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Owing to various reasons, probably more coal is lield in reserve 
a t  the various works th roughout the country a t  the present tim e 
th an  there ever has been before.

One can notice the accum ulation of th is  fuel, yet in  how 
m any cases are proper precautions taken to prevent loss either 
by deterioration or even bv fire, due to the  over-heating of the 
heap, and causing spontaneous ign ition , in all p robability  
losing a considerable am ount of the m aterial.

The w riter has been called to examine heaps of coal th a t  were 
on fire, and the results of these exam inations have supported
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the practice embraced in the following lines. On carry ing  
out the suggestions given, no fu rth e r trouble was experienced.

There is not m uch inform ation published on th is  subject, so 
perhaps it  m ay be in teresting , and a t the same tim e be a 
service, to those who are responsible for the storage of th is 
material-—either ashore or afloat— to record the methods 
employed, which have given satisfaction, and so far have not 
given any trouble as regards firing of the stock.

A lthough these notes are based on a pile of ju s t over 16,000 
tons, th is quan tity  is a very small portion of the tonnage 
deposited, from which the general experience was gained. 
Some of the other heaps have been deposited over th ree years.

This pile was selected as an example due to its being all small 
coal, consisting of several kinds—washed and otherwise— some 
of a supposed dangerous kind for storing, containing a lo t of 
very fine smalls.

A ll the m aterial was of a bitum inous natu re , fa irly  h igh  in 
volatile m atters, and the whole was stored in  the open, there­
fore i t  had to undergo all effects due to atm ospheric conditions.

As the method of depositing and the re -lifting  of the 
m ateria l is not of g reat interest, we will skip over th is  very 
briefly by stating  th a t the m aterial was Seaborne coal, dis­
charged from  colliers into self-discharging wagons, ru n n in g  
on standard gauge rails, as the tonnage of coal deposited in ­
creased, the ra ils  were slewed over to the edge of the heap, thus 
a continuous “ t i p ”  for the m aterial was obtained.

The picking up was done by steam grab filling end-door 
wagons, which were hauled away by locomotives to a tipp ing  
m achine which elevated the w agon; then  the door was opened, 
thus releasing the coal, which then  went th rough  a gu iding 
hopper into ligh ters, tlience by river to its destination.

As the storing of the coal was considered a tem porary 
m easure, very little  preparation was done to the site, which 
was on m arsh ground in  its  original state of alluvium  deposit, 
excepting a d itch  about 90 feet wide, which was full of water 
and m ud. T his we filled in w ith ashes to the level of the sur­
rounding  m arsh.

A bout three years ago we deposited 10,000 tons on th is s i te ; 
a year la te r we picked th is  up.

A second heap was deposited on the same site, b u t of an in ­
creased tonnage (16,050 to n s); here and there we increased the 
depth of the heap (for experim ental purposes), and owing to
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the difficulty on securing the particu la r coal one would desire 
to store, we made th is heap up w ith  various kinds which one 
would scarcely store under ordinary  circum stances.

U nder these conditions ex tra  carefulness was exercised. 
Tem perature readings were taken a t 14 different places nearly  
every day, a t th e  same depth  from the surface.

In  addition to these we occasionally took readings a t the 
vent-pipes, of which there were fifty off in  th is  heap.

F u rth e r  th an  th a t, to find hottest p a r t of the heap, when­
ever there was any th ing  doubtful, we took read ings a t every 
foot, from top to bottom , of certain  places.

The m axim um  and m inim um  tem perature of the atmosphere 
and the kind of w eather was also recorded.

From  previous experience we found the warm est place to be 
between 6 and 8 ft. deep from  the surface, so from th is 
we established a depth of 7 ft. as the standard  depth to record 
tem perature.

This we found necessary for comparison, as some of the piles 
were in  different counties, and the readings were very often 
taken by different persons, who forwarded th e ir records to a 
cen tral place.

Occasional check readings and all warm  places (taken at 
every foot) was done in addition, personally. G enerally 
(speaking, I  found the readings taken were very tru s tw o rth y ; 
the men took a g rea t in terest in  the work.

These tem perature tubes were f i n .  or l i n .  gas tub ing , and 
are driven from the top to the bottom  of the coal. They should 
be long enough to pro ject 2 or 3 ft. above the coal, and each 
tube had a num bered m etallic label fixed on, so th a t i t  could 
easily be recognised by whichever person recorded the readings.

Regardine; vent pipes, in most cases these were old scrap tubes 
about 8 ft. long and 3 to 4 ins. in  diam eter. F our holes were 
punched in  the pipes aboiit every 8 ins. or so, stabbed from 
the outside w ith a square-tapered punch to about f i n . ,  thus 
leaving a burr, which prevented the coal going down inside 
the tubes.

To facilita te  the d riv ing  into the coal, the ends of the tubes 
were flattened, chisel shape, ju s t leaving an apertu re of about 
J i n . ,  thus preventing the accum ulation of water, and a t the 
same tim e allowing for fu rther venting  area.

These vent pipes were driven down to the 7 ft. m ark (which 
I  previously said was generally  the hottest p a rt found), thus
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leaving about a foot pro jecting above the coal. On this a 
distinctive num ber was painted, and to which tem perature 
readings were credited sim ilar to the tem perature pipes.

The plan of heap shows the position of both tem perature and 
vent pipes, and the num bers attached to same.

Generally speaking, th is is a triangular-shaped figure w ith 
a surface area of about 46,000 sq. f t., w ith an average depth 
of 13 j ft. and a m axim um  depth of 16 ft. The actual, pile 
consists of N orth Country, Scotch and Yorkshire coals, the dis­
tribu tion  of which is shown on the plan.

A lthough i t  would be best to deposit coal during  cool, dry 
w eather, no choice could be taken, as vessels had to be rap id ly  
discharged and sent back to the loading port for a fu rth e r 
cargo.

