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L Project Objec~ve 

_~he ob jec t ive  oi  t h i s  work  is  to p r o v i d e  a s ingle ,  c o m p r e h e n s i v e  

source of data on coal conversion systems. This compilai~on shall be 

e_nl/tled The Coal Co~z~rsion Systems Technical D a1~ Book and shall 

prc~-ide up-to-date data and informalion for the research, development9 

design, en~=ueering, and construc~ion of coal conversion processes and/or 

plants. ~_~.~ concurrent objec~ves are to iden~/~hose areas where 

data are required and to suEEest research prograxns that vzLll provide ~he 

required da~ 

~u s=n~ry 

Liquefaction 

A n u m b e r  of peop le  w e r e  con tac t ed  r e g ~  -fl~g the  da ta  book pro~ec t  dur ing  

the Pittsburgh Symposium on "Ca%alv$i'c Conversion of Coal " Sonue data, 

obtained from Conoco, are being studied. 

Gas~cat-ion 

A method is presented for esi~nating the relative reactivity of coal. 

Some t-/pica/relative reactivities are presented for different ranks of 

coa~ 

An example is given, which demonstrates the use of the va~-~ious 

steam-oxygen gasi_qcai~on charts presented in previous reports. 
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Flu id i za t ion  

"The p r o p o s e d  c o r r e l a ~ o n  f o r  e s t ima t i ng  the  r ~ a i z n u m  f lu id iza t ion  veloc"ity 

fo r  coa l  and r e l a t e d  matex- ia ls  i s  p r e s e n t e d  in  grap]:~c~l f o m ~  Two o t h e r  

c o r r e l a t i o n s  a r e  a l so  eva~uated;  they  show no i m p r o v e m e n t  o v e r  the  

p r o p o s e d  c o r r e l a t i o ~  

T h r e e  o t h e r  c o r r e l a ~ o n s  fo r  esti_~a~SJag bed  expans ion  w e r e  eva lua t ed  

by c o m p a r i s o n  wi th  the  ava i l ab l e  data.  

Combus t ion  

, L o w - , T e m p e r a t e  (F lu id ized-bed)  

A kinetic model is described for su/fur remov~l from the £1u£dized-bed 

combustors. 

High-Temper ature (MHD) 

A meeting was arranged with Mr. Bomkamp o£ Azgonn~ National 

Laboratory to coordinate its efforts on MHD data collec~on and evaluation 

with our plans. 

.Coal, Char,.. and Oil Shale Properties 

Ws have received analytical and other data on 50 large coal deposits f~om 

Penn State. It is being prepared for inclusion in the coal properties 

compilation table. 

A ]ist of large deposits in the United States, which are capable of 

~uppl~g at least 150 million tons of coal over a 20-year period, 

has been compiled and is presented in this report. 

Additional papers on the specific heat of coal and relat4d materials were 

obtained and are reviewed herein. 

Nonce tc Readers of Open F i l e  

Any conaznents about the material presented in this report or suggestions 

about the format and the content of the data book as well as the priorities 

of the needed data are most welcoree. Please direct any communications 

to IVir. Bipin Alnuaula o£ ERDA (Z0Z'634-6643) or to Dr. A1 Talwalkar of 

the !nstitu±e of Gas Technology (312/2Z5-9600, Ext. 869). 

Z 
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W o r k  A c c o m p l i s h e d  

A. L I Q U E F A C T I O N  

While  a t t e n d i n g  the  " C a ~ l y t i c  C o n v e r s i o n  of  C o a l "  s y m p o s i u m  in  

P i t t s b u r g h ,  we took  the  o p p o r t u ~ t y  o£ c o n t a c t i n g  Dr .  E .  Dona th ,  c o n s u l t a n t s  

M r ,  W'xllard B'~II of  Gulf ,  a n d  p e r s o n n e l  f r o m  Conoco  in L i b r a r y p  P a .  

M r .  W a l t e r  Lobo ,  o u r  c o n s u l t a n t  on "1~e p r o j e c t ,  a c c o m p a n i e d  us  on the  

v i s i t  t e  Conoco .  

Dr .  Dona th  i s  n o t  a v a i l a ~ l e  f o r  e v a l u a t i n g  and  c o r r e l a t i n g  the  coa l  

l i q u e f a c t i o n  d a t a  f o r  the  d a t a  book,  but  he  m a y  be a v a i l a b l e  f o r  i t s  rev=,ew 

and  f o r  a n y  c o n s u l t a t i o n .  We a l s o  t ~ e d  to  e n l i s t  t he  s e r v i c e s  of  Dr .  R~ H i t e s h u e  

in c o r r e l a t i n g  the  l i q u e f a c t i o n  d a t a ,  bu t  he  a l s o  i s  no t  a v a i l a b l e  a t  t h i s  t i m e .  

M r .  B u l l  i n d i c a t e d  t h a t  t h e  d a t a  fro.-n t h e  S. i~  C. p i l o t  p l a n t  wi l l  b e c o m e  

ava~lable  i n  1975-76.  T h e y  a~e  t r y i n g  to c o l l e c t  i n f o r m a t i o n  on 

c o r r o s i o n ,  h e a t  t r a n s £ e ~  and  p h y s i c a l  p r o p e r t i e s .  He  s u g g e s t e d  t h a t  

c o r r e l a t i o n s  b e t w e e n  c o a l  l i q u i d s  and  p e t r o l e u m  f r a c t i o n s  be  i n c l u d e d  in  t he  

d a t a  book .  

We r e c e i v e d  s o m e  Luforzna t ion  on p r o p e r t i e s  of s o l v e n t s ,  t a r s ,  coa l ,  and  

c h a r  f r o m  C o n o c o ' s  d a t a  book ,  w h i c h  i n c ! u d e s  the f o l l o w i n g  i t e m s :  

a. Estix~xated d e n s i t y  of  s o l v e n t s  v e r s u s  t e m p e r a t u r e  

b. ~ s t i x n a t e d  v i s c o s i t i e s  of  v a r i o u s  cut~ v e r s u s  t e m p e r a t u r e  

c. 1~x t rac~-so lven t  v i s c o s i t i e s  v e r s u s  ten~.per~ture  

d. H e a t  c o n t e n t  o f  c o a l  and  c h a r  

e. H e a t  c o n t e n t  of  l o w - t e m p e r a t u r e  t a r  f r a c t i o n s  

_~. Hea~ing v a l u e  of  c o a l  t a r  and  c h a r  

g. A chart of mean specific heat v~rsus temperature for coke 

~. Latent heats and molecu/ar weights for co, l-tar fractions 

i. Spec~_~/c gravity of tar versus ultimate analysis. 

We a/so received a cop7 of Design Criteria fo r Scale-Up of CSF S1urx'~r 

Preheater developed by Dr. Rutledge of Conoco. This report, as well as 

o~her data received from Conoco, is being studied now. 

3 
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B. GASIFICATION 

i. Relatlye Reactivity Factor for Low-Rate Gasification~ f9 

The mathematical correlation describing the char gasification kinetics 

in the low-rate gasification stage, which has been presented i~ de~il in 

p r e v i o u s  m o n t h l y  r e p o r t ~  i s  - -  

dXdt = fLkT (1-X)zl3 exp (-OtlK~ 

The parazneter, fL, iS ~urth~.- defined as -- 

fL = fo exp (8467/T~ 

~here -- 

X = base carbon conversion fraction 

k T 

T 
o 

(1) 

(z) 

£ 
o 

-- r a t e  c o n s t a n t  w h i c h  i s  a f u n c t i o n  o f  t h e  g a s i ~ c a t i o n  t e m p e r a t u r e  
T and the gas composition 

= n~aximum temperature to wl~/ch char has been exposed prior 
< T, thenavalue of T = Tisused) +~o gasification, °11 (-if T O o 

= relative reacti~ty factor f o r  low-rate gas~.~ica~on W]~Ch iS  
a property of the particular coal 

The value of fo for different types of coals is based on the definition 

fo  = 1 f o r  a s p e c i f i c  b a t c h  o f  a i r - p r e t r e a t e d  I r e l a n d  m i n e  c o ~ L  

The e x p o n e n t i a l  t e r m  i n  E q u a t i o n  Z accoun ts  f o r  the e f f ec t  o f  !he  

t e I n p e r a t u ~ e  h i s t o r y  o f  the coa l  be ing  gas i f i ed  on the  gas i t~ca t i on  

r e a c t i v i t y .  

~ e  r e a c t i v i t y  o f  a p a r t i c u l a r  coa l  i s  a f unc t i on  o f  the  chezD/ca l  p r o p e r t i e s  

of its organic and mineral constituents and of the physical structure o£ the coal 

particle. I t  has been observed in general f/fat the coal reactivity for 

g~si~ication increases with decreasing coal rank, Efforts are under way to 

predict the coal gasification reactivity based on the physical and chemical 

properties of the particular coal 

A standard experimental procedure has been set up %o determine both the 

rapid-rate and low-rate gasification reactivities of coal. At fhis Idme, only 

the procedure for +.he deternuination of low-rate gasification reactivity will be 

outlined. 

I N S T 1 T  U T l~ O F 

4 
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F o r  c o n s t a n t  t e m p e r a t u r e ,  p r e s s u r e ,  and ga s  c o m p o s i t i o n ,  t h e  r a t e  

e q u a t i o n  ( E q u a t i o n  I) c an  be  i n t e g r a t e d  wi th  t i m e  to  y i e l d -  

X F 
e x p  (~x~ z ) 

M ( X )  = (1 - -  X )  z / '  d X  = f L k . i t  ( 3 )  

w h e  r e  X o  

X F = b a s e  c a r b o n  c o n v e r s i o n  f r a c t i o n  a t  f ina l  time~ t 

X = b a s e  c a r b o n  c o n v e r s i o n  f r a c t i o n  a t  t i m e  t = 0, t h i s  v a l u e  
o for d e v o l a t L t i z e d  c o a l  = 0 

A p l o t  of  M(X) v e r s u s  t y i e l d s  a s~=raight Line wi th  a s l o p e  o f  f L k T .  

To  ob ta in  t h e  quantita1=i-¢e i ~ o r m a t i o n  n e e d e d  t o  p l o t  M(X) v e r s u s  % t h e  

t e s t  c o a l  s a m p l e  i s  g a s i f i e d  in  a n  a p p a r a t u s  k n o w n  as  a t h e r m o b a l a n c e  a t  

t he  s t a n d a r d  c o n d i t i o n s  -- g a s i f i c a t i o n  w i t h  h y d r o g e n  a t  a t e m p e r a t u r e  o f  

1700 ° F  and a p r e s s u r e  of  35 atrn.  

The  t , h e r m o b a l a n c e  is an a p p a r a t u s  c a p a b l e  of c o n t i n u o u s l y  weighing 

a c o a l  s a m p l e  t h a t  i s  u n d e r g o i n g  r e a c t i o n  in  a g a s e o u s  e n v i r o n m e n t  o f  

d e s i r e d  comlx>s i t ion  a n d  a t  a c o n s t a n t  p r e s s u r e .  The  t e m p e r a t = r e  c a n  e i t h e r  

be  kep t  c o n s t a n t  o r  v a r i e d ;  l0  ° F/zx~n i s  t h e  m a x i ~ u z n  r a t e  f o r  t he  a p p a r a t a s  

u s e d  at  IGT.  A s c h e m a t i c  of t he  t h e r m o b a l ~ m c e  a p p a r a t u s  i s  s h o w n  in  

F i g u r e  I .  T h e  c o a l  s a m p l e  i s  c o n t a ~ e d  in  t h e  a ~ m l a r  s p a c e  o f  a w i r e - m e s h  

b a s k e t  ~ o u n d e d  o n  t he  i n s i d e  by  a h o l l o w ,  s t a i ~ e s s - s t e e l  t u b e  a n d  on t h e  

o u t s i d e  by  a w i r e - m e s h  s c r e e n .  To f a c i l i t a t e  m a s s  and  h e a t  t r a n s f e r  

b e t w e e n  the  b e d  and  i t s  env i ron raeJa t ,  t h e  t h i c k n e s s  of  t h e  bed  i s  o n l y  2 to  3 

p a r t i c l e  d i a m e t e r s  w h e n  u s i n g  --20+40 U. So s i e v e - s i z e  p a r t i c l e s .  G a s  f low 

r a t e s  u s e d  w i t h  t h i s  s y s t e m  a r e  suf :Eicient ly  l a r g e  r e l a t i v e  t o  g a s i f i c a t i o n  

r a t e s  so  tha t  gas  c o n v e r s i o n  is l i m i t e d  to l e s s  than  1~ f o r  d e v o l a e i l l z e d  c o a l  

chat". 

The  f o l l o w i n g  i s  a t y p i c a l  t e s t  p r o c e d u r e :  The  w i r e - m e s h  b a s k e t  i s  

i n i t i a l l y  in  a n  u p p e r ,  c o o l e d  p o r t i o n  o£ t he  r e a c t o r  i n  w h i c h  a d o w n w a c d ,  

i n e r t  g a s  -'low i s  ~nain~_~nec~ D u r i n g  t h i s  t i m e  t h e  d e s i r e d  t e m p e r a ~ x r e  and  

p r e s s u r e  c o n d i t i o n s  a.-e e s t a b l i s h e d  i n  a l o w e r  h e a t e d  p o r t i o n  of  t h e  r e a c t o r  

in t h e  p r e s e n c e  o f  a f l owi ng  ga s .  A t e s t  i s  iz~t~ated by  l o w e z ~ g  t h e  b a s k e t  

in to  the  hea~ed  r e a c t i o n  zone ,  a p r o c e d u r e  w h i c h  t a k e s  5 t o  6 s e c o n d s .  T h e o -  

r e t i c a l  c o m p u t a t i o n  i n d i c a t e s  t h a t  a b o u t  I to  Z m i n u t e s  a r e  r e q u i r e d  f o r  t h e  

s a m p l e  t o  a c h i e v e  r e a c t o r  t e m p e r a t u r e ,  a s  m e a s u r e d  by  s e v e r a l  t h e r ~ x o c o u p l e s  

s u r r o t m d ~ g  t h e  b a s k e t  i n  the  r e a c t i o n  z o n e .  T h i s  c o m p u t a t i o n  i s  r e a s o n a b l y  

5 
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• . , , .  I ~ , , . .  PRODUC;" 

~ SAMI~,,.F " 

"'---- REACTOR 

Figure I. DIAG~ OF THER/V~OBALANCE REACTOR 

corroborated by various kinetic indications and by the behavior of the 

%heruxocouples in rea~uining their preset temperatures. The sample is 

kep~ in the heated portion of the reactor for the speckled %i~ne while its 

weight is continuously recorded. The test is terminated by raising the 

basket back to the upper, cooled portion of the reactor. 

D u r i n g  a test, the dry feed gas flow rates are measured by an 

orifice meter and the dry product gas flow rates by a wet-test meter. 

Periodic saznples of product gas are taken to detern--ine the day gas' 

composition by mass spectrography. 

For determining the low-rate gasification reactivity, the coal sample 

is initially exposed to a n~trogeu atmosphere at a temperature of ]700°F 

prior to exposure to a hydrogen atmosphere. During this period, t h e  volalile 

6 
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m a t t e r  in ~he coal  s a m p l e  i s  e s s e n t i a l l y  r e m o v e d  and a t  the  s a m e  t ime 

the tendency to undergo rapid-rate me/'~ane formation is destroyed. The 

resulting devolatilized coal is then exposed to hydrogen at 1700 ° F aLd 

35 atrn for a desired period of time during which the low-volatile ca_~bon 

reacts with hydrogen. 

The value of the slope of the plot of M(~ versus t for the standard Ireland 

mine pretreated =oa/can be calculated at the standard test con-~itions of 

1700 ° F and a hydrogen gas pressure of 35 a~. (k T £s calculated from 

the rate constant equations given in the Februa~r 1975 P.eport, 

exp 8467/T ° is equa/to 50.4. and f = I by definition. ) The thermobalance 
O 

yields the weight  loss information from which the M(~ versus t plot can 

be constructed and the slope of the straight liue obtained. Dividing the 

expe~rirnental va lue  of the  s lope  f o r  the t e s t  coa l  by the  c a l c u l a t e d  va lue  

of the slope for the standard coal yields the v-~lue of f for the ~est coal 
O 

Table i shows the approximate ranges of the relative low-rate gasification 

reactivity factors for different ranks of coa|. These values are from previous 

work that has been performed at IGT and may be used in conjunction with the 

design charts presented in previous monthly reports. These results do not, 

however, generally apply to lign/tes, which show a wide variabi]/ty in 

reactivity due to inherent catalytic effects of certaizl minera/ components 

which predon~inate  at  th i s  l e v e l  o f  rank.  With l i gn i t e s ,  t h e r e f o r e ,  e x p e r i m e n t a l  

d e t e r m i n a t i o n  of r e a c t i v i t y  f a c t o r s  is u sua l ly  n e c e s s a r y .  

Tab le  I. R E L A I q V E  L O W - R A T E  GASIFICATION REACTIVITY FACTORS 

C a r b o n  Content  of L o w - R a t e  Gas i f i ca t ion  
Raw C o a l s  ( D r y ,  A s h - F r e e ) .  Reac t iv i t~  F a c t o r .  

