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Appo,ldiX A 

PLANT CONTROL SYSTFJ'IS 

The f l a s t f i e c  cor, t roZ  system ,~ormali.y opera tes  such t ha t% i im  g a s i f l e r  p ressu re  ks 

controLLed by ~he p~essure ~ontrol valve ab the ~lare controlling the gas flow. 

The stumn alld oxygen i|I this mode arc run In ~low oontroJ and are cascaded ~ogOtller 

with steam as she master. 

This method of control has boon used excluslvoly by BGC in past re,s, usually opcr- 

s t i n g  o f f  ~wo F la res ,  w i~h one f l a r ~  E.txod i n  manual  c o n t r o l  and the etheL" f l a r e  

o | )o ra t i ng  as above,  Per  EPRI, wh i l~  s t i l l  r e ~ a i n i n g  bo th  coo l lng ,  st~o.~ms, f i n a l  

g,~s m~ke w~s rout0d up number 4 stream only, this leading to easier definition a~d 

control o~ the tota] gas make. Also, the special raquiremellrs of a ~as turbine 

means tha~, for EPRI, the flare gas flow should be held constant in flow control. 

This in turn requires the steam/oxygen flows to the gaslfier to he linked as nor- 

real, but to be controlled off gasifler pressure so as to ~Intein and hold constant 

the operating pressure. This arrangement is referred to as the flow control mode. 

Thi| ~rengemant for the pressure control mode is shown An Figure A-l, and that for 

UI~O flo~ ~ont~ol in Fig%ire A-2. Note thatw fOE pressure control, alternative ~a[i-  

p i ng  p o i n t s  are - ~ v a i l a b l e  (PR202 and PRIOoH o r  IOOG). ,'., 

Tile MTCROPROCESSOR • ' 

It was thought necessary to have the cabability for "demand feed forward" to the 

steam/oxygen sets when in flow control, particularly rapid load change trials. 

The £1aro f l ow  set point, modified by the .a!gorlthm set up in the mleroproceseor, 

was to be added to the output of the gaslf~e~ ~ressure controller. The micropro- 

ceSSOr would allow total flexibility in selecting the feed forward fuuotion as 

this cou ld  not  be d e f i n e d  i n  advance. 

In p~aatiue, demand feed forward proved unnecessary under alz rates of change of 

flare flow and was thus not eo~mlssloned. ~' 
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P & ~ D DESCRZPT~ON 

~e arrangements for pressur~ and flow control modes are shown in ~igures A-I and 

A-2 of the Run EPRI - 01. @ureter control is ma~o with ~he help oE switches, 

CONTROL SWITCIIING 

Z~O control modes are posslble wi~ll the switchi.q as shown~ 

• ~'Iow control of. steam and oxygen into the gasi~ier and ~ressure con- 
trol o~ the ~jasifior by modulation of the flare gas flow. This ks 
commc~n]y C~%!ed. "pr~ss~Ire control." 

• Plow cont'rol o f  t h e  flare gas and pressure c o n t r o l  of the gasifier by 
mod~.lat.lon of the steam/oxygen flow. commonly called "flow control." 

Til~ SWITCH FUNC%!~ONS 

Switch I: Doloots the F: ~ n~asuroments 'into the steam and oxyuen controllers.. 

The: m~asurQment is either f~om an orifice differential pressure ~ransmitter vi~ a 

damIL, ing ,iot~,!o~k and a pneumatic to ~lectric converte~ o~" .~rom a vort~M sheddil%g 

lo~s ~er. 

The orlfic0 measurement is £urthe~ seleo~ahlo b0twe~n high and low range trans- 

mitters to enable a wide ~ange of flows to be c~n~rolled. Thls switch is omitted 

from the dlag~am for clarity. 

:Zs practice, it was not found necessary to altec the coct£rslleP:gains ~n,~ £ese~ :. 

when changin~ from "orifice" to "vortex" control. 

.'-" 

Switah 2: Selects the-setpoint for the ~xygen flow aon~roller. The signal is 

either Stem the controller itself, "local control," or from the steam flow slg.al 

via the ~atio contr611er, "cascade control." 

The steam flow is used ~ the master input tc the ratio con~roller, in order that 

stea~ failure should shut off the oxygen flow. This constitutes part of the plant 

fail safe system. 

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

Switch 3A: Selects the steam flow setpo~nt, "local" for "pressure" control or "re- 

mote," from ~he pressure control output via the plus-minus unit for "flow" control. 
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In the absence of a se=ond ~nput slgnal the plus-minus unit acts as a one-to-one 

re~sy° .~ 

Switch 3Cj Selects th~ control signal to the flare valve, from the pressure son- 

troller in "pressure" control or the flare flow con~roller in "flo~" control. 

F0~ the ~PRZ trlals the pressure controller gain and reset were a compromise bar 

tween the requlrsMen~s of "pressure" and "flew" control to allow change over 

without a~terati0n. = - . .  

co.~so, .  ~L'Es 

Switch 4~ Selects the measurement sot for the flare in use. Number three flare is 

available as a b~ek up, but was not required during the EPRI  program. 

Switch 5: Selects the flow measurement. Into the flare flow controller. The vor- 

tex shedding flow meters on the flare lines proved unusable duo to solids deposi- 

t;ion as, in practice, the orifice plate signal was alwsys seleated. 

Pneumatic Switch Gt Selects the ~asuroment polnt for the °'gaslfler" pressure ~n- 

troller. The followlna inputs are available~ 

P2OIA Gasifier bottom bed pressure 

PIOOG No. 3 stre~a pressure ex upper demis~er 

BIUQH No. 4 strea~pressure ex upper demistor 

P 2 0 1  No. 4 stream prusseru before flare cent.tel salve. 

Proportianalgontrol Only 

The output era proportional controller Is a fixed multiple of the measured e::cor. 

This multiple is known as ~he controller gain Kc. 

At a steady s~ate,wlth proi~ortional control only, there will be a dlfferenc~ be l 

tween the actual level and the set point ~evel known as an offset. 

Kc - Controller g a i n  ~ IOO___~% 
PB 

P 8  ~ T h e  p r o p o r t l o n a l  b a n d  

• " L' 
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A high gain value equivalent to a low proportional band reduoes the offset value 

and corrects any surges very rapidly, but ~ends to cause o~eillatlons about the 

desired value. 

On the gasifier a sudden increase in the gas make would probably mean that ~he 

gaslfier pressure would fell to a lower value because of the increased offsa~ 

required (assuming proportional control only). 

proportlo.al Plu~ Reset: Control 

The controllers on the gaslfler have proportional and reset (sometimes called Inte- 

gral) control action. The cOnr-~oller output consists o£ two parts, the first pro- 

por~lenal to the error, and the second proportional to the integral of the Qrr~r 

which means that, as long as an error exists, the ~utput signal will ohange. The 

actual level and set point level should therefore be approxlmately the same. 

The reset or integral time Ti ~s ~te time required for the Integral portion o£ the 

eontrolle~ output to become equal to the propor~LonaL portion with a constant error. 

Ti can be quoted in minutes per repeat, i.e., the time in minutes required to re- 

pest the initial proportional action change in ~he contoller output. 

1 
The r e s e t  o .  the g a s i £ i e r  c o n t r o l l e r s  i s  marked in  repea ts  L-~r~r minute ,  i . e . ,  

t h e r e f o r e ,  the h i ghe r  the  v a l u e ,  the  q r e a t e r  the e f f e c t  and the  f a s t e r  the r e t u r n  

to  t i le  r e q u i r e d  o p e r a t i n g  l e v e l .  
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Memorandum Eml 

September 27, 1979 

TO~ Alan Leltch 

FROHs J. HcDaniol, Project Hanager 

REs Dusn P r o b e  

The d u s t  p r o b e  I am f a m i l i a r  w i t h  c o n s i s t e d  o f  a 0 . ~  m i c r o n  
polycarhonate Eilter in a 47 millimeter (1.85 inch) filter 
holder made by Nuclepore Co., Pleazanton, California. ~tis 
unit filtered about 5,000 SCF of gas with a dust lead,st,1 of 
up to 5 micrograms per cubic meter before plugging. Finer 
filters quickly plugged with condensing water and ~ho unit 
was probably not too well steam traced. The fiLuor elnmont 
W~s preweighed on a microbalance, used, placed in a drying 
oven for less than one hour (I'm sorry, but Z didn't note the 
temperature), and rewelghed. Such a fine filter will probably 
only work on our ~ystem if the ammonium carbonate can be kept 
vapourlzed and if the dust icadlng8 a~e much I~ .bh.~m YOur 
design 50-7- mg/SCSF. I would suggest we try the ~i0W conn~ol 
with steam tracing and try to qo finer i n  filter elements until 
the service llfe of the element becomes intolerably ~ort. ~;e 
polycarbonate elements ~ce good up to 180°C, so with good steam 
tracing, we might be able to keep off the a,ur~niumcarbonate 
crystals. .i 

John stringer, whom you met, is preparing an accompanying memo 
on the particularly troublesome compounds uo IOOk for in the 
samples o 
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Memorandum EPRI 
September 27, 1979 

TO= 

FROM: 

RE; 

Terry B r o o k s  

John Stringer 

Cleanliness of Fuel Gas for Gas Turbines 

Impurities in the fuel f o r  gas turbines can cause two types of 
damage to the hot components: (i} corrosion due Do the d~po- 
simian of molten salt layers on the metal surface, c%IJ~d "hot 
corrosion;" and (2) erosion due to impace of solid L~zCicle-~- 
in t'~e combustio, ~as snrcam. 

}lot corrosion ~s usually attrlbutable to the presence of.alkali 
metal sulphatos. The combinaulon o~ sodium and [x)tassiUm may be 
worse ~han either metal a£ene. The alkali metals may be present 
as sulphatos in the fuel, or the sulphatlon may ~ake place in 
~lo combustion chamber or on:~he metal su<facc. Generally, alkali 
me~als prosun~ in strongly bonded complexes (~or example, in clay 
minerals) will not sulphate, bet chlorides, hydroxides, oxides or 
c a r b o n a t e s  will. The impurities may be present i n  the vapour 
phase, e~ as particulates. As a guideline, the reactive alkali 
metal content o~ the fue[ should not exceed 0.5 ppm (by weight} 
o f  Na + K. 

C e r t a i n  e lements  can enhance the  a l k a l i  s u l p h a t o  ho~ c o r r o s i o n  
marked ly .  These i , c l u d e  vanadium, lead  arid phosphorus .  The 
amounts c'f these e lements  co .~ ined  should n o t  exceed 2 ppm by 
we igh t  . . . . . .  . .  