Some coal was deposited during  very hot w eather, while 
other was deposited in  heavy r a in ; again, some of the m ateria l 
was quite dry when discharged from steam er, while other was 
as wet as it possibly could be, th is la tte r due to the drainage 
to the bottom  of hold during  the transport of washed coal.

B earing these conditions in  m ind, and also th a t the heap 
is in  the open, one gets as near as possible to the m axim um  
difficulties one could expect as regards the liab ility  to create 
spontaneous ign ition  and general depreciation of the heating  
value of the fuel when finally consumed in  the furnace, th a t is, 
if  care is not observed in  the trea tin g  of the pile during  storage.

I t  is generally  well known th a t coal is in  a state of combus­
tion a t all tem peratures, due to its absorption of oxygen from 
the atmosphere.

W hen the coal is a t a low tem perature th is oxygen absorp­
tion is very little , therefore there is not much heat generated, 
and  in  m any cases th is little  heat escapes to the atm osphere 
ju s t as fast as it  is generated. This is generally  the case with 
the la rger coals or coals free from  sm all dust when there is 
usually  a path  here and there sufficient to allow the heat to get 
through to the surface by n a tu ra l means.

On the other hand, heaps m ay be composed of small coal, 
which m ay be so dense th a t  there will not be sufficient 
apertures or paths for the generated heat to escape; the conse­
quence is th a t th is beat gathers, thereby increasing the tem ­
perature of the coal, and incidentally , due to the increase of 
heat, i t  increases the rap id ity  and capacity  for fu rth e r oxygen 
absorption in a given tim e, thus giv ing off more heat in a given 
time than  when the heap was cooler.
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I t  w ill be seen from this th a t if a heap has a tendency to rise 
in  tem perature steps m ust im m ediately be taken to arrest th is, 
otherw ise the increase of heat will be so rap id  after a tim e th a t 
i t  will not be possible to cope w ith i t  unless drastic measures 
are taken, such as to tu rn  over the heap, or, as i t  has happened 
before, letting- it burn  itself out.

I f  any of you have had the experience of p u ttin g  a fire out
th a t  has occurred in  a heap of coal or in  bunkers or cargo, you 
will read ily  understand the difficulty experienced, particu la rly  
whe'n well a ligh t. Even in the open, and w ith p lenty  of 
•water, there is g reat difficulty to get to the m ischief. The 
h ea t is great, and the fumes are overpowering. In  bunkers, 
where the fumes to a certain  ex ten t are confined, there is also 
a fu rth e r risk of generating  gas and m aking an explosive 
m ix ture w ith all its  serious risks. B elieving th a t  prevention 
is better th an  cure, I  am  sure th a t if the m ethod we use for 
storing was carried  out generally, and if the results of our 
system were applied to vessels carry ing  cargoes of dangerous 
coal for long voyages, there would be very little  danger from 
the po in t of spontaneous ign ition .

A gain, if on reading th is paper through and then  appreciate 
"the source of danger from the little  th ings th a t set up the 
in itia l rise of tem perature, I  ra th e r gather th a t you w ill th ink  
there are m any places on board ship th a t m ay set one 'th inking . 
I  am speaking more of bunkers and the holds next to boilers 
and engine-room, where there is sometimes ju s t the bare bulk­
head between the heat and the fuel. V ery often one w ill see 
steam  pipes close to these bulkheads, and, of course, you need 
no teaching from me how readily  sieel or iron plates conduct 
heat, thus setting up the in itia l heating , which g radually  
accum ulates u n til one gets mischief.

By tak ing  periodical readings of the hea t of pile, and com­
parin g  them  w ith  previous readings, one gets am ple w arning 
to prevent a fire.

W e made 90° F all, a w arning tem perature. W hen th is  
read ing  was obtained a t any place four fu rth e r tem perature 
pipes were driven down north , south, east and west about 
10 ft. from  the warm  pipe. The next day the readings of 
these four pipes were carefully  noted. The highest one would 
then  be m ade the centre, and fu rther pipes would be pu t down 
in th is  direction. The idea is to locate the source of heating , 
which m ay be com m unicating only a portion of its heat to the 
standard  tem perature tube. W hen th is warm est place was
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found an additional vent pipe would be p u t in  there, which 
generally  arrested the rise of heat. W e would then pull out 
the sm aller tem perature tubes.

W e made 100° F . a danger reading—th a t is, if the inser­
tion of a vent pipe failed to arrest the rise of tem perature—b ut 
let i t  reach 100° F . W e gave orders for a trench to be dug, 
one foot deep, on every occasion. Thus if the daily  readings 
were a t 100° F ., say, for three days, then  th is spot would be1 
found trenched three feet deep.

O riginally  this danger tem perature was 95° F .,  and on four 
occasions we trenched a t  one place. This was the only trench­
ing  done in  the heap— about 10 tons of m ateria l removed in  all.

A t no time did the readings of th is  pile reach 100° F . ; pro­
bably the trenching  on this occasion m ay have been unneces­
sary if additional vent pipes had been inserted. However, this 
was the hottest part of the pile throughout the whole period.

This p a rt was in  the neighbourhood of No. 4 tem perature 
pipe, and where the coal was deposited to a depth of 16 ft.

There are several factors which tend to create a rise in  tem ­
perature in  a pile of coal. I  will endeavour to trea t them  in 
the following order: —

H andling  of m aterial previous to storage.
Size of coal.
D epth deposited.
W eather and m oisture effects, ra in , sun, d isin tegra­

tion.
N ature of coal, friab ility , pyrites and foreign 

m aterial.
Looking a t a seam of coal in  the m ine, i t  presents a surface 

of apparent solidity, which has to be broken up by the m iner 
either by m anual labour, b lasting , or by cu tting  m achinery, 
and in m any cases a com bination of these methods are used. 
Quite scientific methods are used by m any of the men on work­
ing the coal, whereby very little  sm alls are made. On the 
other hand, some collieries do not possess th is type £>f careful 
collier, or there m ay be a lack of supervision, and, therefore, 
quite a lot of sm aller coal th an  there need be is often created 
and sent up. Of course, again a g reat deal depends on the 
natu re  of the seam, which m ay be in term ingled w ith bands of 
foreign m ateria l. The roof m ay be bad, and occasional crush­
ing  and fa lling  of the roof m ay take place, p a rt of which m ay
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be sent to the surface w ith the coal. A gain, the floor m ay be 
bad, and occasionally has a tendency to rise. Thus, w ith 
these actions tak ing  place, there is bound to be a crushing effect 
on the coal, which if i t  is of a friable natu re , then  quite a lot 
of smalls are sure to be made.

