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Hat  Creek  Project 

Spontaneous  Combustion  Tests 
Update t o   i n c l u d e  S , .  I .P.  82 

By: W.C. F o t h e r g i l l  December 1982 

1 )  - I n t r o d u c t i o n  

The repo r t   da ted  9 Cecember 1977 by D.A. Fawcett was based on the  
t e s t s  and observat ions  conducted  dur ing  the 1977 Bulk sample  program  coal 
excavat ions and i t s  coa l   s to rage  p i les .  

This  update i s  w r i t t e n   t o  add the  informat ion  of   spontaneous  conlbust ion 
occurrences a t   t h e   c o n c l u s i o n   o f   t h e  S . I . P .  82 A zone coal  (Trench D) program 
t o   t h a t   o f   t h e   o r i g i n a l   r e p o r t  by D.A. Fawcett. 

2 )  The S . I . P .  82 - A Zone Coal - Trench D Coal P i l e s  

The Mining,  geology, and crushing  sampling work i s  r e p o r t e d   i n   d e t a i l  
i n   t h e  Trench 0 r e p o r t .  

Eleven  (11)  coal sub zone o r  groups o f  sub  zones  samples vary ing 
from  500-1200  tons  each were pu t   i n   separa te   p i l es   unc rushed   i n   t he   coa l   ya rd  
as d e p i c t e d   i n   t h e  accompanying  plan. The f l o o r   o f   t h i s  1982 coal   yard was 

c o a l   f l o o r .   S e l e c t i v e l y  mined f rom  each.of   the 11 sub  zone groups i n  Trench ' D '  
t h e   l e v e l l e d   o f f  compacted  top o f   t h e  1977 c o a l   p i l e s ,  so i t  i s  a we l l  compacted 

were  samples c u t   f o r   c r u s h i n g  and b lended  in to  a 800 t o n   p i l e   ( # 1 4 )   f o r   t h e  
wash t e s t  sample. The o ld   crushed  coal   p i les  f rom  the 1977 Bulk sample  program 
were moved t o   t h e i r  new p o s i t i o n  #13 and #15 t o  make space f o r   t h e  new b l e n d   p i l e .  

A new was-te coal  dunp was formed t o   t h e  E a s t  o f   t h e   o l d  1977 waste 
coa l  dump. 

3)  Temperature  Monitor ing  of   the  Coal   Pi les 

t h e  f i r s t  week a f t e r   e x c a v a t i c n  and t ranspor t ing .  
All the R.O.M. p i l e s  were  packed  by bu l ldozers a f t e r  heap ing   w i th in  

sample  shipment,  but when temperatures  of   hot   spots had reached 90-100 C 

were  then  turned  over and the  whole dump packed. 3/8"  metal  pipes  (probes) 
i n d i c a t i n g   i g n i t i o n   o f   f i r e s  was about   to  s t a r t  t h e   h o t   p o i n t s   o f   t h e  dump 

were i n j e c t e d   i n   a l l   p i l e s  spaced  over  the  area  of   the  p i le and d r i ven  down 
t o  a depth of 5 f e e t   o r  more. 

The crushed  coal  blend p i l e  remained  unpacked f o r  a month a fher   the  

Temperature  readings  using a thermocouple u n i t   i n   t h e  probes  were 
l i s t e d  on the   a t tached  record   sheets   wh ich   ind ica te   the   p i le  and also  ambient 
cond i t i ons .  When hot  spots were observed i n   p o s i t i o n s   n o t   c l o s e   t o   t h e  probes, 
temperatures  were  checked by thermometer i n s e r t i o n   i n   t h e   c o a l   s u r f a c e   a i r  
spaces. 
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4 )  Occurrence  of  Fires 