A n o t h e r  ~orm of hot corrosion may occur at lower metal tempeza~ures 
|1200 - 1350 F compared I:o 1450 - 1750 F) and this has b~en attri- 
buted to the formation of complex alkali sulphates involvinq the 
transition metals, iron, cobalt and nickel. Zt is possible that 
the presence of compounds of these me~als in the gas stream could 
be of concern, hut there ks insufficient experience to specify an 
accuptable limlt. 

Eros ion i s  dependent  on p a r t i c l e  s i ze .  I t  i s  g e n e r a l l y  accepted 
rJlat p a r t i c l e s  be low lpm in  di ,~moter w i l l  n o t  cause e r o s i o n  d ~ g e  
in t u r b i n e s .  Manufacturers specifications generally require no 
~r~Icles greater than 10 vm and a tx)tal loading no greater than 
0.O2 gr/scf (approximately 35 ppm). Hard angular particles are 
probably more erosiv~ than soft rounded particles, and it seems llkely 
that particle~ softer then 4 mohs would not be damaging, but this has 
not been quantified as yet. 

C-6 
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Terry Brooks 
SQp~ember 27, ~979 
Page 2 

ThQre £s extensive ~xper~encu on burning gaseous fuels ~n 9as 
turbines both natural 9as and bla6~ furnace gas° G.E. cert~nl7 
has s~cificat£on ~or gaseous fuels and will provide a copy; I 
imagine other manufacturers have something similar. 

CC J. "4cDaniol 
Alan Leitch - please forward copy to LRS 
A1 Dolbu=, EPRI 
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The pEo~e w a s  designed Eo sampla 5,000 5CF/H -I of gas £sokinetloalIy, assuming a 

£1ow of 8 x i05 SCF/H of zaw gas up the No. 4 flare. Hence, the ratio of gas flow 

to flow through t.he probe Isz 

8 x I05 
- - =  160 
5 x 103 

for isokinetlc sampling. 

Sampling was considered t0 ~e is0kinetic if this ratio was between 144 and 176. 

Sam~llnq was classed as "nearly isokinet£=" for valuer in the range 128 to 192, 

..%'. 
•./. 
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LOADING CAPACITY 

When Ioadmg capacnttes of types of h,gh 
efficiency f=ltets are compared, the fundamental 
differences between surface filters. (e.g. 
membranes) and depth fdters, (e.g.. glass m~crohhre 
filters), become marked, Comparison between 
Whatman GF/C and a membrane of equal nominal 
relent,on efficiency (1.2 Fro) m hltrat~on of 
prec=p=tated mdk protein shows that the f low 
through Whetman GF/C =s mamtamed at a usable 
level long efte~ the membrane has become largely 
blocked w=th premP=tate. F,g. 5 compar,~s f low 
rates when f=ltermg river water containing 7ppm 
of suspended sohcls (margaret, organic and 
m~croblal). I1 is =ntemstm O to note that th~¢l.~ ' 
Grade GF/B shows a very long effective life. 
ma,nta=n=ng rap=d flow even after the passage 
of a very large volume Even the relatwely 
thin Grade GF/A filter rentacns effective much 
longer than the 1.2 pm membrane. 

J 
Ve4vrfv~ thrush Id l l l  Iill 

F ig ,  5 t 01d ; r l g  C,~:laClty C~tlve$ .. H~gh elhclet lCv lzl~o~$ (t#uef water)  

TEMPERATURE RESISTANCE 

Wnatman glass mncrofibre filters are bmcler-free 
and w=ll wnthsland temperatures to 500~C, This 
character, s1=c =s h~ghly useful in filtration of hot 
gases. It also permits these filters to be used m 
gravimet.¢ analyses, where ten=teen of prec=D=tate 
is involved in convent,anal anal.vats w=th "'eshless'" 
fnlte~ paper. Here the we0ght el the hirer remains 
unchanged dur=ng tgn0t¢on, A tVDUc,~l exenr-~ole 0s 
the determ=nat=on el morgan=c matter and. by 
difference, the determ=nat=on of voletule solids m 
total suspended sohds collected from water 
samples on Whatman Grade GF/C. 
On the other henri. Whotmen glass mmrohbre 
filters can be used at e),'remely low temperatures 
without becoming brittle. 

CHEMICAL GTABILITV 

The constituent glass m';.toftbre~,of Wha[man 
fnllor,~ are highly reslstam to chemical attack 
excepl by hydrofluor,c ac=d and strong alkahs. 
Reszstance to all other aczds is excellent up to 5M 
on stteng[h. The glass mlctof,bre material is little 
affected by organzc solvents; wet strengths 
actually increase m non-polar solvents. Whatman 
glass microfibre fdters can be used over a wide 
range of chemical condztions for which other 
filter mad=a would be unsuitable. Glass microfibrea 
do not swell 'm either organ=.-., solvents or water. 

WEIGHT b"IrABILITIzr W~TH H U M I D I T Y  
VVhatman gloss mucrofibre fdters will increase 
only very shghtly un wezght as a lesult of 
increased amb=onl roiat,ve hurnld~ty. This ,s of 
,mportance m grav=metr=c analysts. Figure 6 plots 
the increase In we=ght of grade GF/A and two 
Whitman cellulose filters as a function of relative 
hum=dlty. 

~U 

i,o J J 

R=~,.,~ Ol,.,.,.*,*.w t. 

FIe. 6 we~rl/l; "¢ha.~,© of htlet papers w*lh relal*ve humidily 

THICKN ESS 

Glass mucrofibre filters are very compressible so 
that the th=¢kness will reduce considerably even 
under a low load, 
Thzckness figures g,ven below are 
measured under constant load (500 el.cruz). 

GENERAL PROPERTIF.G OF 
GLASS MICROFI.~;IE FILTERS 

Whatman We ig l i t  Thickamss : l le tent ion F i l t ra t ion  
GrGde g m  m m  pm Speed 

ml~sec: 
GF/A 5'3 0"25 1.e 13'0 
GFJB 143 0"71 1 '0 5"5 
e P i C  53 0"2b 1 '2 10"5 
GF/D 120 0"65 2'7 ta 'e  
e l : I F  75 0"44 0'7 a.o 
No 42 

(cellulose) 100 0.20 2.5 l '5 

C - 9  ": 



S T R E N G T H  C H A R A C T E R I S T I C S  

"The overall strength of Whatman glass microfibre 
filters is difficult to specify since the term 
"strength °' in the context is complex. It is made 
up of. "'tear strength", "burst strength" and 
other parameters, Overall strength probably 
results from tl~e very large number of weak bonds 
between the hydrated silica surface of  adj~cer=t 
fibres, Whatman GF grades am binder-free and 
hence not subject to  the week, aning and 
embrhtlemant due to pre-lgnition (which 
irreversibly dehydrates these layers} which is 
essential where binders are used, 

P A P E R  S T R I ~ N G T H  - m i n i m u m  levels  

DRY BuRet WET BURST TENB|LE 
WHATMAhl tWAI~ER) z e r r  WF~r ' 

GRADE pSI KN/m TM p~ KN/m a g _ 

~,.es -,c.o. 
FIRRE 
GFIA 20 13,8 0.18 t.24 430 390 
GF/E 7.0 45,3 0,32 2.2t a30 ;Ib~ 
GF/C 2,0 13.6 0.19 1,31 460 355 
GIPID 7,0 8Z,7 e,~6 2,4S 500 410 
UFIF 7.0 48,3 O.3O 207 800 560 

1"5 ¢m wide '~LOS 

S T O R A G E  APdD H A N D L I N G  

Very greet care must be taken to ensure th,~t 5|tats 
do no! pick up airborne or volatde impurities 
during storage or handling. 
"[he commonest contaminants of this type are: 
chlorides, sulphates, mineral acids and ammonia 

from volatile components in the atmosphere or 
laboratory. 
sodidm salts, iron or other metal oxides or salts 

from airborne ¢lust. 
amino acids 
w from human skin or perspiration, 
Filter media must therefore always be stored m 
closed boxes in the laboratory and handled with 
forceps if used for critical trace analysis. 

Technical 
Characteristics 

C O L O U R  A N D  O P T I C A L  P R O P E R T I E S  

Whatman glass microhbre filters are extremely 
white with a brightness of 96% compared with 
86% for cellulose: these values are based on a 
value of 100% for magnesium ox=de, Obviously 
th=s makes It easter to see or examine tinted or 
coloured precipitates. The fdters reflect ot 
transmit light efficiently and consistently. This 
facdltates measurement of light absorpz=on. 
frequently used to determine the concentration of 
retained parhclss on, or absorbed solut=~n in, the 
filters The refractive index of borosihcate glass is 
1.5097 and Whatman GF hirers can be made 
completely transparent by immersion in a liquid of 
slmdar refactive index, such as ethyl benzoate or 
benzene for example: 

L I G H T  A B S O R P T I O N  

W b a t m a n  Grade T ransnd t ted "  Ref lec ted '"  
Ught._% L igh t  % 

G F / A  91.1 95.2 
GFJF 96.5 96.0 
No. 1 (cellulose) 80.4 86,0 
"By BS 2923 method 
"'Based on MgO =. 100% Z filter 

S U R F A C E  E X T R A C T A B L E S  F R O M  
G L A S S  F I B R E  P A P E R S  

"fhe composition of borosilicate glass fibres is 
typical ly :~ 

% % 
Si O= 57.9 CaO 2.6 
Be O= 10,7 MgO 0.4 
At= O= 5.9 Bag 5.0 
Na=O 10.1 ZnO 3.9 
K=O 2,9 F 0.6 

To determine surface extractables from glass 
microfibre paper, pre-washed paper (5 g,} is 
dispersed in 200 ml. distilled water at the 
conditions noted below, "The liquor is then filtered 
through an acid-washed funnel and diluted to 
250 ml, 

~ / Z a  hr. 100°C~1 hr. 
~p.m, e~lm~N~l i : . o . m ,  l vRraoted 

'" sodium 1710 790 
potassium 30 14 
calcium 26 41 
magnesium 0,8 3 
zinc 9 1 3 
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OPERATING 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 related 
pipework. This diagram is based on Westfield drawings;-- 

OW 2197 (p¢obel 

3W 2201 (pipework) 

The procedures listed below are given for the operation of the probe while the gasifier is 
on 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), 

va1,,  ope,. 

Valve F is inoperative and is permanently in the open position. 

The attached procedures may be subject to alteration. 

Valve closed. 