" ~ °  fo 

6 5-70 1 . 4 - 1 . 3  
70-75 1 . 3 - 1 . 2  
75-80  1 .2 -1 .0  
S0-85 1.0-0.8 
85-90  O. 8 - 0 . 6  
90-95 0.6-0.3 

Z. Exan~ple 

~"nis e x a m p l e  shows the u s e  o f  the  des ign  c h a r t s  p r e s e n t e d  up to now f o r  

the  ~ lu id i zed -bed  s t e a m - o x y g e n  g a s i f i c a t i o n  of char .  

7 
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A fluidized-bed gasifier must be designed to produce synthesis gas 

frora a char feed that has been devolatilized and partially gasified. The 

appropriate conditions of operation are taken to be 1850°F, 70 atm, and a 

steam-to-carbon feed ratio of I.Z. Ninety percent of the feed carbon has to 

be gasified, with the heat for gasification being supplied by burnin E part of 

the coal with oxygen. Assun%e that the coal is in plug ~low and the gases are 

backmixed. 

The following information on the coal feed is available: 

a. Ult-L-nate and proximate analysis of fresh coal before partial gasification is -- 

b. 

wt %, d r y  w~ % 

C 67.5 Volatile Matter 36.9 
H z 4. 6 Fixed Carbon 5Z. 1 
O 18.5 Ash 7.5 
N z O. 9 M o i s t u r e  3.5 
S O.7 
Ash 7.8 i00.0 

i00.0 

The ultimate analysis of the pa2tiall Y g.a..Sified char, to the steam-oxygen 
g a s s i e r  is- - - 

C 78.0 
Hz 1 . z  
0 - -  

N z 1 .1  
S 0.6 
Ash 19.1 

I00.0 

c.  T h e  r a t e  o f  c h a r  f e e d  to  t h e  g a s i f i e r  i s  500 l b / h r .  

Solution 

Because the feed to the gassier is a partially gasified char, the initial 

base carbon conversion fraction, No, is not equal to zero but has some value, 

which is calculated as follows: 

Cb° (base carbon), the carbon 
in the fixed carbon fraction 0.96 X fixed carbon fraction o£ feed coal 

0.96X 
0 . 5 Z l  

1 . 0 0 0 - 0 . 0 3 5  

= 0. 518 Ib carbon/Ib raw coal (dry,) 

T h i s  a p p r o x i m a ~ o n  is  u s e d  w h e n  a n  e s t i m a t e  of t h e  o r g a n i c  c o a l  c o m p o n e n t s  

p r e s e n t  in  t h e  f i x e d  c a r b o n  f r a c t i o n  i's no t  a v a i l a b l e .  

I N S T I T U T E O F G A S T E C H N O L O G Y 
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The fraction of base c a r b o n ,  C b, 

obtained by a n  ash ba1_ance. 

0.~7~ Ib ash 
C b = 0 . 7 8  15 r a w  coal 

in the p a r t i a l l y  gasified c h a r ,  may be 

1 
X 0.191 

tb partially gasified c h a r  
Ib ash 

X 0 . 7 8  
Ib carbon 

Ib partially gas/~ied char 

O. 318 Ib carbon/Ib raw coal 

Thus, the initial base carbon conversion fraction is -- 
o 

C b -- C b 
X - o o 

C b 

0 . 5 1 8  - -  O .  3 1 8  
= = 0.39 

0 . 5 1 8  

Note: These calcu!ations are shown with a block diagram in Figure 2 

f o r  convenience. Charts presented in previous monthly reports are repro- 

duced here as Figures 3 to 6; an open circle on each of them indicates 

the values read for this example. 

Using the graph in Figure 3 for 1850°F, 90~ feed carbon conversion, 

and a steam-carbon ratio of I. Z, the following are read: 

" the base case char residc~,ce time = 80 rain. 
gen feed requiremevts = 0.23 tb-mole/Ib-mote feed carbon. 

Three corrections must be applied to the base case residence time: 

I. ,React ivR" 7 Correction: The relative tow-rate gasL~ication reactivity 
for the feed coal is read fr~'n Table 1 to be 1.2. The char residence 
time is inversely proportional to fo and, therefore-- 

Mf , correction factor for reactivity -- 1/fo = I It. Z = 0. 833 
o 

2. I~rtially ~asified char feed correction: To use the chart in Figure 4. 
a corrected carbon conversi°n fract-ion, Y, must be cMculated: 

. 

( t o t a l  c a r b o n  g a s i f i e d  
Y = " c a r b o n  in  f e e d  

oxygen ), in mole/mole = 0.9 -- 0. Z3 
carbon in feed 

= 0.67 

F r o m  F i . ~ u r e  4 ,  M X = I .  Z 2 .  
O 

S o l i d s  plug-. .f io.w m o d e l  c , ~ r r e c t i o n :  Usin..~ F i g u r e  5, f o r  i n i t i a l  c a r b o n  
c o n v e r s i o n  f r a c t i o n  X -- O. 39. a n d  t h e  " c o r r e c t e d "  ritual c a r b o n  c o n -  

o . 
v e r s i o n  f r a c t i o n  Y = 0 . 6 , .  R - -  0 . 6 3 .  
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Hz = 4.6 F i x e d  carbon = 5?,, 1 

O = 18.5  A s h  = 7 . 5  

Nz = O. 9 M o i s t u r e  -" 3.5  

S = 0 . 7  

Ash = 7 .8  
0"m57, 6 

B a s i s :  

C t 

% 

C v 

CHAR FEED TO 
STEAM-O~ GASIFIER 

ULTIMATE ANALYSIS 
or CHAR 

C ~ 78.0  wt~/o 

Hz = 1, ,~ 

Nz "- 1 .1  

S -- 0 . 6  

A s h  = 19.1 

C o -C 
r - - ~ ' 3  = 0 .  1~7 lb ~ b b 
/ " I , i ,  = 0 . 2  lb 

,. / . I pAr  TL~L G^Si i  ICATiONI CHAR 
I I h , C O A L  ~ . J D I Z . V O L A T [ L I Z A T I O N [ ~  -=--JOF DmVC~L~'Z' t t lg.r : r~ | F E E D  

- 3  oF gA'' J 
= 0 . 6 7 5  lb  C~ = 0 , 5 1 8  lb C b = 0 . 3 1 8  lb 

= 0 . 9 6 X 0 . 5 2 1 / ( I  - 0 . 0 3 5 )  X = 0 . 0  X = 0 . 3 9  
-- 0 . 5 1 8  lb o 0 

= ' C t - C  ~ = 0 , 1 5 7 1 b  

S t c a m - C l ~ ' y g e n  
G a s l f i e r  

[ . _ . . ~ 0 . 9 C  b 

[90~or F ~ D ]  
=-=CARBON 
--I 0ASmIED J~ 

C b =  0.037-.1b 

By Ash Ba lance:  

C b -- 0 ,0 " /8 /0 .  191 X 0 .78  

Then,  
C~ -- C b 

X = = 0 .39  o c~ 

= 0 . 3 | 8  

A750'~124 

F i g u r e  2 .  BLOCK DIAGRAM OF HISTORY OF THE CHAR FEED USED IN THE STEAM-OXYGEN GASIEIER 
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T h e  c o r r e c t e d  c h a r  r e s i d e n c e  t i m e .  

= e b X M  f X M  x X R  
o o 

= 80 X0.833 X l. ZZ X0.63 

= 51 rain 

The  t o t a l  p r o d u c t  gas  m o l e s  and t h e  p r o d u c t  gas  c o m p o s i t i o n  i s  e b t a i n e d  

from Figure 6. 

Total moles of product gas = J. 88 mcles gas 

P r o d u c t  ga s  c o m p o s i t i o n - -  

X 500(0.78) moles C feed 
moles C feed 12. Ol hr 

= 61.05 Ib-moles/hr 

tool % 
CH 4 4.5 
CO Z6.0 
COz 15.0 
Hz 26. 5 
HzO Z8.0 

I00.0 

! N .c T ! T U T E O F 

11 

G A $ T E C :~ N O L O G Y 



4/75 

0 
ERDA j 
PAGE 
REVISION No. 
DATE j 

8964 

:E 

fJ 
,.< 
bJ :E i 
I-- 
bd 
(J 
Z 
bJ 
C) 
(n 
bJ 
B: 

3,0 

2.0 

! 

I 
" ' f  -. 

M is the I~u|tiplier ~o convert the 
solids ~esidence time for Xo:O 
to another value of x o. 

X o is the initial base carbon 
conversion fraction. 

x..._9.o * 
o.e E- 

E r 
[ 

0.6] 

J J 

o :  

0 . 2 -  
, . o  .... I 

o 0 .2  0 4  a s  o.s i o  

CORRECTED CARBON CONVERSION FRACTION, Y 

A75051084 

Figure 4. CONVERSION FACTOR FOR PARTIALLY GASIFIED CHAR FEED 

IZ 

I N S T i T U T E O F G A 5 T E C H N O L O G Y 



4/75 

i 
ERDA 

PAGE 

R E V I S I O N  No. 

DATE 

8 9 6 4  

1.0 

0.9 

0 .8  I 
>- 

z- 
o 0 . 7  i 
I-- 
O 
<~ 

:" I LI. 

z O . 6 r  
O I 
¢/3 

Xo is the ini t io l  base 
c~rbon conversion fract ion. 

\ \ \  

x...2.o 
0 .8  

i 1 

I i 
I I [ • 

I 
I i \ 
J 

n,, 

0 . s ~  Z 
0 r,..) 

Z 
0 ,.-, 0.4  

ro 

,.u 0 .3  I-- ,.o 
r~ 
n- 
O 0 . 2  

R is the mul t ip l ie r  Io convert 
the sol ids/ 'es idence t ime 
frora the SOlids backmix 
model to sol ids p lug-f low 
m o d e l  

0.1 

0 I 

0.2  0.3 0 .4  0 .5  

R = 8 P l u g _ F l o w / S 8 o c k m i  x 

I 

I 'I 
I 

0.6 0.7 0.8 0.9 

A~O'~0IS 

Figure 5. CONVERSION FACTOR FOR PLUG-FLOW MODEL 

I N S T I T U T E 0 F 

13 

G A S T E C H N 0 L 0 G Y 



4175 

I00 
O 

7O 

o 
E60 
o_ 

0 n 

O40 
¢/1 

~ 3 0  

Si l ,  am/co rbon  in f l l l ld .  ] '~O, tl le i i l i l ia l  b i l l l l  
1110l/IYiOl,l~Iti,Qll ;.2• ' (:z3xbon c~¢nrlrllon 

fz'~choc~llguols 0.0. 

i I 
eo I l .... !" 

HZO 

/ 

/ 

. / ~  ".I-" 

i 

0 " ' - - ' - - ' -  GH4. t 
30 ¢,,0 50 60 70 80 90 iO0 

F-~ED CARBCN CONVERTED,% 

,,-4 
O~ 

-O 
o u% 
r-- 

i ERDA 
PAGE 

i REVISION Na . . . .  
• DATE 

8 9 6 4  
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FEED CARBON CONVERTED,% 

A. Gas Ccmposition B. Total Moles of Gas P r o d u c e d  

l~ig~re 6. STE.A2vI-OXYGEN GASIFICA._"~ON -- PRODUCT 
GAS COIVIPOSITIONS AT 1850°F AND 70-atrn PRESSURE 

• 500(0.78) moles C feed Total oxygen required = 0. Z3 mole O Z X 
mole C feed 1Z. 01 hr 

= 7.47 n~oles/hr 

Total steazn required = I. Z moles steam 500(0.78.)mole C feed 
• ~ ' ~ ' i ' ~ : d  ~-'~'~ea x l Z .  Ol  ~= 

= 38.97 moles/hr 

Tara/ ~arbon ga~ied = 500(0.78) X 0.9 
IZ. 01 

= 29. Z3 znoles/hr 

Residue from the gasif/er = Ib char feed-- Ib c~rbon gasi~/ed 

= 500- 500(0.78) x 0.9 

= 149 Iblhr 

14 

I N S T I T U T E O F G A S T E C H N O L 0 G Y 



4175 8964 

Knowing t h e  r e q u i r e d  c h a r  r e s i d e n c e  t i ~ e  i n  t h e  g a s i f i e r ,  t h e  f l u i d i z e d - b e d  

h e i g h t  m a y  b e  o b t a i u e d  a s  f o l l o w s :  

w x0 
F l u i d i z e d - b e d  height = a v g  ~ x A  

-:.:here -- 

O = char residence time, h r  

Pb = density of the fluidized bed, !h/ft 3 ( m a y  be obtained f r o m  _known correlations) 

A = fluidized-bed cross-sectional area, ft z (fixed by the design gas 
velocity in the £1uidized bea o 

Wavg = the average-weight flow rate of char, Ib/hr 

This !ast component, Wavg, may be approximated, for moderate 

conversions, fo~ the plug-flow model as -- 

W = c h a r  f r e d  r a t e  + c o r r e c t e d  r e s i d u e  r a t e  
a v g  2 

w h e r e  t h e  c o r r e c t e d  r e s i d u e  r a t e  i s  t h e  r e s i d u e  e n t e r i n g  t h e  c o m b u s t i o n  z o n e  

o£ t h e  f l u i d i z e d  b e d ,  t h a t  i s  - -  

C o r r e c t e d  r e s i d u e  r a t e  = r e s i d u e  o u t  o f  g a s i f i e r  + C c o m b u s t e d  b y  Oz f e e d  

T h e r e f o r e ,  

= 149 + 7.47 X IZ. Ol 

= 239 Ib/hr 

W _ 500 + Z39 =369. 5 Ib/hr 
avg Z 

If it had been assumed that the solids were in bacl<mixed flow, the solids 

plug-flow model correction would not have been required and the residence 
time would have been 

a n d  f l u i d i z e d - b e d  h e i g h t  = 

e = 0 b X M f  X M x 
0 0 

= 80 X 0.833 X l. ZZ 

= 81.3 r a i n  

W o u  t X e 

ObXA 
Z39 X 8 I. 3 

1'5 
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C. FLUIDIZAIqON 

I, Eva/uation of IVIinimurn Fluidization Correlations 
c 

a. Broadhurst-Eecker Correlation 

The following en%pirical correlation developed by Broa~hurst and 

Becket z vras evaluated in a .... ~- - ~-?~une~ sirrd!ar to the procedure reported 

in the previous monthly reports. 

D g (ps - P~ ) I 
- ' _ .%)pg] o . .  

UmfZ = Pg Z. 4Z X I051%~g s 

8964 

(Ps)o. + ~ 13 + 37"7 

for 

and 

O. 01 < 1R.eL.u£ < i000 

Ps 
500 <--< _~0,000 

Pg 

g(Ps "- Pg) 
1 < Dp}pg " ~z < i 0  v 

A graphical comparison of the calculated zninirnum fluidization velocity 

values from Equation I ~th published expezin~ental data on coa/and 

related materials is shown in Figure 7. I% is seen from ~]~/s figure that 

the calculated values are generally lower than the measured n-~rnun% 

~u~dization velocity values. 

b. Zenz Correlation 

A s~ar coznpar~_son was also ~.~nade by solviug for the minimum flu/d/- 

zation velocity from the follov~ing empirical equa%ion, z6 ~tted to the 

graphical correlal/on developed by Zenz. ,7 

(~_f = I. 4673081 + 0.0147726 (8) --0. Z6864Z08 (In a) 

+ o. 186oiz48 (~ 8) + o. oo814o86 (~ p)z (z) 

D ~here (x = " P (3) 

43_ W 1~I~ 
• "pg(Ps.-Pg) g J 

Uznf P = (4) ~-r'4 /~Ps - Pg)g-[Jz:~ 

16 
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The comparison of the  calculated values using Equation 2 with the pub]/shed 

data used in this ~nvest~ga~ion ~s shown in Figure 8~ 

~he calculated standard relative deviations for the correlations given 

by Equations I a~id Z are- 

a. Broadhurst-Becker, Z 36. 04 

b. Ze~.z, ~s 11S. Z9 % 

I t  ruus t  b e  r e c o g n i z e d  that  even  though B r o a d h u r s t  and B e c k e t  z u s e d  

the data of particles ranging in density from 81 to about 463 lb/cu ft, 

the particles were usu~Uy spherical; conceivably, t h e r e f o r e ,  the 

empirical constants in Equation 1 may not be Icully descriptive of the 

physical characte~stics of coal and the related types of mater~al used 

iu this investigation. 

It is apparent that By employing the empLrical equation (Equation 2), the 

percent staudard relative deviation is lower P%an when the values are 

calculated by the graphical readout procedure reported earlier. 6 The 

~nagnitude of the standard re!ative c~eviation ~s s~11 a ren~nder that 

Zenz's graphical correlation ~v is s~nsitive to the Bed voidage at  m ~ J ~ a u r n  

fluidizat~on v e l o c i t y  and w a s  deve loped  p r i m a r i l y  £or the par%-icu/ate 

~lu~dization of particles that are generally sperical in shape. 

Studies similar to this ~ be znade and reported w~enever new 

correlations Become available. 

c. Proposed Correlation 

The proposed correlation given in last month' s report is plotted in 

Figure 9, where l~eln f is given -~s a function of Galileo's number. It 

should be reca//ed that this correlation was developed by determining the 

patterers It " and ('- ' from the av ame 

hy nonlinear regression analysis. 