1 

heated u p  t o  over the basic 40 C 80 reach  burning  conditions  with  steam and 
smoke,  and temperatures of 90-100 C .  These two p i les  ( # l - B  zone and #14-700 
tons  crushed  blended  coal) took. approximately 30 days t o  s ta r t  heatingofrom 
time o f  mining and approximately 60 days t o  reach  temperatures over 65 C 
where spontaneous  ignition  could s t a r t .  The h o t  spots were del iberately 
l e f t  untouched to  observe  the  consequences.  Temperatures  appeared t o  level 
off b u t  spread t h r o u g h  a larger  area of the dump for  another month .  A t  t h l s  
time (90 days)  the  f irst   snowfall  and gnset o f  winter  temperatures seemed t o  
t r igger  a f l a r e  u p  of heating t o  80-85 C with accompanying steam and smoke 
.in the  hot  spots  of  these 2 coitl p i les .  Digging in to  the pile  revealed t h a t  
the h o t  areas were confined t o  shallow  depths of 4-5 f e e t  where the moisture 
of the  melting snow  had penetrated.  Surface packhng of these  areas seemed 
t o  be adequate t o  reduce  temperatures t o  below  40 C .  However, the  next snow- 
f a l l s  2 weeks l a t e r  (120  days a f t e r  mining)  caused  both p i les  t o  dgvelope 
much larger   areas  of spontaneous combustion (temperatures o v w  100 C ) .  Th's 
time  the  affected  parts  of each pile  (about 1/2 (of each) were dozed out and 
spread for  dissipation  8f  the  heat.  This  extinquished the f i r e s ,  and temperatures 
reduced to   less   than 30 C before  repiling and packing was done. A 6" layer 
of ash was found a t  the bottom of the B1 coal  pi'le on the south side when 
.it was turned over by the dozer - probably  percolating waters reaching  to 
o l d  surface  accelerated  the  ox'dation and spontaneous  combustion there. 

5 )  Observations 

Only two of the  coa1,piles  developed  spontaneous combustion and 

There i s  no explanat'on  as  to why only 2 out of the  13 new coal 
piles  developed  spontaneous cornbustion.  All piles  received  the same  amount 
of packing and  treatment when  dumped except  for the two crushed p i l e s .  No 
vis ib le   pyr i te  or other minera' was found in the h o t  spots  that  were dug 
out and examined. 

either  the  large  waste  coal  pi: e which was well packed as  the dump was fornled 
imd has been covered by topsoi l ,  or i n  any of the smaller  coaly  waste  pile:; 
, (clay  partings) which were n o t  packed. 

No spontaneous  combustion o r  heating has been located  as  yet   in 

the 1977  Bulk sample program were moved  by bulldozing and loader  pil ing  to 
new posit ions and repacked there .  There i s  no apparent  deterioration  of  coal 
( juali ty due to  oxidization or spontaneous combus.tion due t o  the  long  storage. 

The old  crushed  coal  piles  that have been standing  for- 5 years s'ince 
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introduction 

when exposed to   such   condi t ions .ns   wind ,   hea t  and mois ture   in   s torage  
s t o c k p i l e s .  Test p i l e s  of crushed  coal  were established  and  temperatu'ce 
monitor ing and observa t ion   car r ied   ou t  on these  and  the r a w  coal   s tock-  
p i l e s   t o  accumul.ate  information on h e a t   b u i l d  up  and  occurrence of f i r e s .  
This r epor t   desc r ibes   t he  test  p i l e s ,  methods  of  monitoring,  observations 
and r e s u l t s .  

Spontaneous  combostion is a problem  with  most low rank   coa ls  
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Four p i l e s  of c rushed   coa l   were   spe .c i f ica l ly   bu i l t   fo r  ; 
temperature   monitor ing;  the:?  were: 

a.   Trench B loose coal   p i le   (approximate ly  500 t o n s ) ,  

b.  Trench B compacted  coal   pi le   (approximately 900 t o n s ) ,  

c.  Trench A l oose   coa l   p i l e   ( approx ima te ly  750 t o n s ) ,  

d.  Trench A compacted coa l   p i le   (approximate ly  700 tons ) .  

These were of suf:Eicient  volume and dimensions  to   a l low 

are i m p o r t a n t   f a c t o r s   i n f l u e n c i n g   r a t e  of oxidat ion  and  heat  
adequa te   exposure   t o   t he   e l emen t s   a s  wind and ambient  temperatures 

d i s s i p a t i o n .  When the   hea t   o f   ox ida t ion   exceeds   t he   r a t e  of hea t  
d i s s i p a t i o n   d a n g e r  of spontmeous  combust ion  exis ts .  