C-12 



I N S E R T I O N  O F  P R O B E  

Initial Conditions 

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

, 

. 

, 

5. 

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

Probe and threaded guides detached from the 
probe inlet. 

Packing gland Iocknut G at probe inlet slack. 

Probe in the withdrawn position relative to guides, 

Procedure for Inserting Probe 

1. Insert probe into packing gland Iocknut G, 

2. Insert threaded guides into anchor pla~;e and 
tighten ~ecuring nuts. 

3, Tighten packing gland Iocknut G. 

4, Slowly open ball valve A. 

5, Check for gas leaks. 

6. 

, 

. 

Slacken off packing gland Iocknut G just enough 
to allow the probe to be inserted, 

Insert the probe 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 
the 2 stop nuts on each 9u;de}. Tighten Iocknut 
G. 

9, Place filter assembly J on the bottom half of flange 
K. 

10. Position spool piece L. 

11, Secure flanges K and M. 

12. Open valve G slowly. 

13, Check for gas leaks. 

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

C l ~ , 3  
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CHANGING PROBE FILTER 

Initial Conditions (Test Running) 

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

2. Probe and plpework fully assembled and 
operating. 

Procedure for Changing Rlter 

1. Close valve C. 

2. Pause till flow reaches zero, 

3. Close valve E, 

4, 

. 

6. 

. 

e. 

9. 

10. 

11. 

12, 

13, 

14. 

15. 

16, 

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

Unbolt flanges K and M. 

Remove spool piece L and filter holder assembly J. 

Unscrew filter retaining ring and remove stlanless 
steel mesh support. 

Remove used filter carefully and place in sample 
bottle. 

Insert new filter, 

Replace stainless steel mesh support and filter 
retaining ring. 

Place filter assembly J on the bottom half of flange 
K. 

Position spool piece L. 

Secure flanges K and M. 

Open valve C slowly. 

Check for gas leaks. 

Begin test by opening valve E slowly to give 
required flow rate. 
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R E M O V A L  OF  PROBE 

Init ial Condit ions 

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

2. All pipework in Position as per diagram, 

3. Packing gland lockout G tight and Iocknuls on 
threaded guides secure. 

Procedure for Removing Probe 

1 - Close valve C. 

2. Pause till flow reaches zero. 

3 ,  

4. 

5, 

6. 

7. 

8. 

, 

10. 

Close valve E. 

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

Unbolt flanges K and M, 

Remove spool piece L and filter assembly J. 

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

Remove probe slowly by turning the nuts on the 
threaded guides, The force exerted on the probe 
by the gas pressure will be sufficient to push the 
probe out, 

Stop when Ihe welded slop nuts are reached (as 
the probe will 1hen be clear of valwJ A), 

Shul valve A. 

11, 

12. 

13. 

14, 

Op~3n vent valve B, 

Remove the anchor nuts at the harlem of the 
threaded guides, 

Slacken off G a bit further if necessary (but not 
completely) and remove the probe. 

Close valves B and D. 
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~ERGY B/,L~OE - R~; EF~I 01 K.B. 1 

Coal 

Steem 

0xygen 

~it~o~en 

Ts.vln~eotion 

Total 

5,497.04 

~.6~ 

0.18 

~47.50 

Potent i ~l 

iJ 

5.~97.04 

Latent 
L 

147.]1 

TO~AL ~,783.68 ~,644.~5 I]5.]; 

578.169 

779.~59 

16.2~? 

54.142 

594.105 

1,682.856 

819.597 

4.118 

3.7~4 

16,615 

55.5?2 

Methane 

Carbon F.onoxide 

Hy~.rogen 

C ~rbon Dioxide 

Nitrogen 

E~hylene 

Etha.ue 

Hydrogen Sulphide 

~monia  

Tar 

Liquor 

Phenol 

Naphtha 

Fa t ty  Acids 

$1~ 

Eeat Los= 

27.973 

0.801 

412.794 

8~.695 

1.o56 

46.420 

0.687 

14.7~6 

96.551 

TO~AL 5,861.067 

~rz.o= - 2.05 
,,, ,,, 

26.958 

398.412 

~.oo7 

44.982 

0.652 

0.8~8 

~,497-664 

59.409 

0.012 

0.009 

63.095 

E-3 

Ther~s/~,.- 
,,e=s~.ble 

i • 

0.18 

0.1? 

4.00 

15.735 

85.95n 

40.176 

~.11E 

4.7~Z 

1.~53 

1.o15 

0.891 

11.o5o 

24.284 

0.037 

1.105 

O.0~6 

13.888 

96.~51 

3oo.31o 
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I~EF~'X£.-@~,~CE DATA EPR1[ 01. M.B. 1 

C~a~e ~a8 f l o w  ( i n c .  l o c k  gas) 

Steam consumption 

Steam decompo=itton 

O~-£e~c;msump%ion 

Crude g'as production (inc. lock gas) 

~uel  oonmmpt ion  

L~quor yield 

= 20.22 x 10 ~ 

= 77.13 

= 15,776 

= 280.95  

= 255.4 

= 1.87 

scfd 

lb/the~,-m ~aa 

% 

sot/ton 

~:ons/day 

Xb/the~ 

El~/CL~:CIES 

T o t a l  crude ~as ¢hezms 

Cos1 Che~ms 

T o t a l  c.~de ~ t h e ~ s  

Coal + steam 

ToCal c r u d e  ~ s  themes 

Co~! + steam ~; 8 ~  effy. 
+ o~'~en ~' 2,254.56 3 ¢ ~ / l b .  

Gas onl~ 

87.09 

s3.27 

75.9~ 

i n c l .  t a r ,  o i l ,  

99.85 

95.4S 

87.07 
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DATA $SED IN RUN N0. EPP/ 01. ]':.3. 1 

D.a.F. Coal CV . 14,565 ,3.T.O,/lb. 
(Value used) 

Pro~ma~e as chazSed, i u o l u d ~ C l " l u x  ( ~ b ~ v e ~ )  

M o i s t u z e ,  8.B~ A s h ,  6.TO V . M . .  31.2B ?.C. - 53-~9 

C02 evolved £romFl tu ten teze~as Vo la¢ i leMat tez .  

co~ o ~  ~ (~.~.?.) (~ ~ ~e~) 

C .  82.48 I -  5.)2 N -  1.67 S = 1.5B 01 = 0.53 O= 8.42 

002 evolve~ £rom limeB~one f l ux  en te red  under a~propz ia te  e~emem%s. 

~ s ~ u a l ' ~ i s  (Volu~e ~ 

CH 4 = 6.77 0o . 5B.97 

N2 ÷ JLT - 2 .5B  C2H 4 - 0 . 1 2  

~ 3  " 0.34 cos . 0.03 

3~-P~oduot Data 

Ta¢/Oi l  

Naph~h~ 

Mince Liquor  
Compouu~ 

Calculated = 14,607 3.Th~ib. 

Co~! Mois~e = 9.0 ~ ~/v 

V.H. - 54.14 F . C . .  59.88 

H 2 - 28.46 002 = 1-87 

C2B 6 - 0.36 H2S - 0.50 

Gas O~I"t~Ee Tempe~atu=e = 528 °C 

Gaslflor Pressure - 335 psig 

C7 C H N 0 S 0!  

16,~59 88.90 7.10 1 .oo 2.07 0.89 0.04 

1B,982 89.0 8.50 o.10 1.53 0.44 0.43 

0 17.48 0 0 46.61 3.04 32.87 
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p 

Coal 

Steam 

Ox~&,en 

Ni¢~o6en 

Ta~In~ee~ion 

~0T~I 
. ,,, 

Me%ha~e 

Oacbon Monoxide 

H~drob'en 

Carbon Diox ide  

lq ttz:os"en 

Ethylene 

Et;hane 

H,Vdrogen Sull~hl de. 
," 

Ammonia 

Ta~ 

Liquor 

Phenol 

~aph~ha 

~a%~y Acids 

Sla~ 

IIea,~ Loss 

TO~AL 

Error 

~GY mu, A.~ez -,,~,z, o ! .  ~.B. 

Total 

~,814,9o 

69.09 

1.93 

0 .O8 

191.76 

~,077.76 

291.511 

aSS.56? 

404,540 

Potentle.1 

1,91~.oO 

1.01.51 

2,006.41 

284.497 

B18,498 

3s6.~55 

La%en% 

69.0o 

69.0~ 

Then~s/~m 
=en.-151e 

I .?.~ 

o.o8 

0.25 

2.26 

P.6~6 

2.734 

11.085 

25.760 

14.~59 

0.211 

35s.~oo 

42.180 

o.48} 

22.190 

0.246 

7.209 

69.461 

- 1.63 

lO.857 

25.160 

1~.792 

346.516 

0.463 

21.546 

0.235 

0.415 

1,908.~6 

~.SgS 

50.765 

0.005 

o.16o 

0.003 

3~.831 

7.o14 

4o.o71 

18.185 

2.696 

2.934 

0.??9 

0.600 

0.467 

0.211 

8.784 

11.415 

o.o15 

o.4s4 

0.00B 

6.794 

69.461 

169.367 
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Crude g'am £1ow (inc. look gas) 

Steam consump%lon 

Steam decomposition 

Ox~rgen ¢onsump%ion 

Crude gas production (ino. lock 6pas) 

Fuel consumption DA~ 

Liquor Yield 

= 10.49 x 10- 

= 3 . ~ 0  

= 72.11 

= 16,477 

= 271.4 

= I~4.9 

= 1 .90  

scud 

lb/the~-m ~s 

sc£/¢on DA2 

ther=s/tonDKF 

to=8/dw 

l~/ therm 

EF:"ICI~;CIES (~&) 

Gas only 
incl. %at, oil, 

To%a.l Crud e ~as therm~ 

Coal the-~s 

Tota l  Crude ~as thezms 

Coal + steam 

Tot~/ Cru-~e Ras thezms 

Coa! * steam @ 80~ ef f~ .  
+ o~gen @ 2,254.36 3 t u / l b .  

8.5.14 

80.~6 

73.~? 

105.69 

1o0.5o 

9o.59 

Z - 8  



D.J~.F. Coal C'V , 14,]96 B.m.U./ib. Oa.lo~s.ted ,., 14,401 B.Thu/ lb.  

rJux  Mo~.~t~,e , 2.25 ~ v /~  Coal ~o:}.st~e .. 7.5 ~ v /~ 

0o¢1. Pz 'ox i t~te Aue.lys:i.s: Jt~h = 5.51 V.M. = 35.35 ~.C. = 59.14 

* Pro:r.tmate e~ oha~@~1, inolu~iz18 tl~'~ (o~ "b~ weight) 

~istu:e . 7.~? Ash- 6.41 v.~. = ~2.S7 ~.C. = 5~.~5 

* ~:d.8 ansl~'s is inelu4e= 002 evolvoa /Tom l imestone £ lux  as v o l a t i l e  , -~ t ter .  

