton DAF
tons/day
Ih/theem

incl. tar, oil

naphtha

101.36

95.71

86.53



nATA USED IN RUN NO. _EPRI 02 M.B. 4

D.4.F. Coal OV = 14,85 B.T.U./ib. Caloulated = 14,689 B.Thu/lb. -
Flux Moisture = 8.75 % w/w Coal Moisture = 4.25 % w/w

Dry Coal Proximate Analyaiss Ash = 11.88 V.M. = 34.72 F.C. = 53.40
(% by veight)

Proximate as charged, ineluding flux (% by weight)

Moisture = 4.95 Ash = 23.71 V.M. = 28.11  F.C. = 43.23

Oon) Tltimate Analysis (D.a.F.) (% by weight)
€<=835 H<=561 N=164 8S=2.26 Cl=20.19 0=6.72

Gas aia {Volume %)
0114 =T.34 00 = 53.61 Ez = 26.14 002 = 3.8%
I\Ta + Ar = T.89 02H4 = 0.05 GEHG = 0.3 st = 0.53%

ZNH3 = 0.27 €05 = 0.03

Gas Offtake Temperature = 475 °C

Gasifier Pressuze = 3535 ypslp
Bx—Product Duta
€ % By welght S
oV c H N 0 8 c1
(B.7,0./1D)
Tar,0i1 16,610 es.80 7.70 ©0.70 1.81 0.77 0.10
{ach = 0.12)
Naphtha 17,61 90,20 B.64 Nil Nil 0.72  0.37
B 12615 (sk = 0.07)
Hinor Liquor - . .52 2,61 15.
Oompoais 22,32 Ni1 Nil  59.5 5.55

E-33
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ENERGY BALANCE - RAUN E.P.R.I. 03 MBl

Total Potentianl Latent Tﬁ:ﬁﬁ: :
Coal 2,816.36 2,816.36
Steam 98,06 98.06
Oxygen 2.85 2.85
Nitrogen 0.14 0.14
Tar Injection
Total 2,917.41 2,816.56 98.06 2.99
Methane 437.63%0 427.018 10.612
Carhon Monoxide 1,237.193 1,179.079 58.114
Hydrogen 635.965 607.199 28,766
Carbon Dioxide 5.17% 5.179
Nitrogen 4.5%6 4.3356
Ethylena 19.656 19.248 0.408
Ethang 82.561 80.621 1.940
Hydrogen Sulphide 26.840 25,954 0.886
Ammonia 0.494 0.494
Tar i179.822 173.929 1..455 4.438
Liguox 44.999 32.760 12.239
Fhenol 2,116 2.025 0.02% 0.068
Naphtha 102.3927 29.414 0.736 2.247
Fatily Acida 0.436 0.415 0.006 0,015
Slag 47.912 2.5684 45,328
Haat Lioas 73.385 T3%.385
TOTAL 2,900,921 2,617,486 34..980 248.455
% Brror 0.57
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RUN EPRI 03 FERFPCHMANGE DATA M.B. 1

Crude gas flow (inc. look gas) = 15.7T % 106 sefd

Stean consumption = 3.13 1b/therm gas

Stean decomposition = 0B6.86 %

Oxygen consumption = 57.35 sef /therm
15.906 sof/ton DAF

Crude gas production {inc. lock gas) = 277.5 therms/ton DAF

Fuel consumption DAF = 200.10 tons/day

Liguor yield = 1.35 1b/thern

EFPICIENCIES (%)

Total orude gas therms Gas only incl. tar,oil

naphtha

Coal therms 82,82 92.61

To orude gas therms 79.37 88.75

Qoal + steam

Total cxide gas therms 72.36 80.91

Coal + steam @ 80% effy.
+ oxygen @ 2254.36 Biu/lb.
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DATA USED IN RUN