One of the most dangerous and no doubt the most laborious 
task of the m iner is th a t of undercutting  the coal by m eans of a 
hand pick.

In  some seams—due to the heigh t—he lays on his side and 
plys the pick, gradually  cutting- out the supporting m aterial, so 
as to facilitate the effect of explosives b lasting out the coal.

I t  is interesting to watch some of the older m iners working, 
their methods are such th a t they  utilise the w eight of the roof to 
burst out the coal, these m en work as easy again as others, and 
yet obtain as m uch coal, use less powder, and w hat is of more 
consequence in  relation to the value of coal, they will not break 
it up the same as some of the less experienced.

A  great deal of th is dangerous work is now done by m achinery, 
which under-cuts m uch more rapid  th an  by hand, and a t the 
same tim e a deeper cut is made, consequently less blasting is 
needed, and more larger coal is obtained.

The rapidity  of this cutting , particu larly  on long-wall work­
ing, means th a t more coal can be extracted in a given tim e, 
therefore there is not the same risks of roofs c a v in g -  in througho o
the w eakening due to exposure.

The slide shews a large “ P ick Qiiic-k ”  cu tting  a t pavem ent 
level. No doubt these will be in teresting  to you as they show the  
machines actually  at work in  a L anarkshire mine. The next 
slide shows a small “ P ick Q u ick ”  undercu tting  a 16-inch 
seam, also in  L anarkshire. From  the view shown you will 
appreciate some of the difficulties of obtaining coal when most 
of our easily w rought seams are worked out, and to pu t this off 
as long as possible, it behoves us to use this national asset of 
ours in as economical a m anner as can be done.

T his coal a t the face is loaded into small hutches, or tubs as 
th ey  are called in  some parts of the country, either by hand or, 
as in  m any m odern pits, by conveyor belt. These hutches are 
taken to the shaft bottom  on rails, ru n  into a cage and elevated 
to the surface of the m ine.

The coal m ay be then either tipped as it is, direct into ra il­
way wagons, or, as in  most collieries, i t  m ay be tipped over a
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screening arrangem ent whereby the smalls are separated from 
the larger pieces.

These larger pieces are usually  diverted to an endless belt 
conveyor, travelling  a t a slow speed, and from off th is belt 
various im purities are picked off by hand. Sometimes special 
pieces of coal are picked off this belt as a selected coal.

R egarding the smalls, this m ay be sent to m arket in its con­
dition after first screening, bu t in most cases it is fu rth e r 
screened through several graded screens, and classed according 
to the size of the coal.

The final residue m ay be quite small, like dust.
Some collieries wash all their coal, excepting the very large 

pieces. Other collieries only wash the final residue, or slack, 
and as some do not wash any you will see th a t quite a num ber 
of descriptions or names can be given to coal th a t  m ay all have 
come from the one seam.

A gain, sometimes the washed smalls are m ixed w ith the 
larger coals extracted on the original screening, and, fu rther, 
different seams m ay be blended.

G enerally speaking, the process of screening leaves the m ajor 
p a rt of the im purities w ith the final residue, and if the process 
of washing is also carried out the separation of im purities is 
g reater, and most are en tirely  washed out as sludge from  the 
smallest screenings.

The coal is usually  taken by railw ay trucks and tipped into 
vessels’ hold. There are various appliances for th is  purpose, 
n  g reat m any of' which are credited with properties th a t  they 
do not possess in  actual practice.

These are to, and probably would, prevent a lot of breakage 
of the coal, providing the hum an elem ent was taken into con­
sideration. B ut the principle idea to-day is rap id ity  of 
d isp a tch ; therefore, a lot of ideas are pu t to one side, so fa r as 
looking to the size of the fuel is concerned, particu larly  when 
those hand ling  it  are not responsible for it  other th an  getting  
so m uch per ton for doing so.

D uring  the voyage of steam er heavy w eather m ay be 
encountered, which m ay, and often does, pound the cargo into 
a considerably reduced space.

On discharging the vessel the coal is all again handled by 
either m achine or m anual labour. Sometimes th is coal has to 
be thrown out two or three times, depending on the type of
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vessel being discharged. Then, again, there are the opera­
tions of hand ling  the coal to the point of storage. The 
hand ling  of the coal so m any times makes a great difference in  
the appearance of same when i t  arrives a t its  destination, and 
with some of the more friable coal quite a large percentage of 
smalls are made from the coal, which was all screened pieces 
a t the colliery heapstead. The liab ility  of th is  small coal to 
create spontaneous combustion is very pronounced, both from  
its  size and also from i t  closing up the paths, whereby the heat 
generated would otherwise escape freely to the atmosphere. 
This will better be understood by considering the g reatly  in ­
creased area of coal th a t is exposed when a lum p is broken u p ; 
therefore, more surface to absorb oxygen. I  ra th e r suggest 
from  th is  th a t most of th is  oxidation is superficial; therefore, if 
the smalls absorb more oxygen in a given tim e, then they  m ust 
generate more heat in  a given tim e than  the la rger coal, and, 
as we have said before th a t the obstruction is greater w ith th e  
smalls, therefore the sum m ary of th is is th a t  sm all coal is more 
liable to fire th an  the large coal, p articu la rly  if steps are not 
taken to let th is heat out. This means th a t there is one safe 
h e ig h t th a t  m ust not be exceeded, b u t as there are other factors 
th a t  m ust also be taken into consideration a t the same tim e, it 
will alm ost be impossible to fix th is safe h e ig h t for every heap. 
The height of pile can be increased above th is  safe heigh t m en­
tioned, providing means are taken to vent it, the more i t  is 
vented the h igher the heap can be piled.

