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THE HISTORICAL DEVELOPMENT 
OF UNDERGROUND COAL GASIFICATION 

Abstract zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The development of underground w e r e  impor tant  i n  he lp ing  t o  a l t e r  

c o a l  g a s i f i c a t i o n  i s  t r a c e d . t h r o u g h  and r e f i n e  t h e  process  t o  i t s  presen t  

a d i s c u s s i o n  of t h e  s i g n i f i c a n t ,  s t a t e .  Exper imental  d e t a i l s ,  c o a l  

e a r l y  exper iments w i th  i n  s i t u  c h a r a c t e r i s t i c s ,  and g a s i f i c a t i o n  

g a s i f i c a t i o n .  Emphasized are t h e  d a t a  a r e  supp l i ed  f o r  many of t h e  

f e a t u r e s  of each exper iment t h a t  exper iments.  

Beginning of Underground Gasification 

Coal h a s  been used as a source  of  

energy f o r  n e a r l y  3000 y e a r s .  Although 

mined i n  Europe as e a r l y  as t h e  1 3 t h  

cen tu ry ,  i t  w a s  n o t  a h igh ly  d e s i r a b l e  

f u e l  because of i t s  t o x i c  combustion 

produc ts .  

impor tan t  source  of f u e l  u n t i l  t h e  

beginning of t h e  I n d u s t r i a l  Revolut ion 

about 300 years l a t e r ,  and w a s  f i r s t  

Coal d i d  n o t  become an  

used i n  gas produc t ion  d u r i n g  t h e  

l a te  1 8 t h  century .  Ea r l y  p roduc t ion  

w a s  used p r i m a r i l y  f o r  l i g h t i n g ,  bu t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 

as g a s i f i c a t i o n  techn iques  improved, 

a p p l i c a t i o n  grew wider .  By t h e  1 9 t h  

century  t h e  convers ion of  c o a l  t o  gas 

w a s  a w e l l  e s t a b l i s h e d  commercial 

p rocess .  I 

The German s c i e n t i s t  S i r  W i l l i a m  

Siemens w a s  probably  t h e  f i r s t  t o  

suggest  g a s i f y i n g  c o a l  underground. 

Siemens desc r ibed  t h e  m e r i t s  of  an  

1 9 2  

i nven t ion  h e  shared w i th  h i s  b r o t h e r  

i n  a speech e n t i t l e d  "The Regenerat ive 

G a s  Furnace a s  Applied t o  t h e  Manufac- 

t u r e  of Cast Steel , "  d e l i v e r e d  b e f o r e  

t h e  Fel lows of t h e  Chemical Soc ie ty  

of London on May 7 ,  1868.3 H e  noted  

t h a t  gas  produc t ion  d i r e c t l y  i n  t h e  

mine could be  very  e f f i c i e n t  because 

i t  could occur  any d i s t a n c e  from t h e  

fu rnaces  so  l ong  as i t  happened a t  a 

lower level .  

w a s t e  i n  s i t u ,  t h e  energy con ten t  of 

t h e  wasted c o a l  would be  used. " In 

r i s i n g  t o  t h e  mouth of t h e  p i t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, I 1  

Siemens suggested ,  " the  gas  would 

a c q u i r e  s u f f i c i e n t  p r e s s u r e  t o  send 

i t  through several m i l e s  o f  c u l v e r t "  

t o  t h e  s tee l  f u rnaces ,  e l i m i n a t i n g  t h e  

need f o r  gas t r a n s p o r t  pumps. 

By burn ing  t h e  c o a l  and 

3 

The famous Russian s c i e n t i s t  

Dmitr iy Ivanovich Mendeleyev observed zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-1- 



many f i r e s  i n  underground c o a l  mines 

caused by spontaneous i g n i t i o n .  

"Regarding t h e  f i r e s  i n  beds of ha rd  

coa l , "  h e  r e p o r t e d ,  "it appears  t o  m e  

t h a t  they  cou ld  b e  u t i l i z e d  by con- 

t r o l l i n g  and d i r e c t i n g  them i n  such a 

way t h a t  t h e  combustion t a k e s  p l a c e  

as i n  a g e n e r a t o r ,  i , e . ,  w i t h  a l i m i t e d  

access of a i r .  Then carbon monoxide 

must be  formed and g e n e r a t o r  gas  b e  

produced i n  t h e  bed.  Having d r i l l e d  

a number of h o l e s  i n t o  t h e  seam, one 

of them should be  used f o r  t h e  i n t r o -  

d u c t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- o r  even i n j e c t i o n  - of b l a s t  

and t h e  o t h e r  f o r  t h e  d i s c h a r g e  - o r  

even e x t r a c t i o n  - of t h e  f u e l  gasses" .  

I n  1888, Mendeleyev wro te  t h e  fol low- 

i n g  about  t h e  c o a l  i n  t h e  Donets b a s i n :  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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5 

6 

. . .w i th  t i m e ,  probab ly ,  there w i l l  

even come an  epoch when c o a l  w i l l  n o t  

be  e x t r a c t e d  from t h e  ground, b u t  w i l l  

be conver ted  i n t o  f u e l  gases  t h e r e  i n  

t h e  ground and d i s t r i b u t e d  over  long 

d i s t a n c e s  through p i p e s  . ' I  

I' 

7 

Throughout t h e  rest o f  h i s  l i f e ,  

Mendeleyev cons idered t h e  problem of  

underground g a s i f i c a t i o n .  I n  1897 h e  

repea ted  h i s  ear l i e r  p r e d i c t i o n  i n  a 

t reat ise e n t i t l e d  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFoundations of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt h e  

Manufacturing Industry.  H e  wro te ,  
7 

I n  my op in ion ,  i n  t h e  f u t u r e  w e  may zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' 1  

expect  a v e r y  g r e a t  lower ing i n  t h e  

c o s t  of c o a l  f u e l  on l y  i f  i t  i s  con- 

v e r t e d  underground, s o  f a r  as p o s s i b l e  

* 
Blast i s  the convent iona l  S o v i e t  

term f o r  t h e  i n j e c t e d  r e a c t a n t  (oxygen 
bear ing )  gas.  

i n  t h e  seams themselves (wi thout  

mining them o u t )  i n t o  genera to r  gases  

which are t hen  d i s t r i b u t e d  through 

p i p e s ,  i n  which I do n o t  see any 

fundamental  d i f f i c u l t y . "  
a 

I n  1909, a B r i t i s h  p a t e n t  w a s  

granted  t o  an  American, A. G. Betts, 

whose s t a t e d  o b j e c t  w a s  " to  o b v i a t e  

t h e s e  s a c r i f i c e s  [ex tens i ve  l a b o r  

c o s t s  and l o s s  of l i f e  underground] 

and a l s o  t o  p rov ide  f o r  u t i l i z a t i o n  

of c o a l  seams t oo  t h i n  o r  t o o  poor f o r  

commerical use by p r e s e n t  methods." 

Betts '  p a t e n t  p resen ted  two d i f f e r e n t  

methods f o r  i n  s i t u  c o a l  g a s i f i c a t i o n .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
In t h e  f i r s t ,  which is very similar 

t o  Mendeleyev's sugges t ion ,  "Two 

s h a f t s ,  3r a s h a f t  and bo reho le ,  may 

be prov ided in t h e  c o a l  seam, and an 

a i r  passage through t h e  s e a m  prov ided,  

e i t h e r  by d r i v i n g  from one s h a f t  t o  

t h e  o t h e r  o r  from t h e  s h a f t  t o  t h e  

borehole which, i f  n o t  a l r e a d y  e x i s t -  

i n g ,  i s  sunk t o  t h e  workings. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA f i r e  

i s  s tar ted  a t  t h e  bottom of one s h a f t  

and a supply  of  a i r  pumped down and 

water  o r  steam a l s o  s u p p l i e d ,  when 

gas analagous t o  producer  gas  comes 

ou t  of t h e  o t h e r  s h a f t ,  and can be  

used f o r  running gas  eng ines ,  sme l t i ng  

works, g l a s s  works, f i r i n g  b o i l e r s ,  

e tc .  

i n  

t o  

I f  

by 

"For t h e  g r e a t e s t  economy of  f u e l  

makfng gas ,  water should b e  brought  

t h e  burn ing  c o a l  as w e l l  as a i r .  

s u f f i c i e n t  water i s  n o t  SuDDlied 
I . -  

n a t u r a l  agenc ies ,  i t  may b e  passed 

-2- 



i n  the gaseous state w i t h  t h e  ai r  
8 

supply" ( see  F ig .  1, reproduced 

from Betts'  p a t e n t ) .  Betts a l s o  

suggested us ing  m u l t i p l e  channe ls  

t h a t  prov ided b e t t e r  resource  recovery  

and a means of ob ta in ing  gases  of 

e i t h e r  v a r i a b l e  o r  cons tan t  h e a t i n g  

va lues  "by o p e r a t i n g  a number of 

sub ter ranean f i r e s  i n  d i f f e r e n t  s t a g e s  

of complet ion.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'' Th is  e a r l y  p a t e n t  

is remarkably complete , cons ide r ing  

i n  d e t a i l ,  f o r  example, such problems 

as subsidence.  

* '  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

B e t t s  proposed a p l a n  f o r  mining 

a channel  under t h e  s e a m  t h a t  w a s  t o  

be  g a s i f i e d .  From t h i s  channel  bore- 

h o l e s  would b e  d r i l l e d  upward t o  

supply t h e  b l a s t  t o  t h e  bottom of t h e  

seam. I n  Bet t 's  p a t e n t ,  q u i t e  a 

d i f f e r e n t  method i s  a l s o  desc r ibed ,  

i n  which i t  i s  requ i red  on ly  t o  u s e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11 

one boreho le  t o  t h e  c o a l .  A f t e r  t h e  

borehole i s  completed, a p i p e  i s  l e t  

down t o  t h e  c o a l  through t h e  boreho le  

f o r  a supply  of a i r ,  t h e  c o a l  i g n i t e d  

and t h e r e a f t e r  a c u r r e n t  o f  a i r  fo rced  

i n ,  and gas taken o u t .  A f te r  s o  l a r g e  

an a r e a  i s  burned ou t  t h a t  t h e  a c t i o n  

i s  n o t  s a t i s f a c t o r y ,  ano the r  boreho le  

may be l e t  down t o  n e a r  t h e  edge of 

t h e  burned a r e a ,  through which a i r  i s  

supp l ied  t h e r e a f t e r  i n s t e a d  of through 

plant 

seam L P i p e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
L a  r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcollecting we1 I 

\Gasified coal seam 

Fig.  1. Reproduct ion of B e t t ' s  p a t e n t  s p e c i f i c a t i o n s .  The c o a l  seam i s  
f a u l t e d .  The power p l a n t  supp l ied  e l e c t r i c i t y  through t h e  elect r ic  con- 
duc to r  t o  t h e  pumping p l a n t ,  which pumped a i r  i n t o  t h e  p ipe  and d o m  t h e  
s h a f t .  The a i r  is then fo rced from t h e  s h a f t  i n t o  t h e  c o a l  seam where gas 
i s  produced and fo rced  up t h e  o t h e r  s h a f t  i n t o  the power p l a n t  where Tt i s  
c leaned and used to  produce e l e c t r i c i t y .  
a gas c lean ing  appara tus ,  gas engine,  and dynamo.) 
is pumped o u t  through a p ipe .  

(The power p l a n t  may a l s o  c o n t a i n  
A w e l l  c o l l e c t s  t a r  t h a t  

- 3- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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t h e  f i r s t  mentioned means, u n t i l  t h a t  

too  ceases t o  work w e l l ,  when o t h e r  

h o l e s  may be  p u t  down. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA118 

About 1 9 1 0 ,  a s p e c i a l  committee 

of B r i t a i n ' s  l e a d i n g  s c i e n t i s t s  was 

formed t o  i n v e s t i g a t e  " n a t i o n a l  energy 

r e s o u r c e s .  

p roposa ls :  t h e  development of 

f o r e s t s ;  t h e  use of s o l a r  energy,  

t h e  e a r t h ' s  i n t e r n a l  h e a t ,  and t h e  

e a r t h ' s  r o t a t i o n a l  energy;  t h e  

d i s i n t e g r a t i o n  o f  e lements ;  and t h e  

underground g a s i f i c a t i o n  o f  c o a l .  A 

member of t h i s  commit tee,  t h e  famous 

Eng l ish  chemist  S i r  Wil l iam Ramsey, 

became very  i n t e r e s t e d  i n  underground 

g a s i f i c a t i o n ,  and even dec ided t o  

pursue B e t t s '  method u s i n g  a s i n g l e  

boreho le .  I n  1 9 1 2 ,  Ramsey l e c t u r e d  

a t  t h e  opening of an  I n t e r n a t i o n a l  

Smoke Abatement Exh ib i t i on  i n  London 

i n  which h e  e l u c i d a t e d  some of t h e  

v i r t u e s  of i n  s i t u  c o a l  g a s i f i c a t i o n :  

c l e a n  a i r ,  reduced t r a n s p o r t a t i o n  

c o s t s ,  independence from t h e  c o a l  

miners '  un ions  (England w a s  i n  t h e  

mids t  of a c o a l  m ine r ' s  s t r i k e ) ,  and 

t h e  use  of gas t u r b i n e s  i n s t e a d  of  

steam t u r b i n e s ,  which h e  be l i eved  t o  

b e  twice as energy e f f i c i e n t .  Ramsey 

a l s o  desc r ibed  h i s  g a s i f i c a t i o n  exper i -  

ment i n  some d e t a i l .  A bo r ing  would 

be  "pu t  down t o  t h e  c o a l ;  through con- 

a i r  and steam, and thus  make water 

gas  where t h e  c o a l  w a s  l o c a t e d ,  in -  

s t e a d  of r a i s i n g  i t  t o  t h e  s u r f a c e ,  

t o  make t h e  same gas .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA tube  6 i n .  

They made s e v e r a l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 1 1  9 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

9 

i n  d iameter  would probably  s u f f i c e ,  

and, as i t  descended,  i t  would reveal 

t h e  exac t  n a t u r e  of t h e  v a r i o u s  s t ra ta .  

You would have no expensive s h a f t  t o  

s i n k ,  t unne ls  t o  d r i v e ,  rubb ish  t o  

remove. 

done f o r  from &1000 t o  =€5000. 

I n s i d e  t h i s  tube ,  you could i n s e r t  

two s m a l l e r  p i p e s ,  one i n s i d e  t h e  

o t h e r ,  t h e  smaller of t h e  two f o r  t h e  

purpose of pumping ou t  t h e  water,  and 

t h e  o t h e r  f o r  pass ing  down a i r ,  steam 

or  small  q u a n t i t i e s  of water t o  burn  

w i t h  t h e  c o a l -  t h e r e  i s  no th ing  new 

i n  t h a t .  The c o a l  of cou rse ,  would 

e a s i l y  b e  i g n i t e d ,  i n  t h e  f i r s t  in -  

s t a n c e ,  by pass ing  down an  e l e c t r i c  

w i re  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, which would then b e  withdrawn." 

The b o r i n g  could probably  b e  

The I n t e r n a t i o n a l  Smoke Abatement 

Exh ib i t i on  w a s  designed t o  draw sup- 

p o r t  from t h e  p u b l i c  i n  f i g h t i n g  a i r  

p o l l u t i o n .  Ramsey's remarks thus  w e r e  

widely  c i r c u l a t e d  i n  t h e  popu lar  

p r e s s .  Lenin,  l i v i n g  i n  e x i l e  i n  

western Europe du r ing  t h i s  p e r i o d ,  

read r e p o r t s  of Ramsey's speech and 

was i n t r i g u e d  by t h e  humani ta r ian  and 

s o c i a l  a s p e c t s  of underground g a s i f i -  

c a t i o n .  H e  w a s  impressed by bo th  t h e  

inexpens ive  power and t h e  improved 

working c o n d i t i o n s  t h a t  might r e s u l t  

from f r e e i n g  t h e  miners from t h e  

s t renuous ,  backbreaking underground 

l a b o r .  On May zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ,  1913, i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPravda, 

Lenin pub l ished a glowing account  of 

Ramsey's techn ique e n t i t l e d  "One of 

t h e  Great Triumphs of Technology. 1110 
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"A t  p r e s e n t , "  he wro te ,  !'in o r d e r  t o  

burned i n  a l a r g e  number of  i n d i v i d u a l  

e n t e r p r i s e s  a t  home. Ramsey's d i s -  

covery [ s i c ]  means a g i g a n t i c  t e c h n i c a l  

r e v o l u t i o n  i n  a branch of  p roduc t ion  

of t h e  c a p i t a l i s t  c o u n t r i e s  which may 

be most impor tan t .  Ramsey d iscovered 

a method of  d i r e c t  convers ion  of t h i s  

c o a l  i n t o  gas on t h e  s p o t ,  t h a t  i s ,  

a t  t h e  p o i n t  where t h e  c o a l  w a s  found 

w i thout  e x t r a c t i n g  i t  t o  t h e  s u r f a c e  

of t h e  e a r t h .  

"Ramsey's method conver t s  c o a l  

mines, as i t  were, i n t o  g i g a n t i c  

d i s t i l l a t i o n  appara tuses  f o r  t h e  pro- 

duc t i on  of gas .  Gas motors,  i n  t u r n ,  

conver t  t h e  energy i n t o  e l e c t r i c i t y ,  

which technology can a l r e a d y  t r a n s p o r t  

over  enormous d i s t a n c e s .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c 

"The c o s t  of e l e c t r i c  c u r r e n t  would 

be reduced, employing t h i s  t e c h n i c a l  

r e v o l u t i o n ,  t o  o n e - f i f t h  cof the pres-  

e n t  c o s t )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand maybe even t o  one- tenth 

of t oday ' s  p r e s e n t  c o s t .  The enormous 

mass of human l a b o r  expended now on 

e x t r a c t i n g  and t r a n s p o r t i n g  c o a l  would 

be  saved. The i n d u s t r i a l  r e v o l u t i o n  

caused by t h i s  d iscovery  w i l l  be 

enormous. But, t h e  consequences of 

t h i s  r e v o l u t i o n  f o r  a l l  t h e  s o c i a l  

l i f e  of  t h e  p r e s e n t  c a p i t a l i s t  s o c i e t y  

w i l l  n o t  amount t o  what t h i s  d iscovery  

w i l l  mean f o r  soc ia l i sm.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
/,-\ "In t h e  c a s e  of  c a p i t a l i s m  t h e  

' l i b e r a t i o n '  of m i l l i o n s  of miners 

occupied w i t h  t h e  e x t r a c t i o n  of c o a l  

w i l l  c e r t a i n l y  l e a d  t o  mass unemploy- 

ment, and enormous i n c r e a s e  i n  pover ty ,  

a worsening of t h e  s i t u a t i o n  of t h e  

workers. And t h e  g a i n  f rom t h i s  g r e a t  

d iscovery  w i l l  l i n e  t h e  pocke ts  of t h e  

Morgans, t h e  R o c k e f e l l e r s ,  t h e  

Ryabushinsk is ,  t h e  Morozov, and t h e i r  

t r a i n  of lawyers, d i r e c t o r s ,  p ro fes-  

s o r s  and o t h e r  lackeys  of  c a p i t a l i s m .  

A l l  t h e  Sov ie t  sou rces  r e f e r  t o  

"Ramsey's system of underground 

g a s i f i c a t i o n  of c o a l .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'1" I n  f a c t ,  an 

a r t i c l e  w i th  t h a t  t i t l e  appeared i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Mir U t k r y t i y  (Wprld of D iscover ies)  

1912," In 1934, P o d z e m y a  Gaz i f i ka t -  

s i ya  UgZey (Underground G a s i f i c a t i o n  

of Coal) 

t i o n  and diagrams of "Ramsey's system" 

(F ig .  2 ) .  However, a f t e r  cons ide rab le  

r e s e a r c h  i n  s c i e n t i f i c  l i t e r a t u r e  

f a i l e d  t o  reveal any p u b l i c a t i o n s  by 

Ramsey, w e  can on ly  conclude t h a t  

d h i l e  Ramsey w a s  i n s t r u m e n t a l  i n  

i n i t i a t i n g  exper imenta l  work and i n  

p u b l i c i z i n g  i n  s i t u  c o a l  g a s i f i c a t i o n ,  

he  d i d  n o t  o r i g i n a t e  t h e  scheme t h a t  

he in tended t o  t r y .  Ramsey d i d  manage 

t o  o b t a i n  funding and began prepara-  

t i o n s  f o r  a small underground g a s i f i -  

c a t i o n  exper iment ,  b u t  he  d ied  b e f o r e  

accomplishing any th ing  of consequence. 

Because of h i s  unt imely  d e a t h  and t h e  

ou tbreak  of World War I, a l l  exper i -  

ments i n  underground c o a l  g a s i f i c a t i o n  

i n  England w e r e  te rmina ted  and were 

no t  resumed u n t i l  a f t e r  World War 11. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

,110 

1 2  
c a r r i e d  a l eng thy  desc r ip -  

1,13,14 
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Electric conduits to substation- 

r M a i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApower station zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
F ig ,  2.  Scheme of Ramsey's p roposa l .  

It is perhaps n o t  s u r p r i s i n g  t h a t  

Betts' p a t e n t  w a s  f o r g o t t e n  i n  t h e  

wake of a person such as S i r  W i l l i a m  

Ramsey. Consider t h e  fo l l ow ing ,  

a b s t r a c t e d  from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANatw)e i n  1916: I n  

e u l o g i z i n g  Ramsey i n  1916,15 S i r  Hugh 

B e l l ,  B a r t . ,  t h e  person r e s p o n s i b l e  

f o r  f und ing  Ramsey's underground 

g a s i f i c a t i o n  exper iment ,  " r e f e r r e d  t o  

i n g  p e r s o n a l i t y ,  and arrangements were 

made f o r  t r y i n g  t h e  experiment." 

Although t h e r e  i s  some i n d i c a t i o n  

t h a t  Lenin inc luded underground c o a l  

g a s i f i c a t i o n  as a p a r t  of t h e  S o v i e t  
r e s e a r c h  program dur ing  World War I, 16  

i t  probab ly  d i d  n o t  receive any f u r t h e r  

c o n s i d e r a t i o n  u n t i l  1920, when a 

mining e n g i n e e r ,  V. I. Belov, suggest- 

ed i n  s i t u  g a s i f i c a t i o n  of t h e  t h i n ,  

unworked c o a l  seams i n  t h e  Donets 

Basin. I n  1925, P r o f e s s o r  B. I. 

Bokiy of  t h e  Leningrad Mining I n s t i -  

t u t e  suggested  t h a t  t h e  e l e c t r i f i c a t i o n  

of Russ ia  might b e  made p o s s i b l e  by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
underground coal gasification. He 

po in ted  o u t  t h a t  Mendeleyev's p r o j e c t  

"is no Utopia and can b e  worked o u t  

on a f u l l y  s c i e n t i f i c  basis."" Bokiy 

p resen ted  a b r i e f  t e c h n i c a l  desc r ip -  

t i o n  of  a method f o r  g a s i f y i n g  c o a l  

i n  a b lock .  However, t h e  S o v i e t  

Union w a s  busy w i t h  post-war recon- 

s t r u c t i o n  and no th ing  w a s  a c t u a l l y  

done w i t h  Bokiy 's  sugges t ions ,  a l though 

his ar t i c le  was u s e f u l  i n  ma in ta in ing  

an i n t e r e s t  i n  underground c o a l  gas- 

i f i c a t i o n .  About 1928, I. P. 