However, if the shape factor, (D, and the ~ u z n  flu~dizal/on voidage, 

(~m_~Can be p r e c i s e l y  deterznined for the  system under study, a beL~:er 

esti~nation of the L-dnirnum iquiclizal/on velocity can presumably be 

obtained by" substituting these values in the original Kunii-L~¢enslyiel equation: S 

1.7s 150(I- 

18 
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But the  v a l u e s  of  ~0 and cmf  a r e  g e n e r a l l y  no t  ava i lab le  wi th  any  a c c e p t a b l e  

deg ree  of  p r e c i s i o n ,  and hence i t  is  r e c o m m e n d e d  that  ~3~e p r o p o s e d  c o r r e l a t i o n  

be u sed  to  e s t i m a t e  the r rdnimum £1uic!~zation ve loc i ty  ~or coa l  and r e l a t e d  

m a t e r i a l s .  

2. B~d Expansion on !Tluidization 

The two-phase theor~ postulates that the gas in excess of the m/nixnuzn 

fluidization velocity wi~ traverse the bed height in the form of gas bubbles. 

The J/terature published on fluidization during the last decade can be broadly 

divided into two groups: those -in support of the two-phase theo~-y and those 

against the genera/ization of the two-phase theor 7 prinicples. However, from 

a theoretica/point of view, it is conceivable that the bed expan~on ratio 

is related to the gas ~1ow in excess of ~.he n~.ni~un~ fluidization velocity. 

a: Lewis eta/. Correiation 

The correla~on develop~_d b 7 Lewis et at1. z was one of th~ first to re/ate 

the bed expansion ratio (Lf/Lrn_~ to the difference in superfi.:ia/ gas velocity 

at the f ]u/diz ing and ~ I  ~u~n ~u/d/zing cond/tions. The e m p i r i c a l  relationship 

developed by these investigators is given by- 

= ~188 
L i  P 

A graph ica l  c o m p a r i s o n  o~ the c a l c u l a t e d  f l u i d i z e d - b e d  expans ion  r a t i o  

fro.-n Equation 6 with the measured bed expansion data is shown in Figure I0. 

It is seen that about 90% of the published data are within + 20~ of the 

~-e/ues calcu/~ted from Equation 6. 

The data by Tarman et aL |4 sho= a uniquely different trend coInpaxed 

with ~he rest of the data in Figure I0. Their measured bed expansion ratios 

~re lower than those calculated from Equation 6, indicating the generally 

accepted effect of the column diameter. Clearly, the Lewis et al. correlation 

predicts a lower bed expansion for most of the cases excep~ for the Tam, an 

et aL system. The reasons for this discrepancy are not clear because no 

definite and physically pertinent trends could be rstionaJ/zed by grCr~04ng 

the data in Figure 10 into different density groups, particle sizes, or 

operating pressures or into fluidizing colun~ns of the same diameters. 
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b. S 'aen-5 o]~sto~.e C o r r e l a t i o n  

A m n o d i ~ c a t i o n  of  the  L e w i s  e t  a ~  c o r r e l a t i o n  f o r  t he  l~ed e x p a n s i o n  r a t i o  

w a s  p u b l i s h e d  b y  Shen and 5o]~us tone  Is in  +.he f o l l o w ~  f o r n l :  

L f  0~0188 (~. (7) ~ - - - - :  14" o.5 - - U m ~  
" rn f  p 

T h i s  m o d i f i c a t i o n  was  d e v e l o p e d  to  d e s c r i b e  t h e i r  e x p e r i m e n t s  wLth a c r a c k i n g  

c a t a l y s t  i n  a f ] u i d i z e d  bed ,  3 . 7 5  i n c h e s  in d i a m e t e r .  

A c o m v a r i s o n  of  the  c a l c u l a t e d  beci e x p a n s i o n  c h a r a c t e r i s t i c s  wi th  the  

m e a s u r e d  v a l u e s  a s  a f~nc~ion of  t]~e g a s  v e l o c i t y ,  t a k e n  f r o m  t h e  l i t e r a t u r e ,  

i s  s h o w n  in  F i g u r e  11. Abou t  90"/o of  th-" m e a s u r e d  ~a ta  i s  w i t~dn- -  @ 20~ of the 

c a i c u 1 ~ t e d  v a l u e s  f r o m  the  S h e n - J o h n s t o h e  c o r r e l a t i o n .  A s  s e e n  in  F i g u r e  I0 ,  

the  d a t a  r e p o r t e d  by T a r r n a n  e t  a l . 1 4 s h o w  a t r e n d  d i f f e r e r . t  £ron~ the  ~ j o r i t y  of  

the  ~ a t a  in  F i g u r e  I I .  A l s o ,  t he  v-~iues  c a l c u l a t e d  b y  t he  S h e n - J o h n s t o n e  

c o r r e l a t i o n  f o r  t he  l i ~ t e r  m a t e r i a l s  ( s u c h  a s  l i gn i t e  and  s o m e  c h a r s )  a r e  

l e s s  t h o u  80% o~ ~ e  m e a s u r e d  v a l u e s .  

c. L e v a  e t  a_._~L C o r r e l a t i o n  

U s i n g  t h e  e m p i r i c a l  c o r r e l a t i o n  f o r  n ~ i n i ~ u m  f l u i d i z a t i o n  and  assu~0 ing  

uni form,  p a r t i c l e s  and t h e r e f o r e  u n ~ o r m  v o i d a g e  in  t he  f l u i d i z e d  bed ,  L e v a  

e t  al .  9, n r e l a t e d  the  m a s s  v e l o c i t y  o f  t he  ~luidizing m e d i u m  to  t he  g r a c ~ o n a l  

v o l u m e  o f  v o i d s  b y  the  f o l l o w i n g  e q u a t i o n :  

(s) 

Framtz s l a te r  sur~n~arized the fo l lowing procedure to p red ic t  the £1~i~£ze:l-bed 

e x p a n s i o u  c h a r a c t e r i s t i c s  u s i n g  L e v a ' s  d e r i v a t i o n s :  

Step 1. 

Step Z. 

Step 3. 

Step 4. 

Step 5. 

Step  &. 

P r e d i c t  G m f  f r o m  t he  L e v a  e t  al. co r r e l a t i on~0  

E s t i m a t e  ~n~f f r o m  F i g u r e  12. 

O b t a i n  s l o p e  m f r o m  F i g u r e  13. 

P l o t  G m f  and (I  -- crn ~ / E r a f 3  on  l o g a r i t h n ~ c  c o o r d i n a t e n l .  

D r a w  l ine  of  s l o p e  m t h r o u g h  Gmf ,  ( 1 -  C n ~ / C z n f  3, a s  shown in  

F i g u r e  14. (Note :  Emf  = 6 a t  i n c i p i e n t  ¢ lu id i za t i on  c o n d i t i o n s . )  

E s t i m a t e  the  f l u i d i z e d - b e d  e x p a n s i o n  c h a r a c t e r i s t i c s  f r o m  F i g u r e  14. 
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F r a n t z  s a l s o  n o t e s  t h a t  the  L e v a  et  aL  c o r r e l a t i o n  can  p r e d i c t  the  

expans-.'on c h a r a c t e r i s t i c s  a s  long a s  t he  v o i d s  a r e  uni~crn~ly  d i s t r i b u t e d  

in f l u i d i z e d  beds .  He  e s t i z n a t e s  t h a t  b e y o n d  a f r a c t i o n a l  v o l u m e  o f  v o i d s  

equa l  to  0. 65,  the  f lu~dized  bed  bec~.mes  h e t e r o g e n e o u s ,  and  t h e r e f o r e  the  

L e v a  e t  a l .  c o r r e l a t i o n  m a y  not r e s ' d t  i n  a d e q u a t e l y  r e l i a b l e  v a l u e s .  

A c o m p a r i s o n  of  the  c a l c u l a t e d  f l u i d i z e d - b e d  e x p a n s i o n  c h a r a c t e r i s t i c s  

u z i n g  L e v a ' s  p r o c e d u r e  -¢it_~ the  p u b l i s h e d  da t a  u s e d  in  t h i s  inves~-igation 

i s  shown in  F i g u r e  15. L e v a ' s  p r o c e d u r e  of  c a l c u l a t i n g  bed  e x p a n s i o n  

r a t i o  p r o d u c ~ s  v a l u e s  t h a t  c o m p a r e  ~ t h  90% of the  d a t a  w i t h ~  _+ 2 0 ~  

dev ia t i on -  l~o d e , n i t s  t r e n d  desc r ip t - ive  0_ t d e n s i t y ,  p a r t i c l e  s i z e ,  o r  

t he  d i a m e t e r  of  t h e  i lu ic l iz ing coluzrm i s  n o t i c e d  in  F i g u r e  ] 5. 

I t  can  be v i s u a l i z e d  t h a t  the  f l u i d i z e d - b e d  e x p a n s i o n  c h a r a c t e r i s t i c s  

a r e  no'- o n l y  r e l a t e d  to  the  p h y s i c a l  propert ie_* of  the  s o l i d s  and  g a s e s  

but  a l s o  to t h e  f l u i d i z e d - b e d  d i a z n e t e r  i n  s o m e  c o m p l e x  .-xtanne~. The  

e,--~luation o f  t h e s e  c o r r e l a t i o n s  g i v e s  nc  i n s i s t  in to  the  p h e n o m e n a  of 

~ l u i d i z e d - b e d  e x p a n s i o n .  We a n t i c i p a t e  t h a t  the a n a l y s i s  o f  c o r r e l a t i o n s  

i n c o r p o r a t i n g  bubble  p r o p s . t r i e s  a~d  bubb le  i n v e n t o r y  w i l l  p r o d u c e  a b e t t e r  

d e s c r i p t i o n  o f  the  p u b l i s h e d  da ta .  H o w e v e r ,  s u c h  an  a n a l y s i s  wi22 n o t  

be a t t e m p t e d  un t i l  we  c o m p l e t e  w o r k  on t h e  s e c t i o n  on imbble  p r o p e r t i e s  

in  g a s - s o l i d  f l u i d i z e d  b e d s .  

Spec i f i c  r e c o m m e n d a t i o n s  r e g a r d i n g  the  u s e  o f  p u b l i s h e d  c o r r e l a t i o n s  

t o  e s t i m a t e  t he  f l u i d i z e d - b e d  e x p a n s i o n  c h a r a c t e r i s t i c s  i n  c o a l  c o n v e r s i o n  

wi l l  be p r o p o s e d  in  the  f u t u r e  n-.onthly r e p o r t s .  

3. N o m e n c l a t u r e  

Df = p a r t i c l e  d i a m e t e r  of  a s i e v e d  f r a c ~ o n ,  f t  

1 
: par cle di,. ete , : , 

g = gra~ri l :at ional  c o n s t a n t ,  £ ' t / s  z 

G = s u p e r f i c i a l  m a s s  v e l o c i t y ,  Ib / f t~ -s  
Dp3(Os -- jog) Og 

Ga = G~-~]eo n u m b e r  = g 

L f  

Lrr~f 

= h e i g h t  of  f l u i d i z e d  bed ,  f t  

= h e i g h t  of  n ~ n i r n u m  f l u i d i z e d  bed ,  f t  
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m = c o n s t a n t  

8 9 6 4  

Rerr ~ = p~rticle Reynold~s m~ber = (Dp • Um~ 

Umf'= n~nimu~ ~luidlzation velocity, ft/s 

": V = superficial velocity, f t / s  

X = weight fraction of sieved particles 

• p g l p )  

= f r a c t i o n a l  v o l u ~ e  o c c u p i e d  by b u b b l e s  and  v o i d s  in  a f l u i d i z e d  b e d  

~_f = voidage of m i n i : h u m  fluidized bed 

= s h a p e  £ac to r  

1 _ .  

. 

pg = density of fluidizing gas, Ib/CF 
J 

/ 

Ps  = p a r t i c l e  d e n s i t y  of  f l u i d i z i n g  s o l i d s ,  I b / c u  

/~ .= viscosity of fluidizing gas, Ib/ft-s 
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5. Errata 

In the Projec~ 8964 February 1975 Status Report, the following correction 

is to be noted, in Table 3 (page 36), the bed diameter for Feldmann et a3L's 

data is 2 and 3.69 inches instead of 3. 69 inches. 

In the  P r o j e c t  8964 M a r c h  1975 Status  Repor t ,  the £ollowing c o r r e c t i o n s  are 

to be noted .  

In Tab le  3 (page  Z6), the bed d i a m e t e r  for  F e l d m ~ n  e t  a l . ' s  da ta  is  Z inches  

instead of  3.69 inches. 

In Section 4, References Cited, Reference 14 of Leva et al~ should be numbered 

as 13 amd Reference 14 should be- 

14. Lewis, W. K., Gi]/iland, E. R. and Bauer, W. C., "Characteristics of 
Yluidized Particles," IncL Eng. Chem. 4_.!I , 1104 (1949). 
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COMBUSTION 

L o w -  T e m p e r a t u r e  C o m b u s t i o n  ( F l u / d i z e d - B e d  C o m b u s t i o n  1 

A m a j o r  f a c t o r  in *.he d e s i g n  of  f l u i d i z e d - b e d  c o m b u s t o r s  i s  t he  x e c o v e r y  

of s u l f u r  t h r o u g h  r e a c t i o n  of SOz wi th  CaO a c c o r d i n g  to t h e  fol_Iowing r e a c t i o n :  

CaO + SOz ÷ I/20z -" CaS04 

The s o u r c e  o f  CaO can  be n a t u r a l  l i m e s t o n e  o r  do lcnni te ,  o r  a r e g e n e r a t e d  

CaO or C~C03. 

As d i s c u s s e d  b y  A r c h e r  e t a ] _ ,  l t h e  r e s u l t s  of the  k i n e t i c s  s t u d i e s  o f  t he  

above  r e a c t i o n  b a s e d  on D.ue p r o d u c t s  o r  SOz-a i r  m i x t ~ e s  c a n n o t  be d i r e c t l y  

u s e d  in  f l u d d i z e d - b e d  c o a l  c o m b u s t i o n  s y s t e m s .  An  obv ious  d i f f e r e n c e  i s  in  the  

temperature effect. In several studies of the combustion of a wide range of 

coal in the presence of a wide range of additives, a maxi~nu=n rate of 

recovery was observed between 1500 ° and 1600 ° F. There is no counterpart 

of this phenon~enon in the SOz-CaO kinetics. It also may be peculiar to 

low-pressure operation 3 because it was not observed in a system operating 

at 8 ate. Until the detailed structure of the fluidized-bed combustion (FBC) 

process is known, we cannot apply the kinetics of other contacting systems. 

We presurnably must derive them from FBC systems studies. 

As mus + . be expected in gas-so]/d reactions, the reaction rates depend 

strongly on the source of the CaO. To a lesser but still significant extent, 

the a p p a r e n t  r a t e  depends  on the  c o a l  c h a r a c t e r i s t i c s .  

To c a l c u l a t e  t he  s u l f u r  r e t e n t i o n  in  a c o m b u s t o r ,  t h e r e f o r e ,  we  n e e d  

reactivity factors for the additive (t~e source of CaO), and for the coal. 

To establish these factors from FBC data, we must assume a mixing model 

and a kinetic model and assign reference materials. In the present state,f- 

the-art, the gas phase can be considered completely mixed or in plug flow 

and the solid phase uniformly distributed. The kinetics with respect to SO z 

and CaO also can be expected to be some simple, approximately fJ.Tst, order. 

To d e s c r i b e  the  s u l f u r  r e c o v e r y  s y s t e m ,  we def ine  t h e  f o l / o w i n g  symbol&. 

S feed  

F 

XSO 2 

= f e e d  r a t e  of  c o a l  s u l f u r  (moles /° t ime)  

= p r o d u c t  (flue) gas  r a t e  ( m o l e s / t i m e )  

= SO 2 mole fraction in product gas 
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KS = fraction of feed coal sulfur recovered as CaSO 4 

V/.be d = bed mass (mass) 

C~be d = ca/ciuln mass fraction in bed 

XCa - fraction of feed CaO or equivalent converted to CaSO 4 

Some relationships a_-no.~g these are-- 

XSO 2 = (1--RS) Sfeedl~ 

Xca -- Rs/r 

8964 

= mole ratio of CaO or equivalent in additive feed to coal sulfur 

(1) 

(2) 

If the elutTiation is or assumed to Be nonselectLve with respect to the different 

calciure_ compounds, the conversion, XCa, wou/d apply to the fluid~zed bed. If 

the elutriation is ncnselective wd_th respect to the coal and addi~ve residues, 

then we have the fo]Zowing relation: 

ash " ; 
Cabe 6 

where the nuznerator is the amount of calcium in the bed and the terzns in the 

denonainator give the contributions .to the bed weight by the residue from coal, 

retained SOz, and the addltive residue, respectively. 