No, B.P.R.I. 03 M.B. 1

D.A.F. Comal CV = 14.955 B.TﬂU.flb. Calculated = 14,830 B.Thu/lb.
Flux Moipture = 7.75 % w/v Coal Moisture = 4.5 % w/w
Dry Coal Proximate Analymis: 4sh = 11,69 V.M. = 36.87 F.C. = 51.44
(% by weight)
Proximate as charged, including £lux (% by weight)
Moisture = 5,01 Ash = 23,80 V.M., = 29.72 F.C. = 41.47
Goal Utimate Analysis (D.A.F.) (¥ by weight)
G = 83.88 H = 5.4 N = 1,76 S = 2.12 cl = 0.,13 0 6.66
Gas Analysis [Volume %)
CH4 = 6.42 CO o 55.83 32 = 28.43 C02 = 3,31
N2+Ar-4.19 02}!4 = 0.18 02H6 = Q.70 525 = 0.62
M, = 0.30 COS = 0.03%
Gas Offtake Temperature = 488 %
Gagifier Preasure = 335 9psig
Ey-Produot Data
€ % By Weight >
Hi (] H N o} s ¢l Ash
(B.7.7./11)
Tar/011 16,529 87.0 7.4 1.1 3.96 0.45 0.02 0,07
Naphtha 18,250 21.46 7.51 0.11 0.63 0.19 0.04 0.06
Minor Liguor - 20,23 Nil ¥il 53.94 9.75 16.08 Wil
Conpounds
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ENERGY BALANGE - RUN E.P.R.I. 03 M.B.2
POTAT, POTENTIAT, LATENT mﬂ/gm

Coal 2,572.15% 2,572.15
Steam 98.28 98.28
Oxygen 2.87 2,687
Nitrogen 0.10 .0.10
Tar Injeotion 134.09 133.92 0.17
TOTAL 2,807.49 2,706.07 98.28 3.14
Methane 396.634 386.182 10,452
Carbon Monocxide 1,233.372 1,171.299 62,073
Hydrogen 656.966 £25.211 31.755
Carbon Dioxide 5.943 5.943
Nitrogen 4.557 4.537
Ethylene 18.137 17.726 0,411
Ethane 67.171 65.448 1.723
Hydrogen Eulphide 23.519 22,680 0.839
Ammenia 0.445 0.455
Tar 174.5835 168.571 1.410 4.608
Liguoxr 43.17% 30.786 12.387
Fhenol .2.220 2.120 0.024 0.076
Haphtha 41.530 40,257 0.298 0.975
Fabty Aclds 0.413 0.393 0.005 0.015
Slag 54,741 13.325 4L.416
Heogt Toss 78125 78.125
TOPAL 2,801,515 2,513.212 32,523 255.780
Errox 0.21

E-38




B.P.R.I. Bun 3 FERFORMANCE DATA M.E.2

Crude gas flow (inc.leck gas) = 15.72 x 106
Steam consumption = 3.20
Steam decomposition = 89.12
Oxygen consumption = 59.40
17.613
Crude gas production (ine. lock gas) = 298.5
Fuel consumption DAF = 182.42
Liquer yield = 1.29
EFFICIENCIES
Total crude gap thexms Gas only
Coal therms B88.90
Total crude gms thernms 84.85
Coal + stean'+ burner fuel
Total orude gas therms 76.64

Coal + Steam @ 80X érr;r. + burners

+ oxygen @ 2254.36 Btu/1b

E-40

sofd

1b/therm gas
%
scf/thern
sef/ton DAF
therns/ton DAF
tons/day

1b/therm

inel. tar, oil,
naphtha

97.09

92,87

83.70



DATA USED IN RUN NO. B.P.R.I. 03 M.B.2

D.A.F. Coal CV = 14.889  B.T.U.Ab Calculated = 14.797 B.Thu/Lb.
Flux moigture = 1.25 % w/v Coal Mpisture = 4.70 % w/w

Dry Coal Proximate Analysis : Ash = 11,39 V.M, = 37.9%5  P,0. = 50.08
(% by weight)

Protimate as charged, including Flux (% by welizht)
Moisture = 5.10 4Ash = 23.72 Y.M. = 30.47 F.C. = 40.71

Coal Ultirate Analvais (D.A.F.) (% by weight)
¢ = 83.70 H = 5.46 R = 1,66 S = 1.93 C1 = 0.13 0= T.12

Cas Analvsis ]Voluma 5)

CH4 = 5,82 €O a 55-64 Ha = 2%.37 coz - 3'53

By + Ar = 4,09 CpH, = 0.17 G, = 0.57 HS = 0.54

nms = 0.25 Cle = 0.03

Gas Offtake Temperature = 521 ¢

Gaaifier Preeswre = 335 paeig
By-Product Data .