Kir ichenko s t a r t e d  a c t i v e l y  p lann ing  

7 

a sugges t ion  made t o  him by Ramsey 

some t i m e  ago as t o  t h e  p o s s i b i l i t y  

of  d i s t i l l i n g  small seams of c o a l  

i n  s i t u .  Probably  no person o t h e r  i n  -1930, d e s c r i b i n g  i n  t e c h n i c a l  

t han  Ramsey would have been a b l e  t o  

t h e  f i r s t  S o v i e t  underground c o a l  

g a s i f i c a t i o n  exper iments.  l2 H e  

pub l ished an  ar t ic le  i n  U ~ O Z ~ ~  (Coal) 

d e t a i l  h i s  proposed method f o r  i n  s i t u  

persuade him t h a t  t h e  exper iment  w a s  c o a l  g a s i f i c a t i o n .  The work of  im-  

a t  a l l  p o s s i b l e ,  b u t ,  l i k e  o t h e r s ,  h e  

f e l l  under  t h e  glamour of an ent ranc-  

p lement ing ' t h i s  method began a t  

L is i chansk  i n  1932. 
1 8  



I n  1930, t h e  men and o f f i c e r s  d i r e c t e d  t o  t h e  C e n t r a l  Committee of 

t h e  A l l  Union Communist P a r t y .  from a c a v a l r y  regiment o f  t h e  Workers' 

and Peasan ts '  Red Army wro te  a l e t te r  

t h a t  was pub l i shed  i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBANovaya Tekhnika 

(New Technology) appea l i ng  t o  "a l l  

s c i e n t i s t s  of our  coun t ry ,  a l l  

s c i e n t i f i c - r e s e a r c h  i n s t i t u t e s ,  t h e  

whole p r o l e t a r i a n  s t u d e n t  body of 

chemical and mining i n s t i t u t e s  

d i r e c t e d  by Soyuzugol ' ,  t h e  VSNKh 

[Higher S o v i e t s  of t h e  Na t iona l  

Economy] of t h e  USSR and t h e  Ukraine, 

a l l  members of VARNITSO [All-Union 

Assoc ia t i on  of S c i e n t i f i c  and 

Technica l  Workers f o r  t h e  Crea t ion  of 

a S o c i a l i s t  S o c i e t y ]  and t h e  Committee 

f o r  t h e  Chemica l i za t ion  of t h e  Na t iona l  

Economy. 11' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA similar l e t t e r  w a s  a l s o  

P rev ious l y ,  a group of sc ient is ts  from 

t h e  Moscow Mining I n s t i t u t e  had 

addressed t h e  C e n t r a l  Committee u rg ing  

them t o  o rgan ize  exper iments i n  under- 

ground g a s i f i c a t i o n 1 2  and i n  1931,' a 

r e s o l u t i o n  w a s  passed by t h e  C e n t r a l  

Committee t o  beg in  t h e  f i r s t  exper i -  

ments. Fol lowing S t a l i n ' s  sugges t ion ,  

t h e  Commission f o r  t h e  Underground 

G a s i f i c a t i o n  of Coal was formed t o  

o rgan ize  t h e  research .  I n  1933 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 

s p e c i a l  s t a t e  t r u s t  c a l l e d  "Podzem" 

(underground) w a s  e s t a b l i s h e d  as t h e  

exper imenta l  branch of t h e  commission. 

Its purpose w a s  t o  develop t h e  i n -  

v e s t i g a t i o n s  more thoroughly .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 2  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Chamber Method 

With s ta te  fund ing ,  several under- 

ground c o a l  g a s i f i c a t i o n  p r o j e c t s  

began i n  1933. K i r ichenko 's scheme , 

pub l ished i n  UgoZ i n  1930, simply 

employed s u r f a c e  g a s i f i c a t i o n  methods 

underground i n  t h e  c o a l  seam. It 

formed t h e  b a s i s  f o r  a l l  t h e  e a r l y  

exper iments i n  t h e  western  p a r t  of 

t h e  Sov ie t  Union, (K i r ichenko 

rec ieved  a - R u s s i a n  p a t e n t  on t h i s  

p rocess  i n  1930. Russian P a t e n t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
# 2 8 , 2 7 4 ,  Nov. 2 1 ,  1930.) According 

t o  t h i s  scheme, f o u r  i n t e r s e c t i n g  

channels  were mined o u t  i n  t h e  seam. 

I n  some cases t h e  channe ls  were r e i n -  

f o rced  w i t h  t imber ,  as,  f o r  example, 

at  L is i chansk ,  where t h e  bedding w a s  

u n s t a b l e  (F ig .  3 ) .  The coal panel 

t hus  marked f o r  g a s i f i c a t i o n  was t hen  

surrounded by a t h i c k  b a r r i e r  u s u a l l y  

composed of a t  least  two b r i c k  o r  

rock w a l l s  s e p a r a t e d  by tamped c l a y ;  

i n  o t h e r  words, a f u rnace  o r  chamber 

w a s  b u i l t  underground. Th is  w a s  

c a l l e d  t h e  chamber method of under- 

ground c o a l  g a s i f i c a t i o n .  P r e c i s e l y ,  

as i n  s u r f > .  5 c o a l  g a s i f i c a t i o n ,  t h e  

* 

* 
Pane l  i s  t h e  conven t iona l  Sov ie t  

t e : m  f o r  t h e  p o r t i o n  of  t h e  s e h  t o  
be g a s i f i e d .  
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- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABlast injection 

- Strike 

Fig.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 .  Diagram of K i r i chenko 's  chamber method (p lan  v iew).  

masonry w a l l s  were t o  c o n t a i n  t h e  

f i r e  and p reven t  i t  from sp read ing  

through t h e  c o a l  s e a m ,  as w e l l  as t o  

p rov ide  a l e a k - t i g h t  chamber f o r  t h e  

r e a c t i o n .  (As Mendeleyev had been,  

t h e s e  e a r l y  mining eng ineers  were 

v e r y  mindfu l  o f  uncon t ro l l ed  f i r e s  

t h a t  f r e q u e n t l y  swept t h e  mines.)  

I n  g e n e r a l ,  t h e  c o a l  w i t h i n  t h e  

fu rnace  was crushed e i t h e r  b e f o r e  o r  

du r ing  g a s i f i c a t i o n .  (An e a r l y  abor-  

t i ve  a t tempt  u s i n g  Moscow Basin brown 

c o a l  i n  a s o l i d  p i l l a r  and r e l y i n g  on 

t h e  n a t u r a l  f i s s u r e s  t o  p rov ide  su f -  

f i c i e n t  s u r f a c e  area, showed t h a t  i f  

t h e  chamber method were used,  c o a l  

must f i r s t  be  c rushed. )  Along one 

s i d e  of t h e  c o a l  pane l  i n s i d e  t h e  

fu rnace ,  space w a s  l e f t  f o r  a n  i g n i -  

t i o n  channel .  Kerosene-soaked wood 

o r  r a g s  were p laced i n  t h e  channel .  

Of ten,  crushed c o a l  w a s  a l s o  used t o  

i n c r e a s e  t h e  h e a t  of  t h e  f i r e .  The 

pane l  w a s  i g n i t e d  j u s t  b e f o r e  i t  w a s  

s e a l e d  and t h e  b l a s t  e n t e r e d  t h e  reac- 

t i o n  chamber through p i p e s  t h a t  w e r e  

sea led  i n  t h e  middle of t h e  w a l l  on 

one s i d e  o f  t h e  chamber. The produc t  

gas  e x i t e d  through a corresponding 

set  of p i p e s  i n  t h e  middle o f  t h e  

oppos i te  w a l l .  For d ipp ing  seams 

l i k e  most of t hose  i n  t h e  Donets zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-8- 



Bas in ,  i f  t h e  b l a s t  e n t e r e d  through 

t h e  bottom of t h e  gas'if i c a t i o n  p a n e l ,  

and, i f  t h e  c o a l  burned from t h e  

lower d r i f t  upward a long  t h e  d i p ,  t h e  

p rocess  w a s  c l e a r l y  analogous t o  t h a t  

of s u r f a c e  g a s i f i e r s .  The b l a s t  w a s  

supp l i ed  by s imple b lowers e i t h e r  on 

t h e  s u r f a c e  o r  i n  one of t h e  mined-out 

channe ls  i n  t h e  seam n e a r  t h e  g a s i f i -  

t i o n  of t h i s  problem w i l l  r e q u i r e  a 

g r e a t  d e a l  of work." 
18 

Although t h e  f i r s t  s h a f t  f o r  t h e  

underground g a s i f i c a t i o n  of c o a l  

began a t  L is i chansk  . i n  t h e  Donets 

Basin i n  A p r i l  1932,18 t h e  f i r s t  

underground g a s i f i c a t i o n  of c o a l  

a c t u a l l y  occur red  i n  t h e  Moscow Basin 

a t  Krutova i n  t h e  s p r i n g  of 1933. 

c a t i o n  s i te .  To  i n c r e a s e  e f f i c i e n c y ,  

an exhaust  f a n  supp l i ed  reduced pres -  

pr io r  to t h e  underground f i e l d  test 

a t  Krutova,  no exper imenta l  work on 
s u r e  t o  t h e  ou tpu t  s i d e .  The i n p u t  

b l a s t  and ou tpu t  p roduc t  gas w e r e  

u s u a l l y  c a r r i e d  through t h e  mined-out 

channels  i n  heavy s tee l  p i p e s .  

The S o v i e t s  were ve ry  c a r e f u l  t o  

employ every a v a i l a b l e  means t o  ob- 

serve and moni tor  t h e  p rocess .  An 

a r r a y  of bo reho les  w a s  d r i l l e d  from 

t h e  s u r f a c e  i n t o  t h e  c o a l  pane l  f o r  

gas sample  e x t r a c t i o n ,  thermocouples, 

and,  i n  some c a s e s  f o r  a c o u s t i c  

s e n s o r s .  I n  some exper iments t h a t  

employed t h e  chamber method of g a s i f i -  

c a t i o n ,  windows w e r e  p laced  i n  the  

w a l l s  of t h e  f u r n a c e  so t h a t  t h e  pro- 

c e s s  could b e  watched, a t  least  u n t i l  

tempera tures  became excess i ve .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIn 

1935, K i r ichenko,  speak ing  of t h e  

L i s i chansk  exper iments ,  w ro te  i n  

Gomyi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZhwnaZ (Mining Jou rna l )  t h a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 

"We must say  t h a t  one of t h e  most d i f -  

f i c u l t  t a s k s  invo lved i n  t h e  under- 

ground g a s i f i c a t i o n  p rocess  i s  t o  

conduct t h e  measurements and observa- 

underground c o a l  g a s i f i c a t i o n  had 

been conducted i n  t h e  Moscow Basin.  

For t h i s  experiment i n  a h o r i z o n t a l  

seam, t h e  surEace g a s i f i e r  des ign  w a s  

tu rned on i t s  s i d e  (Fig.  4 ) .  The 

ch ie f  aims of t h e  f i r s t  exper iment  

were s i m p l i c i t y  and minimum c o s t .  

(See Table 1 f o r  seams, c o a l ,  and 

produc t  gas  c h a r a c t e r i s t i c s . )  The 

c o a l  pane l  t o  b e  g a s i f i e d  w a s  n o t  

even broken up b e f o r e  t h e  f i r e  w a s  

s t a r t e d  because i t  w a s  hoped t h a t  t h e  

n a t u r a l  f i s s u r e s  would supp ly  enough 

s u r f a c e  area t o  s u s t a i n  the r e a c t i o n .  

In t h e  p re l im ina ry  tests b e f o r e  i g n i -  

t i o n ,  i t  w a s  found t h a t  t h e  r e a c t i o n  

chamber w a s  n o t  leak-proof .  A t  

p r e s s u r e s  over  0.01 a t m ,  t h e r e  w e r e  

l a r g e  l o s s e s  i n t o  t h e  overburden and 

around t h e  w a l l s  sur round ing  t h e  c o a l  

pane l .  Although a t tempts  t o  reduce 

t h e  l e a k s  f a i l e d ,  i t  w a s  decided t o  

g a s i f y .  The gas  c o l l e c t e d  from t h e  

o f f  t a k e  p i p e s  and from t h e  d i a g n o s t i c  

t i o n s  of t h e  p r o c e s s ,  which t a k e s  

p l a c e  deep underground, and t h e  so lu -  

boreho les  conta ined only about  5% CO 

and g e n e r a l l y  as much as 10-14% O2 

-9- 



-7 
Suction fan 

-Gas removal 

- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAP 

- Blast injection 

-Fan zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(Appendix A). 

ext remely s low ra te.  Because changing 

t h e  b l a s t  i n t e n s i t y  ( f low r a t e )  d i d  

n o t  seem t o  a l te r  t h e  p rocess  i n  any 

observab le  way, i t  w a s  decided t o  

d r i l l  several ho les  from t h e  s u r f a c e  

i n t o  t h e  c o a l  seam, drop i n  exp los i ves  

t o  b reak  up t h e  c o a l ,  and con t inue  

t h e  exper iment us ing  f r a c t u r e d  c o a l  

as Kir ichenko had o r i g i n a l l y  suggested .  

The produc t  gas w a s  s u b s t a n t i a l l y  

b e t t e r  a f t e r  t h e  c o a l  w a s  crushed 

than i t  had been from t h e  u n f r a c t u r e d  

b lock ;  gas  w i t h  1 2 %  CO and a h e a t i n g  

v a l u e  of  989 kcal /m was obta ined 

from t h e  d i a g n o s t i c  boreho les .  (The 

h e a t i n g  v a l u e  g iven i n  t h e s e  e a r l y  

The c o a l  burned a t  an zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 

,Prepared panel zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IO x IO m2 

- Ignition area 

-Diagnostic 

boreholes 

Fig .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  Krutova exper imenta l  pane l  (p lan  v iew).  

exper iments is  t h e  lower h e a t i n g  

v a l u e  (Ref.  1 9 ) .  Gas composi t ions 

are g iven on a water - f ree  b a s i s . )  

Note t h a t  t o  o b t a i n  gas  w i th  an appre- 

c i a b l e  amount of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACOY i t  w a s  necessary  

t o  remove t h e  product  gas from a 

d i a g n o s t i c  boreho le  l o c a t e d  i n  an area 

near  a combustion c e n t e r ,  i n s t e a d  of  

from t h e  o f f t a k e  p ipe .  The p rocess  

w a s  s t i l l  extremely slow. When t h e  

pane l  w a s  reopened a f t e r  t h e  exper i -  

ment w a s  concluded, on ly  about  5% 

(10 tonnes)  of t h e  c o a l  had been 

burned. 

A t  Krutova, t h e  capac i t y  of each 
3 

i n j e c t i o n  f a n  w a s  on ly  6000 m / h r ,  

under ove rp ressu res  of 0.06 a t m  o r  

-10- 



Table 1. Gasification data and coal characteristics for the early Soviet underground gasification experiments. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
P l a c e  of  Gas char -  Seam c h a r -  Coa l  char -  
T r i a l  T r i a l  t ime Method used P a n e l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsize acter  i s t i cs  Remarks a c t e r i s t i c s  ac t  er i s  t i c  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs 

Krutova Mar. 3-10,1933 Chamber method, 1.0 r: 10 m 5% c 0  A i r b l a s t  20 m d e e p ,  Brown c o a l  (L ig-  
n i t e ) ,  low g r a d e :  

2 

1.500 m 3 / h  f l a t  seam, 
Moscow zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 1.75  m t h i c k ;  

from b o r e h o l e s  i n g  Lnst .  u n s t a b l e  roof  o f  40-50% a s h  v e r y  
pl.an of  V . P .  sand and c l a y ,  f r i a b l e  3 6 - 4 5 % ,  
Federov. l i t t l e  water v o l a t i l e s .  d e n s i t y  

porous)  1 . 2 8  t / m 3  ; incom- ( v e r y  
ava i l a b  I. e b u s t i b l e  even when 
c o a l  w a s  d r y ,  i g n i t e s  a t  

30-34% H 0 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI g a s i f i e d  pane l  200 t 1.0-1.4% 0 
i n t a c t  o b t a i n e d  

i n t r u s i o n .  
Mar. 10-17, 1.933 Chamber method, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10-1.2% co Only 5% of 

2 m i t e  b e f o r e  gas- 5-6% Hp 
i f ic 'IL ~ .. ion 3-4x C H 4  burned.  1.40-150° i n  oxygen- 

hroken by dyn;i- 1.0-14% 0 

989 kca l . /m3 e n r i c h e d  a i r .  
o b t a i n e d  f r o m ,  
horehol .es.  

Sliaklity zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I--' 

I 

Nov. '& Dec. 1 9 3 3  Chamber m e  thot l  
broken by d y n x  
m:i t e be Fore &I s- 
i E i c : ~  c i o n  ; 

coa I removed, 
broken by hand zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
h r e p l a c e d  
( s tor i nr; ) 

Jon. 1.934 Chambe r me thotl , 

1.0 r: 35 111 G a s i  E icat ior i  
di.d n o t  pro- 
c e e d .  

10 x 35 m ' ~  7.7-135: CO 
13-272 112 
0 . 2 - 2 1  C H 4  
600-1 250 
kca l  / m 3  oh- 
t;li.ncd from 
b o r e h o l e s .  

A .  S .  Kuznetsov. - 
A i r 11 ].as t 

run i.n cyc1.i.- 
cn l  f a s h i o n ;  
a i r  h l a s t  
2-4 h r ,  o f f  
1.5 n1i.n; ex-  
h a u s t  f an  on 
f o r  a s h o r t  
IW r i o d  . 

7000 d / 1 1  

De p t ti unknown A n t h r a c i t e :  
1.9-2 2 %  d i.I', 3 . 5 %  1120 

0 . 3 8  m t h i c k ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 . 4 %  a s h  
roof  : c I.ayey 9 4 . 3 %  f i x e d  c a r b o n  
shale pl lis 2 . 5 %  v o l a t i l e s .  
bands of  sand 
and c l a y ;  
r l .oor: sandy 
sha1.e; f l .oor b 

roof:6-7% H20, 

roof  r o c k s :  
s t a b l e .  

Chamber method, 65 X 45 m 6 - 1 2 1  CC) 1 . I ' .  K i r i c h e n k o .  24-30 ni deep B i tuminous ,  long-  L is i c ha ns k Feb. 1 6 ,  t o  
, I l J l .  2 9 ,  1934 dynamited dur- 1 6 0 0  t 7 . 8 - 2 0 . 6 1  112 A i r  b l a s t  36"-45" d i p ,  f lame c o a l :  

i n g  g a s i f i c a -  2 . 8 - 4 . 2 1  C H 4  Br ie f  incon- 0.75 m t h i c k  10-14% H 2 0  
c i o n  0 . 6 - 0 . 9 %  oc c l u s i v e  test  s h a l e  f l o o r  1 2 - 2 1 1  a s h  

1 2 - I R %  c o 2  w i t h  117% 0 2  and r o o f .  36% v o l a t i l e s  
753-1054 enr ichment .  5 4 %  f i x e d  c a r b o n .  

t a i n e d  from 
b o r e h o l e s .  

kc  a 1 / ,3 ob- 

I 



Tab le  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1. (cont.) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- 

P l a c e  of Gas char -  Seam cl iar- C0; i1  cliar- 
T r i a l  T r i a l  t i m e  Method used Pane l  s i z e  a c t  eris t i c s  Remarks a c  te r  is t i c s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,I c t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe r i s t i c  s 

~ ~ 

Apr. 24,  1934 S i n g l e  v e r t i c a l  Hole dinm- 55% co B l a s t  was 
h o l e  as de- f t e r  un- 24% H2 pure  oxygen 

a t  7 a t n s ;  s c r i b e d  by known 0 . 3 %  CH4 
Ramsey 0 . 6 %  02 exper iment  

13% C02 t e r m i n a t e d  
2500 kcal /m3.  a f t e r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 h r  be- 

c a u s e  p i p e  
mel ted .  

Len insk-  Jun.  4 ,  t o  
Kuzne t s Nov. 1 7 ,  1934 

Stream method 6 . 5  to.,.9 m 6% CO B . F .  G r i n d l e r  
x 20 m" 20% H2 a i r  b l a s t  
1000-1500 t 1 5 %  CH4 150-200 m3/h. 

1 .75% 0 2  
1 3 %  C02 
2400 kcal /m3 
o b t a i n e d  from 
of f - t a k e  p i p e .  

28-30 in deep Bi tuminous,  
20" d i p ,  4 .85 m h igh-grade 
t h i c k .  c o k i n g  coal :  

3.52  ash,  
44.6i: vola- 
t i l e s ,  58X 
f i x e d  c a r b o n  

9.71: H20. 

L i s i c h a n s k  J u l .  2 ,  1934 S i n g l e  b o r e h o l e  8 m l o n g ,  Almost no pro- Borehole l a y  Same as p r e v i o u s  L i s i c h a n s k  
No. 1 i n i t i a l  diam- d u c t  g a s  ob- a t  a n  a n g l e  e x p e r i m e n t .  

e t e r  60mm t a i n e d  due of 45' t o  t h e  
t o  l e a k s .  s t r i k e .  

Shakhty  

J u l .  22, 1934 S i n g l e  b o r e h o l e  1 7 . 5  m l o n g ,  11.2-11.9% CO Gas l e a k s  f o r c e d  

e t e r .  lO0mm 0.6-2.3%CHq exper iment  a f t e r  
No. 2 i n i t i a l  diam- 10.2-13.8% H2 t e r m i n a t i o n s  o f  

0.4-1.8% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA02 8 h r .  
10.5-11.9% 
C 0 2 ,  800-880 
kcal/m3. 

J u l .  27, 1934 S i n g l e  b o r e h o l e  17 .5  m l o n g ,  10.0-15.6% CO Var ious  proce-  
No. 2 i n i t i a l  diam- 12.3-15.9% H 2  d u r e s  were under- 

eter un- 0.3-2.6% CH4 t a k e n  t o  e l i m i n a t e  
known 0.05-0.3% 02 leaks and t h e  f i r e  

9.1-14.6% C02 was r e s t a r t e d  i n  
800-1000 b o r e h o l e  No. 2 .  
kcal /m3.  

Aug. 5-16, 1934 Chamber method 
s t o r i n g  

13.5-23% CO Pane1 s i z e  is Same as p r e v i o u s  Shakhty  
6.5-19%. H2 n o t  s t a t e d ;  e x p e r i m e n t .  
0-0.6% CH4 
1 . 2 x  02 was s a i d  t o  be 
6-12% C02 l a r g e  i n  prep- 
750-1100 a r a t i o n  f o r  
kca l /m3.  i n d u s t r i a l  t r i a l s .  

however, i t  



c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1. (cont . )  

Cas char -  P l a c e  of 
T r i a l  T r i a l  t i m e  Method used  Pane l  s i z e  a c t e r i s  t i c s  

Coal c h a r -  
a c t e r i s t i c s  

Seam char -  
a c t e r i s  t i c s  Kema r k zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs 

Krutova Aug. 1 3  t o  Chamber method, 18 40 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm 
Dec. 1, 1934 dynamited du r -  1000 t 

i n g  gasif i ca -  
t i o n .  

L i s i c h a n s k  Aug. 26, 1934 S i n g l e  boreho le  1 3  m l ong  
No. 3. I n i t i a l  d u m -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

e t e r 1 0 Oinm 

0.4-7 .6% C O  
0.6-20% H2 

15-23% C02 
0.3-11% CH4 

o c c a s i o n a l l y  
o b t a i n e d  from 
b o r e h o l e s .  