For a siznple completely zr.ixed reactor model, if we assuzne the bed weight 

is proportional to the bed volume, the rate of reaction should be calcu/ated from. 

rate (moles of Sltirnelznass of bed) =RS- Sfeed/V~be d (4) 

I£ we assu~ne a rake law that is first order in the SOz in the bed, and is some 

func~on of the xlnreacted CaO, 

rate = Xso z (s) 

where k is some function of temperature, pressure, and unreacted CaO. T_n this 

sin~ple representation, k is, for now, determined from FBC data and therefore, 

as long as it works, is a means of summarizing or coordinating the data and is 

not iznp!ied to be a correc t physical model 

Keppel in the ANL report of 1971 z presented a model based un plug flow of the 

gas  and different possible patterns of SOz generation. The ability to describe the 

experin~ental results apparently was not sensitive to these pa~erns. ~ one were 

3Z 
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to  u s e  the  Koppe l  m o d e l  w i th  u n i f o r m  g e n e r a t i o n  o f  SO z, t hen  i n s t e a d  of  

E q u a t i o n  5 one would  n e e d  ".he i rnpl ic i l  equa t i on  

k Xso z "] R s 
I 

S£eed/Wheal) | j 1 R (Rs " - s 

I I Ps ] " Sfeed Wbed)J 
In 

F o r  s u l f u r  r e c o v e r i e s  g r e a t e r  t h a n  40%, 

t h e  a p p r o x i m a t i o n -  

(6) 

E q u a t i o n  6 can  be r e p l ~ c e d  by  

k Xso z ( 7 )  
r a t e  = R s • S f e e d / W b e  d = i + I .  2 (I  -- Rs) 

B e c a u s e  the  m o d e l s  a r e  d i f f e r e n t ,  the r a t e  c o n s t a n t s  d e r i v e d  .~rom the  d a t a  

w i l l  be  clif~erent and  t h e y  m u s t  be u sed  on ly  in  t h e i r  r e s p e c t i v e  m o d e l s .  

Koppe l  a / s o  ~ u t r o d u c e d  a d e p e n d e n c e  on the  CaO in  the  bed  assumaing ~ r s t - o r d e r  

d e p e n d e n c e  on an  e f f e c t i v e  f r a c t i o : i  of the  CaO. He c o n c l u d e d ,  f o r  t h e  m a t e r i a l s  

a~d  c o n d i t i o n s  of  t h a t  s t u d y ,  z t h a t  the a d d i t i v e  ( a  l i z~es ton_  ~) had  only  5 0 ~  

e f f e c t i v e  CaO. T h i s  c a z ~ o t  be c o n s i d e r e d  the  g e n e r a l  c a s e  and p r o b a b l y  

i m p l i e s  the n e e d  of  a t  l e a s t  two p a z a z n e t e r s  to d e s c r i b e  the  r e a c t i v i t y  o f  

t h e  add i t i ve .  

F o r  cho ice  of  r e f e r e n c e  m a t e r i a l s ,  the  w o r k  of  A r g o n n e  Na t iona l  L a b o r a t o r i e s  3 

u s i n g  T y m o c h t e e  D o l o m i t e  a s  an addi.~ve and  a h i g h l y  v o l a t i l e  bi tumsinous 

P i t t s b u r g h  s e a m  c o a l  f r o m  the  C o n s o l i d a t i o n  C o a l  C o m p a n y  Ark-wright  M i n e  

i s  one o f  the  m o r e  e x t e n s i v e  s t u d i e s  and  p e r m i t s  e x a m i n a t i o n  of  the  e ~ e c t s  

o f  s o m e  m a j o r  v a r i a b l e s .  The  var i-~bles  c o n s i d e r e d  a r e  v e l o c i t y ,  t e m p e r a l a ~ r e ,  

a~d CaO- to - suL~ur  r a t i o .  The  d a t a  a r e  c o n s t r a i n e d  to  r e l a t i v e l y  constaJxt  

a i r - f u e l  r a t i o ,  f e e d  p a r t i c l e  ~ ize ,  bed we igh t ,  and  sys t en~  p r e s s u r e .  T h e  

a i r - f u e l  r a t i o  m u s t  be e x p e c t e d  to  be a s i g n i f i c a n t  f a c t o r ,  trot in  p r a c t i c e ,  

m a y  n o t  have  a v~de  r a n g e .  T'ne efdect  of  bed  vo luzne  o r  we igh t  c a n  be 

a m t i e i p e t e d  f r o m  s i m p l e  k i n e t i c s  c o n s i d e r a t i o n s .  F e 4 d  p a z t i c l e  s i z e ,  i f  n e c e s s a z y ,  

w i l l  s h o w  up in  t he  p r o p o s e d  s i m p l e  fo rxnu /a f ion ,  i n  t he  r e a c t i v / t y  f a c t o r s .  

T h e  p r e s s u r e  e f f e c t s  a r e  a p p a r e n t l y  v e r y  t e m p e r a t u r e  s e n s i t i v e  and  m u s t  

u l t i m a t e l y  a p p e a r  in  t he  c h e m i c a l  k ine t i c  express ioz~  H o w e v e r ,  h e r e  t oo ,  

p r o b a b l e  p r a c t i c e  m a y  l i m i t  the  p r e s s u r e s  o£ i n t e r e s t  to  a few d i s t i u c t  r a m i e s .  

T h i s  s tudy3 a l s o  r e p o r t s  t he  bed  c o m p o s i t i o n s  and  c o n v e r s i o n s ,  t h e r e b y  

a v o i d i n g  the  d e p e n d e n c e  on E q u a t i o n s  Z and  3 a n d  t h e i r  u n p r o v e d  a s s u z n p t i o n s .  

In T a b l e  2, t he  c h a r a c t e r i s t i c s  of  the  c o a l  a n d  a d d i t i v e  a r e  shown.  In  T a b l e  3, 

t h e  o p e r a t i n g  c o n d i t i o n s  a.re mz, n r n a r i z e d .  
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T a b l e  Z. 

 ,r.alysis, wt 

M o i s t u r e  " 2. 89 

Ash 7. 68 

5ul f ,  w 2. 8Z 

Ga~b0n 74. 91 

H y d r o g e n  5. 08 

Oxygen  4. 83 

8964 

CHARACTERISTICS OF REFERENCE IvLATEPJ_~/~3 

Arkvrright Tyrnoch%ee 
C oa/ Dolomite 

Siev~ Range, 13. S. s i e v e  No. --14+170 

Alean Particle size, ben 323 

Ca 2 0 . 0  

COz 38.5 

Ash 59. 7 

--14+170 

750 

Table 3. OPERATING RANGES OF REFERENCE SYSTEIVL 3 

T e m p e r a t u r e  

P r e  s su re  

D~T F l u e  G a s / C o a l  

Bed I : ) i a m e t e r  

:Bed IVeight  

CaIS Mole Ratio 

Ca Conversion 

Ca B ~ d  ~t~9"t Frac%ion 

Sulfu~ l~ecovery Fz'aetion 

1445 o - 1 6 6 5 ° F  

8 a ~  

153 S C F / I b  

0 . 5 / t  

22-36 lb  

1 . 0 - 3 .  3 

O. 3 2 - 0 . 8 3  
O. 17-0.24:  

0 . 6 2 - 0 . 9 5  
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The  v a l i d i t y  o f  E q u a t i o n s  2 and  3 f o r  b e d  c o m p o s i t i o n s  w-~s ~ i m e c L  

As an  e s t i m a t e  of  the  c a l c i u m  we igh t  £ r a c t i o n ,  Equa t i on  3 g i v e s  v a l u e s ,  

on the  a v e r a g e ,  0 .01  l e s s  than  the  m e a s u r e d  v a l u e  wi th  a s t a n d a r d  

dev ia t ion  of a b o u t  0. 01. This  a c c u r a c y ,  i f  g e n e r a l l y  t r u e ,  m a k e s  E q u a t i o n  3 

a u se fu l  equa t ion .  E q u a t i o n  2 f o r  the  c o n v e r s i o n ,  X c a  , g~ves v a l u e s  t h a t  

a re  20~  low w i t h  a s t a n d a r d  e r r o r  of 12~o. At  h i g h e r  c o n v e r s i o n s ,  t h e  

c a l c u l a t e d  v a l u e  o f  (I  -- X c a  ) which  a p p e a r s  i n  t he  r a t e  e x p r e s s i o n ,  c o u l d  

have  a h igh  u n c e r t a i n t y ,  and p r e v e n t  r e a s o n a b l e  i n t e r p r e t a t i o n  o f  dat.a. 

However, H generally true, the use of the factor of |. 2 to correct the " 

calculated conversion wou/d serve adequately for the range of probable 

operation in which conversions of less than 0.5 will be necessary to 

rnsintain low SO 2 levels. 

In *.he fo l l owing  c a l c u l a t i o n s ,  the r e p o r t e d  r a t h e r  than  c a l c u l a t e d  v a l u e s  

a r e  used .  

Fo l lowing  K o p p e l ' s  l i ne ,  we ass~u, n e  t h a t  t h e  r a t e  c o n s t a n t  k i s  p r o p o r t i o n ~  

~o the e f f e c t i v e  C a O ,  t h a t  i s  - 

k = k ° (Xca" m- Xca) Cabed 

w h e r e  X c a ,  m i s  t h e  m a x i m u m  p o s s i b l e  c o n v e r s i o n .  The  ~ d a t a  w e r e  

u s e d  to c a l c u l a t e  t he  v a l u e s  of k b a s e d  on t h e  c o m p l e t e l y  m i x e d  r e a c t o r  

m o d e l  ( E q u a t i o n s  4 a n d  51 and t h e y  w e r e  p l o t t e d  to t e s t  E q u a t i o n  8 in  

F i g u r e  16. The  c o m p l e t e l y  m i x e d  m o d e l  a n d  the  plug f low ( u n i f o r m  g e n e r a t i o n )  

m o d e l  s e e m  to  r e a s o n a b l y  r e p r e s e n t  t he  d a t a  o f  thi~ s y s t e m  wi~h t h e  

a s s u m p t i o n  t h a t  m a x i m u m  p o s s i b l e  c o n v e r s i o n  i s  c o m p l e t e  c o n v e r s i o n .  

A / s o  ( aga in ,  f o r  t h i s  s y s t e m )  t h e r e  i s  no  m a j o r  t e m p e r a t u r e  e f f e c t ,  

(S ince  m o l e  f rac t - ion  o i  SOz r a t h e r  t han  c o n c e n t r a t i o n  was  usedp ome ~ F  

a s s u m e  the  r a t e  i s  p r o p o z ~ o n a l  to  the  a b s o l u t e  t e ~ p e r a t u r ~  bu t  s u c h  a 

l o w  d e p e n d e n c e  i s  l o s t  in  the r a n d o m  d e v i a t i o n s . )  The l i ne  d r a w n  i n  F i g u r e  16 

i s  ba sed  on the  c o m p l e t e l y  m i x e d  m o d e l  a n d  i s  s u c h  tha t  k = 0. 01 l b - m o l e l  of  
O 

s u l f u r / l b  of  c a l c i u m s / m i n u t e .  We h a v e  no  ra t iona£izat io~,  o f  the  p o i n t  w i t h  

a p p a r e n t l y  u n u s u a l l y  h i g h  r a t e  of  r e a c t i o n -  

%~ith the  s y s t e m  d i s c u s s e d  above  f o r  r e f e r e n c e ,  o t h e r  s e t s  of  d a t a  on  the  

p e r f o r n m n c e  of  F B C  s y s t e r u s  ace  be ing  e v a l u a t e d .  
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2. High-Temperature Combustio~ (MHD) 

A meeting was held with Mr. Daryl Bomkamp of A.Tgo .n.~e Na~onal 

Laboratory to determine the type of data being collected by AlqL on IV/HI) 

and the best means of coordinating ~'s work on ~ data collection 

with  t h e  D a t a  B o o k  p r o j e c t ,  He  i n d i c a t e d  t h a t  t he  d a t a  on  e l e c t r i c a l  

p r o p e r t i e s  o f  t h e  g a s e s  a t  h igh  t e m p e r a t u r e  wi/1 be a v a i l a b l e  b e f o r e  t h e  end  

of the  y e a r .  

I t  w a s  d e c i d e d  to p r e p a r e  an  o u t l i n e  o f  the  Mi lD d a t a  s e c t i o n  so  t h a t  

information can be collected in an orderly manner. 

3. References C i t e d  

I .  A r c h e r ,  D. H. e t  a t . ,  E v a l u a t i o n  o f  the  Flui, d i z e d - E e d  C o m b u s t i o n  
P r o c e s s  VoL r/,  16. S p r i n g f i e l d ,  Va. : Na t i ona l  T e c h n i c a l  I n f o r m a t i o n  
Service, 1970 (PB 212960). 

Z. Jonke, A. A. etaL, ~eduction of Atmospheric Po~uHon by the Applica- 
tion of Fluidized-Bed Combustion, Annual Report July 1970-June 1971, 
A_NL ES-CEN-1004. Argonne National Laboratory, U.S. Environmental 
Protection Agency. 

3. Vogel G. J. et al., Reduction of-Atmospheric PoLlution by the Applica- 
tion of.F1uidized-]~ed Combub-tion. Annual Report, Ju/y 1973-June 1974. 
A r g o n n e  .~qatiorml L a b o r a t o r y .  

E. COAL r CHAR r AND OIL SHALE PROPERTIES 

I. Coal Data Compilation 

The Bureau of Mines has recerttIy published a compilation of coal reserve 

data for underground mining in states east of the Mississippi River, Is and 

another for strippable coal in the whole cf the United States. 17 With data 

from these and other publications we have prepared a table with region-by- 
w -  

s e ~ m  e n t _ ~ e s  of  d e p o s i t s  s e e m i n g l y  l a r g e  enough  to s u p p o r t  c o a i  c o n v e r s i o n  

p l a n t s  ( T a b l e 4 ) .  T h e  p u r p o s e  o f  t h e  t a b l e  i s  to p r o v i d e  a b a s i s  f o r  c h o o s i n g  

the  c o a l  s a m p l e s  t h a t  w i l l  b e  i n c l u d e d  in  o u r  f ina l  c o m p i l a t i o n  of  da t a .  

T e r m s  u s e d  i n  the  e s t i m a H o n  of  t he  a m o u n t  of  c o a t  in  t h e  d e p o s i t s  a r e  

d e f i n e d  in  t h e  c i t e d  p u b l i c a t i o n s  a s  f o i l o w s :  Iv, Is 
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"Coal resource and coal reserve ~lassification is presently based upon 
three criteria -- (I) thickness of the~.'oalbed, (Z) depth of the coalbed, and 
(3) the reliability of the data upon wl-Ach the estimate was based. The cri- 
teria for each category are described in the following paragraphs. 

"Tdentified Resources -- Include beds of bituminous coal and anthracite 
14 inches or more thick and beds of subbituminous coal and hgnite 30 inches 
o~ n~ore thick that occur at depths to 3,000 feet, the existence and quanti.~r 
of which have been delineated within specified degrees of geologic assurance 
as measured, indicated, or inferred. Include also thinner and/or deeper ; 
beds that presently are being mined or for which there is evidence that . 

they could be mined commercially. 

"Undiscovered Resources --Include beds of bituminous coal and anthracite 
14 incus or more thick and beds of subbitun~inous coal and lignite 30 inches 
or more thick that are presun%ed to occur in unmapped and unexplored areas 
reasonably near the surface (to depths of 3, 000 feet) or in deeper structural 
basins of depths between 3, 000 feet and 6, 000 feet. All undiscovered coal 
1~esources in the United States are considered to be in the hypothetical category. 

"Total Resources -- Include in this category the sum of the ident~ied and 
undiscovered resources. 

"Reserve Base- Include in-place beds of bituminous coal and anthracite 
P8 £ ~  more thick and beds of subbi~minous coal 60 inches or more 
thick that occur at depths to I, 000 feet. Include also thinner and/or deeper i 
beds that presently are being mined or for ~vhich there is evidence that they ;.~ 
could be mined commercially at this time. Include beds of lignite 60 inches 
or more thick that can be surface mined -- generally those that occur at 
depths no greater than IZ0 feet. Also, i t  includes only coal from measured 
and indicated categories of reliability. 

'~Reserve or Recoverable Reserve- Include that portion o£ the reserve 
base that can be mined legally and economically at the time of classification. 

" S u b e c o n o m i c  R, e s o u r c e s  - - I n c l u d e  a l l  i d e n t i f i e d  r e s o u r c e s  t h a t  do not  f a l l  
into the reserve category. Include in this catego_~/beds of bituminous coal 
and anthracite 14 inches to Z8 inches thick and beds of subbituminous coal 3 0  

inches ro 60 inches thick that occur at depths to 7,000 feet, !-.c~ude also 
beds of bituminous coal and anthracite 14 inches or more thick and beds o£ 
subbiturninous coal 30 inches or more thick that occur at depths between I, 000 
and 3, 000 feet. Include lignite beds 30 inches or more thick +_hat cannot be 
surface mined, generally those that occur at depths greater than 120 feet, and 
lignite beds 30 inches to 60 inches thick that can be surface mined. Include 
the nonrecoverable portion o f  the reserve base. 

" T h e  follo-.~ing c r i t e r i a  f o r  m e a s u r e d ,  i n d i c a t e d ,  and i n f e r r e d  a r e  a p p l i -  
c a b l e  to both  t h e  r e s e r v e  and  s u b e c o n o m i c  r e s o m r c e  components--  

' ~ V i e a s u r e d -  T o n n a g e  i s  c o m p u t e d  f r o m  d i m e n s i o n s  r e v e a l e d  in o u t c r o p s .  
trenches, mine workings, and drill holes. The points of observation and 
measurement are so closely spaced and the thickness and extent of coals are 
so well defined that the tonnage is judged to be accurate within Z0 percent 
o_ # true tonnage. Although the spacing of the points of observatior, necessazbr 
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to dernonstrate continuity of the coal di~ers from reg'.on to region according 
to the character of the coalbeds, the points of observation are, in general, 
no g r e a t e r  t han  o n e - b a H  m i l e  a p a r t .  G e n e r a l l y ,  . m e a s u r e d  r e s e r v e s  a r e  
s y n o n y m o u s  wi th  p r o v e d  r e s e r v e s  of  o t h e r  r e p o r t s .  