—_ % By Weight >
cv c H | D s Cl  Ash
(8.7.0./1b)

Tax/0i1 16,434 B6.7 7.5 3.0 4.34 0.38  0.02 0.06
Naphtha 18,250 91.46 7-51 0.11 0.63 0.19 0.04 0.06
Miror Liquoy - 19.66 NIL NIL 52,42 17.28 10.64 NIL

Coppounds
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X CE - S.P.R.I 5 MB
TOTAL POTENTIAL ursy | THERMSAIR
Ceoal 2,531.33 2,531.53
Steam 97.89% 97.89
Oxygen 2.83 2,83
Nitrogen 0.14 0.14
Paxr Injection 150.85 150.66 0.19
TOTAL 2,785.04 2,661.99 97.89 316
Methane 385.183 374.833 10. 350
Ca-bon Monoxide 1,234.799 1,171.644 63.155
Hydrogen 659.644 627.280 32.384
Carbon Dioxide 6.046 6.046
Nitrogen 4.717 4.777
Ethylene 16.995 16.600 0. 393
Bthane T4.305 12.399 1.946
Hydrogen Sulphide 22,386 21.572 0.B14
Ammonia 0.484 0.484
Tar 131.822 127.224 1.064 3.534
Liquor 41.658 29.558 12.100
Phenol 2.933 2,799 0.032 0.102
Naphtha 37.645 36.478 0.270 0.897
Fatty Acids 0.301 0.286 0.004 0.011
Slag 43.5C2 5.968 37.514
Heat Loss 83.004 B3.004
TOTAL 2,745,502 2,457.063 30.92a 257.511
% Error L.35
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Run E.P.R.I. 03 FERFORMANCE DATA MB 3

Crude gas flow (inc. lock gas) = 15.74 x 208 sefd
Steam consumption = 3,19 1b/therm gas
Steam decomposition = 87.7= %
Oxygen consumption = 59,00 sef/therm

17,883 sef/ton DAF
Crude gas production (ine. look gas) = 303.1 therms,/ton DAF
Fuel consumption DAF = 190.24 tons/day
Liquor yield = 1.24 lb/them‘
EFFICIENCIES %

ine. tar, oil,

Total erude gas therms Gas_oniy naphtha
Coal therms 80.29 96.80
Total orude gos therms
Coal + Steam + Burner Fuel 86.13 92.29

Total crude gas_therms
Coal + Steam @ 80X effy. T7.77 83,28

+ oxygen @ 2254.36 Btu/lb

- ‘B-44



DATA USED IN RUN NO. E.FP.R.I. O MB

D.AF. Coal CV = 14,965 B.T.U./1b Calculated = 14,836 B.Thu/1h
Flux Moisture = 1.5 % w/ivw Coal Moisture = 3.95 % w/w

Dry Coal Proximate Amalysis: Aast = 10.01 V.M. = 37.56 F.G. = §2.43
% by weight)

Proximate as charged, imeluding flux (% by weight)

Moisture = 3.95 Ash = 9.67 V.M. = 35.48 F.C. - 50.36

Coal Uitimat. Apalysis (D.A.F.) (Yoy weipht)

C « 84.0) H = 5.42 N = 1.866 S = 1,91 Bl = 0.6 0 = 6.85

Gas_Analysis !Vo]ume ﬁ!
GH4 = 5.64 €0 = 55.58 H2 = 29.43 _COZ = 3.52
N2 + ArC = 4.23 czud = 0,18 G2H6 = 0.63 HES e .51