The Trench B loose p i l e  was b u i l t  by  dumping t h e   c o a l  from 
as h igh  as poss ib l e   w i th   t he   f ron t - end   l oade r  and p rogres s ive ly  
e x t e n d i n g   t h e   p i l e  in a r e c t a n g u l a r   s h a p e   a t  maximum height   (approxi -  
ma te ly  10 f e e t )   w h i l e   a v o i d i n g   t r a v e l  on the   coa l .  The  Trench A 
l o o s e  p i l e  was s i m i l a r l y   b u i l t   b u t   i n  a  more conical   shape  with a 
c o r e  of l i g h t l y  compacted  coal  where  the  loader ramped  up to   ach ieve  

b u i l t  by s p r e a d i n g   t h e   c o a l   i n  6 t o  12 ' inch  1.ayers  then  driving  over 
s u f f i c i e n t   h e i g h t   ( a p p r o x i m a t e l y  15 f e e t ) .  The compacted p i l e s  were 

i t  w i t h  t he   l oade r .   These   p i l e s  reached  a maximum he igh t  of  about 
5 f e e t  due t o  low  s lope  angles   on t h e   p i l e s  and s p a c e   l i m i t a t i o n s .  

i n   a d d i t i o n   t o   t h e s e   p i l e s  a l a r g e r  compacted (4000 ton 
r e s e r v e   c r u s h e d   c o a l   p i l e )   v a s   m o n i t o r e d   f o r   a d d i t i o n a l   d a t a .  

Temperature  monitoring was a l s o   c a r r i e d   o u t  on t h e  low 
g rade   p i l e ,   t he   coa ly   was t e  p i l e  and t h e   c o a l   p i l e s   a t   T r e n c h  B. 
The  low  grade p i l e  was n o t   f u l l y  compacted  and  had s t r a t i f i c a t i o n s  
Of larger blocky coal tha t  allowed a i r  c i rcul .a t ion  through large 
P o r t i o n s   o f   t h e   p i l e .  The coa ly   was t e   p i l e  was moderately w e l l  
compacted. 

l o c a t i o n s   a r e   i n c l u d e d   i n   t h e   A p p e n d i x .  
P l ans  of t h e   m o n i m r e d   p i l e s  showing  geometry  and  probe 
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Methods  of Monitoring 

The temperature i n   t h e   c o a l   p i l e s  were  taken by lowering a 
thermometer down 3 / 4  or :1/8 inch I.D. metal  pipes  (probes) which  had  been 
d r i v e n   i n t o   t h e   p i l e s  f o ~  th i s   purpose .   Af te r   each   tes t   p i le  was cor,- 
s t r u c t e d ,  3 and 5 foot  p:l~pes were d r iven   i n  a t  approximarely 4 5 O  on the  
s i d e s  and v e r t i c a l  on the   tops   o f   the   p i les .  The probes  were  spaced 
ove r   t he   en t i r e   a r ea  of a p i l e  s o  t h a t   r e p r e s e n t a t i v e   d a t a  of t h e  hea.t 
bu i ld  up could  be  obtained.  Similarly  probes  were  driven  into  the  ccaly 
waste  and low g rade   p i l e s .  

In   t ak ing  a reading  the  thermometer was l e f t   i n   t h e   p i l e  from 
th ree   t o   f i ve   minu te s  dellending on temperatures  expected,  then  pulled  out 
a s   q u i c k l y   a s   p o s s i b l e  and the   reading   taken;   wi th   ho t   in te rna l   t empera tures  

b u t  t h i s  was within  the  ~-an.ge  of  accuracy  desired.  A complete set of  records 
the  mercury would drop   s tvera l   degrees  by t h e  time t h e  thermometer wa.s read ,  

is being  kept  on f i l e ;  a sample  sheet  has  been  included  in  the  Appendix. 

La te r   i n   t he  pl-ogram a thermocouple u n i t  was used  to  take  the 

meter. The cable  was lovered down the  pipe and the   r ead ing   t aken   a f t e r  
readings.  The unit   cons;.sted of a f l ex ib l e   cab le   a t t ac .hed   t o  a hand held 

a br ie f   pause   for   the   thermocouple   to   s tab i l ize .  This u n i t  was introduced 
to   speed up the  task  of  t .aking  the  temperatures and  worked qui te   adequately.  