G enerally speaking, 12 to 14 ft. is about as m uch as oner 
should deposit small graded coals. N ine to 12 ft. for unwashed 
m ixed coals.

F or slacks i t  depends a great deal on the composition of 
same. Two heaps of th is m ateria l we allowed to rise up to 
120° F . before moving it. These heaps gave considerable 
trouble a t the he igh t i t  was— 10 ft. E ven tua lly  we reduced 
th is  heigh t to 6 ft., when even then its tendency was to increase 
in tem perature.

I  was ra th e r glad to get rid  of th is m ateria l, as i t  was com­
m unicating  heat to another pile of coal which was close by. 
My opinion of the cause of troiible was bad w ashing of the 
m a te r ia l; thus afte r a shower of ra in  the shaly-like m aterial 
formed a sort of plastic mass, w ith the coal p ractically  prevent­
ing  any escape of the heat. A diagram  of the tem peratures of 
th is  heap is shown; also a photograph of the picking up of 
same. H eavy clouds of vapour rose from th is when it  was
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grabbed. As a ru le  little  trouble is experienced w ith the 
storage of large coal, bu t one m ust be careful even w ith this, 
as in  the event of a fire g reat difficulty will be experienced on 
pu tting  it out owing to the ready access of oxygen for support­
ing combustion. Care should be taken not to make any smalls 
when depositing th is coal, and if possible the coal should be 
selected th a t will w eather best, otherwise th a t on the top will 
crumble up and fill up the interstices underneath. I f  th is  so 
happened, and this p art overheated, whereby a fire was to start, 
you will readily  see th a t there would be greater loss th an  in  a 
pile of all small coal, particu larly  if  a system of tem perature 
recording was carried out. One would get sufficient w arning 
and be able to excavate down to and remove the  source of 
trouble owing to there being an insufficient supply of oxygen 
for rap id  combustion in  the sm aller coal. This n a tu ra lly  m ay 
raise a question as regards the trea tm ent of a fire th a t m ay 
occur. I  will come to th a t later.

I f  you look a t a large piece of fresh w rought coal, in  most 
cases you will notice th a t it is free from cracks. P robably  it 
will possess a lot of w hitish  or reddish m aterial like porcelain 
on it. Sometimes you will see yellow streaks like brass; and 
in some seams of coal th is is inches thick. Now p u t th is piece 
of coal in  the open, exposed to all weathers, and carefully  
examine it, say, once a week for a year.

A fter a tim e a discolouration of the porcelain-like m aterial 
will take place, and th is will eventually  drop off, exposing the 
coal. Exam ine the coal closely w ith a glass, and you will 
discover m inute cracks, which in  course of tim e will develop, 
and ultim ate ly  the piece splits up, thus offering a g reat m any 
more surfaces for the atmosphere and m oisture to  take effect on.

The sun, ra in  and frost p lay a very im portant p a r t in  this 
disin tegration. I  have split m any a piece of coal th a t  was 
exposed to the sun for some tim e by  sim ply pouring a glass of 
water on the lum p. A gain, the brassy streaks or pyrites, 
commonly called brasses, decompose, resu lting  in th e ir swell­
ing and causing a certain  am ount of breakage of the piece. 
These pyrites are generally  effected by moisture, and although 
the to tal am ount of heat th a t is possible to generate by them  is 
small in  comparison to th a t  generated by the oxidation of the 
coal, yet personalty I  am inclined to believe th a t they  play a 
very im portan t p art in  the storage of coal, particu la rly  in  con­
junction w ith ra in y  weather, thus being an incentive to set the 
pile in active oxidation.
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I  had ra th e r an anxious time for some weeks w ith several 
heaps, due to the ra in  during  last summer. P robably  some 
of you will remem ber th a t we had some very heavy rainstorm s. 
A t any ra te , the following ex tract from our local paper refers 
to the case : —

“ The incessant ra ins throughout th is week has proved 
unprecedented ; in fact, all records appear to have been 
broken locally, the to tal fall from Sunday to W ednesday 
being 5-05 inches. On Sunday evening 1-5 inches fell in  an 
hour. On M onday the  ra in fa ll was -96 inches, while the 
incessant downpour on Tuesday and W ednesday resulted in 
falls of -92 and 1-63 inches respectively.”

U p to th is  tim e all our heaps were in  a perfect state of 
balance regard ing  the escape of hea t as it  was being generated, 
bu t soon afte r m any of the readings began to rise. V apour 
arose quite freely out of the vent pipes, and continued to do so 
for several weeks afterw ards. Several additional vents were 
inserted, and we trenched at one place where the h ighest read­
ings were obtained.

On close exam ination during  trenching  we fo\md th a t active 
oxidation of the pyrites had taken place, and th a t quite a layer 
of fine pyritic  shale had formed, thus p ractically  sealing the 
coal underneath . This m ateria l, I  suggest, is from the 
weathered, d isin tegrated  coal from the top, which probably had 
been washed down w ith the r a in ; of course, as i t  fu rth e r 
oxidised i t  would swell and close up still more. The m oisture 
would cause the oxidation of the pyrites, and the difficulty of 
penetration  for the hea t to escape would thus insulate and com­
m unicate the heat to the coal underneath  instead of escaping 
to the atmosphere, thus setting up oxidation of the coal itself, 
which would then have a cum ulative effect t i l l  we got sufficient 
vent pipes inserted or excavated the trenches so as to release 
th is  im prisoned heat.