NH5 s  0.26 oS = 0,03

Gas Offtake Temperature = 529 °C

Gasifiex Pressure = 335 opeig
By-Product Data ¢ 5% By weight 3
cv [ H N 0 5 cl Ash
{B.7.0./1b)
Tar/0il 16,527 87.0 7.6 0.8 4.12 0.35% 0.07 0.06
‘Naphtha 18,250 31.48  7.51 Q.11 Q.83 0.19 0.04 0.06
Minor Liguor 19.8% MIL NIL 52.89 16.46 10.82 NIL

Compounds
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ENERGY BALANCE - EPRI Tun 3 MB 4

Potal Potentisl | Latent | Themme/hz
Coal 2,694.22 2,604.22
Stean 59.61 99,61
Oxygen %.00 3.00
Nitrogen 0.01 ¢.01
Tar Injection 135.26 135.09 0.17
TOrAL 2,932.10 2,829,351 . 99.61 3.18
Methane 419.129 408.514 10,615
Carbon Monoxide 1,281,113 1,218.738 62.375
Eydrogen 611.906 58%.255 28,651
Carbon Dioxide 5.628 5.628
Nitrogen 3.809 3,609
Ethylene 16.626 16.265 0,361
Ethane 60.573 59.084 1.489
Hydrogen Sulphide 24.312 23.476 0.836
Ammonia 0.461 0.461
Taxr 251.007 242.562 2.029 6.416
Liguor 48.979 35.280 13,699
Phenol 2.208 2.111 0.024 0.073
Naphtha 45.009 43.65% 0.323 1,023
Fatty Aoids 0.423 0.403 0.005 0.015
Slag 44.309 2.309 42.000
Heat Lose 92.842 92.842
TOTAL 2,908.330 2,600,376 37.661 270.293
% Error 0.8 '
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Run EF5L 03 PERFORMANCE DATA

Orude gas flow (inc. lock gas)
Steem consumption
Stoam decomposition

Oxygen oconsumption

Crude gas produotion (inc. look gas)

Fuel consumption DAF

Liguoxr yield

EFFICIEREIES (%)

Total crude gas therms
Ceal therms

Total crude pms therms

Coal + steam

Total orude ges thems

Corl + stoam @ BOK effy.
+ oxygen @ 2,254.36 Btu/lb

1]

Gag only

85.58

B1.12

T3.99

.. E-48

MB ﬂ !R.O:ﬁ. Pitts. AEFS)

6

15.72 x 10 sefd
3,22 1b/themm gas
83.26 %
60,94 gof/therm
174350 gof/ton DAF
284.7 therms/ton DAF
192.66 tons/day
1,47 1b/therm

ino, ter, oil,
haphtha

92,06

83%.25



DAT _USED IN RUN NO. E.P.R.I. 03 l.B. 4

D.A.F. Coal OV = 14,852  B.T,0./1b Calculated = 14,863 B.Thu/ln

Flux Moisture = T.75 % w/w Coal Moisture = 4.12 % w/v

Dry Coal Proximate Analysis: Ash = 11.11 V.M. = 37.22 F.C. = 51.67
(% by weight

Froximste as charged, insluding flux (% by weight)
Moigture = 4.68 Ash = 23.20 V.M. = 30,20 P.C. = 41.92

Coal Ultimate Analyais [D.A.F.)(% by weight)
¢ = 84.06 B = 544 N = 1.75 § = 1.85 Cl = 0.6 0 = 6.74

Gag Anslysis (Volume 53}

@, = 6.16 00 = 57.89 H, = 27.40 ©0, = 3.47
N, + Av = 3.56 CoH, = 0.6 CH, = 0.51 ESB =0.56
M, = 0.27 COS = 0.03

. Gas Offtake Tempersture = 505 °C

Gapifier Presaure = 335 puig
By Produot Data
§—=——— % By weight >

' oV C H N 0 B oL Ash

(».10,0./1b) '
Tar/0il ;. 16,302 88.1 7.3 0.8 3.39 0.30  0.05 0.06
Naphtha - 18,250  91.46 7.51 0.1 0.63 0.19 0.04 0.06
Minox Liquer - 17.24 ©NIL  NIL 45.98 25.52 10.26 WIL