" I n d i c a t e d  -- Tonnage is c o m p u t e d  p a r t l y  f r o m  s p e c i f i e d  m e a s u r e m e n t s  a n d  
l ~ r t l y  f r o m  p r o j e c t i o n s  of  v i s i b l e  d a t a  f o r  a r e a s o n a b l e  d i s t a n c e  on t he  b a s i s  
o f  ~ e o l o g i c  e v i d e n c e .  In g e n e r a l ,  t h e  p o i n t s  of  o b s e r v ~ t t i o n  a r e  a b o u t  I m i l e  
apa.- 't ,  but  t h e y  ~ y  be  a s  m u c h  a s  1 - I / ?  m i l e s  a p a r t  f o r  b e d s  of  known 
c o n t i n u i t y .  C e u e r a l L y ,  i n d i c a t e d  r e s e r v e s  a r e  e q u i v a l e n t  to  p r o b a b l e  r e s e r v e s  
o f  o t h e r  r e p o r t s .  

" I n f e r r e d  -- Q u a n t i t a t i v e  e s t i m a t e s  a r e  b a s e d  l a r g e l y  on  b r o a d  k n o w l e d g e  
o f  t he  geolog'~cal  c h a r a c t e r  of  t he  ~ecI o r  r e g i o n ,  a n d  f ew  m e a s u r e m e n t s  o f  
l~ed t h i c k n e s s  a r e  a v a i l a b l e .  T h e  est-~mates  a r e  b a s e d  p r i m a r i l y  on a n  a s s u m e d  
cor_~inuat-ion f o r  w h i c h  t h e r e  i s  geolo:i ic e v i d e n c e .  In  g e n e r a l ,  i n f e r r e d  c o a l  
l i c~  m o r e  t han  1 : l / ~  m i l e s  f r o m  the  o u t c r o p  o r  f r o m  p o i n t s  f o r  w h i c h  m i n i n g  
o r  d r i l l i n g  i n f o r m a t i o n  is  a v a i l a b l e ,  bu t  u s u a l l y  d o e s  not  e x c e e d  4 m i l e s ,  
rnocli.fi~_d in  p r a c t i c e  b y  g e o l o g i c a l  c o n s i d e r a t i o n s .  

" D e n ~ o n s t r a t e d  R e s e r v e s  -- Inc1~de in t h i s  c a t e g o r y  t he  su~n of  t he  m e a s u r e d  
~nd i n d i c a t e d  r e s e r v e s .  " 

T e r m s  a p p l i c a b l e  to  s t r i p  n',.ini.ng a r e -  

" R e c o v e r a b l e  st-~_~pable r e s o u r c e -  T h e  r e x n ~ g  s t r i p p a b l e  r e s o u r c e  
nxu le i~ l i ed  by  a m i n i n g  r e c o v e r y  f a c t o r .  

" ~ ¢ o v e r v  f a c t o r  -- T h e  p r o p o r t i o n  of t h e  r e s o u r c e  t h a t  i s  t e c h n i c a l l y  
c a p s b l e  c f  be i ng  p r o d , - c e d ,  u s u a l l y  e x p r e s s e d  a s  a p e r c e n t .  

" R e s e r v e s  -- T h e  m e a s u r e d  p o r t i o n  o£ t he  r e s o u r c e  t h a t  i s  r e c o v e r a b l e  
(rr . i•able t on i )  wi th  the  t e c h n o l o g y  and  e q u i p m e n t  p r e s e n t l y  a v a i l a b l e  o r  t h a t  
r~.ay b e  _~ade a v a i l a b l e  i n  t h e  f o r e s e e a b l e  f u t u r e .  

" R e m a i n i n ~  s t r i p p a b l e  r e s o u r c e  -- T h e  t o t a l  o r i g i n a l  c o a l  r e s o u r c e  u n d e r  a 
s p e c i f i e d  m a x i m u m  d e p t h  o f  o v e r b u r d e n  and  r e d u c e d  b y  d e p l e t i o n  c o m p u t e d  
f r o m  p a s t  s t r i p  and  a u g e r  m i n i n g  p r o d u c t i o n .  

" R e s o u r c e  -- T h e  e s t i m a t e d  t o t a l  q u a n t i t y  of  a l l  c o a l  in p l a c e ,  h a v i n g  a 
Speci-Cied m i n i m u m  ¢ o a l b e d  t h i c k n e s s  and  u n d e r  a s p e c i f i e d  m a x i m u m  d e p t h  
o f  o v e r b u r d e n .  

" S ~ r i v p a b l e  r e s e r v e s -  T h e  r e c o v e r a b l e  s t r i p p a b l e  r e s o u r c e  a d j u s t e d  t o  
c o n f o r m  to  the  s t r i p p i n g  r a t i o ,  w h i c h  v a r i e s  by  a r e a .  Con1 ~hat c a n n o t  b e  
m i n e d  b e c a u s e  of  t he  p r o x i m i t y  o f  n a t u r a l  o r  m a n m a d e  f e a t u r e s  i s  a l s o  
e x c l u d e d .  T h e s e  r e s e r v e s  a r e  t h e  a c t u a l  r a w  t o n s  o f  c o a l  t h a t  c a n  b e  
r e r ~ o v e d  f r o m  the  g~o~nd.  They a r e  a l s o  a s s u m e d  t o  b e  a l l  ' a r g U a b l e '  
t o n r ~ g e s  and  a r e  -.or d i v i d e d  in to  ' m e a s u r e d ' .  i n d i c a t e d ' ,  and  ' ~ e r r e d '  
r e s e r v e s .  " 

F o r  u n d e r g r o u n d  m i n i n g ,  t he  r e s e r v e  b a s e ,  i n c l u d i n g  m e a s u r e d  a n d  

i z td i ca t ed  d e p o s i t s ,  i s  r e p o r t e d  in  t h e  c i t e d  p u b l i c a t i o n s  b y  c o u n t y  an d  seann.  
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In the ~sterm United States, coun+.ies rarely extend more th~n about 30 

miles. A reserve base of 300 m~llion tons of coal in a coun T, from which 

150 ~ll/on tons is usually estimated ~o be producible, was ~ken as 

su/~cient to suppo-~ a conversion plan% for Z0 years. This criterion was 

app l i ed  f o r  the  i n c l u s i o n  of  a cou=~y i n  o u r  l i s t  Seaa~s contribut~.ug 10% o r  

m o r e  to  the  coum~r "~o~l w e r e  t h e n  l i s t e d  u n d e r  e a c h  coumL~r. R u m - o f - m i n e  

san~ples  ~-nay o c c a s i o n a l l y  c o n s i s t  o f  c o a l  f r o m  m o r e  t h a n  one  s e a m  be ing  

simultaneously mined, but channel samples are always t~=ken from a single 

sean~ This necessitates the listing of seams in our zable. 

In the Western States, counties often extend 60 miles or more, and we 

consider ~sting by deposit or field to be necessary. 

In the Bureau of Mines publication on coal resources for strip-rni ~ning, 17 

amounts of measured and indicated strlppable reserve (estimated producible 

an~ounts) are given for counties and for seano__s, bu~ usually not by seam in 

each county or field. B-~eakdown of each county or f/eld by seams (when 

available) was obtained from state geological survey publications; these 

amounts may include inferred deposits, as indicated in the +~ble. A 

criterion of 150 milJ/on tons of strippable reserve (SR) for counties in 

Eastern States and counties or fields (v.,here applicable) in Western States 

was adopted fo- ~ the table, lVhe= da~ were available (ILLinois and IV~ontana), 

i n fe r red  deposits were included for  appl icat ion of the c r i te r ion°  In other 

states, the crite--ion was applied to the strlppable reserve v~lues of the 

Bureau of ~¢lines publication, tv 

No Bureau of IVlines or similar publica~on is available for underground 

n-dnlng ~n the Western States. However, such a compilation is not needed ~t 

present because additional znining for lignite and subbiturninons coal in the 

~est is likely to be limited to stripping. However, underground mining may 

have to be considered for liquefaction, for which bi~un~nous coal is preferable. 

Z. Penn State Data 

V/e have received analytical and other data on 50 coal deposits from Penn 

State. The data are being tabulated in a suitable form for presentation in ~he 

Data Book. We will check the deposits analyzed by Penn State ag~_inst the 

]ist of deposits presented in Table 4. The coal properties data will be 

presented in next month's report 
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Table 4. Part I. LARGE-SIZE U.S. STRIPPABLE AND 
EASTERN U.S. UNDERGROUND COAL DEPOSITS a 

L o c a t i o n  and  S e a m  
E 3 t i r n a t e  A m o u n t  of  C o a l ,  R e f e r e n c e  

B a s i s  C l a s s  106 t o n s  N o .  

.~11 ZONA 

N a v a j o  C o u n t y  b SR MI 387 17 
B l a c k  M e s a  F i e l d  RSR MI 400 17 
Wepo Group (8 Seams) SR MI 387 17 

F 

COLO ~ADO 

Routt C o u n t y  SR 
yannpa F i e l d ,  2C-u"~le 

d e p o s i t  RSR 
E 
D 
C,  W e b b e r ,  B u t c h e r  I~nile,  l ~ c e  Mine  
No. 3, B, Bear River, Sun Mine 
No. Z, A. Pinnacle 
No. 1. B r o o k s .  Curtis 

~4I 330 

M! 330 

I L L I N O I S  

Adams County SR MI/ 619. Z7 5 
SR MI 54.5 

C o l c h e s t e r  (No. Z) 3R M E  619 .275  

17 

17 
2 
Z 
2 
Z 
2 
Z 

10 
17 
10 

Note:  

b 

B a s e s  of  t he  a m o u n t s  of  c o a l  r e p o r t e d  in  the  t a b l e  a r e  i n d i c a t e d  by. t he  
foLlo~-~ng s y m b o l s :  

U R B -  u n d e r g r o u n d  re sez~-e  b a s e  

5R -- s t r i p p a b l e  r e s e r v e  

R$R -- r e c o v e r a b l e  s t r i p D a b l e  r e s o u r c e  

MI -- v a l u e  i n c l u d e s  c oa l  of  m e a s u r e d  a nd  i nd i c t . t e d  . - e l i ab i l i t y  of e s t h n a t e  

-- v a l u e  i n c l u d e s  c o a l  o£ m e a s u r e d ,  i n d i c a t e d ,  an~  i n ~ e r r e d  r e l i a b i l i t y  
o f  e s t i m a t e .  

Al l  u n d e s i g n a t e d  c o a l  i s  b i t u m i n o u s .  

S u b b i ~ m ~ o u s .  

A750 51187a 
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Table 4 ,  Part 2. LAP.GE-SIZE U.S. STRIPPABLE }~'~D 
EASTERN U.S. UNDERGROUND COAL DEPOSITS ~ 

L o c a t i o n  axtd Sea.~-* 
Estin~ate Amount o£ Coal, 

Basis Class 106 tons 

Bond County URB I~ 1831.5 
Herrin (No. S) UKB I~H 1752. I 

Brown County SR M!I 386.496 
SI% M I  37. ! 

Colchester (No. 2) Sl~ I~L7/ 586.496 

Bureau County. URB MI !029. 44 
SR M I  73. 90 
SR MII 452. 4 

Dan~/lle (No. 7) URB MI 186.30 
SR X,/ZI. 183. Z23 

H e r r i n  (No. 6) U R B  MI Z50.18 
SR MII  262. I 15 

Colchester (No. Z) URB MI 59Z. 96 

Christian County UIRB 
Herrin (No. 6) URB 
Harrisburg- Spzlngfield 
(No. 5) URB 

Cliuton County URB 
Hexzin (No. 6) LTI:~B 

C~'awford County URB 
Dmvll¢ (No. 7) URB 
Hat zisbur g- Springi~ eld 
(No. 5) URB 

3a~.es Town URB 
5eely~lle URB 

Douglas County URB 
Herrin (No. 6) URB 

Edgar County URB 
Danville (No. 7) URB 
Herriu (No. 6) URB 
Harrlsburg-$prlng~eld 
(No. 5) URB 

Seely~i]/e URB 

MJ 33 -17 .44  
MI 2651.30 

MI 617.21 

M1 1322. 46 
MI 13Z0.34 

MI 442. 62 
.%6.! 70 .58  

M I  105. 29 
M I  80.66 
MI 151.24 

MI 411.68 
M I  390.61 

M I  1749. 89 
MI 51 i. 39 
MI 333. 50 

MI 332 .  01 
MI  57Z. 99 

R e X e r e n c e  
No .  

18 
18 

I0 
17 
10 

18 
17 
16 
18 
16 
18 
16 
18 

18 
18 

18 

18 
18 

18 
18 

18 
18 
18 

18 
18 

!8  
18 
! 3  

18 
18 

a All undesignated coal is bit~zrninous. 
A7505 1 :8To 
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Table 4, Part 3. LARGE-SIZE U.S. STR_~PABLE A~%'D 
EASTERN U.S. UNDERGROUND COAL DEPOSITS 

L o c a t i o n  and  Seam 
E s t i m a t e  A m o u n t  o£ Coa l , ,  

B a s i s  G l a s s  10 6 t o n s  

_--'aye%-t e Coun ty  
Dam ille (No. 7) 
H e : t i n  (No. 6) 

URB MI 1 1 7 3 . 7 2  
URB M/ 296.02 
URB MI 877.70 

F r a m / d i n  Coun ty  URB 
H e r r i =  (No. 6) URB 
H a r r i s  bu r g - S p r i n g f i e l d  

(No. 5) URB 

r-h~Iton County SR 
SR 

Herrin (No. 6) SR 
Hat .-i s bu r g - Spring f'.eld 

(N~. 5) SR 
Colches~e. -  (No. Z) SR 

U R B  
SR 
SR 

H e r r i n - ( N o .  6) URB 
SR 

lq a r r i s h u  r g  - S p r i n g f / e l d  
(No .  5) URB 

SR 
DeKoven UR B 
Davis URB 

Gana:in Coun.~y 

G r e e n e  County  SR 
SR 

H e r r i n  (No. 6) SR 
~Colchez te r  (No. 2) SR 

G r u n d y  Count) .  SR 
SR 

,Sununurn (No. 4) SR 
/Co lches te r  (No. 2) SR 

H ~ n i l t o n  Coun ty  URB 
H e r r i n  (5Io. 6) URB 
Ha r 1-isburg - Spring~eld 

(No. 5) URB 

a '  
ALl undesignated coa l  i s  b i t u m i n o u s .  

MI 3 0 3 8 . 4 3  
MI 1 8 7 5 . 6 8  

MI 831.79 

MI/  2 1 2 0 . 7 9 7  
MI 3 3 0 . 2  
MII  249.  286 

MII  702.  386 
MI /  1104.  785 

MI 1 7 6 1 . 0 8  
MI 48. 300 
MII Z37. 754 
MI 5 5 7 . 1 3  
MII 121. 905 

MI 58Z. 38 
MII  1 1 5 : 8 4  9 
MI 2 6 6 . 0 5  
MI 3 4 8 . 6 3  

MH 597. 9ZZ 
MI 7 4 . 1  
MI] 9 7 . 2 7 4  
MII 5 0 0 . 3 4 8  

MII  356. 077 
MI 4 6 . 3  
MLI 43.  558 
M n  31Z. 519 

MI  2 4 4 0 . 1 6  
MI  1489. 80 

MI 9 5 0 . 3 6  

A7505 J. J,87c 

R e ~ e  Z'el~C • 
No. 

18 
18 
18 

!8  
18 

18 

16 
17 
17 

17 
"7 

18 
17 
12 
18 
12 

18 
12 
18 
18 

14 
17 
14 
14 

15 
17 
15 
15 

18 
18 

18 

I N S T I T U T E 0 F 
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Table 4, Part 4. LARGE-SIZE U, S. STRIPPABLE AND 
EASTERN iT. S. UNDERGROUND COAL DEPOSITS a 

Location and Seam 

Hem~, Coun~ 

Danvil le (No. 7) 
H e r r i =  (No. 6) 
Colches te r  (No. Z) 

E s t i m a t e  Amoua~ o£ Coal ,  
Ba si_.ss Class 106 tons 

SR Mr; 577. Z65 
SR MI llZ. I 
SR MII 58. 878 
SR MII Z55. 435 
SR ME 242. 95Z 

Jackson Count7 SR 
SR 

H e r r i n  (No. 6) SR 
Har rishurg -Spz~ngf/eld 

(No. s) sR 
l~:urphysboro SR 

Je i fe rson  County URB 
H e r r i n  ( No. 6) URB 
H a r r i s b u r g -  Springfield 

(No. 5) URB 

Jersey County SR 
SR 

l~err~.m (No. 6} SR 
Co lches te r  (No. Z) SR 

Knox County SR 
SR 

Herz~ ( No. 6) SR 
H a r r i s  huzg- Spring£ield 

(No. s) SR 
Co lches te r  (No. Z) SR 

LaSa/de Count 7 L'RB 
S-:[ 
SR 

Danvi]/e (No. 7) URB 
Herri= (No. 6) SR, 
Co lches te r  (No. 2) u ~ B  

SR 

La'~,~ence County URB 
DanviLle ( No. 7) URB 

Mrt 391. 321 
MI 96.400 
Mr; 149. 318 

Mr; 99.845 
MH 130. Z78 

MI 1800.56 
Mi. 1305.60 

MI 494.96 

MT; 220.461 
MI 28.10 
MII 57.336 
MH 163.125 

MH 1583.379 
MI 188.4 

Z57.066 

ME 626.509 
• "viii 697. 281 

.'v~l 1082. 96 
MI 39. 300 
MT~ Z80.420 
MI 370.77 
M/I 70.204 
MI 6Z0.16 
MII Z09.71Z 

MI 893.64 
143. 44 

Reference 
No. 