R egard ing  the nature of coal and its  liab ility  to heat, gener­
ally  speaking, I  find th a t the geological age is a fa ir guide, 
the an th racites being the safest to store and the lign ites the 
most dangerous. A good guide is the w eathering effect on a 
sam ple ra th e r prom inently  exposed and occasionally moistened 
w ith w ater by hand, th a t which readily  crum bles up being the 
most dangerous. B ut, of course, a g rea t deal depends on the 
composition of the coal, considering the im purities and foreign 
m aterial th a t  m ay be m ixed w ith it.
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Anything' th a t  ignites a t a lower tem perature th an  the fuel 
should be kept out of the heap, such as pieces of wood, p it 
props, rags, waste, shavings and straw ; very often straw is pu t 
in  wagons to prevent leakage of small coal. There are also 
other reasons for the use of th is m ateria l.

In  case of a fire in  a heap of coal, although plenty of water 
should be available to quench out a fire if flames were seen 
issuing, still common sense m ust be used before we do even 
th is, it being better to dig all round the f ire ; then, if possible, 
remove the hot coals away from the heap, then quench the 
m aterial there.

As I  have previously said, plenty of w arning will be given 
and the spot localised before there is any actual danger if a 
systematic method of tem perature readings are carjied  out. 
Then in case of overheating, the seat of heating  would be dug- 
ou t; a t any ra te , g reat difficulty would be experienced to get 
water to a fire in  the middle of a heap, and no doubt the fire 
would cause a certain  am ount of the coal to m elt and form  a 
coking mass if i t  were a bitum inous coal in  the heap.

I f  it were possible to get the w ater to  the fire, then quite a 
lo t of th is water would then  get heated. N a tu ra lly , i t  would 
g rav ita te  to the bottom of the heap, and there spread out. T his 
heated w ater m ay then ju st be sufficient to set the whole heap 
into active oxidation, whereby all the coal m ay have to be re ­
moved. A gain, some of the steam formed m ay be decom­
posed and assist the form ation of a flaming gas.

Of course, if the fire was in  a receptacle th a t could be 
flooded out, such as a storage b in  or a vessel’s hold, i t  m ay be 
the best p lan to flood; bu t I  certainly should not do th is  except 
when there was an actual fire th a t  could not be treated  other­
wise.

I  hope I  have shown how ■ these fires s ta rt from sm all 
beg in n in g s; th a t can be controlled w ith a little  forethought. 
The whole th ing  can be summed up by keeping the m ateria l 
as cool as possible, the safety depends on the care exercised and 
action taken at these low tem peratures.

As a ru le, the greatest danger is up to about three months 
from the tim e of tak ing  the coal from the pit.

A lthough the experiences m entioned are mostly the result 
of land practice, I  do not hesitate in saying th a t  the ideas can 
be embraced in  m arine work, particu la rly  in so fa r as long 
distance cargoes are concerned, and also w ith regard  to the 
coal used as bunkers.



In  m any cases you will notice a recess b u ilt into tbe m ain 
batch  of vessels for the donkey boiler, thus increasing the area 
of bulkheads. Then, again, steam pipes, hot water pipes, etc., 
m ay be placed in such a position th a t heat m ay be conveyed to 
the bulkheads, fu rther than  th a t modern tendency is towards 
h igher steam pressures, sometimes w ith superheating, all of 
which offer h igher tem peratures in and around where the 
bunkers are. Thus you will see th a t  everything is favourable 
for the in itia l heating  of the stock of coal both in  bunkers, and 
also cargo next to engine-room bulkheads.

I  suggest th a t there should be a certain  am ount of non-con- 
ducting m aterial between th is heat and the coal. The hot 
surfaces in m any engine-rooms could be better protected, thus 
m aking i t  more safe and comfortable, and a certain  am ount of 
economy would be effected.

As regards vessels carry ing  cargoes of coal, I  am surprised 
th a t more fires a t sea have not occurred, b u t I  p u t th is down 
more th an  any th ing  else to the way the large coal n a tu ra lly  
separated from  the smalls when i t  is tipped into the hatchw ays.

In  the older type of vessel the hatches were sm all in  pro­
portion to the size of hold. The consequence was th a t, the 
coal being tipped a t or about one place, the larger pieces would 
ru n  to the bottom of the cone formed. Then as more coal was 
tipped these large pieces would ru n  to the bulkhead before the 
sm all could get there. L ater, when trim m ing was necessary, 
s till the larger pieces would offer less throw  for the men, and 
no doubt they  would take advantage of it. Thus you will see, 
although done un in ten tionally , a n a tu ra l vent was formed. 
The sm alls gathering  under the hatch  space no doubt would be 
the danger point, particu la rly  if any m oisture was present and 
the coal contained any pyrites.

Of course, if the fire was in  the sm aller coal it would be more 
of a sm ouldering natu re  owing to the lack of oxygen, bu t th is  
fire m ay travel to the larger coal, where there would be no 
difficulty in the supply of oxygen. Then th is  would be a 
serious m atter.

I  see no reason why a few vent pipes could not be driven 
into these places where the smalls are, and instead of the usual 
ventilators causing the fresh, m oist air, probably laden w ith 
ozone going into the hold, we used a sort of ejector to ex tract 
the heated air from the hold. I  believe th is  would give better 

•results. I t  m ust be clearly  understood th a t the term  “ vent
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pipes ”  used in  th is paper does not mean ventila ting  pipes; bu t 
th a t they are used purely and sim ply as escape pipes for the 
hotter gases in the heap.

A lthough it is not usual to store coal in this country to the 
extent carried out during the past three years, yet I  anticipate 
th a t th is storage will in  fu ture be continued more so than  in 
the past.

I t  is an asset to know th a t you have sufficient fuel to carry  
you over a certain  p erio d ; probably it  m ay be bought at a more 
favourable price during certain  m onths of the year. I t  will 
be an incentive to a steady production at the co llieries; 
certain ly  i t  would have a tendency to steady railw ay traffic.