An instrument commonly ca l led   an   " inf ra red  gun" was t e s t e d   t o  
determine i ts  s u i t a b i l i t y   i n   d e t e c t i n g   a r e a s   i n   t h e   c o a l   p i l e s  where  heat- 

a d i s t ance  of  approximately 10 fee t   wi th   the   t empera ture   reading   ob ta ined  
ing  was occurr ing.   Basical ly   the  instrument  is pointed a t  t h e   p i l e  from 

tempera tures   d id   no t   exhjb i t   suf f ic ien t   range   for   read i . ly   de tec t ing   changes ;  
from a d i a l  on t h e  instrument .  It did  not  work s a t i s f a c t o r i l y   a s   t h e   s u r f a c e  

the   sur face   t empera tures  were much lower  than  the  coal  below; and  by the  
time the  instrument  could  pick up s ign i f i can t   t empera tu re   i nc reases ,   o the r  
s i g n s  of heating  were  prevalent  (steam com:tng o f f   t h e   p i l e  above the   ho t  
c o a l  and whi te   evapor i tes  on the   su r f ace )  which i n d i c a t e d   t h a t  t h e  coa l  
was approaching  the  danger  point  for  spontaneous  ignit i .on.  



Occurrence  of Fires 

8 Heating  within  the  piles was first  observed  in  the  stockpiles 
I . of  crushed  coal  prepared  for t.he 7000 ton  sample;  steam was noticed 

coming  from  a  bucket  load of  coal  6eing dumped  into  a  truck  for  transport 
to  the  rail  siding  at Ashcroft:. Temperatures were taken  the  following 
day and  were  found  to range from 60 to 70 C in the  warmest  area.  As 
there was not  any  prior  experj-ence with spontaneous  ignition  of  the  Hat 
Creek  coals,  the  hot coal  was dug out  and  compacted to prevent  any 

Following  this  occurrence dai1.y observation  of  the  piles was made and  a 
further heating. This pile  had been exposed  for  approximately  two  weeks. 

temperature monitor:Lng  program established. 

0 

Fires  began  occurring i n  the uncrushed low grade  pile  after 50 

pile in areas  that  appeared loose and made up  of  a  high  percentage  of 
to 70 days of exposure. These generally  occurred  around  the  base  of  the 

lumps.  This  pile was observed  to  gradually  heat  over  fairly  large areas 
with fires  occurring frequent1.y within these  zones. The fires  and  hot 
coal were dug  out when discovered  and  the  hot coal compacted. These 
fires continued  to  occur  until the pile was sloped  and  the  surface 
thoroughly  compacted by  padding  a Caterpillar D-6 bulldozer  over it. 

Fires started  occurring in the  loose  crushed  piles  after  four 
weeks of exposure and  continued  to break  out  until  the  piles were com- 

where  the  average  temperature  had risen to 65  to 70 C. These  fires may 
pacted.  Generally  these  occurred  around  the base~of the  pile in zones 

have started  sooner  but  a  perl.od of rain and  cold  weather  appeared  to 
cause the  daily rise In temperature  to level off. 

0 
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Observations,  

Five  graphs ::bowing the   r e l a t ionsh ip  of  temperature  r ise 
with  time  were compiled from'the  temperature  monitoring  records and 
a r e   i n c l u d e d   i n  the  Apcendix.  These  were  done w i t h   e i t h e r   i n d i v i d u l  
probes ,   averages  of cer ta in   p robes ,  or ave rages   fo r   t he   p i l e  on t h e  

p i l e   ( i n  a l o c a l  area where the   hea t   bu i ld  up was observed and monitored). 
crushed c o a l  test p i l e s ,   t h e  compacted t e s t  p i l e s  and t h e  low grade 

The graphs  for   the  crushed loose p i l e s  show a rapid  temperature risf! 
during t h e   f i r s t  two wecks w i t h  a leve l l ing   o f f   for   approximate ly  two 
weeks be fo re   f i r e s   s t a r t ed   occu r ing .  The reason f o r  t h i s   l e v e l l i n g  J -  
off  i s  not  known a t  the  present  t ime  although  the weat:her may have ' 

with  the l e v e l l i n g   o f f  :in temperature rise. This  same phenomenon 
had some i n f h e n c e  as there was a ra iny ,   cooler   per iod   co inc id ing  

of r a i n  when the   a rea  had reached  the 70 to 75OC range. The hea t ing  
also  occured i n  t h e  low grade   p i l e   bu t   t he re  was only a br ief   per iod 

was not   de tec ted  i n  thi:;  zone unt i l   a f te r   the   per iod   of   rap id   t empera ture  
r i s e .   Fu r the r   t e s t ing   ove r  a longer  period of time would be  required 
to  produce more complete results. 