O - B2,40 B ,, 5.50 1~ ,. 1.68 S - 1.50 01 = O.p0 0 - 8.62 

J~ ~J .s  a~3~'sAB Luolu~les 002 evolve~ .¢zom l:L1:~eSto~e ~ ~ae~" ~;he appropriate 
element. 

c~ 4 - ~ .4~  o o -  ~s.z~ s 2 - ~'t.,~ ~o~ = ~.~.,  

s2 ÷ J~ " 4 .29 02;; 4 . 0 .16 02~ 6 ~, 0..~5 

~ . 0 .19  cos . 0 .07 

~ P - I ~ a u c t  ~a~a 

I~2S - O. 49 

o£~ake Te=pez'aT,~z.~e = 4~5 °O 

C ~ a i f i e :  Pzeeax=e = ~35 psAg 

OV 0 

T~/OAZ 16, ~67 eg. 

~a~h.'tlut. 17,905 Bg. 55 
.K~o= Xd.quoz" 

O~ounc ls  - 22.24 

H N 0 8 ol  

?.2 1.0 1.54 0.86 o . l o  

9.25 - - 0.89 O.43 

- - 59.Y~ 2.85 1%60 
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P 

0o~1 

Steam 

0~76en 

Nitrogen 

Taz'Xn3eo¢ion 

T02AL 

Methane 

(]a~bon Monoxide 

H~,drogen 

~.~RG~ BAL~!OE - Ep-~.~ O1 M.R. 4 

.i 

Total 
i 

10756,48 

68.65 

1.91 

0.08 I 
110,62 ! 

1,977,74 

Potential  

1,756.48 

110.48  

1,936.~6 

274.565 

810,968 

37~.05R 

Latent 

68.65 

69,65 

Ther=s/hr 
senstSl¢  

1,91 

0.08 

0.14 

~.1~ 

Car~on ~ioxide 

Ni¢rocen 

Ethylene 

Ethane 

Hydrogen Sulphide 

Ammonia 

281.316 

85o.581 

39o,579 

P3.9~7 

12.787 

6.751 

39.6~3 

17.52~ 

TaT 

LIquor 

Phenol 

Naphtha 

Yatt¥ Aclds 

SlaC 

Heat Loss 

TOTAL 

2.350 

2,84? 

10.1~ 

24.404 

13.426 

o.149 

288.967 

43.011 

0,2~6 

21.604 

0.088 

6.655 

80.818 

~79,558 

0.217 

20.97 ° 

o.0~4 

• 0 .383 

1,806.567 

2.330 

31.595 

0.O02 

0.135 

O.001 

~.~91 

~ . ~  

2.~47 

0.9~ n 

0.567 

0.4~ n 

0,149 

7,071 

11,622 

0.0O7 

0.470 

0,00} 

6.27z 

80.818 

2,017.166 ~ 
J 

- 1.99 [ 
. . . . . . . . .  i 

176.7o~ 
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PERFORFJ~CE ~ATA RUN EPRI 01. M.B. 4 

Crude gas flow ( ino .  lock gas) 

Steam consumption 

Steam deoom~osttion = 

Oxygen oonsu=ption = 

Crude ~ae produotion ( inc.  l o c k s  as) = 

Fuel oonsumption I ~  = 

Liquor Field = 

= 10.26 x 106 sold 

= 3- 38 lb / ther=  gas 

6e.~B 

16,629 Be f/t~n Dt~ 

268.9 the=ms/ton 

134,2 tons/da~ 

2, O0 lb/the~u 

Ernc~m~cz~s C,~O 

Gas orLl,V inol. tar, oil, 

Tot~! crude ~=s thez~s 

Co~ therms 84.16 

Total crude~cas ~her=s 

Coal • area= 80.01 

Tota l  crude ~'as thez~s 

Coal ÷ steam @ 8 ~  e£.¢~. 
+ o ~ o n  ~ 2,254. ]6 3t ,~/ lb 72.85 

101.11 

9g.I~ 

87.52 

E-L2 
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pATA USED ! ~ RUN ~0. E.P.R.I. 0'1. ~.3. 

D.A.F. Coal CV = 14,422 2.T.U./Ib. Ca!oulsted - 14,285 3.Thu/Ib 

F l u x ~ o i e ~ u ~  = 2.0 K w/v Coal Moisture = 7.0 %v/w  

Dzs, 0o"1 l~ox imate £~alys/s:  Ash = 5.10 V.M. - ~4.44 F.¢.  - 60.46 

*l~ozimate  eus o]~xged, t n o l u d ~  f lux  ( ~ b y  welsht) 

Moisture = 6.88 Ash . 6.05 V . M . .  ~2.22 P . O . .  54.85 

• Thte aua lys i s  iucludee C02 evolved from limestone flux as v o l a t i l e  master. 

C = 82,44 H = 5 . ~  g = 1.68 S = 1.64 C~ - 0.45 O = 6.46 

~Thi8  analyflie i=oludes CO 2 evolved from limeszone f luxunder  appropr ia te  
elements. 

Gas Ane37eis (Volume ~) . by Mass Spectrome¢_~y 

c~ 4 = ~ . ~ 4  co . 59.05 s 2 . 26.~6 co 2 . 2 . } 4  

N 2 - 4.27 C2~ 4 = 0.15 C2a 6 = 0.32 II25 • 0.47 

NH5 = 0 .14 COS = 0.07 

Gas 0£ftake Temperature = 484 °C 

~Iflerl~ss~=e = }~5 psig 

CV ¢ H 

C 2 . ~ . a . / ~ )  

Ta~/oll 16,~a5 88.40 7.20 1.10 

~aphth~ 17,905 89.55 9.25 - 

Mino~Li%uo= 
Compounds - 19.01 - - 

.l) 

0 S Cl 

2.}4 0.92 0.04 

- o.e9 0.43 

50.71 2.84 27.44 

E-13 
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_~';~oY BAk~OE - ~..~.~.z. 0 ! ~m 

Goal 

Steam 

O~'6en 

~itro~en 

Tar ln~eotlon 

TOTAL 

MethaAe 

Carbon Monoxide 

H,7~zogen 

Carbon Dioxide 

Nitrogen 

'Ethylene 

Ethane 

Hydrogen b%tlphide 

Ammonia 

~ar 

Liquor 

~henol 

~aphtha 

~a%t~ 4oias 

Slag 

Heat Loss 

TOTAL 

E~...ror. 

Total 

1,119,86 

58.78 

1.o7 

0.04 

~Io.62 

1 ,290 .37  

la4.o75 

479.118 

~85.436 

2.811 

~.1~5 

16.735 

8.q03 

o.196 

229.976 

3B.e14 

0.218 

14.594 

0.o77 

4.278 

57.423 

I ,  329.864 

• .; 3.06 

Potential L.- ten% 

110.48 

1,119.~6 

1,2~.~4 

179.8o7 

457.431 

271.067 

5.023 

16..%o 

8.671 

222.642 

0.909 

13.986 

0.093 

0.246 

1,175,4s5 

5e.70 

5s • 78 

1.862 

28.569 

0.002 

0.104 

0.001 

3o. 529 

I I 
J I 

Therm~/Y~ 
ecnmiblo 

1.07 

O.Oz 

0.14 

1 .?5 

4.268 

21,687 

I~.~67 

4.?g5 

2.P.ll 

O. 10?. 

0.375 

0.282 

0.1e6 

5,472 

Io.~.54 

0.037 

o. ;o4 

0.003 

4.o~2 

37.423 

123.85. n 

E-15 



P 

m.-2" . : :cz :c  =. ~ " .A  

Cr~e Ca~ ~1o~ (~nc. lock 6as) 

$%eam oonsuaptlon 

Scea= 4eco=pos~t~on 

Ox-#'cen oonsumpt£on 

Cz~de L'as p r o d u c t i o n  ( i n c .  l o c k  8~6) 

• " u e l  c o n s ~ p t ! o n  DAF 

L~q~Or v=~la 

= 6.,°,? x 106 ~ C f a  

: 61 .o5 

= 62.25 sc f / the . -~  

16,790 ao£/ton 

,: 269.7 therms/ton DA2 

= 182,7 t o n s / d ~ "  

= 2.9. ?. l b / t h e . ~  

Ca,; onl,v i n ~ ! .  to~, o11, 

T o%~! ¢rJ~e r as t.hem'zs 

Coal ~ steam 

T o t c !  c.---'~.e r ~ r  t h e - ~ r  

Coal ÷ ~ a a z  "- O~;" e r ~ '  

78.8S 

71.?~ 

I06.7~ 

9~.75 

89. ~,4 

E-16 



D.A.Z ~. 0o=1 OV - 14,311 ~.T.V./ lb.  Calculated = 14,687 ~ .~ .~ /1~ .  