12.4-15.7% CO 
9.3-13.1% H2 
1 . l - 3 . 2 %  CH4 
0.0-0.7% 02 
9 . J - l 1 . 2 %  C02 
840-10L0 
kcal /m3. 

Sep. 5-8, 1934 S i n g l e  borel iole 1 3  m long 
No. 3. In i t  i a  1 d iam- 

e t e r  un- 
known 

Nov. 26 t o  Chamber method, 288 m L  
Dec. 1 6 ,  1934 s t o r i n g  216 J 

177 t 
20 m3 a i r  
above c o a l .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

9-14X C 0  
5 4 7 %  112 
0.7-3.4% C H q  
0.1-0.6% 0 2  
9-14% C02 
600-1100 
kcal /m3. 

1.2-1.52 co 
12-14'1 H 2  
1-32 CH4 
1 - 2 %  02 
10-1.2% cop 
750-1080 
kc  a 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ m3 ob - 
t a i n e d  from 
b o r e h o l e s .  

I n  g e n e r a l ,  
g a s  from 
bo reho les  was 
poor,  on ly  
0 . 1  t o  1% co. 

Hecause of 
e r r o r  i n  d r i l l -  
i n g  one end 
of ho le  was 
200rnm above 
seam f l o o r  and 
o t h e r  200mm 
hel.ow seam 
f l o o r ;  ho1.e was 
1.9 m ,  wi th  1 3  ni 

i n  c o a l  and 6 m 
i.n underburden.  

15m-deep, f l a t  G e n e r a l l y  sam 
seam, 2.5-m c o a l  c h a r -  
t h i c k ;  u n s t a b l e  a r a c t e r i s t i c s  
roof o f  sand a s  [ x e v i o u s  
and c l a y .  Krutova ex- 

pe r imen t .  

Same as prev ious  L i s i chansk  
exper imen t .  

Uoreiiol e number 
3 ,  r e l i t ;  e x p e r i -  
ment te rm ina ted  
a f t e r  4 days  be- 
cause of l e a k s ;  
gas  q u a l i t y  de- 
graded a t  end of 
exper iment  be - 
cause  h o l e  had 
grown q u i t e  
l a r g e .  

I . P .  Ki r ichenko Same as p r e v i o u s  L i s i chansk  
gas  q u a l i t y  exper imen t .  
q u i c k l y  de-  
graded t o  a l -  
most pu re  C02 
because of 
oxygen by- 
p a s s .  



Place of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGas c h a r -  
Trial Trial t i m e  Metliod used Pane l  s i z e  a c t e r i s t i c s  

Krutova Jan.  5-18, 1935 S e r i e s  of  bore-  6 h o l e s  1 . 9 - 5 . 5 %  C0 
h o l e s  each 1 2  m long h . l - 1 5 . 5 %  H2 

50 m diam- 0.8-3.1% CH4 

a p a r t ;  150 t 19-41% LO1 
oL c o a l  p r e -  430-720 k & l /  
p a r e d .  m average 

e t e r ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 m 0.1-1% o2 

570 kcal/m3. 

Gorlovka 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t-l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
f L i s i c h a n s k  

Leninsk-  
Kuz n e t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs 

Kru t ova 

Feb. 5 ,  1935 t o  
May 1, 1936 

Stream method. 2 p a n e l s  each With a i r :  
70 X 75 nix 13-16% CO 
7000 t of 11-15% H2 
c o a l  p repared 2-5% C H 4  

0.2% o2 
8-10% CO2 
900-1000 
kca l /m3.  

Apr. 12-29,  1935 S e r i e s  G f  bore-  5 h o l e s  W i t h  a i r  
h o l e s  1 . 5  m a p a r t  b l a s t :  

1 2  m long 9 . 4 %  co 

1 2 %  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO2 

e a c h ,  200 t .  12.8% H2 
3% CHq 

870-300 
k c a l / m 3  
g r a d u a l l y  g a s  
q u a l i t y  dete-  
r i o r a t e d .  

Seam char -  Coal  c h a r -  
l i  ema r k  s a c t e r i s t i c s  a c t e r i s t i c s  

l i e l a t i v e l y  2 1  m deep f l a t  25-30% H20 
s t a b l e  opera-  seam, 2 m 35% a s h ;  o t h e r  
t i o n ;  h i g h e s t  t h i c k ,  un- Krutova c o a l  c h a r -  
h e a t i n g  v a l u e  s t a b l e  r o o €  of  a c t e r i s  t i c s  
gas o b t a i n e d  sand & c l a y .  g e n e r a l l y  a p p l y .  
when b l a s t  was 
c u t  o f f .  - 

Used s team 
and oxygen t o  
i n c r e a s e  
h e a t i n g  v a l u e  
t o  1400 kcal /m3 
used c y c l i c a l  
o p e r a t i o n  t o  
o b t a i n  
2400 kcal /m3 
20-30% o f  t h e  
t i m e  . 

Approx imate ly  
2 7 %  of  t h e  
energy  c o n t e n t  
of t h e  c o a l  
burned was re- 
covered i n  t h e  
h e a t i n g  v a l u e  of  
t h e , g a s  produced.  

40-110 m d e e p ,  1% H 2 0  
70 d i p  30% a s h ;  
1 . 9  m t h i c k ,  18 .5% v o l a t i l e s  
b u t  b a r r e n  bands;  6000 kca l /m3 
o n l y  1.5m of c o a l ;  h e a t i n g  v a l u e .  
r o o f  was a r g i l l a -  
c e o u s  s c h i s t .  
(Derezovka seam).  

Same as p r e v i o u s  L i s i c h a n s k  
e x p e r i m e n t .  

Apr. 2 7 ,  1935 t o  S t r e a m  method 
Feb. 25,  1936 

60 X 50 m .  6 . 9 %  CO Maximum a v a i l -  Same as p r e v i o u s  Leninsk-  
18000 t 9 . 3 %  H2 a b l e  b l a s t  f low Kuznets e x p e r i m e n t .  
p r e p a r e d  4 . 4 - 6 . 0 %  C H 4  rate = 400 m3/h. 

0 .6 -1 .4% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA02 i n a d e q u a t e  f o r  
12.6-15.0% C O 2  t h e  l a r g e  gas- 
900-1100 
k c a u m 3 .  c h a n n e l s  used.  

i f i c a t i o n  

S e r i e s  of bore-  8 x 7 m*, 8 N o  d a t a  Only o b t a i n e d  16-19 m deep 
h o l e s .  h o l e s ;  was i n  a v a i l a b l e .  u s e f u l  gas  f l a t  seam, 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm t h i c k .  

May 18-31, 1935 

f a c t  2 p a n e l s  
4 X 7 mi', each t i m e  . 
o f  4 h o l e s .  
100-150t 

p a r t  of t h e  



T a b l e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1. (cont zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. ) 
P l a c e  of  Cas char -  Seam c h a r -  Coal c h a r -  

T r i a l  Tr ia l  t i m e  Method used Pane l  s i z e  a c t e r i s t  i c s  Remarks a c t e r i s t i c s  a c t e r i s t i c s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 
P zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ul zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

L i s i c h a n s k  J u n  24-29, 1935 S e r i e s  o f  bore- 3 h o l e s  2 .5  m 9.3-13.7% C0 
h o l e s  a p a r t ,  25 m i 0 .5 -12 .6% H2 

l o n g ,  each 0.9-2.9% CH4 
l 0 0 m m  diam- 9 .8 -13 .8% CO2 
e t e r  712-923 k c a l  

!m3. 

Gorl.ovka 

J u n .  30 
J u l .  5 ,  1935 

S e r i e s  of  bore- Same l a y o u t  A i r  Steam 
h o l e s  as  above 2 . 3 1  14 .7% C0 

6 . 7 %  44 .5% H2 
1 . 4 %  5 . 8 %  CH4 
1 7 %  23.8% C02 
362-2075 kca l  
1 ~ 3 .  

Jan.  9 t o ’  1 b o r e h o l e  50 t 
Feb. 3 ,  1936 chang ing  t o  

stream metliod. 

Ai .  r 
12% 15% CO 

I42  512112 

S t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe :im 

2.52  5% CH4 

930-2200 k c a l  
1.1..5x 2 1 %  c02 

1 ~ 3 .  

Ikc .  1, 1937 t o  S t ream method 50,000 t Air :  
Oct.  10,  1939 15-192 C O  

14-172 H2 
1 .4-1 . 5 %  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACH4 

9-112 C 0 2  
900-1000 k c a l  

0 .22  o2 

/m3. 

‘ruia- Nov. 7 ,  1940 t o  Stream method. 35,000 t 830-890 
Podmoskovia Dee. 1 6 ,  1941 kca l /m3 

A l l  3 h o l e s  Same as p r e v i o u s  L i s i c h n n s k  
j o i n e d  t o -  e x p e r i m e n t .  
g e t h e r  t o  i n -  
put  c o n d u i t ;  
c o u l d  n o t  be  
i n d i v i d u a l l y  
connected  t o  
i n p u t  b l a s t .  

Used a i r  and 
steam a l t e r -  
n a t e l y  as t h e  
b l a s t  . 

1 b o r e h o l e  
a l o n g  s t r i k e ,  
n o t  & i p ;  as pro- 
g r e s s e d  re- 
sembled s t r e a m ;  
p r e m a t u r e l y  
e x t i n g u i s h e d .  

Near indus- S.ime seaiii ;is p r e v i o u s  (:orl.nvka 
t r i a l  sca le .  exper iment .  

3600 m 3 / t  
of c o a l .  

Flat seam 12-252 H 2 0  
60 ni deep;  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30-40X a s h  
roo f  is loam-sand- 1 7 - 2 1 2  v o l a t i l e s  
1.onm ( p l a s t i c ) .  f a i r l y  poor  

q u a l i t y ,  s i m i l a r  
t o  t h a t  a t  K r u t o v a .  

L I 
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less on t h e  blower and underpressures  

no g r e a t e r  than 0.005 t o  0.006 a t m  on 

The a c t u a l  i n t e n -  t h e  exhuas t f a n .  

s i t y  of t h e  b l a s t ,  w a s  probably  on l y  

about  1500 m / h r .  ( I n  1960, Skafa zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 
s t a t e d  t h e  5000 m / h r  i s  t h e  "near- 

optimum power" f o r  t h e  b l a s t  i n t e n s i t y  

i n  t h e  underground g a s i f i c a t i o n  proc- 

ess. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) It was concluded t h a t  l a r g e r  

blowers should b e  used i n  f u t u r e  ex- 

per iments.  Several o t h e r  conc lus ions  

were drawn from t h i s  f i r s t  s imple 

exper iment.  Hor i zon ta l  c o a l  seams 

could be  g a s i f i e d  i f  t h e  c o a l  were 

f i r s t  broken up. R e l i a b l e  tempera ture  

measurement as w e l l  as a c c u r a t e ,  

prompt, and complete gas ana lyses  

were necessary  i f  one expected t o  

p roper l y  r e g u l a t e  t h e  p rocess  of i n  

s i t u  g a s i f i c a t i o n .  F i n a l l y ,  t h e  de- 

s i g n  f o r  t h e  i n s u l a t i n g  w a l l s  had t o  

be changed t o  be  a b l e  t o  b u i l d  a leak-  

t i g h t  chamber a t  minimum c o s t ,  " O r ,  

methods of underground g a s i f i c a t i o n  

must be zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAworked o u t  w h i c h  w i l l  not 

r e q u i r e  t h e  use  o f  i n s u l a t i n g  walls 

a t  a l l .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

21 

The second Russian g a s i f i c a t i o n  

exper iment w a s  conducted i n  t h e  Donets 

Basin a t  Shakhty on a s l i g h t l y  d ip-  

p ing  a n t h r a c i t e  seam (Table 1). In . 

t h i s  case, t h e  c o a l  w a s  f i r s t  broken 

up by exp los i ves .  Diagonal  channe ls  

about  45 deg t o  t h e  s t r i k e ,  were 

d r i l l e d  from one s i d e  of t h e  c o a l  p a n e l  

t o  t h e  o t h e r .  These w e r e  charged w i th  

dynamite and exploded e l e c t r i c a l l y .  

However, unbroken c o a l  w a s  always 

mainta ined nex t  t o  t h e  sur round ing  

walls. It had been assumed t h a t  t h e  

n a t u r a l  f i s s u r e s  i n  t h e  c o a l  would 

widen upon h e a t i n g ,  becoming l a r g e  

enough t o  s u s t a i n  t h e  burn and c a r r y  

t h e  gases t o  and from t h e  combustion 

f r o n t .  The c r a c k s  d i d  n o t  widen, and 

t h e  process  w a s  a l s o  slowed down 

a f t e r  a t i m e  because caved- in roo f  

rock and s l a g  formed a gas-impermeable 

l a y e r  between t h e  b l a s t  i n j e c t i o n  

p o i n t  and t h e  combustion c e n t e r .  

Because of  a l a c k  of  oxygen a t  t h e  

f i r e f a c e ,  t h e  f i r e  e v e n t u a l l y  d ied .  

A t  t h i s  p o i n t ,  t h e  p a n e l  w a s  

en te red  and a channe l  w a s  opened 

t h e  lower t o  t h e  upper d r i f t .  (A 

d r i f t  i s  a channe l  mined a long  t h e  

s t r i k e  of a seam.) The channe l  w a s  

f i l l e d  w i th  crushed a n t h r a c i t e  and 

i g n i t e d  near  t h e  lower d r i f t .  There- 

a f t e r ,  g a s i f i c a t i o n  w a s  c a r r i e d  o u t  

i n  a c y c l i c a l  f a s h i o n .  A i r  w a s  blown 

i n  f o r  2 t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 h r ,  tu rned o f f  f o r  10 

t o  15 rnin, and then t h e  exhaust  f a n  

w a s  tu rned on and t h e  accumulated pro- 
1 7  

duc t  w a s  removed. 

added t o  t h e  b l a s t  a t  Shakhty because 

t h e  water conta ined i n  t h e  c o a l  and 

t h e  enc los ing  rocks  prov ided more than  

s u f f i c i e n t  steam (Appendix A). During 

t h e  f lowing p e r i o d  t h e  q u a l i t y  o f  t h e  

gas w a s  poor .  

exhaust  f a n  were turned o f f ,  t h e  gas  

reached i t s  maximum h e a t i n g  v a l u e  

(1250 kcal /m ) .  This  w a s  fo l lowed by 

S t e a m  w a s  n o t  

While t h e  b l a s t  and 

3 

-17- 
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a gradua l  dec rease  i n  t h e  h e a t i n g  

v a l u e  t o  600 kcal /m i n  t h e  f i n a l  
14 

phase when t h e  exhaust  f a n  w a s  on. 

Combustible gas  could n o t  b e  removed 

via t h e  exhaus t  p i p e  i n  t h e  upper 

d r i f t ,  b u t  r a t h e r ,  w a s  removed through 

one of t h e  d i a g n o s t i c  bo reho les  d r i l l e d  

i n t o  t h e  c o a l  pane l .  When t h e  gas  

was allowed t o  leave through t h e  ex- 

h a u s t  p i p e ,  i t  w a s  complete ly  ox id i zed  

by t h e  i n p u t  b l a s t  t h a t  channeled 

around t h e  combustion zone. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 

A t  Shakhty, t h e  amount of c o a l  

burned w a s  n e a r l y  equa l  t o  t h e  o r i g i n a l  

charge i n  t h e  chamber. G a s i f i c a t i o n  

of t h e  w a l l s  he lped compensate f o r  

t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlosses t h a t  r e s u l t e d  from the 

r e s i d u e s  t h a t  were n o t  burned. Th is  

second exper iment  s t i l l  s u f f e r e d  from 

a l eaky  r e a c t i o n  chamber and low- 

i n t e n s i t y  combustion, two problems 

t h a t  p lagued t h e  f i r s t  exper iment .  

Because more CO i s  formed a t  t h e  ex- 

pense of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC o  i n  a h o t t e r  r e a c t i o n ,  i t  

w a s  f e l t  t h a t  i n c r e a s i n g  t h e  combustion 

i n t e n s i t y  would have improved t h e  gas  

q u a l i t y .  (Heat l o s s e s  by conduct ion 

appeared t o  be  i n s i g n i f i c a n t . )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 

The blowing and exhaust  equipment 

c o n s i s t e d  of two b lowers,  each w i t h  a 
3 

c a p a c i t y  of 3000 m / h r ,  a t  an over- 

p r e s s u r e  of  0.007 a t m .  These cou ld  

be used i n  a ser ies t o  o b t a i n  

0.013 a t m .  There w a s  an a d d i t i o n a l  

blower capab le  o f \  supp ly ing  

7000 m / h r  under  0.07 a t m  of p r e s s u r e ,  

and two e x h a u s t e r s  w i t h  a c a p a c i t y  of 

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4000 m / h r  and 3000 m / h r  each,  a t  

0.02 and 0.01 a t m  r e s p e c t i v e l y .  Th is  

equipment, as w e l l  as t h e  mon i to r ing  

appara tus ,  proved ve ry  s a t i s f a c t o r y .  

Coal b lock  tempera tures  , b l a s t  and 

produc t  gas  p r e s s u r e ,  volume, and 

con ten t  could a l l  b e  measured and 

analyzed comple te ly .  

Th is  exper iment  showed t h a t  t h e  

chamber method of i n  s i t u  g a s i f i c a t i o n  

requ i red  t h a t  t h e  c o a l  b e  broken up, 

bu t  a s u i t a b l e  techn ique had n o t  y e t  

been found. I n  some boreho les  t h e  

exp los ion  w a s  premature.  I n  t h i s  

case, t h e  dynamite w a s  detonated  be- 

f o r e  t h e  a d j a c e n t  area was f r a c t u r e d ;  

t h e r e f o r e ,  t h e  c o a l  had no vo id  i n  which 

t o  explode,  and r a t h e r  than  b reak ing  

up t h e  c o a l ,  t h e  exp los ion  produced 

on ly  small  openings f i l l e d  w i t h  d u s t  

and f i n e  powder. I n  o t h e r  cases, t h e  

l a r g e  c o a l  b locks  s e t t l e d  i n t o  p re-  

e x i s t i n g  f i s s u r e s ,  forming a channe l  

a t  t h e  top  of t h e  seam. This  a l lowed 

t h e  b l a s t  t o  p a s s  between t h e  s u r f a c e  

of t h e  c o a l  and t h e  r o o f ,  a long  t h e  

top  of t h e  c o a l  l a y e r .  
1 7  

Even when t h e  d e t o n a t i o n s  were 

proper l y  sequenced, because of  t h e  

r e l a t i v e l y  small a n g l e  of  t h e  d i p  and 

t h e  t h i n  seam, much of  t h e  de tached 

c o a l  remained i n  t h e  same s p o t ;  i . e . ,  

t h e  exp los ion  produced no new r e a c t i o n  

s u r f a c e s .  

t h a t  "new systems must b e  c r e a t e d  

d i f f e r i n g  i n  p r i n c i p l e  from t h o s e  used 
a t  p r e s e n t .  t117 

It w a s  becoming more e v i d e n t  

-18- 
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However, n o t  a l l  Sov ie t  under- 

ground c o a l  g a s i f i c a t i o n  eng ineers  

shared t h i s  v i e w .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIn 1935, Sazonov 

s t a t e d  t h a t ,  "The produc t ion  of  gas  

i n  a crushed p a n e l  approximat i.ng t h e  

p rocess  i n  a n  o r d i n a r y  Siemens g a s i f i e r  

i s  cons idered as adapted t o  i n d u s t r i a l  

exper iments a t  p r e s e n t .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'"* 

two more exper iments  were conducted 

a t  Shakhty u s i n g  t h i s  method; see 

Table 1 f o r  p roduc t ion  d a t a .  

A t  least  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A 1  though t h e  exper iment a t  

L is i chansk  w a s  t h e  t h i r d  t o  a c t u a l l y  

g a s i f y  c o a l ,  underground mining pre-  

p a r a t i o n s  f o r  t h i s  t r i a l  had begun a t  

least zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 y r  earl ier .  This  w a s  t h e  

most e x t e n s i v e  e f f o r t  t h u s  f a r  

(F ig .  5 ) .  

Shaft  No. 1 

A pane l  45 m i n  s t r i k e  by 6 5  m 

a long t h e ' d i p  (1600 t ons  of c o a l )  w a s  

enc losed.  Both s u r f a c e  and under- 

ground p r e p a r a t i o n s  were v e r y  e labo-  

r a t e  a t  L is i chansk .  For example, t h e  

upper d r i f t  t h a t  w a s  t o  c a r r y  t h e  h o t  

p roduc t  gas  w a s  n o t  on l y  r e i n f o r c e d  

w i th  t imbers ,  i t  w a s  a c t u a l l y  l i n e d  

w i th  a c y l i n d e r  o f  f i r e b r i c k .  There 

w a s  an  e l a b o r a t e  ta r  c o l l e c t i n g  system 

w i th  p i p e s  emptying i n t o  tank  cars 

t h a t  could be  r a i s e d  t o  t h e  s u r f a c e .  

The i s o l a t i n g  w a l l s  were 6 m t h i c k  

a long t h e  ends and 10 m t h i c k  a long  

t h e  s i d e s .  

t i o n  tests w e r e  completed and t h e  

produc t  gas  ana lyzed,  i t  became ob- 

v ious  t h a t  t h e  b r i ck - l i ned  o f f - t a k e  

Even b e f o r e  t h e  g a s i f i c a -  

r G a s  removal Shaft No. 2 

Panel No. 2 Panel No. 3 

Fig .  5.  Plan  view of L is ichansk  exper imenta l  a r e a .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-19- 



p i p e  and t h e  i s o l a t i n g  w a l l s  were 

excess i ve l y  compl icated and expensive.  

It w a s  dec ided t h a t  s imp le  i r o n  p i p e s  

should be  adequa te ,  and n a t u r a l l y  

occu r r i ng  c o a l  l e f t  i n  p i l l a r s  a long  

t h e  pane l  pe r ime te r  would p rov ide  

a more l e a k - t i g h t  r e a c t i o n  chamber. 

On t h e  s u r f a c e ,  i n  a d d i t i o n  t o  t h e  

u s u a l  compressors and b lowers ,  t h e r e  

w e r e  b o i l e r s  t o  p rov ide  s t e a m  f o r  t h e  

g a s i f i c a t i o n ,  sc rubbers  t o  r i d  t h e  

produc t  gas  of t a r  and water, and 

even p r o v i s i o n  f o r  u s i n g  a p a r t  of 

t h e  produc t  gas  t o  f i r e  t h e  b o i l e r s .  

The d i a g n o s t i c  and a n a l y s e s  f a c i l i t y  

w a s  more complete than any used 

p r e v i o s l y .  

For t h i s  t h i r d  exper iment  t h e  c o a l  

was broken up w i th  e x p l o s i v e s  du r ing  

g a s i f i c a t i o n .  I n  t h e  p r e p a r a t o r y  

phase,  h o l e s  w e r e  d r i l l e d  d i a g o n a l l y  

through t h e  c o a l  pane l  and exp los i ve  

charges  emplaced. (K i r ichenko 

be l i eved  t h a t  one of t h e  more s i g n i -  

f i c a n t  remain ing problems w a s  a c c u r a t e  

and e f f i c i e n t  d r i l l i n g  of d i r e c t e d  

h o l e s . )  A s  g a s i f i c a t i o n  p rog ressed ,  

t h e  h e a t  of combustion exploded t h e  

charges .  A s p e c i a l  i g n i t i o n  channe l  

l a y  b e s i d e  t h e  p a n e l ,  a long  t h e  d i p .  