There was only  minor  heating  in  the  coaly waste p i l e  and 

Also t h i s   p i l e   c o n t a i n e d  a l a r g e  amount of c l a y s  which  probably 
t h i s   o c c u r e d  i n  areas whore t h e   p i l e  was not  compacted s u f f i c i e n t l y .  

helped t o  seal t h e   p i l e .  

due t o  hea t   bu i ld  up wi th in   the   p i le   overn ight  (no a i r  movement 
prevent ing  heat   d iss ipat ion)   and  then  being  fanned by e a r l y  morning 
breezes .  

Most  of t h e   f t c e s  started i n  the  e a r l y  morning  possibly 

A r e p o r t  was w:.itten  during  the  monitoring program by Brent 
Noland ( a   sumer   s tuden t  working f o r  Dolmage Campbell Associates  who 
a s s i s t e d  in the  temperature  monitoring) on "The Effect   of  Ambient 
Temperatures on Coal  Stockpiles"; i t  has been included i n  the  Appendix. 
The r e p o r t  is based upon a br ie f   s tudy  of the  effects   of   ambient  

The s tudy indicates that  high  ambient  temperatures  do  not s ign i f i -  
temperature  on the coa l  File done on a typ ica l  ho t  day in  summer. 

cant ly   a f fec t   t empera tures   wi th in   the   p i le .  It should  be  noted, 
however. that when t h e   s t o c k p i l e s   a r e   b u i l t   d u r i n g  a hot  day the  

more rap id   ox ida t ion .  
p i l e  can  have a h ighe r   i n i t i a l   t empera tu re  (up t o  30OC) causing 

t h e   f i r e  and  cyased  the  coal t o  c o o l   o f f .  
Compaction of the  hot  andfor  burning  coal  always  extinguished 

f 
p*k 



Appendix 

I Sample Temperature Monitoring  Sheet 

I1 Graphs:  Temperature Rise vs T h e  

I11 Report: "The Effect   of  Ambient Temperatures on Coal  Stockpiles" 

IV Plan  of   Test   Pi les  

V Photographs 
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THE EFFECT OF rL.BIEN1 TEMPERATURE ON COAL S T O C K P I L E S  

- Purpose of experimeny: 
- to  d e t e r m i n e   t h e   e f f e c t  that ambient a i r  temperature  and 
d i r e c t  s u n l i g h t   h a s  on the   t empera tures   o f   var ious   coa l  
and coaly waste s t o c k p i l e s  a t  d i f f e r e n t   d e p t h s   w i t h i n   t h e  
p i les   th rough a 24  h r .  per iod.  

-. 

Procedure: 

- temperatures were u.easured a t  a p a r t i c u l a r  "s i te"  f o r  a 
twenty-four  hour  period (Aug. 1 9 / 7 7 ) .  

-at   each s i t e ,  temperatures  were  taken a t   d i f f e r e n t   d e p t h s  by 
i n s e r t i n g  a metal p ipe  i n t o  t h e   p i l e s  and  lowering a thermo- 
meter down in to   t he   p robe  or, i n   t h e   n e a r   s u r f a c e   o b s e r v a t i o n s ,  
the  thermometer was i n s e r t e d   d i r e c t l y   i n t o  the material. 

(N 5 min)  and  then  read. 
Note: The e r r o r   i n  measurement is :  

-the  thermometers were a l lowed  to   reach   thermal   equi l ibr ium 

i) + 0 . 5 O C  for   near   sur face   t empera tures  
ii) 7 - l.O°C for   temperatures   obtained  f rom  heat   probes.  

Conditions 
- the re  was a shor t ,   bu t   i n t ense ,   r a ins to rm  the   n igh t   o f   t he   18 th .  
- the   day   and   n ight~of   the   exper iment  was v i r t u a l l y   c l o u d l e s s .  