TA~ ~o~8t~l~ - 2.5 ~ W/V Coal l~oisture = 8.5 ~ v / v  

Coa~ PA~.l~a~e SuaZ~sis= Ash = 5.29 V.X~. = ~5.64 ~.C. = 59.07 

* P'zozima't,e as chaz~sed, ~ : l ~ . t = 8  ~ '1~ (% by ve l~h~)  

Mois~;tn, e . 8.]5 &st; , 6.15 V.M. ,, ~2.78 ?.¢. = 52.72 

This anal¥s~s Anclude8 002 evolved f z ~  the 1Amestone £I'u~ as v o l a t i l e  mat'~er 

0 . 82.31 ]~ . 5 - 3 5  N - 1 . 6 2  S . 1 . 4 5  C l  - 0 . 3 1  0 - ~ . g S  

ThAB anal~m:L8 ino!u~u8 (:02 evol~ec~ :~zom the 1Amestone flux umde~ the 
a~pzop~iate elements, 

gas Aua3Tsts., (Vol t=e ~)  - by Mass Spectz'ome%z~ 

~ 4  " 6.25 co = 50.07 ~ - 29.34 002 = 6.58 

"2 = 6.53 o2~ 4 . o.1~ 0 ~ 6  = o.~3 ~ s  . 0.4"/ 

]gH~ . 0 .29 005 - 0 .05 

Gaa" 0££take Tempematu~ . 471 °C 

Gaa~f£er l~-essuze = 3~5 psLg 

~ , a u o ' ~  Data 

CV C 1; N 0 

C~.T .~ . /Z~)  

z = f o ~  '~6,~15 88.8 7,2 1.o 2,04 

~ ; ~ t b a  17, 9o5 89. ~5 9.25 - - 

Y~t~o:~ L tc~o= 
C o m p o ~  " 19.06 - - 50.83 

m 

S 

0.81 

0.89 

1.87 

Cl  

0.15 

0.43 

2 8 . 2 4  

-3--17 



7 
U 

("1 

v 

+ 

~L 

I 

[ .~ 

f'1 

u~p. 

r%l~ 

< 

n~ 

.J 

t U  
t - .  
< 

I - ,  

C.) 

r ~  ~ *,1" ",1" 
- - *  CO 

t r t  
- I  

. . . . .  ~ 

e I 
~R ~- ~ o  

• • • • e • • • • • • • • 

C .  r , -  Ip.,..,,T 

( D  ~ . . . T  ,--. ,'-,,. r',.,. -..* t t l  ,~)  
~ ,.D r*!  r ' ~  r.,.. *-~ CO 
".~ r.,* 0 3  r, . .  p... 

m ,-7 "N 

W ~ ~ ~ r-- C.C. e- ta 

*- . -  ~.. C C O ' - *  " "  ~ C) *--3.. ,  ~ 1= e.O ~" 

~ . ~ . ~  ~ r~ ~. ~ ° ~ .~'~,-' ~ ~ .~.,.-.-_....~ ~. ~..~ -- ~ . , .  ~ , -.- .. , ~.. ~n ~-~ ;~ 

E-18 



ERERCY BALANCE - E.P.R.I. 02 HB 

:oal 

Steam 
Oxygen 
N£¢rosen 
Tar In jec t ion 

, , , ,  

TOTAL 

Hethane 

Carbon }tonoxide 

Hydrogen 

Carbon Dioxide 
Nitrogen 
Ethylene. , .  

Ethane : 

Ryd rogen  Sulph~ de 

AmMon:ta. 

Tar 

L i q u o r  " 

Phenol 

Na ph tha  

Fatty Acids 
Slag 

Heat Loss 

TOTAL 

Z E r r o r  
[ 

1 Total  
i 

; 3,470.19 

i 122.01 
I 3 . 5 2  
' 0 . 1 9  
Z 
; 147.50 

3,743.41 

5g6.528 1 

1,523.146 

763.488 

6.002 
5.636 

10.526 
48.569 
31.933 

0.566 

415.991 1 
56.321 

3.547 t 
148.341, 

0.250 i 
62.363 

103.410 

Potenti81 

3,470.199 

147.31 

3,617.50 

571.260 

1,447.269 

726.945 

10.291 
47.339 
30.806 

( 

401.760 

Latent 

122.N1 

3.360 

4n.288 

0.039 

1.065 

0.003 

3.388 

143.829 

0.238 

6.707 

122.01 

I Thems/hr 

I sens£ble 

3.52 
0.]9 
0.19 

3.90 

15.268 

75.877 

36.543 

6.002 

5.636 
0.235 
1.230 
1.127 

0.566 

10.871 

16.033 

0.120 

3.447 

0.009 

55.656 

103.410 

3,766.617; 3,389.832 44.755 332.030 
I 

- 0.62 
= 

E-19 



E.P.R I. 02 PERFORMANCE ~ATA M.B.l 

Crude gas f low ( i n c .  l o c k  gas)  

Steam consumptloll 

Steam decomposition 

Oxyseu consumption 

= 19 .16  x 106 so ld  

-- 3.19 lh / therm gas 

= 85.58 Z 

= 57.43 se f / t he rm 

= 15,624 sol/ton DAF 

Crude gas productlon (~nc. lock gas) 

Fue] consumption DAF 

Liquor  yield 

272.1 therms/ton PAP 

247.2q tons/day 

1.37 l b l t h e r m  

EFFICIENCIES Z 

T o t a l  crude 8as thegns 

Coal therms 

Total orud.e ~a S therms 

Coal + steam 

Total crude ~as thecms 

Coal + steam @ RO% effy. 

+oxygen % 2256.36 Rtu/Ib. 

i n c l .  tar, oll 

Gas Onl~ naphth_a 

81.32 g7.15 

78,03 93.22 

71.22 85.09 

~--20 



DATA USED IN RUN NO. EPRI 02  H.8.,_._.~l 

D.A,F, Coal CV = I~935 B.T.U./Ib CatculaCed = 

Ptux  Mo is tu re  - 7.O % w/w Coal H o t s t u r e  = 

Dry  Coal  Prox£mace Ana lys i s=  A s h -  11.24 V.N.  - 35.90 

(% by weigh~)  

14,961 b .Thu /Lb*  

F,C, " 52.86 

P rox ima te  as charged,  i n c l u d i n g  Flux (~ by w e i g h t )  

Ho is~ure = 5 .3 ]  Ash = 23,61 V.H. = 28,75 F.C.  = 42 .33  

Coal Ul3~mateAnal~als (D.A.F.) (~ by weight) 

C = 83.62 H " 5.72 N = 1.64 $ = 2.05 CI = 0 .15  O ~ 6.82 

Cas A n a l y s i s  (Volume %) 

CH 4 = 7 , 0 7  CO - 56.42 R 2 - 28.02 CO 2 - 2 .96  

N 2 + Ar " 4.22 C2H 4 - 0.08 C2H 6 = 0.34 X2S = O.60 

Nil 3 - O.26 COS " 0.O3 

Gas O f f t a k e  Temperature  

G a s i f i e r  P r e s s u r e  

5160C 

335 ps i 8  

By-Product Data 

% By Weight 

CV C H N 0 S 

(~.T.U./lb) 

Ci 

T a r / O i l  

Naphtha 

H i n o r  

L i q u o r  

Compounds 

16,350 87.7 7 . 3 0  0.80 3 .30  0.74 0 ,12  

(Ash = 0 .04 )  

17,615 90.2 R.64 N11 ~11 0.72 0.37 

(Ash = 0 .07 )  

20,70 N:LI NIl 55.20 1.86 22.24 

E=21 



P 

! 

o 

3 

I 

,g 

C 

J 
,-4 

d 3 d d  ~J  ~ d J 
G~ 
U'~ I 

,-a 

~r" .-.4 u'% u ~  - ~  

• 0 ~O~T 

¢,3 

cJ~ 
~T 
N 

d 2 3 ~  2d  
~ ~ ~ |  

J . . . .  

¢: "o  " o , ~  ~ I"o 

¢J 

E - 2 2  



Coal 

Steam 

Oxysen 

Nt=rogen 

Tac In~ect~on 

!TOTAL 

Hethane 
Carbon Honoxlde 
i Hydrogen 

I 

!Carbon Dtoxtde ' i 

NIr rogen 
Ethylene 

Ethane 

Hydrogen Sulphide 

A~onla 

Tar 

Lt quo r 

Phenol 
Naphtha 

F a t t y  Acids 

Slag 
Rea ~ Loss 

ENERGY BALANCE - E.P.R.I. 02 HB 2 

TaLal 

2,388.55 

84.67 
2.53 

0.09 

110.62 

Po~e~tlal 

2,388.55 

110.48 

Latent 

84.67 

Thems /h r  J 
senstbZe 'l 

2.53 I 

0.09 J 
0.14 J 

2,536.46 2j449.03 84.67 2.76 

393.564 
9~7.885 
500.58t 

9.837 

43.536 

22.476 

~03.714 
1,048.629 

525.0]9 
4.867 
4.944 

10.054 

44.624 

23.271 

0.384 

293.403 

43.985 

3.112 
26.493 
0.253 

41.031 
68.814 

283.575 2.372 

31.741 

0.034 

0.190 

0.003 

2.976 
25.704 

0.241 

3,165 

TOTAL 2.542.597 2,283.540 34.340 

% Zr ro r  i - 0.24 
! 

LO.150 

50.744 

24.438 

4.867 
4.944 

0.217 

1.088 

0.795 

0.384 

7.456 

12.244 

0.102 

0.599 

0.009 
37.866 
68.814 

224.717 

] ~ - - 2 3  



~ . P . R . I .  ft2 PFRFORNAHCE PATA YI.I~.2 

Crude gas Plot~ ( Inc. .1 .nck gas) 

Steam consumpt ion 

Steam decompos i t i on  

Oxygen cons ,mpt ton  

II 

i 

m 

II 

R 

13.48 

3.21 

7P.01 

59.8R 

! 6.5q~ 

s c f d  

l b / t h e r m  8~s 

s c f / t b e r m  

s c f / ¢ o n  DAF 

Crude ~as p r o d u c t i o n  ( i nc .  l o c k  gas) 

Fuel consumpt ion  PAF 

Liquor  y i e l d  

277.0 

168.54 

! .55 

t h e r m s / t o n  OAF 

t o n s / d a y  

l b / ¢ h e r m  

EFPICIENCIES Z 

Tota ]  c rude  gas therms 

Coal therms 

Total. crude gas therms 

f',oa] + s team 

To ta l  c rude  gas therms 
° 

Coal + s team @ ROY a l l y .  

+oxygev ~ 2?~4.36 R tu / lb .  

Cas Only 

84.fl3 

RO.2S 

72.84 

i n c l .  t a r ,  o t l  

97,~Q 

O3 .~6 

R~.42 

~--24 



~TA US'I~D I N  R L ~ 0 ,  Z~PffZ O~ M.S. 2 

D.A.P. Oo&l UV = 14,717 B.T.U. / lb .  Caloulated = 14,929 B.Thu/lb. 