The losses in  calorific value as a fuel are exceedingly small, 
particu la rly  if stored in  a method reducing the exposed area 
to the atmosphere, such as shown on plan ra th e r than  in  heaps 
of a triangu lar vertical section, or coned heaps.

The losses are the surface w eathering, plus th a t given off 
as heat from oxidation.

I f  the heaps are kept cool, th is la tte r  item  can be neg lected ; 
as regards the former, th is could be overcome by covering. B ut 
th is would be ra th e r costly for large heaps; it  can be minim ised 
by choice of coal.

These losses are more apparent th an  real, certainly w eight 
for weight between the new wrought coal and the same coal after 
being stored for a considerable tim e, would show in favour of 
the new coal, but I  suggest comparing the tests from a common 
base such as on, say 10 tons of coal as ordinarly received, then  
deposit 10 tons of the same coal for a period seeing th a t none is 
pilfered, then using this heap as a test.

There is a further loss, bu t this is mostly lost shortly after the 
coal is mined, th a t is in a gaseous form, but as th is would effect 
most coal, it  can be neglected so far as storage is concerned.

Generally speaking, the elements lost in storing are those 
which in most cases are thrown away by imperfect combustion 
in the furnace, and I  believe if the stoking of stored coal was 
given more consideration, practically the same results would be 
obtained from an evaporative point of view, as th a t from 
ordinary coals.

A certain  am ount of reduction in  size is sure to occur due 
to additional handling.
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An allowance m nst also be made for interest on capital cost 
of stock, rent of space occupied, together with expenses of 
handling, and, of course, insurance of the whole.

This la tter item  is quite nom inal providing system atic 
methods of storing are employed, as suggested in this paper.

Considerable interest is being taken ju s t now in connection 
w ith the u tilization of ferro-concrete for ship-building, for this 
I  am not an enthusiast, bu t I  strongly advocate the more ex­
tended use of this m aterial for construction work, and in  relation 
to the more perm anent storage of coal, which I  th ink  is bound 
to come. The following slides, all in connection with the 
handling of coal will show you what has already been done with 
this m aterial.

There is sure to be a difficulty of' obtaining steel sections for 
some time to come, therefore I  th in k  there will be an extended 
use of ferro-concrete.

The result of 14 years m aintenance experience of ferro-con­
crete structures has tau g h t us m any a lesson, and if anyone 
present is interested in ferro-concrete ships, I  strongly emplia- 
zise th a t the whole fu ture in the life of this m aterial lies in the 
care th a t is exercised in a few of the details of apparent m inor 
im portance which are usually  left to tha t class of labour who 
take the slightest interest in the m atter, and although it appears 
to be a simple m atter to throw concrete inside a prepared m ould, 
yet there are m any things we have learned by experience which 
soon tell up when the work is done in an inferior m anner.

Following^ the ferro-concrete slides some examples of steel 
storage erections will be shown, together w ith views of modern 
m achinery handling the coal ai different operations.

Slide 60.—Since this view was taken this pier—which is one 
of the pioneer piers of its kind and also one of the longest—has 
been extended by the addition of a fu rther 400 feet.

Slide 61.—I t  has had to put up w ith several heavy collisions 
from vessels fu lly  laden with a tonnage up to 9,000 tons, a t full 
or nearly fu ll speed.

The scientific experience gained from these accidents has 
proved very valuable to the concrete world and has a great deal 
to do w ith the confidence placed in  ferro-concrete.

I am firmly convinced th a t if this pier had been b u ilt from 
tim ber, a t least on two occasions a vessel would have clean
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swept a great portion of it, together with the loss of valuable 
plant.

Slides 138, 139, 140.—In  this country we have been very 
conservative with our methods of using plant.

I t  is ex traordinary  how one gets a wet blanket thrown over 
them  if one happens to be a little previous w ith some sugges­
tions.

I  remember a few years ago, quite a sensation was created, 
when a suggestion was made th a t we should cope with vessels 
of' 6,000 tons or so running  on the coast in the coal trade.

I t  is no secret to say tha t m uch larger vessels have been usetd 
than this, and have given good results, therefore justify ing  the 
idea and the increase of size of plant to deal with it. London 
as a port, would have been in a serious position to-day if this 
had not been done.

W e shall need to go fu rther th an  this with m ostly everything.
Our units are far too small, and com paratively speaking are 

only toys to th a t which we will need to adapt ourselves to 
eventually.

There are no obstacles from the designer’s point of view, pro­
viding there is no cringing about a few pounds on little  th ings, 
g e t your p lan t substantially  bu ilt, the increase of capital cost 
is nothing compared to the saving effected on quick dispatch, 
freedom from breakdowns, and confidence th a t can be placed on 
doing work you have plotted out to do.

The photographs shewn illustra te  some of the methods of 
handling coal in the U nited States.

The first four photographs show the largest coal docks in the 
world, and they are operated by the P ittsbu rgh  Coal Co.

You will see th a t there are 3 two-span bridges on the fore 
of the dock with 2 one-span bridges in the rear. The coal is 
piled to a height of 40 feet on this dock, which gives the dock 
a total capacity of approxim ately 825,000 tons of bitum inous 
coal (2,000 lbs. to ton).

There is also shewn the docks a t Superior, ju s t across tlie bay 
from D u lu th ; this clock has a capacity of 1,000,000 tons,
800,000 tons of which is bitum inous coal, which is stored in the 
open and 200,000 tons of anthracite which is stored in the 
covered shed as shown. This bridge has a span of 342 feet and 
a cantilever extension of 125 feet.
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As can be seen it is fitted w ith m an riding- trolleys, which 
carries a six ton grab, which travels w ith fu ll load a t 1,000 feet 
per m inute. H oisting speed 250 feet per m inute. The coal can 
be piled 48 feet high. These plants are fitted w ith screening 
arrangem ent which screens and delivers the coal in th ree 
different sizes.