Hypothesis 

- t h e   e f f e c t  of the   anbien t   t empera ture   f luc tua t ions  w i l l  have 

w i t h i n   t h e   p i l e s  a t  depth .  
l i t t l e  d i . r e c t   e f f e c t  on any  exothermic   ac t iv i ty   occur ing  

- Var iab le s ,   Resu l t s ,  and Cor$usions f o r   S p e c i f i c   S i t e s  - 

a )   S i t e s  1 and 3 
i) Variables:  

- t h e s e  si tes ,are b o t h   f i n e  coa1.y waste material  w i th  

-site 1 f a c e s  west ( t h e  maximum e x p o s u r e   t o   d i r e c t   s u n l i g h t ) ,  
l i t t l e  or no exo the rmic   ac t iv i ty .  

and s i t e  3 f , a c e s   n o r t h   ( t h e   d i r e c t i o n   o f  minimum 
exposure   t o   , sun l igh t ) .  

ii) R e s u l t s :  
- a t   t h e  5' del>th,   the  temperature was v i r t u a l l y   c o n s t a n t  

for both sites. 
- a t   t h e  3 '  dei l th ,   the   temperatures   increasedu20C  s lowly 

throughout  the  day  following  the  ambient  temperature 
but   l agging  q.5 hours for both s i tes .  

- a t  t h e  0.5' depth,   the   temperature  w a s  inf luenced 
s i g n i f i c a n t l y  by  the  ambient  temperature  and,at 
S i t e  1 by s m l i g h t .  

- t h e   i n c r e a s e   i n   n e a r  surf-ace  temperature a t  S i t e  1 
shows no l ag   t o   t he   ambien t   t empera tu re   i nc rease  
w h i l e   S i t e  3 e x h i b i t s  a 2 h r .   l a g  and has  a much more 
subdued  increase.  



-2- 

- temperature:, at  all  depths  are  warmer  at  Site 1 than 
at  Site 3 .  

iii) Conclusions: 
- both  ambient  air  temperature  and  direct  sunlight  effect 
- direct  sunljght  has  a  more  imnediate and  pronounced 

- the  effect o f  the  daily  fluctuation  of  these two 

the  internal  coaly  waste  pile  temperatures. 

effect on tile temperatures. 

variables  decreases  with depth. 

b) Site 2 

1) Variables: 
- this  is  a l o w  grade  stockpile  of  uncruihed  low  grade 
coal  consisting of relatively  high  quality  "chunks" 
surrounded  by  a  fine  matrix of coal and  cl.ay. 

- there  is  considerable  exothermic  activity  occuring 
- this  site  is  facing NW. 

resulting  in  temperatures  of  approximately 75Oc. 

- at the  seven  foot  depth  the  temperature  varies ii)  Results: 

considerably  with  several  inflection  points and seems 
to be roughly  the  mirror  image  of  the  ambient  temp- 

- at the 3' depth  the  temperature  is  relatively  constant 
erature  curve. 

and  is  consistantly  hotter  than  at 7' with a 
maximum  occuring  before  the  ambient  maximum  has 
been  reached. 

variance  which  seven  inflection points. 

temperature  increases  with  the  morning  sunlight  with 
a 1 hr.  lag until  the  sunlight. is no longer  directly 
on it. 

highs in the 2 t o  5 p.m. area. 

- at. the 0.5' depth  there  was  a  large  amount of 

- from  a  low in the  early  morning  the  near  surface 

- the  surface  temperature  drops  until  there  are  two 
- the  curve  th'?n  drops  with  the  drop  in  ambient  temp. 

- at the 0.5' depth  it  appears  that  the  ambient  temp- 
erature  and  direct  sunlight  have a gross  effect on 

- the  variations are explicable  by: 
the  overall :rend of  the  curve. 

b) venting 0:: trapped  heat  and  steam  through  the 
a) the loss of  direct  sunlight. 

iii)  Conclusions: 

re1ativel:I impermeable  damp  fine  material  once  a 

ation  increases  its  permeability. 
certain  vapour  pressure is reached  and/or  evapor- 

- this hypothe!;is is  supported  by  the  rise  and  subse- 
quent  fall  in  temperature  at 7' at 2 : 4 0  p.m., followed 
as the  heat  Flows upward-by a  rise and fall of temper- 
ature  at 3' and lastly, by a maximum  temperature  at  the 
0.5'  level. 
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- t h i s  imp l i e s   t ha t . t he   gas  took  about 2 h r s .  t o   r i s e .  
- e a r l y  i n  the  morning ( 2  a.m.) the  heat  i s  trapped 

a t   d e p t h  due t o  the   consol ida t ion   of   the   top   sur face  

becomes more permeable   ( i . e .   l ess   sa tura ted   due  
l a y e r  which is sa tu ra t ed   w i th  dew, a s   t h e   s u r f a c e  

to   evapora t i (m) ,   the   ho t   gas   f lows  upward. 

r e s e r v o i r  t h . l t  i s  permeable   to   the  hot   gases   l iberated 

- t h u s  i t  a p p e , x s  t h i s  i s  a cyc l i c   p rocess  w i t h  a period 
from  the  act ive  area  beneath.  

of  24 hours.  