16 
17 
16 
16 
16 

13 
17 
13 

13 
13 

18 
18 

18 

14 
17 
14 
14 

16 
17 
16 

16 
16 

18 
17 
15 
18 
15 
18 
15 

18 
18 

a A l l  undesignated coal  is  b i t um inous .  

A75051187d 
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T a b l e  4, P a r t  c. L A R G E - S ~ Z E  U .S .  S T R / P P A B L E  A ~  
EASTER2q IT. S. U N D E R G R O U N D  COAL D E P O S I T S -  

E s t i m a t e  Aznount  of  C o a l ,  
L o c a t i o n  a n d  Seazn B a s i s  . C l a s s  . 106 t ons  

H a t  r i s b u r g -  Sp r hag f i e ld  
(No. 5) URB MI 272. 52 

J a ~ n e s  Town URB MI 152. 85 

L i v ~ g s t o n  Comat3- URB M.I 5 8 6 . 4 9  
Danv~De (No. 7) URB MI 272. 05  
C o l c h e s t e r  (No. 2) URB MI 265. 50 

L o g a n  Coun ty  URB led 813.  68 
H a r r i s b u r g  - S p r i n g f i e l d  

(No. 5) URB MI 8 1 3 . 6 8  

M c L e a n  County URB MI 4Z0. 95 
D a n v ~ e  (No. 7) URB MI 2 3 1 . 6 8  
H a r r i s b u r g  - S p r i n g f i e l d  

(No. 5) ORB MI 107. 12 
C o l c h e s t e r  (No. 2) URB MI 82. 15 

M~,con Co tmty  U R 3  MI 439. 31 
H a ~ - r i s b ~ r  g - S p r i n g  f ie ld  

(No. 5) URB M1 420.  39 

Ke:fe r e n c e  
No.  

18 
18 

18 
18 
18 

18 

18 

18 
18 

18 
i 8  

18 

18 

/Vlacoup~a CoLmCy URB MI 3 4 2 1 . 1 2  18 
SR MI 4 6 . 1 0  17 
SR MJ5 Z75. 605 14 

Herz ' i n  (No. 6) LTRB MI 3006. 52 18 
SR 2v.U.I Z50. 810 14 

C o l c : ~ e s t e r  (NO. 2) LFRB MI 259. 26 18 
SR MH 24. 7 ~5 14 

M a d i s o n  C o u n  W SR M2 134 17 
SR M]2 615.  35 14 

H e r r i n  (No. 6) SP. MII 449.  283 14 
C o l c h e s t e r  (No. 2) $R MII 166 .067  14 

M a r i o m  Cou~  W URB MI  421 
H e r r i n  (No. 6) URB M1 3 i9 .  35 
H a r r i s b u r g  - S p r i n g f i e l d  

(No.  5) URB MI  101 .65  

M c D o n o u g h  C o u n t v  SR 
S'R 

C a l r h _ * s t e r  (No. 2~ 

a ALl , ' " d e s i g n a t e d  ¢ o a l  ;.s b i t u n ~ n o u s .  

M1 58. 400 
Mrr 584. 320 
MH 584. 320 

18  
18  

1 8  

18  
10 
~.0 

A7505118 7e 
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Table 4, Paz~ 5o LARGE-SIZE U.S.  STKIPPA~LE A~ND 
EASTERN I/. So U~DERGROU~D COAL DEPOSITS- 

Locat ion and Seam 
Estin~a~e A m o u n t  oE Coa l .  

Basi____~s C lass  _ 106 tons 

Marsha]/County URB MI 357. 98 
Danville {N.~. 7) URB MI 7 7 . 6 2  
Colchester (No. 2) URB MI ' 270. 61 

Montgomery  County URB 
H e r r i n  (No. 6) ~B 
Rock Island (No. t) URB 

MI 3966.  5 
M !  3272. 7.8 
MI 208 .20  

Menard  County. URB ,~/d 1460.0 
Har r i sbu  rE-Spring field 

(No. 5) URB M! 1460. 0 

R e f e r e n c e  
No. 

18 
18 
18 

18 
18 
18 

18 

18 

Morgan  Co,:.nt~/ SR MI . I I I  17 
SR M.II 8 2 7 . 6  ! 5 14 

Her r i=  (I¢o. 6) SR MII 485. 880 ;4  
Colches te r  (No. 2) SR M.1I 341.735 14 

MI: B55.1 
MII ZIT4. 236 
MH 282.537 
MH 1058.371 

MH 725. 549 
MII 107o 779 

MI IZ01.0Z 
MI 291.7 
Iv~/l 1 I06. 041 
M~ 1025. 37 
MII 896. 767 

IvLT. 175 .65  

Peoria County  SR 
SR 

Dan~l!e (No. 7) SR 
H e r r i n  ( No. 6) SR 
Ha_T ri sbu r g- Spring£ielcl 

(No~ 5) SR 
Colcheuter  (NO. 2) 3 5  

P e r r y  County URB 
SR 
SR 

H e r r i n  (No. 6) URB 
SR 

Hat  r isburg-Sprims~ield 
(No. 5) U R B  

H a r r i s b u r g -  .Springfield 
(~o. 5) 8R M.II 209.274 

Putna.-n County b-~B MI 588. 89 
Danv~lle ( No. 7) URB MI 181.01 
Hera-in (No. 6) UI~B Ml 78. 88 
Co lches t e r  (No. 2) URB MI 329. 0 

S t  C l a i r  County URB ~ 951o 35 
SR MI 3,95 

a a ~ l  u~des~.gnated co~1 i~ bir, u-,'ninous. 

17 
16 
16 
16 

16 
16 

18 
17 
13 
18 
13 

18 

13 

18 
18 
18 
18 

18 
17 

A75051187£ 
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T a b l e  4, Part 7. LARGE-S IZE  U.S. STRIPPABI,,,!  A~'D 
EASTERH U.S.  T,I~DERGROUND C O A L  DEPOSI  T S "  

L o c a t i o n  and Seam 

H~rrm (No. 6) 

Randolph Coun ty  

H e r r ; -  (No. 6) 
Hat  r i s b u r  g - Sp.'-ing/ield 

(,'~o. S) 

Saline 

H e r r i n  (No. 6) 
H e r r i n  (No. 5) 
Ha r x - i s t m r g - S p r k = g f i e l d  

(~o. 5) 

D e K o v e n  
Dav~8 
C u t l e r  

Sansamon Count," 
H e r r 1 =  (NO. 61 
H a r r i s b u r  8 - S P r l  o g ~ e l d  

(~o. s) 

S c h u y l e r  Coun ty  

H a r r i s b u r g - S p r ~ g f i e l d  
(~o.  5) 

Co lches te r  (1~o. 2) 

Shelby Co, , - ty  
Dauv~.le (NO. 7) 
Her-'~.= (NO. 6} 

S t a r k  County 

Danville (No. 7) 
H e r r ~  (NO. 6) 

E s t a t e  A J ~ o ~ t  o f  C~aL 
S4 sis C l a , ,  : 0 ~ ton__...___~s 

~lU J Z49.  IZ3  
URB MI 93Z. 07 
SR MII 1249.  123 

SR M; 108 .  SO 
SR MII  455. 029 
SR ~ Z79.  139  

SR r ~  i 7 5 .  890 

URB MI 2553 .  37 
SR MI 78 
:~R ,'viii 545.  4 1 0  
URB MI 1076.77 
SR MIX ?~4. 572 

URB MI 814 .92  
SP. MI1 930442 
U R B  MI 21S. 82 
URB MI 42R. 0Z 
SR MU 78.44 

U R B  MI 3540. 03 
URB ~ 1559. 11 

URB MI 1955. 33 

SR MI 91.6 
SR MII 719. 544 

SR MII I 13.5.~6 
SR MII 606.150 

U R B  MI 712 .  47  
URB MI 1Z5. Z7 
U R B  MI 534.  09  

SR MI 94.0 
SR ~ 525. 951 
SR MI] 57. 703 
SR MII 442 .  467  

a AM u n d e s i g n a t e d  c o a |  i s  b i t u m i n o u s .  

Reference 
No. 

13 
18 
13 

17 
]3  
13 

13 

18 
17 
12 
18 
12 

18 
12 
18 
18 
12 

"8 
18 

18 

17 
10 

10 
10 

18 
18 
18 

17 
16 
16 
16 

A 7 5 0 5 1 1 8 7 g  
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Tattle- 4, P a r t  8. L A R G E - S I Z E  U.S.  S T R I P P A B L E  AND 
EASTEKN U.S.  UNI)EKGROUND COAL D E PO SIT S  a 

L o c a t i o n  and  $ean% 

T a z e w e l l  CountF 

H e r r i n  (No. 6) 
H a r r i s b u r g - S p r i n g f i e l d  
CNo. 51 

Colchescer  (~o.  Z) 

% e r r ~ i l i o n  Count~" 
Danville (No. 7) 
H e r . - i n  (No. 6) 

W a r r e n  County 

Colchcs~-e r  (No. 2) 

Washington County 
H e r r i n  (No. 6) 

E.~tima,.c A m o u n t  :~f Coal ,  R e f e r e n c e  
l$aai__...._~ C l a s s  IO s t ons  No. 

SR M1 24. 3 17 
SR MII 150. 005 16 
SR MII 69. 680 16 

SR MH 37. 05 16 
fiR ~ 3% 092 16 

URB MI 1 544. 28 
URB MI 963. 12 
URB MI 536. 64 

SR MI 59. 30 
SR MII 159. 758 
SR MH 158. 951 

URD M1 1555. 21 
URB MI 1543. 1 

'~';hite CounW URB MI 992. 47 
H ; r ~ n  (No. 6) URB MI 360.64 
~qal-risburg -Sprlng f~eld 
{No. 5) URB MI 626 

william son County 

Her t - i~  (No. 6) 
H e r r i n  (NO. 6) 
Harrisburg -Springfield 

C.~o. 5) 
Ha~r ' i sbu= g - Sp r lng  f ie ld  

(No. 5) 
De/< oven 
Davis 

Gibson County 
Da~ville (VII) 
Hyrnera (VI~ 
S~.-ing~eld (V) 

URB MI 1573.10 
SR MI 161.1 
SR MII 651 .  820 
URB MI 398. 30 
SR M17 290.718 

18 
18 
18 

17 
16 
16 

18 
18 

18 
18 

18 

1S 
17 
12 
18 
12 

URB M1 690.5 18 

SR ~ ZOO. 268 
URB MI 316.71 
URB M~ f09. 37 

INDIANA 

URB MI 1301o 54 
URB MI 165. 47 
URB M! 252. 68 
URB MI 883.39 

All u n d e s i g n a t e d  coal  is  b i t u m i n o u s .  

1Z 
18 
18 

18 
18 
18 
18 

A75051187h  
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Table 4. Part 9. LARGE-SIZ]~ U.S. STRLPPABLE AaND 
F.ASTF.~N U. ~ UNDERGROUND COAL DEPOSITS 

Locat ion and  S e a m  Bas i s  
E s t i m a t e  A m o u n t  of  C o a l .  I%eference 

C'.,ass I06 tons _ No.  

Knox County URB MI 1453.4b 
DanviLle (VII) URB MI 145. 55 
Hymera (VI) URB MI 473. 80 
Spr ingf ie ld  (V) URB M1 652. 49 
Survan t  (IV) URB MI 156.60 

Posey  County URB MI 720 .90  
Danv i l l e  (VII) URB MI 95 .89  
H y m e r a  (VI) URB MI 213. 50 
Sp r in s f i e ld  (V') URB MI Z92. 30 
Seely~-Ll.le (III) URB MI 119. 21 

SulLivan Cmmty  URB M! 192Z. 31 
SR 1 54.622 

Danvi l l e  (VII) URB MI 259. 36 
Danvi l l e  (VI I )  SR 
H y m e r a  (VI) URB MI 539. 43 

SR 
Spr ingf ie ld  (V) URB M1 532. 58 

5R 
Survant (IV) SR MI 264. 53 
See lyvJ / l e  (IlI) S1R MI 32~. 41 

V a n d e r b u r s h  CounW URJ0 M I  451 .36  
S p r ~ f i e l d  (V) URB MI Z33.80 
S e e l ~ - i l l e  (HI} URB MI ZO2. 51 

VermiLl lon County  URB MI 497. 63 
Spr ingf ie ld  (V) URB MI 99. 53 
Survant  (IV) URB Mi i 0 6 . 9 0  
See lyv iUe  (ILI) URB ~ 269. 35 

Vigo County URB ~ I ZI2 .  14 
Danvi l l e  ( ' v ~  URB MI 3Z0. 43 
S p r ~ g £ i e l d  (V) URB MI 45Z. 04 
Survan t  (IV) UR.B MI I i 0 . 0 2  
S e e l y v i U e  (HI) URB ML 269. 02 

18 
18 
18 
18 
18 

18 
18 
18 
18 
13 

18 
17 
17 

17 

17 

17 
17 

18 
18 
18 

18 
18 
18 
18 

18 
18 
18 
18 
18 

ALl undes igna t ed  c o a l  i s  b i t uminous .  
A75051187i  
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Table  4, P a r t  I0.  LARGE-SIZE U.S. STRIPPA3~LE ~ND 
EASTERN U.S.  UNDERGROUND COAL DEPOSITS 

Loca t ion  an.,./Seam 
Estimate Amoum: o£ Coal,  

B a s i s  Class 10 ~' tons 
Refe re,~e 

No. 

W a r r i c k  County URB MI 552. 57 18 
SR MI 15E. 554 17 

DanviUe (VI~ URB MI 90.49 18 
H;~nera  (VI} URB MI 81 .15  18 

5R 
~priugfield (V) URB MI 332. 97 18 

SR 

10 WA 

Unnamed County SR MI 180 
Unnamed Seam SR MI 180 

Floyd County URB 
Upper Elkhorn (No. 3) URB 
Upper ELkho.--n (No. Z) URB 
Upper  Ell~orn (No. I) URB 

H ~-~lan County URB 
Hazard (No. 5A) URB 
Upper Elkhorn (No. 3) URB 
Upper Elkhorn (No. Z) URB 
Upper  Elkhorn (No. 1) URB 
Lower Elkhorn URB 

KENTUCKY (EAST) 

MI 95Z. 57 
MI 354. 80 
MI ZZ6. 93 
~/ Z96.2Z 

MI 1408. 51 
MI 154.05 
M1 206.77 
MI Z39. I 3 
MI 362. 74 
• I  132. 75 

MI 1248. 37 
M1 264. o7 
~[I 258.94 
M1 424. 58 
MI 88 .49  

Knott County URB 
Hazard (No. 7) URB 
No. 7 URB 
Upper  ELkhorn (No. 3) URB 
Upper  Elkhorn (No. 2) URB 

Lesle Counz7 URB MI 619. 50 
Hazard (No. 5A) URB MI 187.8Z 
Fire Clay UP.B ~ 1Z5. 57 
No. 7 UKB MI 197. 9Z 

17 
17 

18 
18 
18 
18 

18 
18 
18 
18 
18 
18 

~8 
18 
18 
18 
18 

18 
18 
18, 
18 

a A/I  undesignated coal is b;~un~nous.  

A75051i87j 
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T a b l e 4 .  Part I I .  LARGE-SIZE U.S. STRLPPABL- ~.ND 
KASTEP.N U.S. IJ~DERGKOUND COAL DEPOS/ TS" 

Estirrmte Amolmt  o t  C o a t .  
L o c a t i o n  a n d  S e a m  B a s i s  C l a s s  10 6 tona  

L e t c h e r  C o u n t y  URB .V. 1 730.36 
No. T URB MI l~0 .73  
M a s o n  (Mingo)  URB MI 75. 36 
U p p e r  Elk]horn (No. 3) URB 1~.I 244 .04  
L o w e r  E l k h o r n  URB MI 8Z. 84 

Perry County URB MI 560. Z2 
Hazard (No. 7) URI~ MI i48.42 
No. 7 UKB I'~!I 263.01 
M a s o n  (Mingo) URB M! 6Z. 35 

P i k e  Coun ty  URB MI 2170.01 
U p p e r  E l k h o r n  (No. 3) URB MI :94 .01  
U p p e r  Elkhorn (No. 2) URB .~i1 438. 59 
U p p e r  E l k h o r n  (No. I) URB 1,31 194.94 
L o w e r  E1kho.-n URB MI 668. O0 

KENTUCKY (WEST) 

H e n d e r s o n  Coun ty  URB MI 1503.64 
SR MI 165 

No. 9 URB MI 1411.14 

Hopkins County UR5 M! 1805. 67 
SR MI 155 

No. 14 SR 
No. IZ URB ~ 170.53 
No. 1 Z SR 
No. 11 URB ~[1 154.88 
No. I ; SR 
No.  9 URB MI 1145. 34 
No. 9 SR 

M c L e a n  County URB iVf/ 723.65 
No. 9 URB /vli 627.25 
No. 6 URB tvtl 84. 54 

Re~e rence 
Nz. 