The next photograph shows a Brown hoist a t the Astoria 
L ig h t and Power Co., New York. I t  is equipped with a 9-ton 
grab, and is worked a t the same speed as previous machines.

They can pile the coal to a height of 40 feet, b u t in practice 
it is generally 30 feet.

The next photo is a m uch sm aller p lant used by The General 
E lectric Co., Schenectady, w ith a grab of 21 ton capacity.

Here they pile the coal to a height of 30 feet.
The next two photos are those of a p lan t a t P ittsbu rgh  be- 

long-ino' to a M ining Co., Messrs. W . H . Brown and Co., andC? O O ’ 7
fitted with six ton buckets. The coal can be piled to a heigh t 
of 55 feet.

The next photo is very interesting in relation to this paper 
as it  shows a method of storing coal greatly  favoured by some 
people, although very expensive in  first cost. H ere you will 
see a 30-cwt. grab operated by a Brown hoist loco-crane on the 
works of the Indianopolis L igh t an,d H eat Co.

The concrete p it you see with the w ater showing is 300 feet 
long and 100 feet wide and 28 feet deep, which is used to store 
the more friable and dangerous coals in. The p it can store
30,000 tons, 13,000 tons of which can be covered by water if 
necessary. This crane can handle 80 to 100 tons per hour.

The next two photos show the coal storage system of the 
Detroit Edison Co. This is much on the lines of some of our 
methods used in this country, although it offers a large area 
for the w eathering of the coal.

You will notice the great difference in  the size of the units 
employed in the States to th a t which we use over here, and in  so 
fa r as storing is concerned, they  do have fires, b u t take little  
notice of them . They do not prove disastrous sim ply because 
the fire can be excavated in a few m inutes owing to the plant 
being able to  cope w ith the rapid handling  of the m aterial, 
consequently nearly all the practice there, is to utilize a high 
capacity storage in comparison to the area occupied.
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My endeavours liave been to put this paper before you in as 
simple a m anner as possible, giving you our practical experience 
of tem porary storage, and illu stra ting  this by tracing  the coal 
from mine to consumer. v 

-------------o-------------

DISCUSSION.

M r .  S. G. M a r t l e w  : Spontaneous combustion is due to heat, 
which is in tu rn  caused by the absorption of oxygen by the fuel, 
the resulting chemical combination being accompanied by rise of 
tem perature which, if unchecked, reaches the ignition point 
and originates a fire. We should, therefore, aim  to keep the 
coal in a cool condition, and, undeniably, the safest way is to 
place it under water. This method is in actual use; one 
instance which I  can call to mind being th a t of Iowa coal for 
the Railw ay and L igh t Company of th a t State. The easilv- 
ignitable nature of their fuel when stacked caused th is corpora­
tion first to try  having a 5,000 to 6,000 ton reserve in freight 
cars, bu t only one-tenth of the number of cars is now necessary 
in conjunction with the underw ater storage, resulting  in cor­
responding reduction in detention charges and the fu rther 
advantage of releasing rolling stock for war purposes. (hi 
the other hand, grab cranes have to be employed for raising 
the combustible, and th is means expense. Experim ents prove 
practically  no losses in calorific value from coal which has lain  
beneath the water. One of the most notable of these proofs 
is the test made on contents of the bunkers of the U .S .S . M aine 
when she was lifted, after being about eight years at the bottom 
of a Cuban harbour.

Ferro-concrete hoppers of large size have been, w ith in  the 
last decade, increasingly made use of for solid fuels, which 
generally are transported by means of hoists or conveyors to, 
and along the top of, the reinforced structure, and tipped. The 
lower part of the hopper is shaped so as to feed readily  into 
trucks or on to conveyer bands. The in itia l cost of such a 
method is high, bu t is repaid where they are constantly in use, 
since ease of handling  is assured once they are complete; and, 
moreover, the likelihood of spontaneous combustion is very 
sensibly dim inished by the fact of the entire mass of coal being 
disturbed every time a little  is discharged from a bottom outlet. 
W here stacks are resorted to, it is unquestionable tha t vent 
pipes and periodically-visited therm om eter tubes are desirable, as 
also is the case in ships’bunkers. The greater the length of time
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the fuel lies dorm ant, the more heating-up is probable. My rule 
is to dig  out the coal should the tem perature rise above 150 deg. 
F a h r .,  if in  stacks, or to tu rn  on the hose if a t sea. W hen 
piled, some combustibles deteriorate more th an  others, and, in 
reserving some from W elsh collieries in  1915, I  covered the 
heaps w ith Yorkshire “ h ard s ,”  w ith the result th a t, as accord­
ing to recent Government regulations, I  m ust use all stored coal 
in  this w inter before getting  more, i t  is pleasing to find th a t 
the three-years’-stacked fuel is unaltered  as regards steam  
ra ising. Coal for storage should preferably be “  screened 
lu m p ,”  and should be entirely  protected from the w eather 
where possible.