- t h e  l ack  of . J a r i a n c e   a t  3' sugges ts   tha t  i t  is  a hea t  

c )   S i t e  4a  and 4b 

i) Var iab le s :  
__- 

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

- t h e r e  are exothermic   reac t ions   t ak ing   p lace   resu l t ing  

- t h e   m a t e r i a l  seems t o  be f a i r ly   pe rmeab le   t o  a i r  due 

s i t e  4b faci : lg  west and 4a f ac ing   ea s t .  

i n  moderatel:? w a r m  temperatures   ( i .e .  4OoC). 

to t h e  l a rge   pe rcen tage  of void  space. 

i i )  R e s u l t s :  

- both  t h e  3' md 0 .5 '  probes at both s i tes  p a r a l l e l  t h e  
ambient   t empxature  t o  a cer ta in   degree .  

- t h e   s u r f a c e  'of 4b i s  heated  quickly by t h e   d i r e c t  sun- 
l i g h t   w h i l e   < a   f o l l o w s  a slower less in t ense   i nc rease .  

' - t h e  3' temperatures  are v a r i a b l e   a t   b o t h   s i t e s .  

i i i )  Conclusions: 

- t h e   a b i l i t y  'If a i r   t o  flow  through  the  loosely compacted 
m a t e r i a l   a c c ' m n t s  f o r  t h e   s i g n i f i c a n t   i n f l u e n c e   t h a t  
ambient a i r  temperature   has  on t h e   p i l e s   a t  0.5' and 
3 '  depths  even  though  exothermic  reactions  are t a k i n g  
p lace .  

V I )  General   Conclusions 

- f luctuat ions  in   the  :unbient   temperature  and d i r e c t   s u n l i g h t  
have l i t t l e  e f f e c t  0 1 1  t empera tures   a t   depth .  

- t h e s e   f l u c t u a t i o n s  may e f f ec t   t he   pe rmeab i l i t y   o f   t he   su r f ace  
material by  reducing i t s  moisture   content  and hence ,   e f f ec t  
the  flow of hea t   in t ,n  or out   of   the  p i l e .  

- i n   p i l e s   w h e r e   h e a t i n g  i s  occurr ing ,  t h e  main  method  of hea t  

- the  mean da i ly   t empera ture  ( 19.8 C i s  approximated  (minus 
exchange i.s by hot   gases   ( i . e .   convec t ion) .  

approximately 5 C) by non-hea t ing   ma te r i a l   a t   dep th .  - i f   t h i s   t empera tu re   ( approx .  15 ) i s  s u f f i c i e n t   t o   i n i t i a t e  
exothermic   reac t ions   then   the  mean amLient temperature w i l l  
play a r o l e  i n  spontaneous  combustlon. 

0 
0 

0 

Prepared  by  Brent Noland 
BN:es 
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LIST OF PHOTOGRAPHS 

Y 
1.. Trench  A l o o s c  c rushed  p i l e  - fo reg round  

Trench  B l o o s e   \ l e f t )  '4 c o m p a c t e d   ( r i g h t )  
c r u s h e d   p i l e s  - background.  

2 .  Trench  B l o o s e   c r u s h e d   p i l e   w i t h  steam and 
g a s e s   b e i n g   d r i v e n  o f f  t h e   h o t  areas.  

3 .  F i r e  i n  uncrushcd  low g r a d e   p i l e .  
August: 2 7 / 7 7  

4 .  F i r e s  i n  Trench 4 l o o s e   c o a l  p i l e .  



1. Trench A loose crushed p i l e  - foreground 
Trench B l oose   ( l e f t )  6 compacted (right) 

crushed pi les  - background. 

2 .  Trench B 1.oose crushed p i l e  with steam and 
gases  being  driven  off  the  hot  areas. 



3 .  Fire in  uncrushed low grade p i l e  
August 2 7 / 7 7  

4. Fires i n  Trench A loose coal  p i l e .  
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