Flux Moisture = 7.25 ~w/w Coal Moistuze = 4.9 ~w/w 

~ry Coal Proxi~teAn~lysis= Ash = 11.09 V.R. = ~5.8~ ~.C. = 53.0S 
(% we: t) 

Proxlmate as oha~geC, inolud/ng flux (% by weight) 

Nolsture = 4.94 Ash = 23.67 V.M. = 28.77 Y.C. = 42.62 

Co~LI ~'l%~ma%@ Analysis (D.A.F.) (~ b~ weight) 

0 = S ) . 5 ~  H - 5 . 7 1  N = 1 . 6 4  s = 2 . ~ 5  c ~  = 0 . 1 4  0 = 6.85 

CH 4 - 6.92 C0 = 55.27 H 2 = 27.42 002 = ~.52 

~2 +A~ = 9.42 02~ 4 = 0.11 02~ 6 = o.44 ~2B = 0.62 

1~H} = 0.26 00S = 0.03 

G&B 0f~take Tempez~ture = 502 °0 

G~slfie~ ~reaau~e = ~5 pslg 

B~-~z'oduot Da',','~ 

TaT/Oil 

Naph~h~ 

~nor Liquor 
Oompotm~s 

( 

OY 

16,567 

17,615 

C R N 0 S 01 

88.1 7.4 O.9 2.35 0.96 0.21 
(Ash = O.OB) 

90.2 8.64 N i l  N i l  0,72 O,57 
(A.h= ~.07) 

22.61 N i l  N i l  60.~1 1.83 15.25 

E - 2 5  
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Coal 

SCeam 

Oxygen 

Nltrogon 

Tar I n j e c t l o n  

TOTAL 

E N E R C ,  Y B A L A N C E  - E . P . R . I .  0 2  .~111  3 

[ Tocnl ]Potent ia l .  !" l.vk:e nt 

. I  , . 

1,652.'*3 !',, J,,¢,2.33 

62.58 

l .71 

O.O.q 

82.81 82. 711 

l~Pqg.51 1,735.'113 

62.5,q 

62.58 

- - l l  

Thorm*.fhr i 

s e n s i b l e  i 

1 .71  

0.0,~ 

o .  II 

I . o 0  ' 

Fie I: ha ne 
Carbon Honoxt de 
Hydrogen 

Carbon Dioxide  

~t crngen 

Ethylene 

Rthane 

Hydrogen Sulphide 

Ammonia 

Tar 

L£quor 

Phenol 
Na ph I: h a 

Fatty Acids 

S~ag 

}lea t: Loss 

TOTAL 

g Error  

303.552 

73R. 152 
3 7 1 . | | 3  

3.527 

3.5~n 

7.220 

35.659 

] 5.574 

0.277 

218.107 

30.8~0 
1 .089  

1n,514 
0,161 

26.172 

68,272 

1,833.769 

- 1 .9N 

2q6.13~ 
7n3.242 
354.215 

7.069 

15.056 

210.924 1.764 

22.407 

1.o42 O.n12 

10.2o6 0.o76 

O.153 0,002 

1.695 

1,6 .%4.  548 24.261 

7.&22 
34.Oln 
I t~. R gR 

3.527 

3. ~4f~ 

('i. 151 

0 .~45  

0 .518  

0.277 

5 . -~19  

8 . 4 3 3  

0.035 
0 . 2 3 2  

0,006 
24.477 

6R .272 

174.962 

. . . . . . .  = . . . .  

I 
I 



E.P .R. I .  02 PRRFORMANCE PATA ~.B.3 

Crude gas flow (inc. lock ~as) 

Stea~  eonsomptlon 

Steam decompo=!tlnn 

Oxygen consumption 

= 9.6n 

= 3.32 

= 76.28 

= : .  51,1~ 
= 17 625 

scfd 

lb/therm gas 

7 

s c £ / t h e m  

scf/ton PA~ 

Crude gas production (lnc. lock gas) 

Fue l  consumption ~AF 

L i q u o r  y l e l d  

m 

a ;  

288 .3  

116.18 

1.52 

t h e r m s / t o n  ~AF 

t o n s / d a y  

l b / t h e r m  

EFFICI~NCIES Z 

Total  crude gas the]~ns 

Coal therms 

Total crude gas therms 

Coal ÷ steam 

Total crude gas thegns 

Coal + steam @ 80Z e f f y .  

+oxygen @ 2254.36 8 tu / l b .  

Cas Only 

85.7'; 

81.37 

73.59 

i n c l .  t a r ,  o i l  

n~oh~ha 

99.34 

94.27 

85.25 

E-28 



DATA .US'~D Z~ .m~ Flo. EP~ O= ~ v,.B. 

D.A.F. Coal OV = 15,007 3 . T . U . / l b .  Caloul~ted = 14,962 B,Thu/ lb.  

FluzMolsture = 7-75 %w/w 0oal Moisture = 5.75 %w/w 

Dz~rCoal Proximate Analysis: Ash = 10.58 V.M. = 56.44 F.C, = 5~.18 
(~by.ei~t) 

I~ox in~ te  as charged, i n o l u d i ~  f l u x  (~ by weisht )  

M o i s ~ e  = 4-37 , e h  = 2 2 . 6 8  v . M .  = 2 9 . 6 6  ]P.o.  = 4~.29 

CoaZ Ultimate An&lysis (D.A.F.) (% by weisht) 

0 = 85.75 H= 5.68 N= 1.65 S= 2.09 CZ =O.15 0=6.68 

OH 4 - 7.31 co = 54.70 H 2 = 27.24 CO 2 

N 2 + JL~ = 5 . 5 8  O2H 4 = O. 11 C2H 6 = 0.49 

1 '~  = 0.27 g0s = 0.05 

= 5.68 

H2s = 0.59 

Gas O££take Temperature ffi 491 °C 

GasifCer Pressure = ~ 5  ps ig  

B~Prod~c tDa ta  

. 

CV 
(~.T.U./lb) 

T a r / O i l  16,~45 

H ~ p h ~  17,615 

Compounds 

H 

By Weigh t  - 

0 S 

8%7 7-4 O.8 

90.2 8.64 NiZ 

3.oo 0.91 
Ash = 0.10 

N i l  0.72 
Ash = 0.07 

01 

0.09 

O. ~7 

2~.~2 NIZ N£1 62.19 2.55 11.94 

E - 2 9  
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ENERGY BALANCE - E . P . R . [ .  02 HB 

Total P o t e n t i a l  La ten t  

Coal 

Steam 

Oxygen 

Nitrogen 

Tar XnJecClon 

TOTAL 

Hethane 

Carbon ~lonoxide 

Hyd rosen 

Carbon Dioxide 

Nitrogen 

Ethylene  

Ethane 

Hydrogen Sulphide 

Ammonia 

Tar 

Li quo r 

Phenol 

Na ph t ha 

Fatty Acids 

S1 ag 

8eaC Loss 

TOTAL 

1,144.62 

38.04 

1.11 

0.04 

86.66 

1,270,47 

209.733 

497.213 

244.740 

2 .43 I  

3,324 

2,282 

15.321 

9.631 

0.180 

168.109 

19.942 

1.708 

39.883 

0.158 

19.464 

55.qRl 

1,144.62 

86.55 

1,231.17 

2n4.818 

474.507 

38.04 

38.04 

1,290.172 

- 1.55 Error 

233.968 

2.236 

14,973 

9.323 

162.713 

1.706 

38.745 

0.151 

1.296 

I~144.436 

1.361 

14.637 

O.O19 

0.287 

0.002 

16,306 

Thermslhri 

aen~Ible 

1,11 

N.O~ 

0.11 

1 .2~  

4.915 

22.706 

IOo772 

2.433 

3.324 

0.046 
I 

0.348 

O. 308 

O. 180 

4.035 

5.305 

0.055 

0.851 

0.0n5 

18. 168 

55.981 

l~Q.v.]O 

E-31 



F.P.P.T. 02 DEPFORMANCV rATA H.~.4 

Crude gas  Flow (inc. lock ~as) 

Steam consumption 

~team docompositJon 

Oxygen consumption 

6.6] 

3.0~ 

78.77 

64.33 

17,807 

scfd 

Ib/ther~ gas 

scf/therm 

s o l / t o n  DAF 

Crude gas productlon (Jnc. l o c k  gas) 

Fuel consumption PAF 

L~quor y~eld I 

272.1 

80.67 

1.37 

t h e r m s / t o n  nAF 

t o n s / d a y  

lhlcherm 

FFFTC]FN~IFS 

To ta l  c r u d e  gns therms 

Coal therras 

To t a l  crude ~as  cherms 

Coal + s team 

T_ocaZ c.rude gap therms 

Coa~ + steam @ ~0~ e f f y .  

+oxygen @ 2256.36 e tu fZb .  

Gas Nn]y 

~3.~2 

78.68 

71.13 

i n c l .  t a r ,  oJ1 

]01.36 

95.71 

86.53 

1=:-32 



"I~A~A 

D.A.F. Coal OV = 14,8~0 D.T.0./Zb. 

~ u x  M o ± s ~ e  = e.75 % ./w 

Dz~ Coal l~coxlm~te Analysis= Ash 11.8B 
(% by  ,ei O 

I~oxirate as charged, inoludln~ ~lux (% b~ we£~h~) 

Moisture = 4.95 Ash = 2).71 V.M. = 28.11 F.C. = 4).25 

OSE~ Z~ mr. ~o.  ~ R z  02 

Ca lcu la ted  = 14,889 3 .Thu / l b .  

Coal Mois+-ure = 4.25 % w/v 

V.M. = 34.72 T.C, = 53.40 

p.o~z ~ t i = ~ t e  Anal,yS±s ( m A . ~ . )  (~ by w e i ~ t )  

C = 8).55 H = 5.64 N = 1.64 S = 2.26 Cl = 0.19 

.Gas ~ . ± s  (yo1~=~e 5) 

OH 4=%54 CO= 5).61 H 2 

N 2 + AT = 7.89 02H4= 0.05 

m~ 3 = 0 . 2 7  cos= 0.03 

ffi 26.14 C02 = 3 .8 )  

c2H 6 = o.31 Hgs = o.5.~ 

Gas Of f take Tem~ez~e = 475 °C 

Gaslfier Pressure = 3~5 psig 

O = 6.72 

B=y-Produc% ~.~ta 

< - ~; By we~t 
OV 0 a N 

(B.T.U./ lb)  

Ta~/0il 16,610 88.8o 7.70 0.70 

Neph%h~ 17,615 90.20 8.64 Nil 

Mino'~ Liquor - 22.52 Nil Nil 
Compounas 

0 8 

1.01 0 .77  
(A=,, = o .12 )  

NIl 0.72 
(Ash = o.o7) 

01 

0.10 

0.37 

.59.52 2.61 15.55 

E-33 
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~GY 3AI, ANC~ - RUN E.P.R.I. 03 MBI 

Ooal 

Steam 

Oxygen 

Nitro~n 

TaT 3".n~ eo~ion 

Total 

Methane 

Carbon Monoxide 

~ . r o g e n  

Carbon Dio~da 

Nitrogen 

~.thylene 

~thane 

H.7~'o~n Su!!0hids 

Ammonia 

Tar 

Li~uo~ 

l~henol 

Naphtha 

Fat ty  Amlds 

Slag 

Heat Loss 

TOTAL 

% ~=z,o= 

~ o t ~  I Potential 

2,816.36 

95.06 

2.85 

0.14 

2,917.41 

4)7-630 

1,237.19) 