( I n  t h e  f i r s t  two exper iments ,  t h e  

c o a l  p a n e l  w a s  i g n i t e d  a long  a l i n e  

running pe rpend icu la r  t o  t h e  d i r e c t i o n  

of mot ion of t h e  b l a s t ;  i . e . ,  t h e  

f l a m e  f r o n t  would b e  expected t o  move 

i n  t h e  d i r e c t i o n  of t h e  b l a s t .  I n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 

t h e  tr i.al a t  L is i chansk ,  t h e  c o a l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

18 
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pane l  was i g n i t e d  a long  a l i n e  runn ing  

p a r a l l e l  t o  t h e  d i r e c t i o n  of mot ion 

of t h e  b l a s t  (Fig.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5).) Near ly  h a l f  

i ts  l e n g t h  w a s  f i l l e d  w i th  c rushed 

c o a l ,  t h e  remainder w i t h  kerosene-  

soaked wood. Approximately zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA33 h r  

a f t e r  i g n i t i o n  t h e  charges  s t a r t e d  

explod ing.  Although t h e  charges  con- 

t i nued  t o  explode and t h e  c o a l  seemed 

t o  be  burn ing  as expected ,  a l l  t h e  

samples ob ta ined  from t h e  o f f t a k e  

2’ 
p i p e  conta ined approx imate ly  19% CO 

a f i g u r e  r e p r e s e n t i n g  a lmost  complete 

combustion. Because i t  w a s  b e l i e v e d  

t h a t  a broader  combustion f r o n t  would 

produce a h o t t e r  f i r e ,  (more CO and 

less C d  1, a f t e r  two weeks t h e  p a n e l  

w a s  i g n i t e d  a long  t h e  lower d r i f t .  

Within 10 days t h e  f - r e f r o n t s  j o i n e d  

and cont inued t o  burn as one broad 

f r o n t .  However, t h e  produc t  gas  re- 

mained e s s e n t i a l l y  t h e  same, l a r g e l y  

t h e  produc t  of complete combustion. 

2 

I n  an a t tempt  t o  make t h e  f i r e  

h o t t e r ;  oxygen w a s  added t o  t h e  b l a s t .  

There w a s  no change i n  t h e  p roduc t .  

Oxygen was supp l i ed  from c y l i n d e r s  on 

t h e  s u r f a c e  t o  make a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA47% oxygen 

mix tu re .  It w a s  imposs ib le  t o  main- 

t a i n  t h e  b l a s t  volume t h a t  had been 

a v a i l a b l e  u s i n g  o rd ina ry  a i r ,  and,  

because of t h i s  and o t h e r  d i f f i c u l t i e s ,  

t h e  oxygen experiment w a s  te rmina ted  

a f t e r  on ly  3 h r ,  b e f o r e  t h e  tempera- 

t u r e  a t  t h e  f i r e f a c e  had t i m e  t o  i n -  

c r e a s e  apprec iab l y .  The L i s i chansk  

eng ineers  r e a l i z e d  t h a t  t h i s  d i d  n o t  



c o n s t i t u t e  an adequate' test of t h e  

oxygen-enrichment scheme. A f t e r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 mo conta ined i n  t h i s  boreho le ,  similar 

of o p e r a t i o n ,  d i a g n o s t i c  bo reho les  t o  Ramsey's p roposa l  approx imate ly  

were opened up t o  t h e  Seam and'gas 

bo th  b l a s t  and gas removal p ipes  were 

20 y r  ear.lier. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAn oxygen b l a s t  was 

w a s  removed from one of  rhem. A s  h a s  used,  caus ing  a h o l e  1.5 m deep and 

been t h e  case a t  Krutova and Shakhty, 0.6 m wide i n  t h e  coa l .  Because of 

t h e  gas conta ined CO (Table 1). t h e  i n t e n s e  h e a t  of t h e  p rocess ,  t h e  

F u r t h e r  exper iments w i t h  a l t e r e d  b l a s t  

c y c l e s  w e r e  conducted t o  de termine t h e  

e f f e c c  on t h e  q u a l i t y  of the gas i ssu -  A t  t h i s  s t a g e ,  t h e  produc t  gases  were 

i n g  from t h e  boreho le .  The r e s u l t s  s t i l l  l a r g e l y  those  of p y r o l y s i s ,  

exhaust  p i p e  mel ted  a f t e r  3 h r  and 

t h e  experiment had t o  be te rmina ted .  

w e r e  ve ry  s imi lar  t o  those  a t  Shakhty. w i th  a h e a t i n g  v a l u e  of 2250 kcal/m3. 

A b r i e f  experiment w a s  conducted However, because of  t h e  h igh tempera- 

a L is i chansk  on A p r i l  24,  1934. A t u r e s ,  t h e  hydrocarbons w e r e  essen- 

s i n g l e  h o l e  w a s  d r i l l e d  from t h e  

ground s u r f a c e  t o  t h e  c o a l  seam, and and 1% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAH2). 

t i a l l y  a l l  cracked (0.3% CH4, 56% CO, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Channel zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAG: z sification 

I n  1933, Podzemgaz announced an 

a l l - un ion  compet i t ion  f o r  t h e  b e s t  

underground c o a l  g a s i f i c a t i o n  p lan .  

I n  response t o  t h i s  compet i t ion ,  a 

group of workers,  V. A. Matveev, 

P. V. Skafa ,  D. I. F i l i p o v ,  and I. E. 

Korobchanskiy from t h e  Donets I n s t i -  

t u t e  of Coal Chemistry (DUKhI) 

suggested  g a s i f y i n g  c o a l  i n  a channel .  

The i r  p l a n  assumed t h a t  g a s i f i c a t i o n  

of unbroken c o a l  could b e  c a r r i e d  o u t  

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
* 

ll, 22 

* 
I; E. Korobchanskiy ho lds  t h e  two 

Russian p a t e n t s  i n  t h i s  p rocess .  
"Subterranean G a s i f i c a t i o n  of Coal" 
Russ ian Pa t .  44294, Sept .  30, 1935, 
and "Underground G a s i f i c a t i o n  of 
S o l i d  Fue ls  , I 1  Russian Pa t .  53992, 
1938. 

i n  a channe l  i n  t h e  seam j u s t  as suc- 

c e s s f u l l y  as t h a t  of broken c o a l  i n  

a gas g e n e r a t o r ,  because,  as t h e  a i r  

moves a long  t h e  hea ted  s u r f a c e  of  t h e  

channe l ,  t h e  r e a c t i o n  of f u e l  gas  

fo rmat ion  should take place m u c h  as 

i t  does i n  a bed of f u e l  i n  a gas' 

g e n e r a t o r .  (See Appendix A and 

Ref. 19.)  

The DUKhI eng ineers  proposed 

mining a channe l  a long  t h e  s t r i k e  

some t e n s  of meters deep i n  a s t e e p l y  

d ipp ing  c o a l  seam a t  t h e  Donets Basin.  

Th is  channe l  w a s  t o  b e  i n t e r s e c t e d  a t  

each end by s l o p i n g  channels  mined 

upward a long t h e  d i p  (toward t h e  

s u r f a c e ) .  These were connected t o  

-21- 



t h e  s u r f a c e  by ve r t i ca l  boreho les  o r  

s h a f t s  (F ig .  6 ) .  (These t e r m s  are 

used i n  t h e i r  u s u a l  mining sense .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 

boreho le  i s  a v e r t i c a l  o r  i n c l i n e d  

h o l e  t h a t  is  d r i l l e d .  A s h a f t  i s  one 

t h a t  is mined. A d r i f t  i s  a horizon- 

t a l  channe l ,  p a r a l l e l  o r  n e a r l y  

p a r a l l e l  t o  t h e  s t r i k e  of  t h e  seam.) 

The t h r e e  mined channels  would l i m i t '  

t h e  p a r t  o f  t h e  c o a l  seam (pane l )  t o  

be g a s i f i e d .  F i r e  i n i t i a t e d  i n  t h e  

h o r i z o n t a l  d r i f t  would bu rn  from t h e  

bottom t o  t h e  top  o f  t h e  seam, t h e  

f i r e f a c e  moving g radua l l y  up d i p .  A s  

t h e  c o a l  seam burned o u t ,  t h e  channe l ,  

wou ld  w i d e n  and the  coal  and roof  

s t r a t a  would c o l l a p s e  i n t o  t h e  burned 

ou t  space l e a v i n g  t h e  f i r e f a c e  f r e e .  

The c r o s s  s e c t i o n  of  t h e  f i r e  channel  

i t s e l f  would change v e r y  l i t t l e  w i t h  

t i m e ,  and t h e  r e a c t i o n  would be sus- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
=Shafts or boreholes ,- Gas removal \\\- i n j e c t i y , /  

Horizontal channel 

Sloping channels 

seam 

Fig.  6. The Stream method f o r  
g a s i f y i n g  c o a l  i n  s t e e p l y  d ipp ing  
beds as proposed by the  eng ineers  , 
from DUKhI. 

t a i n e d  by supp ly ing  ai r  from one end 

of t h e  channel  and withdrawing t h e  

product  gas  from t h e  o t h e r  end. Th is  

p rocess  w a s  r e f e r r e d  t o  as t h e  f low 

o r  stream method. 

I n  December 1933, workers a t  

DUKhI conducted a l a b o r a t o r y  exper i -  

ment w i th  a s i n g l e  20 kg b lock of 

c o a l  t o  tes t  t h e i r  theory  of  g a s i f i -  

c a t i o n .  A h o r i z o n t a l  boreho le  d r i l l e d  

p a r t  way i n t o  t h e  c o a l  b lock i n t e r -  

sec ted  a ver t i ca l  borehole.  The c o a l  

w a s  i g n i t e d  and an  oxygen b l a s t  w a s  

i n t roduced through t h e  h o r i z o n t a l  

ho le .  Throughout t h e  exper iment t h a t  

las ted a f e w  hours,  gas w i t h  a heat- 

i n g  v a l u e  of  2000 t o  3000 k c a l / m  w a s  

e x t r a c t e d  from t h e  ver t ica l  borehole.  

A l a b o r a t o r y  exper iment s imu la t i ng  

3 

cond i t i ons  i n  t h e  s t e e p l y  d ipp ing  c o a l  

seams of  t h e  Donets w a s  conducted a t  

DUKhI i n  May 1934. A h o r i z o n t a l  

channel  90 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcm l ong  w a s  mined t o g e t h e r  

w i th  channels  50 cm l ong  running up 

d i p ,  A s  i n  a l l  t h e  DUKhI exper iments,  

oxygen w a s  added t o  t h e  b l a s t  t o  in -  

crease t h e  h e a t  of t h e  r e a c t i o n .  

Other exper iments were conducted us ing  

Gorlovka c o a l .  Based on t h e  success  

of t h e s e  exper iments,  a p r o j e c t  f o r  

underground g a s i f i c a t i o n  us ing  t h e  

DUKhI, o r  stream, method w a s  begun 

i n  t h e  Gorlovka reg ion  of t h e  Donets 

Basin. 

On June 2 7 ,  1934, wh i l e  t h e  f i r s t  

underground t r i a l  us ing  t h e  chamber 

method w a s  i n  p rog ress ,  t h e  f i r s t  
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DUKhI exper iment w a s  repea ted  a t  t h e  

L is ichansk  Labora tory  u s i n g - a i r  b l a s t  

i n s t e a d  of oxygen as t h e  r e a c t i n g  

gas. The c o a l  w a s  taken from t h e  

seam be ing  g a s i f i e d  i n  s i t u .  The 

exper iment ended a f t e r  2 h r  when t h e  

roof of t h e  b lock  caved i n .  The gas  

composi t ion improved as t h e  exper i -  

ment p rogressed,  reach ing  62% CO and 

25% H2 by t h e  t i m e  t h e  exper iment 

ended. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA23 The l a b o r a t o r y  exper iment 

w a s  v e r y  c a r e f u l l y  observed,  s t u d i e d ,  

and documented. 

To f u r t h e r  tes t  t h i s  method, two 

a d d i t i o n a l  l a b o r a t o r y  exper iments 

w e r e  conducted a t  L is ichansk .  I n  

both of t h e s e  exper iments t h e  hor- 

i z o n t a l  h o l e  extended a l l  t h e  way 

through t h e  c o a l  b lock.  Gas q u a l i t y  

improved as t h e  b l a s t  i n t e n s i t y  in-  

c reased ,  w i t h  no upper l i m i t  observed. 

A t  t h e  maximum b l a s t  i n t e n s i t i e s ,  

gas of about  1200 kcal /m3 w a s  

obta ined.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA* 

During a per iod  of several months 

beginning i n  J u l y  1934, workers a t  

L is ichansk  conducted similar exper i -  

ments underground i n  a n  area adjourn- 

i n g  t h e  p a n e l  be ing  g a s i f i e d  by t h e  

chamber method24 (F ig.  5 ) .  

f i r s t  o f  t h e s e  underground bo reho le  

exper iments,  gas leaked i n t o  i n c l i n e d  

I n  t h e  

* 
Blast i n t e n s i t i e s  as such are no t  

given i n  Ki r ichenko 's .  r e p o r t  ,23 on ly  
o v e r m e s s u r e s .  The maximum m e s s u r e  
a t  t h e  i n p u t  end of t h e  borehole i s  
given as 0.5 a t m  overpressure  f o r  t h e  
l as t  exper iment .  

s h a f t  number one. I n  f ac t ,  when the 

borehole w a s  i g n i t e d  n e a r  t h e  east 

end, t h e  g a s i f i c a t i o n  zone moved to- 

ward t h e  i n c l i n e d  s h a f t  i n s t e a d  of  

a long t h e  boreho le .  For t h e  n e x t  

exper iment ,  e l a b o r a t e  f i t t i n g s  w e r e  

i n s t a l l e d  i n  each end of  boreho le  

number two of  t h e  same area (F ig .  5) .  

Never the less ,  such l a r g e  l e a k s  devel-  

oped t h a t  t h e  exper iment w a s  t e r m i -  

nated  a f t e r  2 h r ;  a l l  of t h e  produc t  

gas w a s  escap ing  i n t o  t h e  upper chan- 

cel. Attempts were made t o  b e t t e r  

i s o l a t e  t h e  boreho le  from t h e  channe l ,  

and t h e  exper iment w a s  begun a g a i n  

i n  bo reho le  number two. It l a s t e d  

about 25 h r .  A s  i n  t h e  l a b o r a t o r y  

exper iments,  t h e  h e a t i n g  v a l u e  de- 

pended on t h e  b l a s t  i n t e n s i t y .  With 

main b l a s t  i n t e n s i t y ,  gas  w i t h  a 

h e a t i n g  v a l u e  of 1000 kca l /m 

ob t a i n e d .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 4  

ducted i n  boreho le  number t h r e e .  It 

w a s  observed t h a t  t h e  gas  q u a l i t y  

could be improved by heat ing  the  

b l a s t  and add ing  oxygen o r  steam. 

( I i  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.-'-e f i r s t  two cases, t h e  r e a c t i o n  

temp - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-17 increased, f a v o r i n g  t h e  

format ion of  CO. The a d d i t i o n  of 

s t e a m  l e d  t o  hydrogen fo rmat ion  

through t h e  water-gas r e a c t i o n .  For 

a complete d i s c u s s i o n  of t h e s e  reac- 

t i o n s  see Ref. 1 9 . )  

3 
w a s  

Four t r i a l s  were con- 

The l a b o r a t o r y  and small-scale 

exper iments a t  DUKhI and L i s i chansk  

( i n  which c o a l  w a s  g a s i f i e d  i n  a 

channel  c u t  o u t  of an  o the rw ise  
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und is tu rbed c o a l  seam) produced gas  of eng ineers  t o  p l a n  t h e  underground 

reasonab ly  h igh  h e a t i n g  v a l u e  i n  a 

more o r  less cont inuous,  p r e d i c t a b l e  us ing  a series of boreho les  (F igs.  7 

manner, demonst ra t ing  t h a t  t h e r e  w a s  and 8) .  The system proposed by t h e  

a b e t t e r  techn ique than t h e  chamber L is ichansk  eng ineers  d i f f e r s  from 

method f o r  g a s i f y i n g  c o a l  i n  s i t u .  t h e  o r i g i n a l  p roposa l  of channel  

These exper iments l e d  t h e  L i s i chansk  g a s i f i c a t i o n  o f f e r e d  by t h e  eng ineers  

g a s i f i c a t i o n  of pane l  number t h r e e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

- Gas removal 

B last inject ion - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 

Diagnostic bore- 
holes to surface 

I 

0.05m 
diameter 

Funnel 

- Strike 

Fig.  7. P l a n  v i e w  of g a s i f i c a t i o n  exper iment us ing  a series of boreho les .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-24- 



I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Operating and partially 

burnt-out borehole zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
B u rnt-ou t borehole 

Inlet borehole or shaft 

I 

\ Blank 
flanges 

General Access gallery 

Exit borehole or'shaft 

Horizontal boreholes 

Gas offtake gallery 

Valves zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAX zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Fig.  8. The boreho le  producer 

method. 

of t h e  DUKhI. The eng ineers  a t  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
DUKhI env is ioned t h e  p rocess  of 

g a s i f y i n g  coal i n  a channel  n o t  as 

a pane l  composed of a ser ies of  bore- 

h o l e s ,  b u t  r a t h e r  as a s i n g l e  l ong  

channel  mined a t  a depth  of some t e n s  

of meters a long  t h e  s t r i k e  of one of 

t h e  s t e e p l y  d ipp ing  c o a l  seams of  t h e  

Donets Basin.  

A s  mentioned p r e v i o u s l y ,  t h e  bore- 

h o l e  exper iments a t  L is i chansk  w e r e  

conducted concur ren t l y  w i t h  t h e  under- 

ground g a s i f i c a t i o n  exper iment u s i n g  

t h e  chamber method. I n  November and 

December zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 9 3 4 ,  t h e  f i n a l  exper iment 

w a s  conducted us ing  t h e  chamber 

method t o  g a s i f y  an underground pane l  

a t  L i s i chansk .  For t h i s  exper iment 

t h e  c o a l  w a s  removed from t h e  pane l ,  

crushed underground by hand, rep laced 

i n  t h e  pane l ,  and g a s i f i e d .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA s  i n  

t h e  e a r l i e r  exper iments,  severe 

problems r e s u l t e d  from channe l lng  and 

bypass w i t h i n  t h e  pane l  as w e l l  as 

from l e a k s  around t h e  o u t s i d e  of t h e  

pane l ,  and around t h e  w a l l s  and p ipes .  

Good q u a l i t y  gas  could on l y  be 

ob ta ined from a boreho le  tapped i n t o  

t h e  chamber. The product ioL i  of gas 

w i th  a good h e a t i n g  v a l u e  w a s  very  

l i m i t e d  and w a s  not  a t  a l l  cont inuous 

because t h e  p rocess  w a s  u n s t a b l e  and 

uncon t ro l l ab le .  These undes i rab le  

f e a t u r e s  were compounded by t h e  

compl icated and expensive underground 

labo r  invo lved i n  b u i l d i n g  t h e  

fu rnace  and c rush ing  t h e  coa l .  

Borehole Experiments 

I n  t h e  f a l l  of 1934,  s c i e n t i s t s  ho les .  Two p a r a l l e l  passages 1 t o  
n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
L 

a t  L is i chansk  beg in  p repar ing  f o r  t h e  

f i r s t  t r i a l . u s i n g  a series of  bore- 

3 m i n  c r o s s  s e c t i o n  w e r e  mined 

along t h e  f l o o r  of t h e  seam. I f  t h e  

-25- 



two passages were d i f f e r e n t  s i z e s ,  

t h e  l a r g e r  channe l ,  o r  d r i f t ,  w a s  

used f o r  t h e  air  supply  and t h e  

smaller w a s  used as t h e  gas  c o l l e c t i n g  

d r i f t .  A ser ies of p a r a l l e l  bore- 

h o l e s ,  50 t o  100 mm i n  d iameter  and 

s e p a r a t e d  by 1 t o  1 .5  m ,  w e r e  d r i l l e d  

t o  connect  t h e s e  two passages 

(F ig.  7 ) .  The bo reho le  openings were 

f i t t e d  w i t h  i r o n  p i p e s  t o  p reven t  

premature burnout ,  c o l l a p s e ,  and,  

t h e r e f o r e ,  f a i l u r e  of a boreho le .  

The passages w e r e  sometimes l i n e d  

w i t h  heavy t imbers  because o f  t h e  

danger of cave i n  and p lugg ing  by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
debris f a l l i n g  i n  f r o m  above. The 

b l a s t  and produc t  gas  were c a r r i e d  

i n t o  t h e  d r i f t s  i n  p i p e s  of  200 mm 

in .  d iameter .  I n  g e n e r a l ,  each p i p e  

w a s  f i t t e d  w i t h  a valve zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAso t h a t  each 

h o l e  could b e  g a s i f i e d  independent ly .  

The p roduc t  gas  was removed through 

t h e  s h a f t  connect ing  t h e  gas  d r i f t  

w i t h  t h e  s u r f a c e .  

To i n s u r e  t h a t  t h e  p rocess  occurred\ 

i n s i d e  t h e  bo reho les ,  t hey  were 

i g n i t e d  f rom w i t h i n  by e l a b o r a t e  

e lec t r i c  r e s i s t a n c e  t ype  i g n i t e r s ,  

t h a t  w e r e  swi tched on from t h e  sur -  

f a c e .  After i g n i t i o n ,  t h e  c o a l  

burned r a d i a l l y  a long t h e  w a l l s  of  

t h e  bo reho les ,  e n l a r g i n g  each h o l e  

i n t o  a c i g a r  shape (F ig.  8) .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA s  t h e  

bo reho le  en la rged ,  t h e  b a s i c  charac- 

ter is t ics  of t h e  p rocess  changed, 

and t h e  q u a n t i t y  and q u a l i t y  o f  t h e  

produc t  gas  changed. To main ta in  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-26- 

t h e  same stream v e l o c i t y  from a n  

e n l a r g i n g  bo reho le ,  t h e  b l a s t  in ten-  

s i t y  w a s  i nc reased .  Hence, the 

i n t e n s i t y  of t h e  p rocess  and t h e  

tempera ture  i nc reased ,  and t h e  gas  

q u a l i t y  improved. A s  the channel  

cont inued t o  widen, t h e  t r a n s f e r  ra te  

of oxygen t o  t h e  burn ing  c o a l  sur-  

f a c e  d imin ished,  b u t  t h e  r a d i a t i v e  

hea t  l o s s  f rom t h e  burn ing  s u r f a c e  

remained c o n s t a n t  o r  i nc reased .  A s  

t h e  s u r f a c e  ( r e a c t i o n )  temperature 

decreased,  t h e  gas q u a l i t y  lowered. 