Compounds.
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CE =

P.R.I. Run 3 MB

Total Potentiel | Latent | Themms/br
Coal 2,539.43 2,539.45
Stean 101.91 101.91
Oxygen 2.81 2.81
Ritrogsn 0.12 0.12
Tar Irjeotion 155,55 155.35 0,20
TQRAL 2,799.82 2,694.78 101,91 3.13
Mathane 410,528 400.183 10,345
Caxbon Nonoxide 1,253.474 1,192,702 60,772
Hydrogen 607,565 372.232 28,333
Carbon Dioxide 64531 6.531
Nitrogen 5¢117 5.117
Bibylene 14.T46 14.428 0,318
Ethene 59.066 57.622 1.444
Hydrogea Sulphide 21,148 20.424 0.724
Ammonia 0.651 0.651‘
Tar 286.315 276.712 2.314 T.2B9
Liquor 50.445 36.382 14.063
Fhenel 3.973 3.799 0.043 Q.13
Naphtha 41,684 40.635 0,301 0.948
Fatty Aoida 0.638 0,607 0.008 0.023
Slsg 25.458 24317 23.181
Heat Lioss TT.452 T7.452
TOLAD 2,865.031 2,588.661 39.048 237,322
% Error - 2.33
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Runs EFRL 03 PERFORMANCE DATA MB 5 (R.O0.M. Pitts. 8/Limestone)

6

Crude gas flow (inc. lock gaa) w 15,76 = 10° wofé
Steam oonsumption = 3.35 1b/therm gas
Steam decomposition = B1.40 %
Oxygen cansumption = 5B.62 scf/therm
16,595 sof/ton/DAF

Crude gas production (ine. lock gas} = 283.1 therms/ton DAF
Fuel consumption DAF = 190.24 tons/day
Liguor yield w 1.54 1b/thexrm
EFFICIENCIES (%)

Sesomy Lo

Total crude gas thermg
Coal therms B89.18 101.79

Zotal crude gas thermg
Coal + steam 84,96 96,98

Total orude gas therms

Coal + steam @ 803 effy.
+ oxygen @ 2,254.36 Btu/ib 76.79 87.65

L EmSE



DATA USED IN RUN NO. E.P.R,I. 03 M.B. §

D.AF. Coal OV. = 14,953 B.T.U./1b Caluclated = 14,930 B.Thu/ib

Tux Moisture = 6.5 % wiw Coal Moisture = 4.88 % w/w

Dry Coal Froxwimate lysis: Ash = 10.06 V.M., = 38.05 F.C. = 51.89
by waight

Proximate as charged, including flux (% by weight)

Moipture = 5.06 Ash = 14.47 V.M. = 36.47 F.C. = 44,00

Cosl Ultimate Anelysis (D.A.F.) (% by weight)
C = 84.42 H - 5.42 N = 1,72 S5 = 1.86 (1l = 0.09 0 = 6.49

Gag /nalysis (Volume %)

o, = 6.02 €0 = 56.50 Hy = 27.14 co, = 4.03
N, + Av = 4,79 O, = 0.14  CgHg = 0.50 HS = 0.49
NH, = 0.3 €05 = 0.03

Gas Offteke Temperatuwre = 505 °C

Gagifier Pressure = 335 ©DpEig
By Produot Data . E——r—- % By Weight 3
oV ¢ S N D ] t1 Ash
{B.7.0./1b)
Tar/01l 16,427 B7.7 7.5 0.8 3.58  0.26 0.09 0.07
Raphthe 18,250 91.46 7.51 ©0.11 0.63  0.19 0.04 0.06
Minor Liquox - 19.14 Nl Ril 51.05 15.91 13.%0 Wil

Compounds

E-53