6)5-965 

5.179 

4.3~6 

19.656 

8~.561 

26,840 

0.494 
179.822 

44.999 
2.116 

1o2.397 

0.436 

47.912 

73.~5 

2,900.921 

0.57 

2,816.36 

2,816.56 

427.o28 

1,179.o79 

607.199 

19.248 

80.621 

25.954 

173.929 

2.025 
99.414 
o.415 
2.584 

~atent 

98.06 

98.06 

1.455 
32.760 

0.029 

0.736 

0,006 

Ther.m/h~ 
sensible 

2.85 

0.14 

2.99 

i0.612 

2,617.486 34.980 248.455 

58.114 

28,766 

5.179 

4.336 
0.408 

1.940 

0.886 

0.494 

4.438 

12.239 
0.068 

2.247 

O,015 

45. ~8 
73.385 

E-35 



P 

mNEPRI 03 RmU~mMAN~ATA 

Crude gas flow (Ino. look~as) = 

Steam ¢onsump%ion = 

Steam decomposltlon = 

Oxygen consumption = 

Crude ~as produQtion ( inc .  lock  ~ s )  = 

Fuel  monsumptionDA~ = 

Liquor yield = 

15.77 x 106 

3.13 

88.86 

15.906 

277.5 

200.10  

~ z o z ~ o z ~ s  (S) 

To%al o ~ e  ~aa %hezms Gaa only 

Coal %hez~ns 82.82 

To%al orude Kas therms, 

Goal + steam 

Total crude Kas thezms 

Coal + steam @ 80~ effy. 

+ o~-F~en @ 2254. )6 Btu~b. 

79.)7 

72.~6 

sold 

Ib/therm gas 

% 

8o£/the~n 

sol/ton DAP 

therms/%on ]lAP 

%ons/day 

Ib/thezm 

incl. %a~, oil 
naph%ha 

92.61 

88.75 

80.91 

E-36 



DATA i U ~  l IN R~ ~0 ~ E'P'~'I. 0) N'B" 1 

D.A.~. Ooal CV = 14,955 Z.T.~./ib. Calou.l.ated : 14,83o B.Thu/Zb. 

mux~oleture = 7.75 ~w/w Coal Moisture = ~-5 %w/w 

Dry Coal Proximate Ana/ya~s: Ash = 1!.69 V.M. : 56.87 P.O. = 51.44 

Pzoxlmate as ohar&md, Includlng flux (~ywelght) 

Molature = 5.01 Ash - 2].80 V.M. - 29.72 F.C. - 41.47 

Q = 83.88 g = 5.45 N = ~.76 S = 2.12 

Gaa Anal~sis (Volume ~) 

e'~4 ,= 6.42 

N 2 + Av - 4.19 

~ = 0.30 

CO = 55.e3 

02H 4 = 0.18 

cos = 0.05 

H 2 - 28.43 

02H 6 = 0.70 

01 : o.13 o - 6.66 

% = 3.31 

B28 = O. 62 

Gas O££take Tempera%u~e . 488 °C 

Gaei£1er Pzessu~e = 335 psi6 

3~-l~od~ot, Data 

Naph%ha 

14ino~ Liquo~ 
Oompouna,~ 

OV C H 
( :8.T.V./ lb)  

16,~29 ST.O 7.4 

18,250 91.46 7.51 

- 20.23 NiZ 

~ W e i s h t  

N o 

1.1 3.96 

O . l l  0.63 

Z~z 53.94 

S ~ ~ h  

0.45 0.02 0.07 

o.19 0.04 0.06 

9.75 16.o8 m~. 

- E - : 3 7  
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P 

0oal 

Steam 

Oxygen 

Nitrogen 

Tax' Znjeotion 

TOTAL 2,807.49 

~GY ~ - R~_R,P.R.'r. 

TOTAL POTENTIAL 
n , I 

2,572.15 2,572.15 

98.28 

2.87 

0.I0 

134.09 133.92 
I 

2,706.07 
] 

~86.:].82 

1,171.299 

625.2n 

]¢etha~ne 

0a.rbon 1%no:r./Ee 

]tydz'ogen 

396.634 

1,233.372 

656.966 

Carbon Dioxide 

Nitrogen 

~lene 

~thane 

:H,7~o~,en suz~hlae 

Ammonia 

5.943 

4-537 

18.137 

67.171 

23,519 

0.445 

1?.726 

65.448 

22.680 

~gtT 

Liquow 

Phenol 

Naphtha 

Fatty Aotds 

Slag 

Heat~oss 

TOTAL 

Erro~ 

174.589 

43.173 

2.220 

41.53o 

0.4].3 

54.741 

76.125 

2,801,515 

0.21 

16s.571 

2.120 

40.257 

0.393 

13.325 

2,513.212 

O~ M.B.2 

8~TSI~B 
I 

98.28 
i 

2.87 

0.i0 

o.z'/ 
i 1-  

98.28 3.14 
, I  

1o. 452 

62.O73 

31.155 

5.943 

4.537 

0.4.11 

]-723 

0.839 

0.455 

1.41o 4.6o8 

3o.7a6 12.387 

0.024 0.076 

0.298 0.975 

0.005 o.015 

41.416 

78.125 

32.523 255.760 
J 

E-39 



13 

R.P.R.I .  Run 

Crude ~s flow ( i nc . l ock  gas) 

Steam consumption 

Steam decomposition 

0Xygen consumption 

Crude gas production ( inc .  lock ~as) 

Puel consumption DiP 

Liquor y ie ld  

EPPICIE~CIES 

Total crude .~as therm_ss 

0o - I  thez~s 

Total ,.crude KaB therma 

Coal + steam'~, burner fue l  

To~@l crude ~as ~herms 

Coal + Steam @ 80~ ef£y. + bul-ners 

+ o~en @ 2254.36 ~tu/ib 

~, l :~w,A~O~ DATA N.~.2 

= 15.72 x 106 

= 3.20 

= 89.12 

= 59.40 

ZT.613 

= 296.5 

= 182.42 

= 1.29 

Qas o.~7 

BB.90 

B4.B5 

76.64 

~c£d 

Ib/~hem @s 

sc£/therm 

sc£/ ton DiP 

~hez~ns/t on DAF 

tons/eeo' 

l b / t h e r m  

incl. ~ar, oil, 
naphtha 

9%09 

92.67 

8.~. 70 

E - 4 0  



DATA USED IN RUN NO. E.P.R.I. O~ M.B.2 

D.A.F. Coal CV = 14.889 B.T.U./lb Calculated = 14.797 B.Thu/Ib. 

PIux moisture = 7.25 % w/~ Coal Moisture - 4.70 % w/w 

Dry Co~l P r o x i m a t e  Analysis : ~sh - 11 .39  V.M. = 37.9~ P.O. = 50 .68  

Proximate as charged, including £1vx (% by welEht) 

Roisture = 5 . 1 0  A=h = 23.72 V.M. = 50 .47  F.C.  = 4o .71  

Coal UltL~aCe Analysis (D.A.F.) (~by weight) 

C = 83.70 H = 5-4~ N = 1.66 S = 1.9~ CZ = 0.13 0 = 7.12 

CasAnalysie ( V o l u m e % )  

CH 4 = 5.82 CO = 55.64 H 2 = 29.37 CO 2 - 3.53 

U 2 +At= 4.09 C2H 4 = 0.q7 C2H 6 - 0.57 H2S = O.54 

~m 3 = 0 .25  COs = 0 .03  

Gas 0£f~ake Temperature = 521 °O 

Gasi£ier Pressure = 335 pslg 

~-Proau~t ~t~ ( 

CV C 
( 3 . T . V . / ~ b )  

~ar/Oll 16,4~4 
Naphtha 18,250 

. ~ n o ~  I~quo~  - 
Compounds 

• ~ ~y weight 

H N 0 

86.7 7-5 1.0 4.34 

91.46 7.51 0.11 0.63 

19,66 NIL NIL 52.42 

) 
S 01 Ash 

0 . 3 8  0 .02  0 .06  

0 . 1 9  0 . 0 4  0 .06 

17 .28  10 .64  N'Z~, 

E-4£- 
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,, i, , ,  . . _  

TOTAL I~TE~IAL LATE~T THEECS/HR S~SIBLE 

2,531.33 Ooal 

Steam 

Oxy@en 

Nitrogen 

Tar I n j e c t i o n  

TOTAL 

Methane 

C~.'bon l~onoxlde 

Hydrogen 

Carbon Dioxide 

Nitrogen 

Ethylene 

Ethane 

Hydrogen Sulphide 
Ammonia 

T a.l., 

Liquor 

Phenol 

Naphtha 

Fat tF Acids 

Slag 

Heat Loss 

TOTAL 

% ~r~or  

2,531.33 

97.89 

2.8) 

0.14 

150.S5 150.66 

97.89 

2.8} 

0.14 

0.19 

2,76.~.04 2,681.99 97.89 5.16 

3?4.833 
1,171.644 

627.280 

16.600 

72.359 

21.572 

127.224 

2.799 

36.478 

0.286 

5.98S 

385.183 

1,234.799 

659.644 

6.046 

4.777 

16.993 

74. )05 

22. 386 
0.484 

1~i.822 
41.658 

2.933 

37.645 

0.301 

43.502 

e~.oo4 
, , , u  

2,?45.502 

1.064 

29.558 
0.032 
0.270 
0.004 

10.350 

63.155 

~2.~4 

6.046 

4.777 

0.393 

1.946 

o.814 

0.484 
3.554 

12.100 

0.102 

0.s97 

O.Oli 

37.514 

83.o04 

1.35 

2,457.063 ~0.928 257.511 

E - 4 3  



Run E.P.R.I. 03 

Crude gas flow ( ino .  look gas) 

Steam consumption 

Steam decomposi t ion 

Oxygen consumption 

Crude 8as product ion  ( i n c .  lock a-as) 

Fuel consum•tion DAY 

Liquor y i e l d  

E~ZCZ~CZ~S ~; 

T o t a l  crude p~as the rms 

Coal therms 

Total crude ~as. therms 

Coal + Steam + Burner Fuel  

To ta l  crude ~as ~herms 

Coal + Steam @ 80~ efEy.  