Even tua l l y ,  c o a l  s u r f a c e  combustion 

could no l onger  b e  s u s t a i n e d  and t h e  

channel s topped growing. A t  a dimen- 

s i o n  somewhat l a r g e r  than  t h e  s e a m  

t h i ckness  ,25  t h e  f i r e  ex t ingu ished 

and t h e  b l a s t  channeled s t r a i g h t  

through t h e  bo reho le  i f  t h e  boreho le  

w a s  n o t  c losed  o f f .  The boreho le  

method of g a s i f i c a t i o n  would produce 

a g r e a t e r  channe l  d iameter  i f  t h e  

b l a s t  were enr i ched  w i t h  oxygen. An 

oxygen mix tu re  i n c r e a s e d  t h e  c r i t i c a l  

channel  w id th  by t h e  about  a f a c t o r  

of two. (See R e f .  1 9  f o r  a more com- 

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

c i p l e s  of channel  g a s i f i c a t i o n . )  

The f i r s t  boreho le  exper iment zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
* 

showed t h e  L is ichansk  s c i e n t i s t s  t h a t  

by c o n t r o l l i n g  t h e  b l a s t  parameters  

(e .g . ,  ra te  of f low,  steam-oxygen 

* 
I f  oxygen i s  added t o  t h e  b l a s t  i n  

t h e  l i n k i n g  p rocess ,  t h e  l i n k  channel  
has a smaller diameter  than  i s  t h e  
case f o r  a n  a i r  b l a s t .  22 



c o n t e n t s ,  b l a s t  p r e s s u r e )  they  could 

c o n t r o l  t h e  g a s i f i c a t i o n  p r o c e s s . _  

Because they  cou ld  determine how 

l a r g e  t h e  bo reho le  would become, they  

could p l a n  t h e  s i z e  o f  t h e  pane l  t o  

maximize r e s o u r c e  recovery  and 

minimize t h e  danger  of subs idence.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 

gas of uni form q u a l i t y  could b e  main- 

t a ined  from t h e  pane l  a s  a whole 

us ing  several boreho les  and ihq-,tting 

each one i n  success ion  when t h e  

degree of burnout  i n  t h e  preced ing  

boreho le  reached a c e r t a i n  p o i n t .  

The c h i e f  problems w i t h  t h i s  

method w e r e :  1) gas l e a k s  i n t o  sur-  

rounding s t ra ta  v ia  f i s s u r e s  from 

t h e  boreho le  i t s e l f  and from t h e  

seals between t h e  p i p e s  and boreho les ,  

2) channe l ing ,  and 3) i n a b i l i t y  t o  

man ipu la te  t h e  boreho le  valves, caus- 

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

underground environment.  

A s  i n  1933 w i t h  t h e  chamber 

method, t h e  workers a t  Krutova w e r e  

t h e  f i r s t  t o  c a r r y  o u t  a n  exper iment 

employing the  method desc r ibed  by the 

group a t  L is i chansk .  G a s i f i c a t i o n  

us ing  t h e  boreho le  method began a t  

Krutova on January 6 ,  1935. The par-  

a l l e l  channels  w e r e  1 2  m l ong ,  sepa- 

r a t e d  by  1 . 2  m. The f i r e d r i f t  w a s  

1.8 by 1 . 6  m i n  c r o s s  s e c t i o n ,  and 

t h e  gas  c o l l e c t i n g  d r i f t  w a s  1.0 by 

1.3 m. The s i x  boreho les  were 50 t o  

50 mm i n  d iameter .  The exper iment 

l a s t e d  s i x  days.  Even though t h e  

brown c o a l  w a s  exceed ing ly  ( w e t  as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 
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much as 30% wate r )  a n  air-steam m i x -  

t u r e  w a s  used as t h e  b l a s t .  The 

b l a s t  w a s  cyc led  on and o f f ,  produc- 

i n g  gas du r ing  t h e  o f f  p e r i o d  w i t h  a 

h e a t i n g  va lue  of 730 kcal /m-.  During 

t h e  on p e r i o d ,  gas  w a s  ob ta ined  w i t h  

a h e a t i n g  va lue  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA420 kcal/m3, wh i l e  

a cont inuous a i r  b l a s t  produced gas  
3 

w i t h  a h e a t i n g  v a l u e  of  500 kcal /m . 
( I n  h i s  summary, Sazonov19 g i ves  a 

h e a t i n g  v a l u e  of 1300 kca l /m ; how- 

ever, h i s  t a b l e s  show a maximum 

v a l u e  f o r  t h e  lower h e a t i n g  va lue  of 

730 kcal /m . I n  a review w r i t t e n  i n  

1957, Skafa r e p o r t s  a v a l u e  of 

1100 kcal /m . This  i s  most l i k e l y  

an  e r r o r . )  

.-I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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The exper iment a t  Krutova w a s  

conducted r a t h e r  h a s t i l y .  Because 

t h e  t r i a l  pane l  w a s  l o c a t e d  near  an 

o ld  mine t h e r e  were cave i n s  and gas 

l e a k s  i n t o  t h e  worked-out area, caus- 

i n g  t h e  exper iment t o  b e  te rmina ted  

premature ly .  Only about  25% of t h e  

c o a l  i n  t h e  p a n e l  w a s  g a s i f i e d . )  

No coa l  a n a l y s i s  w a s  made no r  any 

reco rds  kep t  of t h e  amount o f  steam 

supp l i ed .  For t h e s e  reasons ,  material 

and thermal  ba lance  could n o t  b e  cal- 

c u l a t e d .  However, t h e  exper iment 

d i d  demonst ra te  t h a t  gas  o f  reason- 

a b l e  q u a l i t y ,  up t o  720 kcal /m , 

could b e  ob ta ined from t h e  low grade 

c o a l s  of  t h e  Krutova seam. 

26 

3 

I n  May 1935, a second p a n e l  a t  

Krutova w a s  g a s i f i e d  u s i n g  bo reho les ,  

and t h e  produc t  gas q u a l i t y  w a s  



roughly  t h e  same as t h a t  from t h e  

p rev ious  exper iment .  Again, combus- 

t i b l e  gas  w a s  ob ta ined  on ly  i n t e r m i t -  

t e n t l y ,  and s t a b l e  o p e r a t i o n  w a s  

never  ach ieved.  A f t e r  t h i s  exper i -  

ment,  t h e  s t a t i o n  a t  Krutova was 

abandoned and t h e r e  w a s  no f u r t h e r  

exper imenta t ion  i n  t h e  Moscow b a s i n  

u n t i l  1940, when a commerical s t a t i o n  

us ing  t h e  stream method w a s  opened 

n e a r  Tula.  

An exper iment  a t  L is ichansk  us ing  

a series of  p a r a l l e l  boreho les  began 

i n  A p r i l  1935. The p a r a l l e l  d r i f t s  

were mined a long  t h e  s t r i k e .  F i ve  

bo reho les  75 mm i n  d iameter ,  1 2  m 

l ong ,  and s e p a r a t e d  by 1 . 5  m were 

d r i l l e d  up d i p  from t h e  lower ( f i r e )  

d r i f t .  Each bo reho le  w a s  supp l i ed  

independent ly  w i t h  a i r  and water (o r  

s team) .  A l l  t h e  bo reho les  empt ied 

i n t o  a common condu i t  i n  which t h e  

gas  w a s  c o n s t a n t l y  monitored f o r  t em-  

p e r a t u r e  and con ten t .  On several 

occas ions  t h e  tempera ture  a t  t h e  gas 

o u t l e t  r o s e  from 700 t o  900°C. Th is  

w a s  a t t r i b u t e d  t o  oxygen p a s s i n g  

through some of  t h e  h o l e s ,  w i thou t  

r e a c t i n g  w i t h  t h e  c o a l ,  t h u s  caus ing  

combustion i n  t h e  e x i t  gas c o l l e c t o r .  

Indeed,  i n  each case, t h e  tempera ture  

w a s  lowered t o  7OOOC when t h e  suspec t  

h o l e s  were s h u t  o f f .  Pieces  o f  

c l i n k e r ,  o r  coke,  were blown i n t o  t h e  

ex i t  gas p i p e  on several occas ions ,  

caus ing  temporary p lugg ing  t h a t  w a s  

u s u a l l y  c l e a r e d  by s h u t t i n g  o f f  t h e  

i n p u t  b l a s t .  A f t e r  1 2  days ,  however, 

t h e  p i p e  became complete ly  plugged 

and t h e  exper iment has  t o  b e  termi- 

nated .  The average h e a t i n g  v a l u e  of  

t h e  gas  ob ta ined du r ing  t h e  1 2  days 

w a s  870 kcal /m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, and gas  q u a l i t y  w a s  

found t o  b e  b l a s t  dependent.  With a 

f low rate of 1700 m / h r ,  gas  w i t h  a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 

3 

h e a t i n g  v a l u e  o f  1300 kcal /m 3 w a s  

obta ined.  

per iments a t  L is ichansk ,  t h e  work was 

very  c a r e f u l  and complete.  Material 

ba lance c a l c u l a t i o n s  showed t h a t  

about  33% of t h e  c o a l  was g a s i f i e d  

comple te ly ,  and a n  a d d i t i o n a l  50% 

coked. These values compared zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfavor- 

a b l y  w i t h  t h e  l a te r  observa t i ons  made 

when t h e  pane l  was opened. 

A s  w i t h  t h e  p rev ious  ex- 

A month l a te r ,  ano the r  boreho le  

exper iment w a s  conducted a t  L is i chansk  

i n  which t h r e e  boreho les  25 m l ong ,  

100 mm i n  d iamete r ,  and spaced a t  

2.5 m,  were d r i l l e d  d i r e c t l y  up d i p .  

The gas c i r c u i t  w a s  modi f ied t o  pre-  

ven t  p i e c e s  of coke from lodg ing  i n  

t h e  gas  e x i t  condu i t  and b lock ing  t h e  

f low. I n  t h i s  exper iment t h e  bore-  

h o l e s  had a common b l a s t  supp ly  and 

apparen t l y  could n o t  b e  c losed  o f f  by 

valves i n  t h e  condu i t s .  Problems 

w i t h  channe l ing  and by-pass were n o t  

ment ioned, a l though they  w e r e  no t i ce -  

a b l e  i n  p rev ious  boreho les  t r i a l s  and 

were expected.  The average lower 

h e a t i n g  v a l u e  w a s  825 kcal /m , rep-  

r e s e n t i n g  about  40% energy recovery  

i n  t h e  c o a l .  Ca lcu la t i ons  showed 

3 

n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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t h a t  55% of  t h e  c o a l  g a s i f i e d  com- 

p l e t e l y  and 45% coked. Th is  agreed 

w e l l  w i t h  o b s e r v a t i o n s  made when 

t h e  pane l  w a s  opened, (Within zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 m 

of t h e  bo reho le  i n l e t ,  t h e  h o l e  

d iameter  w a s  1 . 5  m w i t h  a 26 o r  27 

cm-thick c y l i n d r i c a l  s h e l l  of coke 

and p a r t i a l l y  burned c o a l  surround- 

i n g  t h e  c a v i t y . )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A v a r i a t i o n  of  t h i s  method o f  

us ing  a series of boreho les  was pro- 

posed by Zhura lev i n  1934 and t r i e d  

a t  Chelyabinsk i n  t h e  Urals i n  1935. 

The channels  c a r r y i n g  t h e  b l a s t  and 

product  gas  were mined below and 

above t h e  c o a l ,  w i th  t h e  connect ing  

boreho les  l y i n g  more o r  less ve r t i -  

c a l l y  i n  t h e  seam. Gas w i t h  a heat -  

i n g  va lue  of 1425 kcal /m3 was ob ta ined 

at  a g a s i f i c a t i o n  ra te  of  2000 m / h r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 

of c o a l  g a s i f i e d .  Very l i t t l e  in -  

format ion i s  a v a i l a b l e  concern ing 

Zhurakev's method o r  any of t h e  ex- 

per  iment s conducted a t  Chelyab i n s k  . 

3 

Leninsk Experiment Using the Stream Method 
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Although s c i e n t i s t s  from t h e  

Donets I n s t i t u t e  are u s u a l l y  men- 

t ioned i n  connect ion  w i t h  t h e  stream 

method, t h e  method of c o a l  g a s i f i c a -  

t i o n  i n  a channel  was proposed in -  

dependent ly  by B .  F. Gr ind le r  i n  1932 

and pub l ished i n  UgoZ Vostoka (Eas tern  

Coal) i n  1933 i n  a n  a r t i c l e  e n t i t l e d  

"Methods and Means of Implementing 

t h e  I d e a  of an  Underground Gas Gener- 

a t o r  a t  Leninsk.  I n  June 1934, 

a f te r  n e a r l y  two y e a r s  o f  p r e p a r a t i o n ,  

exper imenta l  g a s i f i c a t i o n  u s i n g  t h e  

stream method w a s  i n i t i a t e d  i n  a f l a t  

p o r t i o n  of a seam i n  t h e  Leninsk mine 

l o c a t e d  i n  t h e  Kuznets Basin (F ig .  9 ) .  

F i r e  w a s  i g n i t e d  i n  t h r e e  hol lows i n  

t h e  mined channe l  t h a t  surrounded t h e  

c o a l  pane l  on t h r e e  s i d e s .  The chan- 

n e l s  were l a r g e  and un l i ned  and a i r  

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
was supp l i ed  w i th  a s i n g l e  3000 m /h 

blower l oca ted  i n  s h a f t  number 2 .  

The gas  e x i t e d  through s h a f t  number 

1. Because of t h e  l a r g e  c o a l  pane l  

and t h e  l i m i t e d  a i r  supp ly ,  t h e  f i r e  

.spread s lowly  a t  f i r s t ,  f i n a l l y  form- 

i n g  an extended f i r e f a c e .  However, 

t h e  l i m i t e d  b l a s t  caused t h e  f i r e f a c e  

t o  move toward t h e  i n p u t  and burn 

a long  t h e  no r the rn  w a l l  of  t h e  pane l ,  

i n s t e a d  o f  a long  t h e  e a s t e r n  w a l l  as 

planned.28 No p r o v i s i o n s  had been 

made t o  dewater  t h e  g a s i f i c a t i o n  a r e a  

and water i n t r u s i o n  apparen t l y  

lowered t h e  r e a c t i o n  tempera ture  s o  

t h a t  l a r g e  q u a n t i t i e s  of CO w e r e  

formed. Ana lys is  equipment a t  

Leninsk w a s  ve ry  l i m i t e d  and rudimen- 

t a r y .  For t h i s  reason ,  perhaps a l l  

of t h e  gas  ana lyses  are suspec t .  

2 
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Fig.  9. P l a n  view of t h e  underground c o a l  g a s i f i c a t i o n  area a t  Leninsk.  

I n  g e n e r a l ,  t h e  f i rs t  exper imenta l  

pane l  a t  Leninsk burned i n  a cont in -  

uous manner, producing h i g h  qua1it.y 

gas  f o r  about  f i ve  months. Approxi- 

mate ly  h a l f  o f  t h e  c o a l  w a s  g a s i f i e d ,  

as i n d i c a t e d  by t h e  broken l i n e  i n  

F ig .  9.  Then t h e  roof caved i n ,  

a l l ow ing  p a r t  of t h e  i n p u t  b l a s t  t o  

channe l  through t h e  r u b b l e ,  o x i d i z i n g  

t h e  p roduc t  gas .  The g a s i f i c a t i o n  

t r i a l  w a s  t hen  te rmina ted .  

Because of t h e  h igh  q u a l i t y  gas  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 

(up t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4000 kcal /m ) ob ta ined  from 

t h e  d i a g n o s t i c  boreho les  i n  t h e  f i r s t  

underground g a s i f i c a t i o n  t r i a l  a t  

Leninsk,  many wr i te rs  f ee l  t h a t  t h e  

c o a l  w a s  n o t  complete ly  burned,  b u t  

w a s  merely py ro l i zed  due t o  a n  

inadequate  b l a s t  supp ly .  (Table 1 

shows t h a t  t h e  c o a l  h a s  a h igh  per-  

cen tage of v o l a t i l e s .  Note a l s o  t h a t  

t h e  q u a l i t y  o f  t h e  gas reach ing  t h e  

s u r f a c e  through t h e  main o f f - t ake  
p ipe  w a s  n o t  as h igh ,  -2000 kcal /m 3 .) 

One reviewer s t a t e d  t h a t  perhaps  as 

much as 85% of t h e  c o a l  energy re- 

mained underground i n  t h e  form of 
unburned coke and tars.  29 

B. F. Gr ind le r  , " s c i e n t i f i c  d i r e c t o r  

of exper imenta l  work" a t  Leninsk,  



dismissed t h i s  claim as simply t h e  

r a n t i n g s  of t h o s e  d i s t r e s s e d  a t  t h e  

succes  of  a p r o j e c t  t h a t  g a s i f i e d  

" p i l l a r  c o a l  w i thou t  t h e  c o a l  be ing  

f i r s t  g ranu la ted . "  I n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUgol Vostoka 

h e  s t a t e d ,  "The e n t i r e  c o a l  m a s s  h a s  

been conver ted i n t o  c l i n k e r  and a s h ,  

and n o t  i n t o  coke. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1127 

Although t h e  f i n a l  assessment  of 

t h e  f i r s t  exper iment  a t  Leninsk re- 

mains u n c e r t a i n ,  i t  d i d  prove t h a t  

c o a l  can be  g a s i f i e d  u s i n g  t h e  f low 

method. For t h e  f i r s t  t i m e ,  gas pro- 

duced underground w a s  used i n  a 

p r a c t i c a l  way. For 38 days  i t  drove 

a steam b o i l e r ,  hea ted  and supp l i ed  

power f o r  n i n e  service u n i t s ,  a b a t h  

house, c l u b  house,  lamp s t a t i o n ,  and 

workshop. 28 S i m i l a r  t o  p rev ious  

exper iments us ing  t h e  chamber method, 

t h e  q u a l i t y  of t h e  gas  ob ta ined  i n  

t h e  f i r s t  Leninsk exper iment w a s  re- 

duced because of  channe l ing  and bypass 

of t h e  b l a s t  around t h e  f i r e f a c e .  

With t h e  stream method, however, t h i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
problem could be avo ided  by us ing  

condu i t s  t o  c a r r y  t h e  b l a s t  t o  t h e  

f i r e f a c e  and t h e  produc t  gas  from i t .  

These condu i t s  were used i n  t h e  

second Leninsk exper iment and i n  many 

f u t u r e  t r ia ls  t h a t  used t h e  stream 

method. Th is  method a l s o  in t roduced 

a means of  c o n t r o l l i n g  underground 

g a s i f i c a t i o n - b y  r e g u l a t i n g  t h e  gas  

f low and d e l i v e r i n g  i t  t o  and from 

t h e  f i r e f a c e  i n s t e a d  of l e t t i n g  i t  

spread uncon t ro l l ab l y  throughout  t h e  

1 

format ion.  Th is  f i rst  exper iment 

a l s o  showed t h e  n e c e s s i t y  f o r  de- 

water ing ,  as w e l l  as t h e  need f o r  

methods of  s i t e  p r e p a r a t i o n  t h a t  

would a l l ow  f o r  p roper  gas  c i r c u l a -  

t i o n  r e g a r d l e s s  of subs idence.  

The second t r i a l  a t  Leninsk us ing  

t h e  stream method began i n  A p r i l  1935, 

and r a n  f o r  about  s i x  weeks, producing 

gas of remarkably un i form h e a t i n g  

va lue .  The exper iment w a s  c a r e f u l l y  

des igned t o  e l i m i n a t e  t h e  problems 

t h a t  had p lagued a l l  of  t h e  ea r l i e r  

exper iments (F ig .  9 ) .  Four p a r a l l e l  

pane ls  58 m l ong  by 9 m wide were 

marked o f f  by mined-out channe ls .  

Gas from t h e  f o u r  pane ls  w a s  mixed t o  

reduce v a r i a t i o n s  i n  t h e  product  gas 

q u a l i t y ;  subsequent ly ,  t h e  gas  w a s  

cooled t o  e l i m i n a t e  t h e  w a t e r  through 

condensat ion and w a s  t hen  passed 

through a ta r  t r a p .  30 

p a t e n t ,  Betts had suggested  t h a t  

several p a r a l l e l  g a s i f i c a t i o n  pane ls  

could p r o v i d e  a f a i r l y  uniform q u a l i t y  

gas,  mainta ined simply by mixing t h e  

produc ts  from several pane ls  i n  

d i f f e r e n t  s t a g e s  of g a s i f i c a t i o n . )  

Large p i p e s  (300 mm i n  d iameter )  w e r e  

l a i d  i n  t h e  channe ls  t o  c a r r y  t h e  a i r  

t o  t h e  f i r e f a c e  and t h e  produc t  gas  

from i t .  This  e l im ina ted  channe l ing  

and bypass of t h e  a i r  around t h e  

r e a c t i o n  zone as w e l l  as t h e  movement 

of t h e  r e a c t i o n  zone upst ream toward 

t h e  b l a s t  i n l e t  s h a f t .  I n  a d d i t i o n ,  

t h e  p i p e s  were used i n  a n  a t tempt  t o  

( I n  h i r  1909 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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reduce gas  l e a k s .  The c o n d u i t s  were 

cons t ruc ted  o f  a l t e r n a t i n g  s e c t i o n s ,  

of heavy s tee l  p i p e  and t h i n  steel  

p i p e ,  each about  3.75 m l ong .  The 

s e c t i o n s  of heavy s tee l  were h e l d  i n  

p l a c e  by b r i c k  bu lkheads b u i l t  i n  t h e  

channe ls  a t  i n t e r v a l s  of 7.5 m.  The 

heavy p i p e  w a s  des igned t o  l as t  u n t i l  

an  area w a s  e n t i r e l y  burned o u t  b e f o r e  

i t  would b e  c rushed by subs idence.  

The t h i n  p i p e s  were l i n e d  w i t h  t h i c k  

wooden boards and then  h e l d  i n  p l a c e  

by boards and c l a y .  A s  t h e  f i r e  

burned i t s  way through t h e  p a n e l ,  t h e  

s e c t i o n s  of t h i n  p i p e  mel ted away, 

always b r i n g i n g  t h e  ends of t h e  b l a s t  

and w i thdrawal  p i p e s  t o  the  f i r e f  ace. 

The g e o l o g i c a l  c h a r a c t e r i s t i c s  o f  

t h i s  area made t h e s e  f e a t u r e s  espe- 

c i a l l y  va luab le .  The area a d j a c e n t  

t o  t h e  g a s i f i c a t i o n  p a n e l  had been 

p rev ious l y  mined, t h e  bed w a s  h i g h l y  

f i s s u r e d ,  and t h e  area s u f f e r e d  from 

subs idence and c r a t e r i n g .  The c o a l  

i t s e l f  was the rma l l y  u n s t a b l e  and 

e a s i l y  i g n i t e d  spontaneous ly .  By 

running bo th  i n p u t  and ou tpu t  p i p e s  

through s h a f t  number f o u r  (F ig .  l o ) ,  
t h e  i n p u t  gas cou ld  b e  p rehea ted ,  

improving t h e  e f f i c i e n c y  of t h e  

p rocess  by i n c r e a s i n g  t h e  tempera ture  

i n  t h e  r e a c t i o n  zone. Th is  caused 

an i n c r e a s e  i n  t h e  h e a t i n g  v a l u e  o f  

t h e  produc t  gas .  Sha f t  number t h r e e  

se rved  as a dewater ing  w e l l ,  and 

wh i l e  i t  i s  n o t  clear which method 

of dewater ing w a s  used,  i t  i s  known zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

31 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Vertical boreholes 
0.2m diameter 

Horizontal 
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3m long, 0.1 m 

diameter 

- Strike Mined channels zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

Fig.  10. Plan  view h o r i z o n t a l  bore- 
h o l e  exper iment a t  L is ichansk .  

t h a t  t h e  water level  w a s  q u i t e  h igh  

du r ing  t h e  second exper iment .  

(Perhaps t h e  excess w a t e r  r e s u l t e d  

from s p r i n g  r a i n s  and run-of f .  31 

any ra te ,  t h e  r e a c t i o n  zone w a s  cooled 

cons ide rab ly  by excess wate r . )  

Twenty-six d i a g n o s t i c  h o l e s  , each 

75 mm i n  d iamete r ,  were d r i l l e d  t o  

t h e  f l o o r  of t h e  c o a l  seam (F ig .  10). 