18 
18 
!8  
IS 
lg  

18 
18 
18 
18 

18 
18 
18 
18 
18 

18 
17 
18 

18 
17 

18 

18 

18 

18 
18 
18 

All u n d e s i g a a : e d  coa l  i s  b i t u m i n o u s .  

A7505 1187k 
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Table 4, Part It. LARGE-SIZ':_" U.S. STRIPPABLE ~ND 
EASTERN U.S. UNDERGROUND COA~. DEPOSITS- 

Estimate A m o u n t  o f  Coal, 
L o c a t i o n  and  S.-arn B a s i s  C l a s s  106 t o n s  

R e f e r e n c e  
No .  

Muhlenberg County URB M/ 898. 37 18 
SR MI Z58 17 

No. 12 URB M/ 158.24 18 
N o .  12 SR 
No. 1 ! U R B  MI 1 7 6 . 0 8  18 
No. 11 SR 
No. 9 , URB MI 535. 81 17 

Ohio  Coun ty  SR MI 161 17 
No. 14 SR 
No.  i I SR 

Union County URB MI 1926.  Z9 18 
No.  11 U R B  MI 3 3 8 . 7 4  13 
No. 9 URB MI 1286.43 18 
No. 6 URB MI 182.64 18 

W e b s t e r  County URB IW5 " 1436.44 18 
No. 9 URB ~ 11 c)4. 42 18 

MARYLA.ZqD 

Allegany County URB MI 378.58 
Freeport URB MI 135. 41 
Lower Bakers Town URB M. T 82. 27 
Upper F r e e p o r t  URB MI I02. 63 

G~urrett County URB MI 523.33 
Lower Bakerstown URB MI 132.79 
Upper Freeport URB MI 312. 99 
Upper Kittaam~ g URB MI. 55. 98 

M O N T A N A  

B i g h o r n  C o u n t y  b SR M/ 1009 
D e c k e r f / e l d  RSR M/ 816 

D i e t z  SR M/ 540 
Rolandfield RSR M/ 251 

Rol ="d SR l%Ll 126 
H a n w i n g w o m a ~  Cree~ 

F i e l d  RS  R ~ 26 5 
Dietz I ST M/ 132 

a All undesignated coal is bituminous. 

b Subbitumimous. 

18 
18 
18 
18 

18 
18 
18 
18 

17 
17 
17 
17 
17 

17 
17 

A75051187-1  
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Table 4, Part 13. LARGE-SLT.E U. 5, STR/PPABLTs~ND__ 
EASTERN U.S. UNDERGROUND COAL DEPOSI 

Kst .~mate  A m o u n t  o f  C o a l ,  
L o c a t i o n  and  S e a m  Basi_..__ss Class lO s tons 

S a r p y  Creek F i e l d  RSR M] 1500 
Wo~" Mountains 

( Ind ian  R e s e r v a t i o n )  RSR MH 1922 

P o w d e r  R i v e r  County b SR MI 1405 
M o o r h e a d  F i e l d  RSR MI 1200 

Ca~yonbed SR l~._I 100 
Dietz SR MI 100 
A n d e r s o n  SR ~ 400 

O t t e r  C r e e k  F i e l d  RSR MI 915 
Knoblock SR NlI 608 

A ~ - l a n d  (Knoblock) RS~ MI 2595 

P o w d e r  R i v e r  County e SR MI 12-~5 
B r o ~ d u s  F i e l d  RSR /vii 373 

B roadu.- SR M I  240 
Sormette Field RSR MI 165 

Pavrnee SR M/ 95 
Ptumpkin  C r e e k  F i e l d  RSR M! 15Z0 

SaWyer SR ~ 910 

R o s e b u d  County b SR MI 92Z 
B i r n e y  Coal  F i e l d  RSR MI 160 

B r e w s t e r  - A r n o l d  SR MI Z8 
P o k e r  J i m  O ' D e l l  F i e l d  RSR MI Z00 

l ~ o b l o c k  SR M/ 100 
R o s e b u d  C r e e k  F i e l d  c RSR MI 1 6 8  

T e r r e t  SR MI 80 
C o l s n - i p  F i e l d  b RSR MI 1057 

R o s e b u d  SR MI 718 

McCone County c SR MI 410 
W e l d o n -  T i m b e r  C r e e k  RSR MI 579 

S-Bed SR M/ 290 
R e d w a t e r  F i e l d  RSR M! Z40 

S- Bed SR ~ 120  

P o w d e r  R i v e r  County b 
F o s t e r  C r e e k  F i e l d  _RSR ~ t 7 2  

H.noblock SR MI 2~'4 

Refe rence 
No. 

5 

5 

17 
17 
17 
17 
17 
17 
17 
5 

17 
17 
17 
17 
17 
17 
17 

17 
17 
17 
).7 
IV 
17 
17 
17 
17 

17 
17 
!7 
17 
17 

17 
17 

a 
ALl u n d e s i g n a t e d  coa l  zs b i t u m i n o u s .  

b 
Subb i t uminous .  

c 
L ign i t e .  A7505ii87m 

5 3  
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T a b l e  4, Part 14. LAB.GE-SIZE U.S. STRIPPABLE ~.~ND 
EASTERN U.S. UNDERGROUND COAL DEPOSITS-- 

Le- . a t ion  and  S e a m  
E s t i m a t e  A_n~ount o£ Coal, 

Basis Class lO ~ tons 

Da~sou County c SR ME 
Tht':teen Mile Creek 
Field IRSR MI 
Pust SR M/ 

Riehland County ¢ SR M/ 
B r e e z y  F l a t  F i e l d  RSR MI 

Pus~ SR MI 
O' Brian-Alkalie C r e e k  RSR MII 
FOX L a k e  F~eld RSR ME 

1:'ust SR M I  

Roosevelt County ¢ SR M l  
F~rt Kipp  F i e l d  Rb-~ MI 

Fort P e c k  SR ~.I 
F o r t  K i p p  SR MI 

Sherid~u~ C o u n t y  c SR MI 
Reserve F i e l d  RSR MI 

Reserve SR MI 
C o a ! ~ d g e  F i e l d  RSR MI 

Coalridge SR MI 

Wibaux County c SR M I  
Wibaux F i e l d  RSR MI 

C SR 
F o u r  Buttes F i e l d  RSR MI 

C ~ MI 

NEW M E X I C O  

San Juan County b SR MI 
N a v a j o  F i e l d  RSR M I  
Fruit/and F i e l d  RSR M/ 
Bis~ and S t ~  L a k e  
Areas RSR M£ 

• Reference 
No. 

180 17 

180 17 
180 17 

109 17 
160 17 

80 17 
150 5 
46 5 
Z9 5 

20~ 17 
265 17 
73 17 

131 17 

460 17 
197 17 
!00 17 
480 17 
360 17 

462 17 
603 17 
426 17 
730 17 
636 17 

2370 17 
2400 8 

158 8 

633 8 

a All undesignated coal is bit~u-.inous. 

b Subbituminous. 

c Lignite. A750 51187n 
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T a b l e  4, Part 15. LARGE-SLZE, U. S. STR/PPABLE AND 
EASTERN U.S. UNDERGROUND COAL DEPOSITS a 

L o c a t i o n  and  S e a m  
E s t i m a t e  ~ o ~ m t  of Coa l ,  

B a s i s  C l a s s  10 ~ t o n s  

NORTH DAKOTA 

C 
Bo~a.-tan Count-#, SR Ni/ Z130 

Bowman Field RSR MI I 8Z 
Harmon SR NU I01 

Gascogne F i e l d  RSR M/ Z18 
H a r m o n  SR MI  I 12 

G o l d e n  V a l l e y  C o u ~ t 7  c SR All Z24 
B e a c h  F i e l d  RSR M I  368 

C 5R A!l 2Z4 

M e r c e r  Co tmt~  c SR N#.I 312 
Rem~er's Cove Deposit RSR Mi 77.7 

r a p  RSR MI 7 7 . 7  
Hazen D e p o s i t  [ q) RSR MI 

H a z e n  RSR A~ Tl. 1 
Kni f e  R i v e r  D e p o s i t  RSR MI 624 

Beulah- Zap SR MI . 295 

Slope  C ou~t'7 c SR MI  594 
Harmon Deposit RSR MI 777 

HazTnon SR ~ 26 3 
Slope I Deposit RSR M/ 136 

H a r m o n  SR M1 I 0 Z 
Slope lI  D e p o s i t  RSR MI l I Z 

Ha~--rnon SR MI 56 
Slope ~ D e p o s i t  RSR MI 120 

T - C r o s s  SR MI 40 
Slope  IV D e p o s i t  RSR MI  160 

H a n s e n  SP. M I  135 
c 

S t a r k  C otmi~/ SR MI Z86 
D i c k e n s o n  D e p o s i t  RSR MI b40 

D SR MI Z I 0 
E SR MI 160 

R e f e r e n c e  
No. 

17 
17 
17 
17 
17 

IT 
17 
17 

17 
9 
9 

9 
17 
17 

17 
17 
17 
17 
17 
17 
17 
17 
!7 
17 
17 

17 
17 
!7 
17 

a 
A~I u n d e s i g n a t e d  c o a l  i s  b i t u m i n o u s .  

b S u b b i t u m i ~ o u s .  

c L i g n i t e .  A75051187o 
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Table 4, Part 16. LARGE-SIZE U.S. STRIPP_tLBLEs.~ND 
EASTERN U.S. UNDERGROUND COAL DEPOSIT 

Estlrna=e Amount of Coal, 
Location and Seam Basis Class 106 tons 

OHIO 

A~he:,- C~uuCy URB MI 13Z6. 97 
Pittsburgh (No. 8) URB MI 135. 52 
~o. 7 URB Nil Z16. 00 
Middle  Kittannlng 
(No. 6) URB MI 96?-. 58 

B e l m o n t  C o t ~ t y  URB MI 3927.08 
No. 9 URB MI 1081.96 
Pittsburgh (No. 8) URB IvH Z431. Z5 

Car r oL l  County URB MI 757. 73 
Midd le  K i ~ a r m i n g  
{No. 6) URB MI 353. 14 

Lower .~itta nni~g 
(No, 5) URB MI 157. 77 

Columbiana Cou_nty URB MI 747. g3 
No. 7 URB MI 561.80 
Lower Kittanni.~g 
(No. 5) URB MI 115.72 

GaJ.~a Co~mty" U R B  MI 339.  65 
P i t t s b u r g h  (No. 8) U R B MI 1ZZ. 8 8  
No. 7 URB MI 36.47 
Middle  Kittanning 
(No. 6) URB MI 87. 37 

L o w e r  K i t t a n n i n g  
(No. 5) URB Mr 48.77 

Guernsey C o u n t y  U R B  MI 1 ! 8 4 . 4 3  
No. 7 UI~.B MI 597.40 
M,ddle K i t t a n ~ i n g  
(.~:o. 6) LTRB MZ 42Z. 85 

H a r r i s o n  C o u n t y  URB MI 1523.  Z7 
Pittsburgh (No. 8) URB ~i Z58.90 
No. 7 URB IV£1 Z67.74 
No. 6A URB MI 391.05 
Midd/e Kitt~ming 
(No. 6) URB ~ 507. 9Z 

R e f e r e n c e  
No. 

18 
18 
18 

18 

18 
18 
18 

18 

18 

18 

18 
! 8  

18 

18 
i 8  
18 

18 

18 

18 
18 

18 

18 
18 
18 
18 

18 

a All undesignated coal is bii-~minous. 
;~ 7505118~p 

l N K T I T 11 T F n i= 
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Table 4.  Part 17. LARGE-SIZE U.S. S~XPPA~LTs~I~'D 
EASTERN U. ~. UNDERGROUND COAL DEPOSI 

L o c a t i o n  and  S e a m  
E s ~ m a t - _  A m o u n t  of  Coa l ,  

Basi__..._~s C l a s s  106 t o n s  

J e f f e r s o n  Coun ty  U R B  
P i t t s b u r g h  (No. 8) URB 
No. 7 URB 
No. 6A URB 

M.I 1 3 5 6 . 2 4  
3 2 7 . 7 2  

MI  168.  79 
MI 729.  ] 3 

L a w r e n c e  C o u n t y  U R B  M~ 4 7 7 . 0 3  
No. 7 U R B  M 99. Zl 
M i d d l e  K i n a n n i n g  (No. 6) U R B  M 1 6 6 . 9 5  
L o v e r  Hi~ .ann ing  (No. 5) U R B  M~ 164. 98 

M a h o n i n g  C o u n t y  [ IRB M1 • 3 0 8 . 1 5  
L o w e r  K i t t a n n i n g  (No. 6) U R B  MI 28 5. 48 

M e i g s  County URB MI 396.32 
No. 8A URB MI 376.94 

Monroe County  URB ZvL[ 468.36 
Pit~sburEh (No. 8) URB MI 4 1 3 . 3 3  

Morgan County URB MI 435. 12 
No. 9 URB MI 173. O0 
Middle Ki~tannlng (No. 6) URB M] 208.21 

M u s k l n E u m  Cc-'antjr URB MI 7 2 0 . 7 8  
No. 7 URB MI 83.68 
M i d d l e  K i t ~ ' m i ~  (No. 6) URB MI 536.99 

Noble Counm/ URB MI 570.02 
No. 9 URB " MI 3 8 7 . 2 2  
No. 7 URB MI 1 6 8 . 1 7  

P e r r y  C o u n t y  URB MI 6 4 4 . 9 7  
M i d d l e  K i t m n n i n g  (No. 6) URB MI 5 1 5 . 4 1  
L o w e r  K i t t a n n i n g  (No. 5) URB M I  1 0 1 . 2 6  

S t a r k  C o u n t y  URB MI  7 7 6 . 6 1  
M i d d l e  K i t t a n n l n g  (No. 6) UR.B MI 162.  15 
L o w e r  I C i n g  (No. 5) URB M/ 109.  71 
No. 4 URB M/ 99. Z7 

R e f e r e n c e  
No. 

18 
18 
18 
18 

18 
i 8  
18 
18 

18 
18 

18 
18 

!8 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 
18 

a A l l  u n d e s / g ~ a t e d  c o a / i s  b i t u m i n o u s .  
A 7 5 0 5 1 ~ 8 7 q  
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Table 4, Part 18. LARGE-SIZE U.S. STRIPPABLE ~%ND 
EASTERN U.S. UNDERGROUND COAL DEPOSITS 

Es t i rna td  Amount  of  Coa l .  R e f e r c n c e  
Loca t i on  and S e a m  B a s i s  C l a s s  106 tons No.  

T u s c a r a w a s  County URB MI 841. Z0 18 
No. 7 t~ 11 MI I01.89 18 

~.liddle Ki~anning 
(No. 6~ URB Ivll 523. 18 18 

L o w e r  Ki t t~nning  18 
(No. 5) URB MI 187.85 

Vinton  Coun t"  U R B  MI  30 I .  2~ 18 
Midd le  blit~anning ! 8 

(No. 6) URB All "8.5. 35 

Lower Kit~anning 55.06 18 
(No. 5) URB MI 

No. 4A URB MI 107. 80 18 

P ENNS YLVANqA 

Allegheny Co~mty URB MI 88 I. 41 
Upper Freeport (E) URB MI 356.61 
Lower Freeport (D) URB MI 425. 46 

AJ~nstrong County URB MI 1092. 87 
Upper F_-eeport (E) URB M[ 359. i0 
Lower Freeport (D) URB " ~'¢II 172. 58 
L o w e r  Kit~nning (]3) URB MI 465.69 

Beaver Co~mty URB MI 435. Z9 
Upper F r e e p o r t  (E) URB MI ., 255. 61 
Lower Kittanning (B) URB h~[l 76.09 

Butler County URB R4~ 863.85 
U p p e r  F r e e p o r t  (E} URB MI Z9Z. 86 
Lower Freeport (D) LPRB MI i 17.07 
A~iddle Kittanning (C) URB M! 290.23 
Clarion (A) URB MI I Z5. 91 

Cambria County URB MI I~54. 17 
Upper Freeport (E) URB MI 265.14 
i ~ e r  F r e e p o r t  (D) URB MI 426.4B 
Upper Hi,arming (C) URB M/ 559. 01 
Lo~er Kittanning (B) URB h41 35Z. 04 

18 
18 
18 

18 
18 
18 
18 

i8 
18 
18 

18 
18 
18 
18 
18 

18 
18 
18 
18 

a All undesiEr~ted coal is bit'~-ninous. 
A75051187r 
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Table  4 ,  P=-r:: 19. L A R G E - S I Z E  U.S .  STRIPPA.B__L~ AND 
E A S T E R N  (~, S, UNDERGROUND C O A L  D E P O S I T S  

E s t i r n a f e  Arno,~nt of  Coa l ,  
L o c a t i o n  a n d  S e a m  B a s i s  C l a s s  10* t o n s  

Clarion County URB ~:~ 640.1Z 
Lower Kittanning (C) URB M/ 209. 73 
Clarion (A~ URB IV[l 336.34 

C l e a r f i e l d  C o u n t y  URB M I  1102. 48 
L o w e r  F r e e p c r t  (D) URB MI  170 .21  
Upper Kit'~lnnin 8 (C) URB M I  118 .45  
Lower Kittanniug (B) URB MI ' 372. 74 
Clarion (A) URB MI 116 .5  1 
BrookviLle (A) URB M! 195. 35 

Fayette Coun ty  URB MI 1023.70 
W a y n e s b u r g  URB M! 17Z. 43 
Pittsburgh URB ivl/ 217.83 
U p p e r  F r e e p o r t  (~ U ~ 3  ,k4i 229. IZ 
Lower Freepo.--t (D) URB MI 125. 14 
Lower Kietanning (B) URB MI 120.80 

G r e e n e  C o u n t y  URB i%1= 6 5 1 5 . 6 6  
W a y n e s b u r g  URB MI  1178.31 
S e ~ c k l e y  URB MI 78 5. 45  
Pit, shut gh UR B MI 3540.07 
U p p e r  F r e e p o r t  (E) URB /vii 101 I.  83 

i n d i a n a  C o u n t y  URB M I  1716. 93 
U p p e r  F r e e p o r t  (E) U R 3  MI  5 6 8 . 3 0  
L o w e r  F r e e p o r t  (D) URB MI 4 2 3 . 9 5  
Lower Kit~%nning (3) URB I%/I 694. 12 

J e f f e r s o n  C o u n t y  URB M1 4 0 7 . 3 7  
U p p e r  F r e e p o r t  (E) URB M I  9 1 . 2 5  
L o w e r  F r e e p o r t  (D) U R 3  MI  67. 29 
L o w e r  K i t t a n n i n g  (3)  URB /,4I 149. 39 
Brookvill= (A) UR3 MI - 72. 33 

S o m e r s e t  County. U R 3  ~ 1240. 55 
U p p e r  F r e e p o r t  (E) URB I%41 209. 54 
L o w e r  F r e e p o r t  (D) URB /vli 121 .07  
U p p e r  F . i t t a n n i n g  (C) URB M /  444.  87 
L o w e r  KiWamning (B) URB I%41 2 9 4 . 4 3  

R . ~ e  r e . n o  e 

NO. 