+ oxygen @ 2254.36 Btu/'ib 

Z~aFO~ DATA MB 

= 15.74 x 106 

= 3.19 

= 87.7k 

= 59.00 

17,885 

= 303.1 

= 190.24 

= 1.24 

Gas onl 2" 

9o.~9 

86.18 

77.77 

scf~ 

Ib/therm ~as 

8cf/therm 

scf/ton DAY 

thex~s/t on DkF 

tons/day 

lb/thexm 

inc. tar, oil, 
naphtha 

96.80 

92.29 

83 • 28 

• ~-44 



D.A.F. Coal CV = 14,~69 B .T .U. / lb  C~cuZated 1 14,836 ~.Thu/l~ 

FZux ~ L s t u r e  . 7.5 ~w/w  Co~ Mola~ure = 3.95 ~w/w 

Dry Coal F~o~Imate Anal ya£s: Aa~ = 10.O1 V.M. = 37.56 F.G. = 52.43 
(~ by we~&dlt) 

ProxiaaCe as charEsd , £n¢lud£n G £lux (~ by weisht)  

Moisture = ~-~5 Ash = 9.61 V.M. - ~.O8 F.C. - 50.~6 

Coat Dltimat, Analyaia (D.A.F.) (~q~y w e J ~ t )  

C = 84.0~ ~ = 5.42 N - 1.66 S = 1.91 

Oa~ ~a~s~s (Vo~u=e ~) 

OH 4 = 5.64 CO = 55.5~ H 2 = 29.4~ CO 2 = ~.52 

~+~ .4 .~  c~4=o,~ %s 6=o.6~ ~s.o.31 
z~5 = 0.26 cOS, 0.05 

By-Prodyot_D~ta 

Ta~/OA1 

"Naphtha 

Minor Liquor 
Compounds 

Gas O££1;ake Temperature = 529 °C 

Gasi£ie= Pressure =" ~5 ps i~  

01 = o.16 0 = 6.85 

OV O H ~ 0 S Cl Ash 

16,52V 87.0 7.6 0.8 4.12 0.55 0.07 O.06 

18,250 91.46 7.51 0.11 o.~J~ 0.19 0.04 0.06 

19.83 ~L NIL 52.89 16.46 10.82 ~qL 

E - 4 5  
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0o-I 

Steam 

0xygen 

Ni%ro~en 

Tar ln~ectlon 

TOTAL 

Methane 

Carbon Monoxide 

Eydrogen 

Carbon Dioxide 

Nitrogen 

Ethylene 

Ethane 

~Td~ogen Sulphide 

Ammonia 

Tar 

Liquor 

;Phenol 

N~ph%ha 

Fa t ty  Aoids 

Slag 

Heat Loss 

TOTAL 

E~J~ol" 
, , . . ,  

..~mr B ~ c ~ -  ~.~ r~ } ~ 4 

Total 

2,694.22 

99.61 

~.00 

0.01 

115.26 

2,952.10 

419.129 

1,281.113 

611.906 

5.628 

3.809 

16.626 

60.573 

24.312 

0.464 

251.007 

48,979 

2.208 

45.005 

o.423 

44.309 

92.842 

2,90s.~0 

0.81 

Potential 

2,694.29 

115.o9 

2 , a 2 9 . 3 !  . . . . .  

Latent 

99.61 

99.61 

408.514 

1,218.738 

583.255 

16.265 

59.084 

23.476 

242.562 

2.111 

43.659 

0.403 

2.309 

2,600.376 

2,,029 

35.280 

0.024 

o..~23 

0.005 

57.661 

Therme/hr 
oenslble 

3.00 

0.01 

0.17 

3.1s 

Io.~15 

6~.575 

28.651 

5.628 

3.809 

0.361 

1.489 

0.856 

0.461 

6.416 

13.699 

0.073 

1.023 

0.015 

42.ooo 

92.842 

270.293 

E-47 



P 

Sun z~x.!.,~ . ~ .  ,~z~oz mu~ 

Crude gas flow (inc. !ock~as) 

~eem oonsump%ion 

Steam decomposition 

0x~gen oonsumptlon 

Oru~e gas production ( i n c .  look &,as) 

Fuel consumption DAI~ 

Liquo~ yiel~ 

" '5.72 X 106 sold 

= 3.22 ib/the= 6as 

= 83.~6 % 

= 60.94 scf/them 

17,350 sof/t on 

= 284.7 %hezms/ton DAY 

= 192.66 tons/dey 

= 1.47 Zb/therm 

ino. tsm, oil, 

0o81 ~he~s  85.~8 

Coal + steam 81.12  

Total crude a~s the,x'ms 

Coa l  + Ste "m @ 80~ e f t .  
+ ox~&.~n @ 2,254.36 Btu/Ib 72-99 

96.50 

92,06 

83,25 

-E~48 



P 

.... USED..IN Rb~ NO. E.P.R.I. 0~ ,,, I L3. 4 

D.A.F. 0oal 0V = 14,~52 B.T.U./Ib Oalculatel = 14,863 ~.~h~Zh 

~Zux Moisture = 7.75 % w/w Coa l  ~oisture = 4.12 % w/w 

Dry Coal Proximate Analysis: Ash = 11.11 V.M. = 37.22 P.C. - 51.67 

Proximate as ohazge~, inoluding flux (~ by welght) 

Eo is t : u~e  - 4 . 68  Ash - 2 3 . 2 0  ~ . N .  = 3 0 . 2 0  F . C .  = 4 1 . 9 2  

Coal mtlmate Analysis (D.A.P.)(% by weigh%) 

C = 84.06 H- 5.44 N- 1.75 S- 1.85 

Gas Anal~sis (Volume %) 

OH 4 = 6.16 CO = 57.89 

~2 * ~ = ~.~6 %~4 = o.16 

~3 = 0.27 cOS = 0.03 

Gas 0££take Temperature - 505 °C 

Gaslfle~ l~ess%%Te = ~5 ]~sl~ 

:Rv P z o a ~ o t  ~at._~a 
( 

OV 
( ~ . ~ . . . / l b )  

~e~/Oil • 16 ,5o2  

Naphtha 18,250  

Minor LAquoz 
C o m ; o u n d - .  

• % By welgh% 

0 H N 

88.1 7-3 0.8 

91.46 7.51 0.11 

17.24 tEL EL 

Ol = o.16 o = 6.74 

K a = 2 7 . 4 0  002 = 3 . 4 7  

02s 6=  o.51 ~2s = o.56 

0 S Cl Ash 

3.39 0 . 3 0  0.05 0.06 

0.63 0.19 0.04 0.06 

45 • 98 2S. 52 l o .  26 tEL 
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ENER .C~ B£1J~CE - ~,P,R.Io ,Run 5 MB 5 

Coal 

Steam 

O~gen 

~l%rocen 

T a ~ I n j e o t i o n  

TO~L 

Mothane 

Carbon Monoxide 

Carbon Dioxide 

Nitrogen 

:Sthylene 

Ethane 

Hydrogen 3ulphiQe 

~monla 

TaT 

Liquor 

~henol 

Naphtha 

~a%t~" Aoida 

Sla~ 

Heat "r.oss 

TO~AT~ 

Ez'zoz 

Total 

2,559.45 

101.91 

2.81 

0.12 

155.55 

2,799'82 

410,528 

1,253,474 

 o7,565 

6,5~I 

5.117 

14.746 

59.066 

21.148 

o.651 

286.515 

50.445 

3.973 

41.884 

0.6~ 

25.498 

77.452 

2,865.031 

- 2,55 

Potential Latent 

2,539.43 

101.91 

155.55 

2,694.78 101.91 

4oo.183 

1,192.702 

579.232 

14.428 

57.622 

20.424 

276.712 2,514 

~6.582 

3.799 0.045 

40.635 o.301 

O. 607 O.008 

2,317 

2,588.661 39.048 

Therms/hT 
sensible 

2.81 

0.12 

0.20 

3,13 

10.345 

6o.772 

28.333 

6.531 

5.117 

o.318 

1.444 

0.724 

0.651 

7.289 

14.063 

o.131 

0.948 

0.023 

23.181 

77.452 

237.322 

E-51 



Run= EPRI O~ ~ R M ~  .GE D ~ A  NB 5 (R.O.M, Pl~%s, 8/Limestone) 

Crude ¢as flow (inc, Zoek sas) 

SCeem consumption 

Steam decomposition 

Oxy6en consumption 

Cz~de ~as produo%lon ( inc.  lock 8as) 

l~el oonsumpt~on DAF 

Liquor yleld 

= 15,76 z 106 Bold 

= 81.40 % 

= 5B.62 sor/themm 

16,595 sor/to./m~ 
= 28].1 %herms/~on ~kP 

= 190.24 ~ons/e~V 

- 1,54 Zb/~he~'m 

Gas onl.7 
inc. ~a~, oLlp 

T_o~al crude ~e _%he~e 

Coal thez~s 89.18 

T_o~.al crude ~¢as thez~ ~ 

Coal + steam 84.96 

+ ox78en @ 2,254.~6 B~Ib 76,79 

101.79 

96,98 

87.69 

• . ~5Z- 



DATA !i~ IN RON .NO. E.P.R.I. O~ M.B: ~ 

D.A.P. Goal OV. = 14,953 3.T.U./Ib ~aluola%e& -14,9~0 B.Th~Zb 

Flux Moisture = 6.5 % w/w Coal Mois%ure = 4.88 ~ w/w 

Dry Coal Pr~xlmal:e Snalysla: Ash - 10.06 V.M. = ~8.05 P.O. = 51.89 

Proxima%e as ohar&~d, inol~dlnE flDx (% by weight) 

M~Istu~ = 5.06 Ash - 14.47 V.M. = 56.47 F.O. = 44.00 

cq¢l u z ~ i ~ e  AnaZx.iB (~,A.F.) (% bY ~isht) 

O = 84-42 H = 5.42 N = 1.72 S - 1.86 

9 a s  ~al~sis (Volume %) 

0H 4 = 6.02 CO = 56.90 H2 = 27.14 

N 2 +At= 4.79 02H4= 0.14 02H 6 = 0.50 

1~I 3 = 0.38 COS = 0.05 

o1 = 0.09 0 -- 6 .49 

co 2 = 4.05 

H2s = 0.49 

Gas 0fftake Tempe~at~z.e = 503 °C 

Ga~iSiez P~essu_Te ~ 555 p s i g  

Na~hth~ 

Minor Liquor 
Gompoun~s 

ov 

16,427 

18,250 

By Weight ) 

0 H N 0 S 01 Ash 

87.7 7.5 0.8 3.58 0.26 0.09 0.07 

91.46 7.51 0.11 0.63 0.19 0.04 0.06 

19.14 Nil Nil 51.05 15.91 13.90 Nil 
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