Unfor tunate ly ,  t h e  h o l e s  n e a r e s t  t h e  

f i r e f a c e  were s t i l l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 t o  8 m f rom i t ,  

and t h e r e f o r e ,  t h e  temperature pro- 

f i l e  of t h e  i n i t i a l  c o a l  warmup cou ld  

n o t  be  observed. Moni tor ing and 

c o n t r o l  were c e n t r a l l y  l o c a t e d .  

(From t h e  emphasis on t h i s  p o i n t  i n  

t h e  o r i g i n a l  r e p o r t ,  one can conclude 

t h a t  t h i s  w a s  an i nnova t ion  i n  under- 

ground c o a l  g a s i f i c a t i o n  tests.) 

A t  

Before i n i t i a t i n g  t h e  g a s i f i c a t i o n  

p rocess ,  t h e  eng ineers  a t  Leninsk had 

c a l c u l a t e d  t h e  b l a s t  necessa ry  t o  

n 
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supply  t h e  i n i t i a l  f i re face.  (At 

Leninsk t h e  b l a s t  w a s  a i r  w i t h  no 

oxygen enr ichment . )  Even though t h e  

blowers were known t o  b e  inadequate ,  

e s p e c i a l l y  f o r  i n i t i a t i o n ,  i t  w a s  

decided t o  proceed w i t h  t h e  exper iment.  

One week w a s  r e q u i r e d  t o  i n i t i a t e  and 

s t a b i l z e  t h e  p rocess  and ano the r  week 

t o  d r y  t h e  c o a l  enough t o  permi t  use- 

f u l  p roduc t ion .  Then, i n  t h e  fo l low- 

i n g  f o u r  weeks, t h e  Leninsk exper i -  

menta l  pane l  supp l i ed  two m i l l i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm 

of f u e l  gas  w i t h  a h e a t i n g  v a l u e  o f  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 

900 t o  1100 kcal/m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 

3 

The exper iment w a s  te rmina ted  

a f t e r  s i x  weeks because of inadequate  

blowers and subs idence problems, 

r e s u l t i n g  i n  gas  l e a k s  i n t o  t h e  o l d  

workings and crushed p ipes  i n  t h e  

eastern-most channel .  ( I t  i s  p o s s i b l e  

t h a t  subs idence was worse due t o  t h e  

prox imi ty  of t h e  o l d  mine.) Appar- 

e n t l y ,  very  l i t t l e  underground work 

would have been necessary  t o  con t inue  

t h e  second exper iment,  and on t h e  sur-  

f a c e ,  on ly  a d d i t i o n a l  b l a s t  c a p a c i t y  

was necessary .  The s c i e n t i f i c  wri ters 

a t  Leninsk argued t h e  ‘ f e a s i b i l i t y  of 

con t inu ing  t o  g a s i f y  t h i s  c o a l ,  

c la iming  t h a t  t h e  Leninsk s t a t i o n  

could supply  a uniform q u a l i t y  gas 

i n  commercial q u a n t i t y  f o r  a year  

and a h a l f .  S ince  1934, one of 

Gr ind le r ‘ s  c r i t i cs ,  V. Alekseyev, had 

argued t h a t  a g a s i f i c a t i o n  s t a t i o n  

a t  Leninsk was i n a p p r o p r i a t e  because 

t h e r e  were no major consumers nearby,  

I 

wh i le  a t  S t a l i n s k  and Kemerova in- 

d u s t r i a l  c e n t e r s  were be ing  developed. 

Alekseyev a l s o  argued t h a t  Leninsk 

c o a l  was of too h igh q u a l i t y  t o  burn 

underground, and t h a t  t h e  seams a t  

Leninsk were f l a t  wh i l e  most of t hose  

i n  t h e  Kuznets were s t e e p l y  d ipp ing  

(40 t o  70 deg) .  There fore ,  t h e  ex- 

per ience  gained a t  Leninsk would b e  

of l i t t l e  g e n e r a l  v a l u e  f o r  under- 

ground c o a l  g a s i f i c a t i o n  i n  t h e  

Kuznets Basin.  Apparent ly ,  Alekseyev’s 

arguments p reva i l ed  because t h e  

second Leninsk experiment w a s  never  

cont inued.  Underground g a s i f i c a t i o n  

i n  t h e  Kuznets Basin ended u n t i l  t h e  

Yuzhno Abinsk s t a t i o n  opened n e a r  

K ise levsk  i n  1955. 
32 

Regard less of t h e  p r a c t i c a l i t y  of 

conduct ing underground g a s i f i c a t i o n  

exper iments a t  Leninsk,  t h i s  second 

t r i a l  had proven t h a t  t h e  stream 

method w a s  p r e d i c t a b l e  and con t ro l -  

l a b l e .  (The product  gas  had a v e r y  

c o n s t a n t  h e a t i n g  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAvalue.) There w a s  

an i g n i t i o n  channe l  t h a t  provided 

s t a b l e  and cont inuous supply  and 

wi thdrawal  of gas.  The b l a s t  f l o w  

could be  d i r e c t e d  t o  t h e  d e s i r e d  

l o c a t i o n ,  channe l ing  w a s  e l im ina ted ,  

and leakage w a s  minimized. The f low 

of b i a s t  t o  t h e  f i r e f a c e  cou ld  be  

v a r i e d ,  t hus  h e l p i n g  t o  ma in ta in  a 

cons tan t  gas  q u a l i t y .  Furthermore, 

t h e  Leninsk t r ia ls demonstrated t h a t  

t h e  stream method ccu ld  be used  i n  

e s s e n t i a l l y  f l a t  seams. I n  f a c t ,  

-33- 
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t hose  working on t h e  s t ream method 

i n  t h e  Kuznets f e l t  t h a t  t h i s  de- 

s i g n  was most a p p r o p r i a t e  t o  t h e i r  

f l a t  beds.  One au tho r  s a i d  t h a t  

i f  t h e  seam were s t e e p l y  d ipp ing ,  

t h e  pane l  s h o u l d  be l i t  from t h e  

s i d e  a long t h e  d i p ,  i n s t e a d  of from 

t h e  end a long t h e  s t r i k e 3 '  as 

o r i g i n a l l y  suggested  by t h e  eng ineers  

from DUKhI. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( A  system very s imi la r  t o  t h a t  

used i n  t h e  second Leninsk t r i a l  w a s  

used i n  t h e  f i r s t  i n d u s t r i a l  opera- 

t i o n ,  a pre-World War zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI1 i n s t a l l a t i o n  

l o c a t e d  i n  t h e  f l a t  seams of brown 

c o a l  i n  t h e  Moscow Basin.  Apparent ly ,  

t h e  bulkheads w e r e  e l im ina ted  and t h e  

p ipe  s t r u c t u r e  was s i m p l i f i e d .  The 

gas condu i t s  were heavy s t e e l  p i p e s ,  

p e r f o r a t e d  a t  i n t e r v a l s  a long  t h e  

a x i s  on t h e  s i d e  n e a r e s t  t h e  pane l .  

The p i p e s  were wrapped w i th  a t i n  

shea th  and covered w i th  a s b e s t o s .  A s  

t h e  f i r e  burned,  t h e  t h i n  metal shea th  

mel ted away, always b r i n g i n g  t h e  b l a s t  

t o  t h e  f i re f  ace. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) 

Final Borehole Experiment (Stream) 

I n  January 1936 ,  a f i n a l  boreho le  ho le  prov ided much u s e f u l  in fo rmat ion  

exper iment w a s  conducted a t  L is ichansk ,  concern ing underground g a s i f i c a t i o n  

i n  which a boreho le  w a s  d r i l l e d  a long 

t h e  s t r i k e ,  i n s t e a d  of  a long  t h e  d i p  d ipp ing  beds.  

as i n  a l l  t h e  p rev ious  cases (F ig .  l o ) .  
The boreho le  w a s  connected t o  t h e  sur-  

f a c e  by o l d  workings and ver t i ca l  

boreho les .  I n  i t s  e a r l y  s t a g e s ,  t h i s  

exper iment proceeded l i k e  t h e  o t h e r s  

i n  which g a s i f i c a t i o n  took p l a c e  i n  a 

s i n g l e  boreho le .  The boreho le  a t  

f i r s t  widened i n t o  a c igar-shaped 

channe l ,  b u t  as i t  widened t h e  exper i -  

ment began t o  fo l l ow  t h e  c lass ic  de- 

s i g n  of t h e  stream method. 

F ig .  10 n o t e  t h e  U shape o f  t h e  o l d  

workings and h o r i z o n t a l  channel . )  

A f t e r  25 days  t h e  f i r e  w a s  ex t in -  

gu ished and t h e  area w a s  opened 

(Fig.  11). The excavat ion  of t h i s  w a s  opened f o r  i nspec t i on .  

w i t h  t h e  stream method i n  s t e e p l y  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Unreacted coa 

Partially fused roof 

( I n  

Unreacted coal 

Fig.  11. V i e w  of a channel  g a s i f i c a -  
t i o n  exper iment at  L is ichansk  t h a t  

n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-34- 
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There w a s  a vo id  n e a r  t h e  coke, The space c r e a t e d  as t h e  c o a l  burned zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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p e r m i t t i n g  c o n t a c t  between t h e  b l a s t  

and t h e  r e a c t i n g  su r face .33  Although 

a l a y e r  of  rocks  had caved i n ,  t h e  

roof  s t r u c t u r e  i n  g e n e r a l  w a s  i n t a c t .  proved t o  be common a t  L is i chansk .  

away al lowed a s i z a b l e  p o r t i o n  o f  

the b l a s t  t o  by-pass t h e  f i r e f a c e .  

Th is  p a t t e r n  of  subs idence l a t e r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Gorlovka Experiments Using the Stream Method 

The underground tests a t  Gorlovka 

w e r e  based on t h e  stream method. I n  

t h e  f i rst  exper iment  a channe l  w a s  

mined a long  t h e  s t r i k e  a t  t h e  110 m 

level and connected t o  t h e  s u r f a c e  by 

f i v e  i n c l i n e d  channe ls  a long  t h e  d i p ,  

separa ted  by 25 m. 
35 

S t u a r t  Atk inson,  w r i t i n g  i n  t h e  

A p r i l  1937 i s s u e  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAColliery Engi- 

neering, s t a p e d  t h a t  t h e  channels  

a long t h e  d i p  were s tee l  l i n e d  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 

prevent  cave- ins .  Apparent ly ,  t h e  

pane l  t o  b e  g a s i f i e d  w a s  somehow 

marked o f f  a t  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA40 m level .  (We 

w e r e  unable t o  f i n d  precise d e t a i l s  

of t h e  l a y o u t  of t h e  Gorlovka exper i -  

ments.) It appears ,  however, t h a t  

t h e  i n c l i n e d  channels  i n  t h i s  f i rs t  

experiment extended a l l  t h e  way t o  

t h e  s u r f a c e ,  r a t h e r  than on ly  t o  t h e  

40 m level.  (The des ign  i n  F ig .  6 

shows ve r t i ca l  boreho les  o r  s h a f t s  

i n t e r s e c t i n g  t h e  i n c l i n e d  ones a t  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
40 m l e v e l . )  It i s  n o t  c l e a r  whether  

a l l  pane ls  were cont iguous as had 

been t h e  case a t  Leninsk (F ig .  9)  o r  

whether on ly  a l t e r n a t e  c o a l  pane ls  

were meant t o  be g a s i f i e d  (Fig.  6 ) .  

A B r i t i s h  rev iewer ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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It seems probab le  t h a t  t he  pane ls  were 

cont iguous and on ly  t h e  c e n t r a l  pane ls  

were g a s i f i e d  i n  t h e  f i r s t  exper iment .  

I n  a rev iew w r i t t e n  i n  1957, V. A. 

M a t v e e ~ ~ ~  repo r ted  "samples of gas 

taken from t h e  i n t e r m e d i a t e  bo reho les  

supp l i ed  v a l u a b l e  d a t a  f o r  s t u d i n g  

t h e  dynamics of gas fo rmat ion  a long 

t h e  l e n g t h  of t h e  f lame-face.  

Although t h e s e  boreho les  are n o t  

shown i n  any a v a i l a b l e  r e f e r e n c e s ,  

they  w e r e  undoubtedly p laced s i m i l a r l y  

t o  t h o s e  shown i n  F ig .  1 0 .  

1136 

I n  c o n s t r a s t  t o  t h e  t r ia ls  a t  

Leninsk, the exper iments a t  Gorlovka 

had good s u r f a c e  equipment t h a t  

supp l i ed  an  adequate b l a s t .  There 

were.two compressors each capab le  of 
3 

supp ly ing  3500 m /h of a i r  a t  6 a t m .  

I n  a d d i t i o n ,  a cheap supply  of oxygen 

w a s  a v a i l a b l e  from a s y n t h e t i c  

f e r t i l i z e r  p l a n t  nea r  t h e  g a s i f i c a t i o n  

s t a t i o n .  

The f i r s t  experiment a t  Gorlovka 

l a s t e d  t h r e e  months, February t o  May 

1935. Fol lowing an  " i n t e r r u p t i o n  of 

t h r e e  months made necessa ry  by 

workings", 37 t h e  pane l  w a s  apparen t l y  



r e l i t  and i t  supp l i ed  gas  cont inuous ly  

f o r  about  9 mo. The amount of oxygen 

enr ichment i n  t h e  b l a s t  v a r i e d  between 

21 and 80%. Table 2 ,  t aken  from a 

1946 Eng l i sh  review,' shows t h e  var- 

i a t i o n  of t h e  produc t  gas w i t h  change 

i n  t h e  oxygen enr ichment .  The same 

review r e p o r t s  t h a t  "The most satis- 

f a c t o r y  o p e r a t i o n  appears  t o  have 

been a t t a i n e d  w i t h  27 t o  30% of 

oxygen i n  t h e  b l a s t .  1 1 1  

A f t e r  a n  a c c i d e n t a l  i n t e r r u p t i o n ,  

i t  w a s  d iscove red  t h a t  a gas composed 

of 40 t o  50% hydrogen and 15% n i t r o g e n  

i s s u e d  from t h e  g a s i f i c a t i o n  s i t e  

dur ing  t h e  b l a s t - f r e e  pe r iod .  I n  t h e  

preced ing  p e r i o d ,  d u r i n g  which a 37% 

oxygen en r i ched  b l a s t  w a s  b e i n g  used,  

t h e  produc t  gas  w a s  20% hydrogen and 

44% n i t r o g e n .  (Th is  i s  s imi lar  t o  

t h e  water gas p roduc t i on  p rocess  o f t e n  

used i n  s u r f a c e  c o a l  g a s i f i c a t i o n  

g e n e r a t o r s .  The bed of  c o a l  and coke 

i s  hea ted  t o  a h igh  tempera ture  by 

t h e  i n j e c t i o n  of t h e  b l a s t  i n t o  t h e  

genera to r .  

o f f  and steam i s  passed i n t o  t h e  

genera to r .  The h e a t  i n  t h e  bed g i ves  

Then t h e  b l a s t  i s  s h u t  

r ise t o  t h e  endothermic r e a c t i o n s  

between carbon and steam desc r ibed  i n  

Appendix A. Because of t h e  s i z e  of 

t h e  h e a t  r e s e r v o i r  i n  a s u r f a c e  gen- 

e r a t o r ,  t h e  b l a s t  and steam c y c l e s  

each l a s t  f o r  p e r i o d s  of a few 

minutes . )  Using steam and a 37% 

oxygen enr ichment i n  t h i s  c y c l i c a l  

manner, i t  w a s  p o s s i b l e  t o  a l ter -  

n a t e l y  produce techno log ica l  gas  

(2400 kcal /m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) and producer  gas (1400 

kcal /m ) (F ig .  12 ) .  With a n  a i r  

b l a s t ,  t h e  h e a t i n g  v a l u e  w a s  900 t o  
3 

1000 kcal /m ; i n  t h e  subsequent b l a s t -  

f ree  per iod ,  t h e  h e a t i n g  v a l u e  w a s  

1600 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkcal/m3. 

of t h e  gas produced was t echno log ica l  

gas and 66 t o  80% w a s  producer  g a s .  

Although t h e  d a t a  from t h i s  exper iment 

are o f t e n  quoted ,  apparen t l y  t h e  

Sov ie ts  never  performed ano the r  i n  

s i t u  exper iment  i n  which t h e  b l a s t  

w a s  cyc led  on and o f f .  Ca re fu l  

3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 

In genera l ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 0  to 33% 

>k 

The use of  a p u l s a t i n g  b l a s t  w a s  
suggested aga in  i n  1957,38 b u t  t h e r e  
i s  no i n d i c a t i o n  t h a t  i t  w a s  s e r i o u s l y  
cons idered . 

Table 2. Composit ion of gases  made w i t h  va ry ing  oxygen con ten t  i n  t h e  b l a s t .  

Comb. Heat ing 
agen t  Gas - % v a l u e  Gas wi thout  N - % 

0 - %  co 0 CO H CH4 N kcal/m3 c02 O2 CO H2 CH4 

21 8 0.2 12 14  2.5 63.3 937 21.8 0.5 32.7 38.2 6.8 

30 12  0.2 20 19  3.5 45.5 1.391 21.9 0.4 36.5 34.7 6.7 

50 1 5  0.2 25 23 8.0 28.8 2.031 21.1 0.3 35.1 32.5 11.2 

70 20 0.2 28 30 10.0 11.8 2.472 22.7 0.2 31.8 34.0 11.3 
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OO 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 

6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 10 
Hours 

Fig.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA12 .  Gas composi t ion,  f low rate,  
and h e a t i n g . v a l u e  us ing  an al ternat -  
i ng  b l a s t  c y c l e  w i th  25 t o  48% 0 
enr ichment .  

2 

reco rd ing  of t h e  d a t a  pe rm i t ted  var- 

i o u s  a n a l y s e s .  For example, i t  w a s  

c a l c u l a t e d  tha t  dur ing  the  m o n t h  of 

Ju ly  1935, t h e  gas l e a k s  amounted t o  

on ly  5%, t h a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1.75 m of gas were 

produced p e r  kg of c o a l  g a s i f i e d ,  and 

t h a t  about" 43% of t h e  c o a l  w a s  gas i -  
37 

f i e d  complete ly  and 57% w a s  coked. 

There are no r e c o r d s  a v a i l a b l e  of  

t h e  tests i n  pane ls  two and t h r e e  a t  

Gorlovka, i f  indeed such tests w e r e  

run. Panel f o u r  was l o c a t e d  i n  a 

seam 8 m from t h e  seam g a s i f i e d  i n  

t h e  f i r s t  exper iment .  It w a s  made up 

of a h o r i z o n t a l  f i r e  channel  a t  t h e  

3 

110-m dep th ,  t h r e e  mined channe ls  

running up d i p  t o  t h e  40-m depth ,  and 

t h r e e  v e r t i c a l  boreho les  connect ing  

t h e  mined channe ls  w i th  t h e  s u r f a c e .  

The mined p o r t i o n  of each o u t e r  

channe l  w a s  u n l i n e d .  However, t h e  

v e r t i c a l  bo reho les  w e r e  l i n e d  w i t h  

s tee l  t ub ing .  The i n t e r m e d i a t e  

channnel ,  50 m from t h e  i n p u t  s i d e  

and 25 m from t h e  ou tpu t  s i d e ,  w a s  

l i n e d  w i t h  p e r f o r a t e d  tub ing .  I n  

case t h e r e  w a s  a cave-in i n  t h e  gas  

c o l l e c t i n g  d r i f t ,  t h i s  c e n t r a l  

a u x i l i a r y  channe l  could b e  used. W e  

were unable t o  f i n d  i n fo rma t ion  about  

pane l  f o u r  p roduc t i on .  

Pane ls  f i v e  and s i x  w e r e  l a i d  o u t  

i n  t h e  des ign  used i n  t h e  f i r s t  p a n e l  

(F ig .  13) .  Each pane l  w a s  100 m l ong  

by 100 m wide,  conta ined 20,000 t o n s  

of c o a l ,  and w a s  s e p a r a t e d  from t h e  

o t h e r  by a 40-m p r o t e c t i o n  pane l .  

The channels  runn ing  a long  t h e  d i p  

were l i n e d  w i th  p e r f o r a t e d  p i p e s  

300 mm i n  d i a m e t e r .  The ver t i ca l  

boreho les  were l i n e d  w i th  400-mm 

d iameter  p i p e s .  Telescop ic  j o i n t s  

w i th  a s b e s t o s  pack ing al lowed 

expans i o n .  

An- a i r  stream w a s  i n j e c t e d  i n t o  

each p a n e l  b e f o r e  i g n i t i o n  " in  o r d e r  

t o  d r i v e  t h e  en t rapped CH 

from it".37 

enr iched b l a s t  w a s  i n j e c t e d  ' ' to 

f a c i l i t a t e  i g n i t i i o n .  1 1 3 7  We w e r e  

unable t o  de termine whether t h i s  

l a t t e r  p r a c t i c e  w a s  fol lowed i n  la ter  

and C02 
4 

Then a 60 t o  90% oxygen- 
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s imi la r  exper iments;  however, t h e  

p r a c t i c e  of b lowing w i t h  a n  a i r  b l a s t  

be fo re  i g n i t i o n  was used t o  d r y  t h e  

pane l  i n  many l a te r  exper iments.  

A f t e r  about  s i x  weeks, pane l  f i v e  

w a s  producing a s teady  o u t p u t  o f  gas  

w i th  a more o r  less uni form h e a t i n g  

va lue .  On several occas ions  l a r g e ,  

temporary d rops  i n  t h e  f low ra te  

occurred because of  plugged channe ls  

caused by cave- ins.  A t  Gorlovka, t h e  

roof  rock w a s  i n s t a b l e  and f r e q u e n t l y  

caved i n ,  caus ing  numerous pockets  

t h a t  t rapped t h e  b l a s t  ( r e s u l t i n g  i n  

poor c o n t a c t  of t h e  b l a s t  and t h e  

r e a c t i o n  s u r f a c e ,  as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwell as combus- 

t i o n  of  t h e  produc t  gas)  and undes i red  

r e a c t i o n  zones t h a t  formed above t h e  

main f i r e f a c e .  On one occas ion ,  

known t o  b e  caused by a plugged 

channel ,  r e s u l t s  w e r e  o b t a i n e d . t h a t  

were simi lar  t o  those  from t h e  

c y c l i c a l  o p e r a t i o n  of  pane l  one;  i . e . ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 4 

(Cave-ins a t  t h e  f i r e f a c e  may have 

techno log ica l  gas fol lowed blockage. 

temporar i l y  i nc reased  t h e  a v a i l a b l e  

r e a c t i o n  s u r f a c e . )  When t h e  b l a s t  

resumed t h e r e  w a s  a sudden drop i n  

t h e  h e a t i n g  v a l u e ,  (perhaps due t o  

coo l ing  of t he  combustion f r o n t ,  o r  

t h e  p y r o l y s i s  gases  w e r e  poss ib l y  

burned by t h e  oxygen i n  t h e  b l a s t  

when i t  resumed). Power ou tages ,  

damage t o  t h e  compressors,  o r  explo- 

s i o n s  i n  t h e  channels  caused v a r i o u s  

o t h e r  i n t e r r u p t i o n s .  I n  g e n e r a l ,  

however, g a s i f i c a t i o n  proceeded 

smoothly and was cont ro l lab le* .  With 

a 2 1  t o  25% oxygen enrichment, the 

lower hea t ing  v a l u e  v a r i e d  between 

1000 t o  1300 kcal/m3; w i th  60% enr ich-  - 
ment i t  w a s  1700 kcal/m’; and w i th  

. a i r  i t  was t o  800 t o  900 kcal /m 3 . 