18 
18 
18 

18 
18 
18 
18 
18 
18 

18 
18 
18 
18 
18 
18 

18 
18 
18 
18 
!8  

18 
18 
18 
18 

18 
18 
18 
18 
18 

18 
18 
18 
18 
18 

a Al l  u n d e s i g n a t e d  coal  i s  b i t u m i n o u s .  
A 7 5 0 5 1 1 8 7 s  

I N S T I T U T E 0 F 
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Table 4, Part Z0. LARGE-SIZE U.S. STRIPPABLE I~ND 
EASTERN U.S. UNDERGROUND COAL DEPOSITS-- 

Location and Seam 

W a s b i ~ o n  Coum~- 
Wayuesburg 
Pittsbursh 
Upper F r e e p o r t  (E) 

Westmoreland County 
P-i~sbursh 
Upper F r e e p o r t  (E) 

Estimate Amount of Coal. 
Ba si___._ss Class 106 tons 

URB MI 3604. 21 
URB MI 316.19 
URB MI 2995. 61 
URB M/ 187.23 

URB MI 747. 54 
URB MI 95. 13 
URB MI 528.58 

SOUTH DAKOTA 

Unnamed County c SR MI 160 
Unnamed Seam SR MI 160 

TEXAS 

Milarn County c S}~ Ml 167 
Wi/cox Formation RSR MI 8] 3 

VIRGINIA 

Buchanan County URB MI 819. 98 
HaEy URB Ml 10 9. 40 
Sp]ashdarn URB MI 250.54 
Kennedy URB MI 197.01 
No. 5 URB MI 134.77 

Dickenson Coum.*y URB MI 5] 5. 54 
Splashdam URB MI 50. Z5 
Upper Banner U~B MI 122. 14 
Kennedy URB MI 78.60 
Jewe l l  URB M I  92. 14 
No. 5 URB MI 82.66 

Russell County URB MI 403.0Z 
Kennedy URB MI 85. 54 
570. 5 URB M! !85. 51 
Tiller URB A~I 84.66 

Wise County URB M1 716.60 
Norton (No. 2) TJ_'RB ~ 6Z. 10 
Upper Eanner URB MI 57.11 
No. 5 URB MI 6Z. 85 

a All undesignated coal  is bituminous. 
C 

Lignite.  

Refe fence 
No. 

!8 
18 
18 
18 

1.8 
18 
18 

17 
17 

17 
3 

18 
18 
18 
i8  
18 

18 
18 
18 
18 
18 
18 

;8 
18 
18 
18 

18 
18 
.~s 
i8  

~.7505 ! 187r 
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Table  4.  P a r t  21. I_.A~GE-SIZE U. ~ S ~ P A B L E  
E A S T E R N  U . S .  UNDERGROUND COAL D E PO SIT S  

Es1~na te  A m o u n t  of  C o a l ,  
L o c a t i o n  and 5earn B a s i s  C l a s s  10 6 tons  

WEST VIRGINIA 

B a r b o u r  County URB MI 948 .76  
U p p e r  F r e e p o r t  URB MI 104 .64  
Upper Kittanning URB M1 165. 17 
U p p e r  M e r c e r  URB MI 159. ?0 
Bed No. 9Z8 URB MI 347.34 

E.efez"ence 
No. 

18 
18 
18 
18 
18 

Boone  County URB MI 1868 .85  18 
Wini f r  ede URB MI 347. 79 18 

SR MI 
Chi l ton  UR B MI 187.40 19 

SR MI 
H e r n s h a w  URB MI ?.89.70 18 
C e d a r  G r o v e  URB MI 24 I. 89 18 

SR M I  
Aln~a URB MI 317. 181 18 

SR MI 
Carnpben Creek URB MI 332. 9T 18 

Brax~o~ County URB MI 467.73 
Lower Kittanning URB ~ Z03.68 
~)c.kton URB ~£I 61.82 

Clay CounW URB M! 695. 0Z 
Upper Kit~anning URB I~J 77.54 
Middle Ki1~anning URB MI 73. 72 
Lower Kittanning U P.B MI Z27.16 
Sockton URB I~I I0 |. 75 
Coal Bur 8 URB MI 157. I0 

F a y e t t e  County UR B MI 7 9 6 .2 6  
SR M/ 148 .7  

C a m p b e l l  C r e e k  URB MI :~Z0.80 
Eagle  URB ~ 94. 92 
SeweLl UR B ~ 171.47  

G r a n t  County  URB MI 313. Z3 
B a k e r s  Town URB A41 7Z. 31 
U p p e r  F r e e p o r t  URB MI ZZS. Z0 

18 
18 
18 

18 
18 
18 
18 
18 
IS 

18 
18 
18 
18 
18 

18 
18 
18 

a ~LI u n d e s i g n a t e d  c o a l  i s  b i t u m i n o u s .  
ATS051187u 
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Table 4, Part 22. LARGE-SIZE U.S. STRIPPABLE .~/qD 
EASTERN U.S. UNDERGROUND COAL DEPOSITS 

Location and Seam 
Est in )a te  Amoun t  o£ Coa l ,  Reference 

Ba si._.~s Class 10 6 tons No. 

Harrison County URB IV~l 380.89 
Pittsburgh URB MI 335. 06 
Upper KitC-~uni~g URB MI 40.33 

Kanawha County URB ~LI 1 .I 20.62 
SR M I  284. I 

Sockton URB MI 321.77 
CampbeLl Creek URB MI Z98.76 
Bed Code 928 URB MI 193.45 

Levis County URB MI 730.30 
Redstone URB MI 221.55 
Pitcsbur gh URB MZ 254.05 
F-/k l ick  URB ~ 94.46 

Lincoln County URB MI 360.43 
Lower KiCtannin 8 URB MI 105. 97 
SohkCon URB MI . 129. 03 
Campbell Creek URB MI: 1 1 3 . 4 4  

Logan County 

C e d a r  G r o v e  
A l m a  
C a m p b e l l  Creek 

M c D o w e ] / C o u n t y  
B e e k l e y  
Pocahontas  No. 2 
Pocahontas  No. 3 

Marion County 
lVaynesburg 
5wickley 
Pittsburgh 

M a r s h a l l  Count, 
Se~ckley 

URB MI 3076.26 
SR MI • 142.4 
URB MI 503.27 
URB MI 732. 29 
URB l~r 800.85 

URB MZ 912. 35 
URB MI 123. 72 
URB MI 236.54 
UI~B MI 241.10 

URB MI 2599. 46 
URB ~ 313. 25 
URB MI 989. 71 
URB IV~ 1022. 93 

UEB MI 304 3. 77 
URB MI 916. 06 
URB MI 1924.67 

18 
18 
18 

18 
17 
18 
18 
18 

18 
18 
18 
18 

18 
18 
18 
18 

18 
18 
18 
18 
18 

18 
18 
18 
18 

18 
18 
18 
18 

18 
18 
18 

a All undes ignated coal  is bituminous. 
A75051187v 
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Table 4,  Pare Z3. LARGE-SIZE U.S. STRIPPABLE ~S.ND 
EASTERN U.S. UNDERGROUND COAL DEPOSITS-- 

Loca t ion  a n d  S e a m  
Estimate Amount of Coa l .  

Basis Class 106 t o n s  
R e f e r e n c e  

No.  

M m g o  Coun ty  UR B ~ I  1 8 8 7 . 4 5  18 
SR ~ 165. 800 17 

C o a l b u r g  UR B l ~  199. 05 18 
C e d a r  G r o v e  URB M.Z 592. 9Z 18 
Alma UP B ~ 332. 50 18 

Monomgalia Count 5, URB M/ 3008.81 
Waynesburgh URB M/ 544. 90 
Sewic ldey  URB MI 8 4 8 . 9 0  
P i t ~ s t m r g h  U R B  MI 134Z. 14 

Nicholas County URB MI 1433.69 
Coalburg URB MI 155. 95 
Eag le  URB MI 1 9 4 . 9 9  
SeweLl URB MI : 236.86 

Ohio County URB A'd 379. 05 
Sewickley URB M1 54.27 
Pittsburgh URB MI 273. 29 

P r e s t o n  County  URB MI 8 3 7 . 4 8  
Uppe r  F r e e p o r t  U R B  M_I 2 2 1 . 0 5  
U p p e r  Kit~annimg URB M I 141.79 

Ra!eigh C ouney URB 
Eagle URB 
B eck l ey  URB 
Pocahontas No. 3 URB 

MI 1656.34 
MI 1 % .  13 
MI 334.13 
~H 261.40  

M I  757 .19  
MZ 308. 12 

Randolph  Coun ty  U R B  
Sews11 UP.B 

T a y l o r  Coun ty  URB M1 3 8 8 . 2 4  
Uppe r  K i e t a z m ~ g  URI3 ~ !30 .  95 
L o w e r  K i n g  U R B  MI Z01 .10  

U p s h u r  Coun ty  U R B  MI 8?6 .  87 
Upper  Ki t ta~nimg U R B  MI  8 3 . 2 4  
U p p e r  M e r c e r  U R B  MI 1 4 3 . 9 2  
Bed Code 928 U R B  M I  300.38  

18 
18 
18 
18 

18 
t8  
18 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 
18 

18 
18 

18 
18 
18 

18 
18 
18 
18 

a A11 u n d e s i g n a t e d  c o a l  i s  b i t u m i n o u s .  
XT5051187w 
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Table 4. Par% 24. LARGE-SIZE U.S. STKIPPA.BLE ~ND 
EASTERN U.S. UNDERGROUND COAL DEPOSITS 

E s t i m a t e  A m o u n t  o f  Coa l ,  
L o c a t i o n  and  S e a m  Basi__s C ! - s s  10 6 t o n s  

W a y n e  Coun ty  U R B  
L o w e r  Kit  t a n n i n g  U R B  
C a m p b e l l  C r e e k  U R B  

W e b e s t e r  County  U R B  
E a g l e  U R B  
S e w e l l  U R B  
P o c a h o n e a s  No. 1 3, U R B  

W e t z e l  Coun ty  U R B  
S e v ~ c k l e y  U R B  
P i t t s b u r g h  U R B  

W y o m i n g  C o u n t y  UR B 
B e c k l e y  U R B  
F o c a h o n t a s  No. 3 U R B  
P o c a h o n t a s  No. 2 U R B  

C a m p b e l l  Count7. SR 
W y o d a k  D e p o s i t  RS~I 
F e l i x  D epos i t  RSR 
S m i t h  L o c a l  D e ~ o s i t  RSR 
C a n y o n  D e p o s i t  RSR 

C o n v e r s e  Coun ty  S R  
D r y  C h e y e n n e  D e p o s i t  R S R  

J o h n s o n  Coun ty  SR 
H e a l y  D e p o s i t  RSR 

MI 403 .  55  
MI 141. 96 
MI 224.  29 

MI 1 0 9 8 . 9 1  
MI 160.  ";'8 
MI 1 ! 9 . 7 4  
MI 130.  18 

MI 8 - / 6 . 0 9  
MI 1 5 8 . 1 5  
M I  5 8 5 . 6 5  

MI 1642. I0  
MI 1 6 8 . 0 3  
MI 647.08 
MI 150. 30 

WYOMING 

MI 12160 
MI 19000 
MI 480 
MJ 236 
MI 185 

MI 253 
MI 179 

.MI 800 
MI 1000 

L i n c o l n  Co tmty  SR MI 140 
A d a v i l l e  D e p o s i t  I~SR 1000 

S w e e t w a t e r  County  SR 
R e d  D e s e r t  D e p o s i  ~ . RSR 
J i m  B r i d g e t  D e p o s i t  R S ~  
C h e r o k e e  D e p o s i t  e RSR 

MI 403  
MI 733 
M I  ZOO 

200 

R e £ e r e n c e  
No. 

18 
18 
18 

18 
18 
18 
18 

18 
18 
18 

18 
18 
18 
18 

17 
11 
11 
11 
!8  

11 

17 
11 

17 
11 

17 
11 
11 
11 

a 
Al l  u n d e s i g n a t e d  c o a l  i s  b i t u m i n o u s .  

d 
P a r t l y  i n  S h e r i d a n  Coun ty .  

e P a r t l y  in  C a r b o n  Coun ty .  A 7 5 0 5 1 1 8 7 x  
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3. Specific Heat of Coal r Char,. and Ash 

Work on the specific heat of coal, chars, and related materials was 

continued. The literature on the specif~.c heat of clay (a major constituent 

of the mineral matter of most coals) -vas reviewed. Its speci/~c heat 

r a n g e s  f r o m  a b o u t  0 . 4  to  0 . 5  c a l / g - ° ( 9 ,  o r  a b o u t  t w i c e  t h a t  o f  t y p i c a l  

ash _¢ro.-n coal. s, v The difference is attributed to the presence of water 

of constitution in clay. Consideration of methods of correction is being 

d e f e r r e d  u n t i l  r e c e n t  A u s t r a l i a n  a n d  R u s s i a n  p a p e r s  o n  t h e  s u b j e c t  c a n  b e  

o b t a i n e d .  

Kirov's corre!ation 4 for the specific heat of coal, char, and coke was 

presented last month with.data showing its good agreement with experimental 

data for temperatures up to 100°C. The literature has been searched for 

data pub[ished since Kirov's 1965 survey. It appears that measureu~ents 

have been _made, all told, on less than a dozen North American bituminous 

and lower rank coals, and on, only about four of these have measurements 

been made at temperatures higher than 200°C. Work in this field is oeing 

pursued more actively in the Soviet Union and Japan. l, 19 Investigators 

in  b o t h  c o u n t r i e s  u s e  d i f f e r e n t i a l  s c a n n i n g  c a l o r i m e t e r s  i n  w h i c h  a s a m p l e  

i s  h e a t e d  a t  a c o n s t a n t  r a t e  (Z ° t o  I O " C  p e r  m i n u t e )  i n  a s t r e a m  o f  i n e r t  

g a s .  R e s u l t s  s u c h  a s  t h o s e  s h o w n  i n  F i g u r e  17 a r e  o b t a i n e d ;  a n  e n d o t h e r . - n i c  

heat of react;_on is found at temperatures from about 300" to 700°C, and 

] 

Q6 .,, • 

d 

I I a I I I I I I ! 

'Jr~Jc~eruuu.m. ~. 

Figure 17. SPECIFIC HEAT OF COALS* (I) KZhl4, (2) Kl3, AND (3) Ks 
(/Dashed Line Is the Apparent Value; Solid Line Is the True Value After 

H e a t  S o a k i n g  for 4 Hours) 
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an exothermic heat of reaction at higher temperatures. Measurements 

of this kind have begun at the Pennsylvania State University under a 

p r c j e c t  funded by P.ANN. 

For future work on this topic "~e plan to a) consult the principal 

investi~.tor(s) at Penn State, b) obtain all the Japanese and Russian 

papers of ~nterest and obtain translations as required, and c) test Eirov's 

correlation at elevated temperature by plowing calculated and observed 

specific heats aga~.nst volatile matter, at selected constant ternpez'atures. 

I. 

. 

. 

. 

. 

. 

. 

. 

. 
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IV. Patent Status 

The work performed during April is not considered patentable. 

V. F u t u r e  Work 

The data collection and evaluation work will be continued in the selected 

areas of coal conversion technology. 

Approved  ~ -  ~ "  ~ s ~  Signed 

W. W. Bodle,  D i r e c t o r  
P r o c e s s  A n a l y s i s  

A. T a l w a l k a r ,  C o o r d i ~ t o r  
P r o c e s s  Data  
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