During February and March 1938, 

t h e  ou tpu t  from pane ls  f i v e  and s i x  

w a s  s e n t  t o  t h e  Gorlovka coke and 
1 

5 6 

Panel 5 Protect ion panel Panel 6 

Fig .  13. Pane ls  f i v e  and s i x  from stream method exper iments a t  Gorlovka. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-38- 



chemical  p l a n t  where i t  w a s  used i n  

t h e  s t e a m - b o i l e r s  and t o  h e a t  t h e  

coke ovens. No reason w a s  given f o r  

t h e  d i s c o n t i n u a t i o n  of t h e  supply of 

gas t o  t h e  coke and chemical  p l a n t  

w i t h  ano the r  18 mo remaining i n  t h e  

l i f e  of pane ls  f i v e  and s i x .  

I n  1939, g a s i f i c a t i o n  w a s  s t a r t e d  

i n  pane ls  seven and e i g h t  a t  Gorlovka. 

I n  t h i s  case, each pane l  w a s  175 m 

long and began a t  t h e  260 m level .  

The gas w a s  supp l ied  t o  an  exper i -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
' menta l  gas t u r b i n e .  (The f i r s t  gas  

t u r b i n e  f o r  use  i n  an  e lec t r i ca l  

power p l a n t  w a s  designed under t h e  

d i r e c t i o n  of V .  Makovskiy a t  t h e  

Kharkov Mechanical Engineer ing I n s t i -  

t u t e  i n  t h e  l a t e  1 9 3 0 ' s . ) ~ ~ ~ ~ ~  Opera- 

t i o n  of t h e  Gorlovka s t a t i o n  cont inued 

u n t i l  t h e  German invas ion .  The s a f e t y  

p i l l a r  s e p a r a t i n g  t h e  underground c o a l  

g a s i f i c a t i o n  s t a t i o n  from t h e  area 

being mined, w a s  badly  damaged. 

Apparent ly ,  i t  d id  no t  seem f e a s i b l e  

t o  reopen t h e  s t a t i o n  i n  t h e  Gorlovka 

c o a l  f i e l d s  a f t e r  t h e  w a r .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Commercialization 

From t h e  beg inn ing  of t h e  f i r s t  

s m a l l  s c a l e  exper iments,  t h e  Sov ie ts  

were anxious t o  f i n d  produc t ive  uses  

f o r  even t h e  s m a l l  q u a n t i t i e s  of gas 

produced. (The gas  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfrom the f i r s t  

Leninsk exper iment i n  1934 had 

supp l i ed  t h e  mine service u n i t s  f o r  

over a month. I n  1938, gas  from two 

pane ls  a t  Gorlovka had been use'd i n  a 

l o c a l  chemical  p lan t . )  There w a s  

a l s o  a s t r o n g  d e s i r e  t o  b u i l d  a 

l a rge -sca le  g a s i f i c a t i o n  system w i t h  

s u b s t a n t i a l ' i n d u s t r i a l  capac i t y .  A s  

e a r l y  as t h e  second 5-yr p l a n  (1933- 

1938) ,  underground g a s i f i c a t i o n  w a s  

i nc luded i n  t h e  program of  i n d u s t r i a l  

development. With t h e  i nc reased  con- 
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c e n t r a t i o n  of in te rdependent  branches 

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

b a s i n s ,  t h e  t h i r d  5-year p l a n  (1938- 

1943) prov ided f o r  t h e  use  of  gas i n  

power p l a n t s  and chemical p lan ts ,  and 

f o r  communal domest ic  purposes.  
1 

I n  a paper  pub l i shed i n  February 

1936, A. S. Kuznetsov s t a t e d  t h a t  

"the Shakhty a n t h r a c i t e  exper imenta l  

mine w a s  o p e r a t i n g  under i n s t r u c t i o n s  

from NKTP [Peoples '  Commissariat o f  

t h e  Fuel  I n d u s t r y ]  t o  c a r r y  o u t  a 

l a rge -sca le  t r i a l ,  w i t h  gas  produc- 

t i o n  s u f f i c i e n t  f o r  o p e r a t i n g  a 

r e g i o n a l  power s t a t i o n  b o i l e r  hav ing  

a h e a t i n g  area of  1000 m 

Regional  Power S t a t i o n ] .  Although zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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t h i s  came a t  a t i m e  when t h e  chamber 

method had proved t o  be  "expensive 

and unre l iab le r l2 '  (gas of  i r r e g u l a r  

q u a l i t y ,  t h e  r e s u l t  of channe l ing  and 

by-pass) and t h e  stream method s t i l l  

had many unsolved problems, 

Kuznetsov l a i d  ou t  e l a b o r a t e  and 

exhaus t i ve l y  d e t a i l e d  p l a n s  f o r  a 

l a rge -sca le  g a s i f i c a t i o n  s t a t i o n  a t  

Shakhty. The f i r s t  proposed commer- 

c i a l  s t a t i o n  was t o  have employed 

numerous pane ls  of  c o a l  g a s i f i e d  by 

t h e  chamber method w i t h  s t o r i n g ,  and 

w a s  t o  have supp l i ed  t h e  A r t e m  power 

s t a t i o n  w i t h  a 2 1 . 6  m i l l i o n  m 

p e r  month, w i t h  a hea t ing  value o f  

1100 t o  1350 kcal /m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 

* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
40 

3 
o f  gas 

3 

Apparent ly ,  t h i s  g a s i f i c a t i o n  sta- 

t i o n  never  ope ra ted .  ( I n  1936, Chekin 

e t  a l .  r e p o r t e d  t h a t  c o n s t r u c t i o n  

w a s  n e a r i n g  complet ion.  The p r e s e n t  

au tho rs  can f i n d  no l a t e r  r e f e r e n c e  

t o  t h e  Shakht iy  s t a t i o n . )  However, 

when i t  became c lear  t h a t  t h e  s t ream 

method o f f e r e d  t h e  r e l i a b i l i t y  o f  a 

c o n t r o l l e d  p rocess ,  t h e  S o v i e t s  wasted 

no t i m e  i n  des ign ing  and producing 

o t h e r  l a r g e  scale underground gas i -  

f i c a t i o n  s t a t i o n s  us ing  t h e  s t ream zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

41 

* 
W e  w e r e  unable t o  f i n d  c o s t  est i -  

mates f o r  t h e  produc t ion  of  energy 
by t h e  underground c o a l  g a s i f i c a t i o n  
p rocess .  However, Sazonov'* s t a t e d  
i n  1935 t h a t  t h e  p rocess  would be  
economical ly  f e a s i b l e  i f  t h e  produc- 
t i o n  c o s t / k c a l  o f  h e a t  d i d  n o t  exceed 
6 x kopeks. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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* 
method, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA s t a t i o n  near  Tula i n  

t h e  f l a t  brown c o a l  seams of t h e  

Moscow Basin w a s  opened i n  November 

1940. 

t h r e e  mined channels  70 m long,  and 

a connect ing  channel  100 m l ong ,  

The v e r t i c a l  ho les  were l i n e d  w i t h  

s tee l  p i p e s ,  and t h e  t h r e e  channels  

were l i n e d  w i t h  p e r f o r a t e d  s tee l  

p i p e s .  Using an oxygen-enriched 

b l a s t ,  34 m i l l i o n  m3 o f  gas  w i t h  a n  

It used t h r e e  ver t i ca l  h o l e s ,  

average h e a t i n g  va lue  o f  875 kcal /m 3 

was produced and supp l ied  t o  a l o c a l  

b r i c k  manufactur ing p l a n t  and t o  t h e  
"Liker P lan t " .  4 2  

abandoned when zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthe G e r m a n  i nvas ion  

neared Moscow i n  October 1 9 4 1 .  

The s t a t i o n  was 

Another s t a t i o n  us ing  t h e  s t ream 

method w a s  opened i n  December 1940 

i n  t h e  s t e e p l y  d ipp ing  beds near  

L is ichansk .  Three pane ls  w i t h  t h r e e  

s h a f t s  each were b u i l t .  The s h a f t s  

w e r e  separa ted  by 120 m and t h e  f i r e  

d r i f t  was mined a t  t h e  120 m l e v e l .  

I n  t h e  f i r s t  months a 60% oxygen en- 

r ichment w a s  used t o  produce gas w i th  

a h e a t i n g  v a l u e  of 1600 kcal/m 3 . A s  

t h e  channel  broadened t h e  hea t ing  v a l u e  

dropped. Var ious o p e r a t i o n a l  methods 

were at tempted t o  ma in ta in  t h e  produc- 

t i o n  of gas w i t h  a h igh  h e a t i n g  va lue .  

From February t o  September 1941, 

40 m i l l i o n  m' of gas  were supp l ied  t o  

* 
Var ious Russian au tho rs  refer t o  

d i f f e r e n t  s t a t i o n s  as t h e  " f i r s t  
i n d u s t r i a l "  o r  " f i r s t  semi - indus t r ia l "  
underground c o a l  g a s i f i c a t i o n  s t a t i o n .  



r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t h e  Donsoda Fac t  r y  and then  t o  t h e  

Lis-chim-Combinat. 37 (The s t a t i o n  w a s  

designed t o  produce 0.5 m i l l i o n  m / 

day. )43 I n  December zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1941, t h e  

German i n v a s i o n  fo rced  te rm ina t ion  of 

t h e  exper iment ,  However, t h e  g a s i f i -  

c a t i o n  s i t e  w a s  excavated when t h e  

s t a t i o n  w a s  reopened a f t e r  t h e  w a r .  

3 

A Belg ian reviewer37 wrote i n  1951 

t h a t  o t h e r  s t a t i o n s  w e r e  a l s o  under 

c o n s t r u c t i o n  b e f o r e  World War I1 a t  

t h e  fo l l ow ing  l o c a t i o n s :  Novo Kuznets 

i n  S i b e r i a ,  Gr ischenov i n  t h e  Donets. 

Chelyabinsk i n  t h e  Urals and Kurachovka 

i n  t h e  Ukraine. The Sov ie t  au tho r  

N u ~ i n o v , ~ ~  i n  h i s  1941 review, mentioned 

t h e  l a t t e r  two s t a t i o n s ,  bu t  w e  were 

unab le  t o  f i n d  any in fo rmat ion  concern- 

i n g  i n d u s t r i a l  o r  semi - i ndus t r i a l  

p roduc t ion  from t h e s e  s t a t i o n s ,  

It w a s  r e p o r t e d  i n  1941 t h a t  i n  

Sov ie t  c o a l  mines about  70% of t h e  

l a b o r  w a s  underground, w h i l e  i n  t h e  

underground g a s i f i c a t i o n  s t a t i o n s  

on ly  about  15% of t h e  l a b o r  w a s  

underground. (When t h e  s t r e a m  method 

w a s  used, t h e  underground channe ls  

were mined ou t  manually.) 

duc t i on  c a p a c i t y  of a worker a t  an 

underground g a s i f i c a t i o n  s t a t i o n  w a s  

about  f i v e  times t h a t  of an o r d i n a r y  

miner (energy e q u i v a l e n t  .) 

The pro- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA44" 

* 
The produc t ion  c a p a c i t y  of an  aver- 

age Russian miner i n  t h e  1930 's  w a s  
r e p o r t e d  a t  v a r i o u s  amounts rang ing  
between 30 and 60 t /mo.44,45 
even t h e  l a r g e r  f i g u r e  i s  ve ry  s m a l l  
by today ' s  s t a n d a r d s ,  t h e  approximate 
c a p a c i t y  seems w e  11- s u b s t a n t i a t e d  - 

' 

Although 

Although t h e  S o v i e t s  were anx ious  

t o  b r i n g  t h e  underground c o a l  g a s i f i -  

c a t i o n  p rocess  t o  i n d u s t r i a l  s i z e ,  

t hey  recognized t h e  magnitude and 

complexity of t h e  problems f a c i n g  

them. Perhaps t h e  most p r e s s i n g  

problems w e r e  c o n t r o l  and automat ion.  

To s o l v e  t h e s e ,  i t  w a s  necessa ry  t o  

o b t a i n  a c c u r a t e  reco rds  of t h e  tem- 

p e r a t u r e  and p o s i t i o n s  of  t h e  f i r e  

f r o n t ,  t o  develop p r e c i s e  methods of 

measuring and r e g u l a t i n g  t h e  q u a l i t y  

and q u a n t i t y  of gas  produced, and 

t o  i n v e s t i g a t e  t h e  p h y s i c a l  and chem- 

i c a l  changes of t h e  c o a l  and surround- 

i n g  s t ra ta  wh i le  cons ide r ing  t h e  d i f -  

f e r e n t  g e o l o g i c a l  c o n d i t i o n s  a t  

v a r i o u s  s i tes.  

33 

46 

Sy 1940 several r e s e a r c h  

p r o j e c t s  47y48 had been conducted t o  

de termine,  f o r  example, t h e  "Behavior 

of t h e  Roof of a Coal Seam i n  t h e  

Presence of  Underground Gas i f i ca -  

t i ~ n . " ~ ~  I t  w a s  f e l t  t h a t  t h e  cho ice  

of g a s i f i c a t i o n  method' shou ld  be  

determined by t h e  g e o l o g i c a l  and 

hydrogeo log ica l  f e a t u r e s  of t h e  s i te .  

For example, i n  areas s u b j e c t  t o  roof  

i n s t a b i l i t i e s ,  t h e  stream method 

would n o t  be t h e  b e s t  cho ice .  25 It 

seemed t o  be commonly h e l d  t h a t  a 

series of bo reho les  prov ided t h e  b e s t  

c o n t a c t  of  b l a s t  and r e a c t i n g  su r -  

f a c e s  and, t h e r e f o r e ,  i t  w a s  r h e  most 

c o n t r o l l a b l e  and r e l i a b l e .  

(Although t h i s  op in ion  w a s  s t i l l  
49 

common as l a t e  as 1953, t h e r e  were 

\ 

49 
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apparen t l y  no g a s i f i c a t i o n  t r ia ls  

based on t h i s  method a f t e r  1936. 

Although i t  had g iven t h e  b e s t  r e s u l t s  

a t  t h e  exper imenta l  s t a g e ,  i t  w a s  ex- 

pens ive ,  r e q u i r e d  much underground 

l a b o r ,  and w a s  n o t  w e l l  s u i t e d  f o r  

expansion t o  i n d i l c t r i a l  s i z e . )  

I n  f l a t  and n e a r - f l a t  seams, cave- 

i n s  nea r  t h e  f i r e f a c e  cou ld  complete ly  

o b s t r u c t  t h e  f i r e f a c e ,  o f t e n  r e s u l t -  

i n g  i n  a cons ide rab le  resource  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
loss. I t  w a s  suggested t h a t  a t  

Tula (Moscow Basin) t h e  g a s i f i c a t i o n  

p rocess  should be  conducted a t  a 

temperature below t h e  me l t i ng  p o i n t  

of t h e  a s h ;  t h u s ,  t h e  a s h  would remain 

porous and h e l p  suppor t  t h e  r o o f .  

Chukanov and Sagaidak,  and Lavrov zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 2 , 5 3 , 5 4  

and co-workers used t h e i r  

knowledge of t h e  behav io r  o f  t h e  h igh  

ash  c o a l  and of t h e  sur round ing  s t r a t a  

t o  produce compel l ing arguments f o r  

i n c o r p o r a t i n g  a " f i l t r a t i o n  g a s i f i c a -  

t i o n "  phase i n  t h e  Moscow Basin 

p r o j e c t .  

50 

51 

Since t h e  e a r l i e s t  work on under- 

ground c o a l  g a s i f i c a t i o n ,  t h e  S o v i e t s  

had hoped u l t i m a t e l y  t o  e l i m i n a t e  t h e  

need f o r  underground l a b o r .  Even w i t h  

i n  s i t u  methods, some mining was re- 

qu i red  t o  c r e a t e  a channel  f o r  gas- 

i f i c a t i o n .  However, t hey  hoped non- 

mining methods of pe rmeab i l i t y  

enhancement would b e  adequate  where 

t h e  n a t i v e  pe rmeab i l i t y  w a s  r e l a t i v e l y  

h igh ,  as i s  t h e  case f o r  t h e  brown 

c o a l  seams of t h e  Moscow Basin.  Thus, 

when t h e  Tula s t a t i o n  w a s  reopened 

i n  J u l y  1942 ( fo l low ing  t h e  pe r iod  

of w a r t i m e  evacua t ion ) ,  i t  w a s  decided 

n o t  t o  use  underground labo r .  Bore- 

ho les  were d r i l l e d  near  t h e  area 

gas i fed  by t h e  stream method t h e  yea r  

be fore .  These were then jo ined  t o  

t h e  o l d  f i r e  d r i f t  by g radua l l y  burn- 
36 i ng  through t h e  i n te rven ing  c o a l .  

The method adopted and pe r fec ted  i n  

t h e  succeeding y e a r s  a t  Tula depends 

i n  t h e  p r i n c i p l e  pu t  forward by Bet ts  

i n  h i s  B r i t i s h  P a t e n t  of 1909. Two 

ho les  were d r i l l e d ,  a i r  w a s  blown i n  

one boreho le ,  and a f i r e  was l i t  i n  

t h e  o t h e r .  A s  t h e  i n te rven ing  c o a l  

was heated  and d r i e d ,  shr inkage c racks  

and f i s s u r e s  developed and t h e  f i r e  

moved Loward the  i n l e t  a i r  ho le ,  

forming a h igh ly  permeable a s h - f i l l e d  

channel .  
55 

Few d e t a i l s  of t he  e a r l y  esper i -  

ments i n  t h e  Moscow Basin a r e  a v a i l -  

a b l e .  I t  i s  not  known when the  

s t ream~method was abandoned i n  f l a t  

seams, when t h e  Sov ie t  workers decided 

on t h e  r e c t a n g u l a r  p a t t e r n  employed 

today,  o r  how qu ick ly  they developed 

a technique f o r  l o c a t i n g  and con- 

t r o l l i n g  t h e  p rog ress  and d i r e c t i o n  

of t h e  f i r e f a c e .  Perhaps i t  i s  

u s e f u l  t o  mention b r i e f l y  one ear ly  

suggest ion  t h a t  may he lp  the  reader  

56 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAit 
I n  1957, Leshchiner  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& Urtchenko 

commented on t h e  d i r t h  of Sov ie t  
papers  i n  underground c o a l  g a s i f i c a -  
t i o n  pub l ished a f t e r  World War 11. 
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understand some of t h e  th ink ing  t h a t  

i f f ec ted  t h e  e a r l y  development of 

no-underground-labor i n  s i t u  c o a l  

g a s i f i c a t i o n .  I n  1939, Lavrov and 

co-workers suggested bor ing ho les  and 

e s t a b l i s h i n g  channe ls  on a r e c t a n g u l a r  

p a t t e r n  (F ig .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 4 ) .  However, they 

v i s u a l i z e d  “ f i l t r a t i o n  g a s i f i c a t i o n , ”  

t h a t  i s ,  t h e  burn tak ing  p l a c e  i n  t h e  

c o a l  volume, as opposed t o  beginning 

i n ,  and spread ing  ou t  from, t h e  chan- 

n e l ~ . ~ ~  It i s  no t  known whether t h i s  

method of i n j e c t i n g  and withdrawing 

a t  t h e  co rne rs  of t h e  p a t t e r n  w a s  

ever t r i e d .  

The stream method w i th  underground 

mining cont inued t o  be used i n  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 

s t e e p l y  d ipp ing  hard c o a l  beds of t h e  

Plan view zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r Gas / r Blast injection 

Vert i ca I bore ho I es 

Fig.  1 4 .  Plan v i e w  of “ f i l t r a t i o n  
g a s i f i c a t i o n ”  method proposed f o r  
Moscow reg ion  coa l .  

Donets. 

lowing World Wqr zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA11, a second set  of 

boreho les  w a s  i n t roduced i n t o  t h e  

des ign  (F ig .  15) t o  b r i ng  t h e  b l a s t  

c l o s e r  t o  t he  ox ida t i on  zone and t o  

Sometime i n  t h e  10 y r  f o l -  

End view 

Blast injection r r e m i A  

Fig.  15. Modi f i ca t ion  of stream method mod i f i ca t i on  of underground gas  
genera to r  f o r  s t e e p l y  d ipp ing  c o a l  beds. 
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lower t h e  hyd rau l i c  r e s i s t a n c e  t h a t  

reduced t h e  b l a s t  p r e s s u r e  a t  t h e  

f i r e face .21  Note t h a t  by b r ing ing  t h e  

b l a s t  through t h e  overburden o r  under- 

burden i n t o  t h e  bottom of t h e  pane l  

t o  be  g a s i f i e d ,  channel ing and bypass 

( l o s s  of resource)  are l a r g e l y  e l i m i -  

nated ,  and t h e r e f o r e  t h e  need f o r  

pe r fo ra ted  p i p e s  i s  a l s o  e l im ina ted .  

Although exper iments w i t h  h y d r a u l i c  

f r a c t u r i n g  w e r e  conducted a t  Gorlovka 

be fo re  t h e  w a r ,  and d i r e c t i o n a l  d r i l l -  

i n g  w a s  used i n  t h e  s t e e p l y  d ipp ing  

seams a t  L is ichansk  s i n c e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 9 4 8 ,  t h e  

Sov ie ts  cont inued t o  mine t h e  hor- 

i z o n t a l  f i r e  channe l  u n t i l  about  

1958. (Apparent ly ,  e l e c t r o l i n k i n g ,  

t h e  use  o f  e l e c t r i c i t y  t o  form t h e  

h igh l y  permeable channe l ,  w a s  f i rs t  

5 7  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

60 
t h e  Moscow Basin,59 Shmarev e t  a l .  

r e p o r t  t h a t  e l e c t r o l i n k a g e  w a s  n o t  

commerical ly a p p l i c a b l e  due t o  t h e  

compl icated arrangements requ i red  

and t h e  number of adverse  f e a t u r e s  

encountered") .  Today t h e  bore- 

h o l e s  i n  t h e  s t e e p l y  d ipp ing  ha rd  c o a l  

seams of  Yuzhno Abinsk are j o i n e d  by 

h y d r a u l i c  f r a c t u r i n g ,  pneumatic 

f r a c t u r i n g ,  o r  d i r e c t i o n a l  d r i l l i n g .  

Although d e t a i l s  concern ing t h e  u s e  

of s l a n t e d  bo reho les  are  g iven i n  

Ref. 1 9 ,  i t  shou ld  b e  mentioned t h a t  

s l a n t e d  bo reho les  were used bo th  i n  

t h e  f l a t  seams'of  t h e  Angren and t h e  

Moscow Basin brown coa ls ,  and i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAthe zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

11 

* 

* 
Yuzhno Abinsk b i tuminous seams, t o  

e l i m i n a t e  subs idence damage t o  t h e  

b l a s t  and exhaust  p i p e s .  

t r i e d  i n  t h e  Uni ted S t a t e s  by  F o r r e s t e r  

and Sarapuu a t  t h e  Missour i  School of * 
These two s t a t i o n s  w e r e  opened a f t e r  

t h e  developmental  p e r i o d  covered i n  
58 

Mines. While t h e  S o v i e t s  r e p o r t e d  
t h i s  r e p o r t .  They are o p e r a t i o n a l  
today and w i l l  be  d fscussed  i n  f u t u r e  

some s u c c e s s f u l  r e s u l t s  w i t h  e l e c t r o -  

l i n k i n g  i n  t h e  brown c o a l  seams of r e p o r t s .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Organizations and Institutes 

The development of underground 

c o a l  g a s i f i c a t i o n  t o  i t s  p r e s e n t  

des ign  h a s  taken p l a c e  l a r g e l y  i n  t h e  

f i e l d  exper iments desc r ibed  above. 

However, v a r i o u s  l a b o r a t o r y  and 

t h e o r e t i c a l  s t u d i e s  of t h e  p h y s i c a l  

and chemical  p rocesses  invo lved have 

been conducted i n  numerous i n s t i t u t e s  

throughout  t h e  S o v i e t  Union. A 

h i s t o r y  of  the development of under- 

ground c o a l  g a s i f i c a t i o n  would be  

incomplete w i thou t  a t  least a p a r t i a l  

l i s t  of t h e  v a r i o u s  o r g a n i z a t i o n s ,  

i n s t i t u t e s ,  and l a b o r a t o r i e s  t h a t  

have c o n t r i b u t e d  t o  t h e  p r e s e n t  under- 

s t a n d i n g  of t h e  p rocess .  

A s p e c i a l  commission on t h e  under- 

ground g a s i f i c a t i o n  of  c o a l  w a s  formed 

n 
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i n  t h e  e a r l y  1930 's  t o  o rgan ize  t h e  Sov ie t  Union. A f t e r  t h a t  t i m e ,  

o r i g i n a l  r e s e a r c h ,  and t h e  S t a t e  T r u s t ,  Podzemgaz c e n t r a l i z e d  and coord ina ted  

Podzemgaz, w a s  e s t a b l i s h e d  i n  1933 

as t h e  exper imenta l  branch.  Before 

t h e  w a r ,  t h e o r e t i c a l  and l a b o r a t o r y  

exper iments were conducted a t  t h e  

Donets I n s t i t u t e  of Coal Chemistry 

and a t  t h e  Power Engineer ing I n s t i t u t e  

of t h e  Academy of  Sc iences .  48 I n  

a d d i t i o n ,  eng inee rs  a t  t h e  under- 

ground gas si tes were conduct ing 

t h e o r e t i c a l  s t u d i e s  of v a r i o u s  

a s p e c t s  of t h e  p rocess .  
61  

A f t e r  World War I1 several i n s t i -  

t u t e s  of t h e  Academy of Sc iences  were 

ass igned s t u d i e s  on d i f f e r e n t  a s p e c t s  

of underground g a s i f i c a t i o n :  The 

I n s t i t u t e  of Fue l  Minera ls  s t u d i e d  

t h e  use  of  oxygen and steam b l a s t s ,  

and t h e  Mining I n s t i t u t e ,  Automat ics 

and Telemechanics I n s t i t u t e ,  and t h e  

Hydrogeologica l  Laboratory  s t u d i e d  

62 

63,64,65 
gas f low and leakage problems. 

I n  1949, a s p e c i a l  i n s t i t u t e ,  VNII 

Podzemgaz (Union S c i e n t i f i c  Research 

I n s t i t u t e  Podzemgaz), w a s  c r e a t e d  

t o  conduct r e s e a r c h  and p lanning.  

U n t i l  1957, t h e  S t a t e  T r u s t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA66 

Podzemgaz w a s  under  t h e  M in i s t r y  o f  

Coal. When t h i s  M in i s t r y  w a s  d i s -  

so lved a t  t h e  f e d e r a l  level  and re- 

e s t a b l i s h e d  i n  t h e  v a r i o u s  autonomous 

r e p u b l i c s  i n  1957, Podzemgaz w a s  

r e t a i n e d  a t  t h e  f e d e r a l  l eve l  and 

a t t a c h e d  t o  t h e  D i r e c t o r a t e  Genera l  

* 

of Gas, which func t ioned d i r e c t l y  

under t h e  Counci l  of M i n i s t e r s  of t h e  

t h e  Moscow I n s t i t u t e  (VNII Podzemgaz), 

and S t a l i n o  I n s t i t u t e  of  S t u d i e s  and 

P r o j e c t s ,  as w e l l  as t h e  act ive under- 

ground g a s i f i c a t i o n  s t a t i o n s  and 

those  under c o n s t r u c t i o n .  I t  a l s o  

c o l l a b o r a t e d  w i t h  t h e  s p e c i a l i z e d  

i n s t i t u t e s  of t h e  Academy o f  Sc iences ,  

which c o o r d i n a t e s  a l l  s c i e n t i f i c  

r e s e a r c h  i n  t h e  USSR. The Moscow 

I n s t i t u t e  f o r  Underground G a s i f i c a t i o n  

(VNII Podzemgaz) d i r e c t e d  b a s i c  re- 

sea rch  and fol lowed t h e  f i e l d  tests,  

ana lyz ing  and i n t e r p r e t i n g  r e s u l t s .  

By 1959, i t  had several l a b o r a t o r i e s  

conduct ing r e s e a r c h  on underground 

c o a l  g a s i f i c a t i o n ,  

"The Department of Mines w a s  

i n t e r e s t e d  i n  exp lo ra to ry  work (w i th  

boreho les  o r  mined channels  on gas i -  

f i e d  pane ls ,  ground movements, rock 

behav io r ,  and f i l l i n g  of t h e  g a s i f i e d  

space. The department of 'Hydrology 

and Geology' c a r r i e d  ou t  surveys  and 

s t u d i e d  methods zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfor d r a i n i n g  the  si tes 

b e f o r e  i g n i t i o n  and dur ing  opera t i on .  

Two ' G a s i f i c a t i o n '  depar tments 

s p e c i a l i z e d  i n  t h e  s tudy  of brown 

c o a l  and hard  c o a l ,  r e s p e c t i v e l y .  

These depar tments developed techn iques  

of underground l i n k i n g  and g a s i f i c a -  

t i o n  and s t u d i e d  t h e  r e a c t i o n  mecha- 

nism and t h e  i n f l u e n c e  of c e r t a i n  

v a r i a b l e s .  One department w a s  devoted 

t o  e l e c t r o - l i n k i n g ,  ano the r  t o  t h e  

improvement of methods f o r  remote- 

/ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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c o n t r o l  d r i l l i n g .  An aerodynamics 

department s t u d i e d  ques t i ons  pe r ta in -  

i n g  t o  gas f low and t h e  i n f l u e n c e  of 

t u rbu lence  (smal l -sca le  models).  

There w a s  a l s o  a department spec ia l -  

i z i n g  i n  remote c o n t r o l  and automat ion 

of opera t i ons .  F i n a l l y ,  an  economics 

department determined t h e  p r o f i t a b i l -  

i t y  of proposed methods o r  act ive 

s t a t i o n s ,  and an  in fo rmat ion  depar t -  

ment fo l lowed c l o s e l y  a l l  l i t e r a t u r e  

pub l ished abroad.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1157 

The S t a l i n o  I n s t i t u t e  of S t u d i e s  

and P r o j e c t s ,  GIPRO Podzemgaz, 

l o c a t e d  a t  S t a l i n o  on t h e  e a s t e r n  

border  of the Ukraine, planned t h e  

l a r g e  scale p r o j e c t s .  I n  a d d i t i o n ,  

i t  examined problems r e l a t e d  t o  gas  

t r a n s p o r t a t i o n  and usage.  For 

example, "This i n s t i t u t e  developed 

bu rne rs  t h a t  s t a b i l i z e  a f lame o f  

800-900 kcal /m 

use of gas from underground g a s i f i c a -  

t i o n  f o r  household app l i ances .  The 

I n s t i t u t e  supp l i ed  d a t a  f o r  t h e  

des ign  of two gas  t u r b i n e s  a t  Schatsky 

(12 MW each)  and s t u d i e d  t h e  h e a t i n g  

of Hoffman b r i c k  ovens by gas  from 

underground g a s i f i c a t i o n .  It pre-  

phred t h e  p l a n s  f o r  t h e  s t a t i o n s  a t  

Schatsky,  Angren and Kamensky, as 

w e l l  as t h e  p r o j e c t s  f o r  f u t u r e  and 

more powerfu l  s t a t i o n s . . .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 
gas and permi t  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
115 7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

9; 
The Kamensky s t a t i o n  w a s  opened 

a f t e r  t h e  developmental  p e r i o d  covered 
i n  t h i s  r e p o r t .  I t  w a s  b u i l t  t o  
g a s i f y  a n t h r a c i t e  b u t  t h e r e  seems t o  
be  only  r e f e r e n c e s  t o  p roduc t ion  
t h e r e .  See Ref.  67 .  
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Appendix zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 
Basic Principles of Coal Gasification* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

The o b j e c t i v e  o f  underground 'coa l  

g a s i f i c a t i o n  i s  t o  conver t  c o a l  i n t o  

a combust ib le  gas by conduct ing t h e  

a p p r o p r i a t e  chemical p rocess  under- 

ground. A i r ,  and sometimes oxygen zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' 

enr iched a i r ,  i s  used t o  p a r t i a l l y  

combust t h e  c o a l  t o  produce t h i s  gas.  

During g a s i f i c a t i o n ,  h o t  gases  from 

t h e  f lame f r o n t  u s u a l l y  h e a t  t h e  c o a l  

t o  a h igh  tempera ture  i n  a reduc ing  

environment b e f o r e  i t  i s  consumed by 

o x i d a t i o n  r e a c t i o n s .  When t h e  c o a l  

i s  h e a t e d ,  i t  undergoes thermal  de- 

composit ion and releases v a r i o u s  

chemical p roduc ts  i n t o  t h e  gas  stream. 

These chemical. p roduc ts ,  known a s  

p y r o l y s i s  p roduc ts ,  are composed of 

methane, e thane ,  and o t h e r  hydrocarbons 

with-a h e a t i n g  va lue  g r e a t e r  t han  t h a t  

of H2 o r  CO. 

underground c o a l  g a s i f i c a t i o n ,  t h e  

p y r o l y s i s  products  g r e a t l y  af fect  the 

composi t ion of t h e  produc t  gas .  

I n  bo th  s u r f a c e  and 

I n  most c o a l  g a s i f i c a t i o n  opera- 

t i o n s ,  t h e  o x i d a t i o n  r e a c t i o n s  occur  

n o t  between oxygen and c o a l ,  b u t  

r a t h e r  between oxygen and cha r  ( t h e  

end produc t  of p y r o l y s i s ,  p r i m a r i l y  

carbon) .  Based on l a b o r a t o r y  and 

i n - s i t u  exper iments w i t h  t h e  c o a l  

g a s i f i c a t i o n  p r o c e s s ,  t h e  Sov ie t  

* 
See R e f .  1 9  f o r  a complete desc r ip -  

t i o n  of  t h e s e  b a s i c  p r i n c i p l e s .  

sc ien t is ts  pub l ished t h e  fo l l ow ing  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
summary of t h e  sequence of r e a c t i o n s .  

"The oxygen of t h e  a i r ,  coming 

i n t o  c o n t a c t  w i t h  p a r t  of t h e  carbon 

channel  which i s  hea ted  beyond t h e  

tempera ture  of  combustion, reacts 

wi th  t h e  carbon on t h e  s u r f a c e  of t h e  

channe l  and forms ox ides  of  carbon 

accord ing  t o  t h e  equa t ions  C + 0 

= C 0 2  and 2 C  + 0 = 2CO. The r e s u l t -  
2 

a n t  carbon d iox ide  would b e  rep laced  

on t h e  carbon qhannel  by carbon 

monoxide accord ing  t o  t h e  equa t ion  

C 0 2  + C = 2CO. 

s e c t i o n  of t h e  channe l  t h e  g r e a t e s t  

concen t ra t i on  of oxygen i n  t h e  gas 

c u r r e n t  w i l l  arise a long  t h e  a x i s  of  

t h e  channe l ,  and t h e  g r e a t e s t  concen- 

t r a t i o n  of  carbon monoxide w i l l  b e  

on t h e  walls. 

f e r e n c e  i n  t h e  c o n c e n t r a t i o n s  and 

also on poss ib le  t u rbu lence  of the 

55 

2 

There fo re  i n  a c r o s s  

Depending on t h e  d i f -  

current of gases ,  t h e  resul tant  

carbon monoxide sp reads  from t h e  c o a l  

s u r f a c e  towards t h e  oxygen which 

comes from t h e  volume of gas  towards 

t h e  c o a l  s u r f a c e .  On meet ing t h e  

oxygen of t h e  a i r ,  t h e  carbon monoxide 

burns i n t o  carbon d i o x i d e  accord ing  

t o  t h e  r e a c t i o n  2CO + 0 = 2 C 0 2 .  The 
2 

burn ing  of t h e  carbon monoxide l e a d s ,  

i n  t h e  f i r s t  p l a c e ,  t o  a n  increase 

i n  t h e  carbon d iox ide  i n  t h e  g a s ,  and 

secondly  h i n d e r s  p e n e t r a t i o n  by t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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f r e e  oxygen t o  t h e  carbon s u r f a c e  of 

t h e  channe l .  Gradua l ly ,  a long  a 

c e r t a i n  l e n g t h  of t h e  channe l ,  t h e  

f r e e  oxygen i n  t h e  a i r  i s  p r a c t i c a l l y  

a l l  used up i n  burn ing  carbon monox- 

i d e ,  and t h e  c o n t e n t  of carbon d i o x i d e  

i n  t h e  gas reaches  i t s  maximum. 

F u r t h e r  a long t h e  l i n e  of t h e  d r a f t  

i n  t h e  channel  on ly  t h e  r e d u c t i o n  of 

carbon d iox ide  t a k e s  place, and w i t h  

t h i s ,  t h e  c o n c e n t r a t i o n  of  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACO i s  

reduced and t h a t  of carbon monoxide 

i n c r e a s e d .  The o x i d a t i o n  and reduc- 

t i o n  zones are d iv ided  a long  t h e  

l e n g t h  of t h e  channel .  I n  t h e  f i r s t  

zone o x i d a t i o n  r e a c t i o n s  on t h e  sur-  

f a c e  of t h e  carbon, as w e l l  as i n  t h e  

6.olume of t h e  g a s e s ,  predominate,  and 

i n  t h e  second zone r e d u c t i o n  reac-  

t i o n s  t a k i n g  p l a c e  on t h e  s u r f a c e  of 

t h e  carbon predominate.  It w a s  noted  

t h a t  t h e  g r e a t e r  t h e  d iameter  of t h e  

channe l ,  t h e  l o n g e r  were t h e  zones 

o b t a i n e d ,  and t h e  more i n t e n s i v e  t h e  

mixing of t h e  gas  c u r r e n t s ,  t h e  

s h o r t e r  became t h e  zones. 

2 

I 
“Having examined t h e  p rocess  of  

gas  fo rmat ion  i n  a channe l  w i t h  t h e  

use  of  a c u r r e n t  of  a i r ,  w e  s e e  t h a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
in q u a l i t y  i t  is i d e n t i c a l  w i t h  t h e  

p rocess  of gas  fo rmat ion  i n  a bed of  

coke. Th is  i s  exp la ined  by t h e  f a c t  

t h a t  i n  bo th  p rocesses  n o t  on l y  do 

t h e  same r e a c t i o n s  t a k e  p l a c e  b u t  

t hey  depend on t h e  same f a c t o r s .  

essence ,  a bed of f u e l  may more o r  

less b e  regarded as a system of 

I n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-48- 

p a r a l l e l  channe ls  p e n e t r a t i n g  t h e  bed 

between t h e  p i e c e s  of f u e l ,  through 

which passes  t h e  d r a f t  and t h e n  t h e  

gas p roduc ts  r e s u l t i n g  from t h e  

r e a c t i o n s .  These channels  have a 

v a r i a b l e  s e c t i o n  i n  l e n g t h .  The axes 

are n o t  s t r a i g h t  l i n e s  b u t  wavy ones ;  I 

t h e  channels  are n o t  i s o l a t e d  from 

each o t h e r  b u t  are connected. The 

b a s i c  p rocess  of gas  fo rmat ion  t a k e s  

p l a c e  as a r e s u l t  of t h e  i n t e r a c t i o n  

between t h e  hard  carbon w a l l s  of 

t h e s e  channels  formed by t h e  s u r f a c e s  

of s e p a r a t e  p i e c e s  of f u e l  and t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

c;( 

I 

1 

moving gas c u r r e n t  pass ing  a long t h e  

channe ls .  I n  t h e s e  channels  t o g e t h e r  

w i th  t h e  d i r e c t  i n t e r a c t i o n  of  t h e  

oxygen of t h e  a i r  wi th  t h e  carbon of 

t h e  oxygen of t h e  a i r  w i t h  t h e  carbon 

of t h e  s u r f a c e s  o f  t h e  p i e c e s  of f u e l ,  

a fo rmat ion  of two ox ides  of carbon 

C 0 2  and CO - a lso  t a k e s  p lace .  On 

t h e  s u r f a c e  of  t h e  f u e l  CO i s  re- 

placed by COY which i s  d i f f u s e d  from 

t h e r e  t o  t h e  a x i s  of t h e  channe ls ,  

and t h e  oxygen, c o n t r a r i w i s e ,  i s  

d i f f u s e d  from t h e  a x i s  of t h e  a i r  

c u r r e n t  towards t h e  f u e l  s u r f a c e .  

When t h e  oxygen c o n t a c t s  t h e  carbon 

monoxide t h e  l a t t e r  burns  i n t o  car -  

bon d i o x i d e ,  and i n  t h i s  way CO i s  

t h e  carrier of t h e  oxygen atoms from 

t h e  volume of gases  t o  t h e  s u r f a c e  of  

f u e l .  

2 

2 

The scheme of gas fo rmat ion  i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI t  

i n  p r i n c i p l e  t h e  same f o r  a s i n g l e  

channel  as f o r  a series of p a r a l l e l  



channels  i n  a bed. However t h e r e  a r e  

d i f f e r e n c e s  i n  t h e  two p rocesses .  

These d i f f e r e n c e s  concern i n  t h e  f i r s t  

p l a c e  t h e  area of t h e  s e p a r a t e  zones 

of t h e  p rocess .  I f  t h e  average d i -  

ameter of t h e  p i e c e s  of  coke i s  taken 

as t h e  s tandard  i n  t h e  f u e l  bed,  i t s  

d iameter  as t h a t  of t h e  channe l ,  then 

t h e  l e n g t h  expressed by t h e s e  s tandard  

measures w i l l  be c a l l e d  t h e  re la t ive 

l e n g t h  of t h e  zones.  I n  the  bed,  t h e  

l e n g t h  of t h e  o x i d a t i o n  zone i s  equa l  

t o  t h r e e  times t h e  average d iameter  

of t h e  p i e c e s  of f u e l  and t h e  dimension 

of t h e  reduc t i on  zone i s  t h r e e  o r  f o u r  

t i m e s  a s  g r e a t  as t h e  s i z e  of t h e  

ox ida t i on  zone. I n  a s t r a i g h t  channe l  

t h e  re la t i ve  s i z e  of t h e  zones i s  many 

t imes g r e a t e r  t han  i n  a bed. Th is  i s  

exp la ined by t h e  f a c t  t h a t  i n  a bed 

of f u e l  where t h e  channels  t w i s t  and 

t u r n  a g r e a t  d e a l  and become wider  

and narrower i n  t u r n ,  t h e  i n t e n s i t y  

of t h e  mixing of  t h e  gas  c u r r e n t  i s  

many times g r e a t e r  than t h a t  i n  a 

s t r a i g h t  channe l  of c o n s t a n t  d iamete r .  

One more c i rcumstance shou ld  b e  

noted.  The speed of t h e  r e d u c t i o n ,  

r e a c t i o n s ,  which u s u a l l y  t a k e  p l a c e  

i n  t h e  k i n e t i c  phase of r e a c t i o n  of  

t r a n s i t i o n a l  phase n e a r  i t ,  i s  v e r y  

s e n s i t i v e  t o  t h e  temperature of  t h e  

process .  There fore  t h e  h i g h e r  t h e  

temperature t h e  g r e a t e r  t h e  speed of 

t h e  reduc t i on  of CO and t h e  s h o r t e r  

t h e  reduc t i on  zone which converse ly  

i s  g r e a t l y  lengthened by t h e  f a l l i n g  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 1  

2 

temperature.  I n  temperatures o f  less 

than  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 O O 0 C  t h e  reduc t i on  p rocess  can 

be  p r a c t i c a l l y  excluded zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. I t  

* 

"If char  i s  combusted s tochiome t- 

r i c a l l y  i n  pure  oxygen i n  t h e  absence 

of h e a t  l o s s e s ,  burn tempera tures  as 

high as 3000 K would be  expec ted .  

This  i s  f a r  i n  excess  of t h e  temper- 

a t u r e  needed t o  produce a r e a c t i o n  

produc t  of e s s e n t i a l l y  a l l  CO.  How- 

ever, such a r e a c t i o n  system i s  i n -  

e f f i c i e n t  because a l a r g e  f r a c t i o n  

(approximately 25%) of t h e  h e a t  o f  

combustion of t h e  cha r  i s  expended 

f o r  f u r t h e r  h e a t i n g  o f  t h e  CO r a t h e r  

than f o r  producing more combust ib le  

p roduc t .  The re fo re ,  steam i s  added 

t o  u t i l i z e  t h i s  excess  h e a t  o f  

r e a c t i o n  and t o  produce more 

combust ib le  gas:  

68 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

H zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 + C -+ CO + H - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA31.4  kcal /g-mol.  
2 2 

" I n  underground c o a l  g a s i f i c a t i o n  

systems o p e r a t i n g  below t h e  water 

t a b l e ,  water i s  added unavoidably  

i n t o  the  r e a c t i o n  zone by leakage 

from t h e  sur round ing  fo rmat ions .  I n  

f a c t ,  t h e  Sov ie t  exper ience i n  t h e  

use of a i r  f o r  underground g a s i f i c a -  

t i o n  has  revealed t h a t  t h e  n a t u r a l  

water i n t r u s i o n  ra te  can e a s i l y  exceed 

t h e  optimum ra te  and r e s u l t  i n  reduced 

e f f i c i e n c y  of t h e  process  due t o  ex- 

cessive coo l i ng  of  t h e  r e a c t i o n  

* 
Th is  i s  taken from Ref .  55. For a 

more complete d e s c r i p t i o n ,  t h e  r e a d e r  
i s  r e f e r r e d  t o  Ref.  19 .  
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of a i r ,  t h e  c o s t  and q u a n t i t y  of 

oxygen r e q u i r e d  i s  a major concern.  

I n  t h i s  c a s e ,  t h e  a d d i t i o n  of steam 

no t  on ly  improves t h e  energy e f f i -  

c iency  of t h e  p rocess  by u t i l i z i n g  

t h e  excess h e a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[CO = CO (C02  

= 2 C 0 ,  2CO + O2 = 2CO 

thermic ]  b u t  a l s o  minimizes t h e  

amount of oxygen r e q u i r e d  p e r  ton  of 

coa l  g a s i f i e d ,  s i g n i f i c a n t l y  improv- 

i n g  t h e  economics of t h e  p rocess .  

When oxygen i s  used i n s t e a d  

2 2, 
are a l l  exo- 

2 

68 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

“A s i m i l a r  means of e f f e c t i v e l y  

u t i l i z i n g  t h e  excess  combustion energy 

is accomplished by reduc ing  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC02 t o  

co : 

CO + C -f 2CO - 4 1 . 2  kcal/g-mol. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2 

I n  f a c t ,  t h i s  r e a c t i o n  r o u t i n e l y  

occurs  i n  long g a s i f i c a t i o n  channe ls  

as t h e  C 0 2  formed upst ream i s  reduced 

t o  CO f u r t h e r  downstream. 
2111* 

* 
Repr in ted  from R e f .  19 .  
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