Mr. Anderson : I t  is ra th e r a big th in g  to reply verbally  to 
so m any suggestions pu t forward in  Mr. M artlew ’s rem arks, 
but, first of all, I  should like td say th a t storage of coal in  
London to-day is a tem porary measure pure and simple. In  
ordinary times it would not pay, as the coal can be b rought 
rig h t down from the mine in th ir ty  hours, and it  is in  the 
bunkers the same day. I t  would not pay to store it  under 
water in  G reat B rita in  unless to make provision for some em er­
gency th a t m ight arise, for instance, th rough  labour disputes, 
and as regards using it from the water o rd inarily  I  would not 
do i t ; bu t should save th is as a reserve stock; thus we should 
not be evaporating a g reat deal of free m oisture all the tim e. 
One of the photographs shows 30,000 tons storage, the lower
13,000 tons flooded over w ith water, and m any of the slides I  
have shown to-n ight show ferro-concrete storage bins, some up 
to 4,000 tons, together w ith steel bins and also the m achinery 
used to handle the fuel to and from these bins, so th a t I  will 
leave th is  part of M r. M artlew ’s rem arks a t th a t. I  should like 
to see m uch more m echanical hand ling  done th an  we now do, 
not only ashore, but also afloat. Mr. M artlew  said the greater 
the length  of tim e the coal was stored, the more danger there 
was of spontaneous combustion. I  find in  practice th a t the 
case is d iam etrically  opposite. Coal, from the tim e it is 
worked till  a fortn igh t after, gives off a large q u an tity  of gas 
called by m iners, when m ixed w ith air, “  fire-dam p.”  The 
technical name is m ethane— a qu an tity  practically  equal to it»  
own bulk. And a quan tity  equal to about I f  times its bulk is 
given off in five m onths. I  do not know the effect of th is  in  
re la tion  to heating  or if anyone has gone into the m atter so 
closely as to find out th is effect; however, I  find th a t all the 
heat is generated at or about three m onths from the tim e tlie
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coal is brought from the p it. T hat is, I  should say, the ten ­
dency to accelerate oxidation and give oft' more heat than  can 
escape to the a i r ; perhaps this is due to the air in the interstices 
of the coal when tipped, being g radually  charged with inert 
gas from the products of combustion of the pile during  th is first 
storage period, as the oxygen is absorbed by the mass. In  the 
paper I  said “  I  hope I  have shown how these fires s ta rt from 
small beginnings that can be controlled with a little  fore­
thought. The whole th in g  can be summed up by keeping the 
m aterial as cool as possible,”  and then added : “ As a rule the 
greatest danger is up to about three months from the tim e of 
tak ing  tbe coal from the p i t .”  I  have pointed out th a t  the 
safety of the coal begins w ith its trea tm ent at the low tem ­
peratures. In  storing coal, one m ust begin by th ink ing  of the 
inevitable rise in tem perature, therefore vent pipes should be 
p u t in to allow the heat to escape im m ediately the coal is 
deposited. The danger of spontaneous combustion is not from 
the low tem p era tu re ; b u t if you do not look after the low 
tem perature, the tem perature gradually  increases, and so also 
increases its (the fuel) properties for absorbing more oxygen. 
I  m ight compare it to a safety valve. I f  the safety valve were 
too sm all and you fired under it, eventually the boiler would 
burst. I t  would be quite safe to have the heat at 70 deg. F ah r., 
or even 150 deg. F ah r., bu t it m ight suddenly rise up and get 
beyond control. Above 70 deg. its properties for absorbing 
oxygen are greater, and th a t is the cause of tlie rise of h ea t; in  
the piles of coal, of course, the heat cannot escape as fast as it 
is g en e ra ted ; therefore, like the boiler valve, a point would be 
reached offering greater resistance, or, I  m ay say, too small an 
aperture for the quantity  of heated gas to escape. The storing 
of coal under water is the best way as a perm anent storage 
measure. This is different from the method of alternately  
w etting and drying. One method certain ly  prevents disin te­
gration, and the other encourages i t ;  bu t the whole question is 
one of overcoming a tem porary difficulty by m aking the best 
use of existing areas under existing circum stances. The 
quantities we store would need a lot of consideration to ju stify  
th is expense it would en tail—roughly a quarter of a million 
tons.

M r. W m . M c L a r e n  : The author has given us the results of 
a g reat deal of experience he has had in  storing coal under 
favourable conditions; th a t is to say, favourable .conditions in 
having such quantities to deal w ith ; and his experience goes to 
prove w hat Mr. M ilton, ju n r., showed in  his paper, th a t the
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small coal or dust is dangerous to store. There are difficulties 
in  connection witli flooding w ith w a te r ; one cannot do th a t a t 
sea, although it  m ay be done on shore, bu t, as the au thor has 
pointed out, i t  is only in case of emergency th a t  the coal is 
stored at all. A t present I  have 1,000 tone under storage, and 
I  would never have had th a t quan tity  in  pre-war days. The 
space available for storage is not w hat one would desire. On 
the south side of the river one is offered arches under the ra il­
way for this purpose for double screened coal of a very small 
kind, and one n a tu ra lly  hesitates to take the respon­
sib ility  for ■ storing under these conditions. I  should 
add we have inserted, w ith the Insurance Com pany’s 
approval, several £ inch gas or steam tubing  or barrel, say, 10 ft. 
in  depth. This applies to large and sm all coal. W e drop a 
piece of copper wire down w ithin  a few inches, and at various 
depths in the tubes for short periods, ju st as a precaution 
against heating'.o ©

Mr. A n d f .u s o n  : I  m ay say th a t the pile of coal described in 
the paper is of the smallest class; some is absolutely “ slacks,”  
the m axim um  is about f in c h , with the exception of one corner 
piece of a few 1,000 tons, which is n u t coal. The smalls are 
more dangerous because they offer a b igger superficial area for 
absorbing the oxygen. W hen you break up coal the superficial 
area is increased, and the absorption of oxygen depends upon 
the area exposed. A lot of the slides shown illustra ted  the 
various handling  of the coal from the tim e it is in the solid 
working face ; eacli operation means a certain  am ount of reduc­
tion  of size, therefore more area to take effect on. W e should 
reduce th is handling  as m uch as possible after the coal has left 
the screens at the p it.

M r. G. Lloyd J ones: I  should like to ask Mr. Anderson if 
be could give us some idea of the characteristics of the coal 
which makes it liable to spontaneous combustion. W h a t is the 
quality  which gives rise to the liab ility  for firing? My per­
sonal opinion is, sim ply, th a t of two kinds of bitum inous coal, 

. one of which is non-caking and the other caking, one can look 
for trouble in  the one which cakes, and the non-caking coal 
never gives rise to trouble at all, and I  th ink this is due to the 
packing of the coal preventing circulation or dissipation of the 
heat in  the atmosphere. The vent pipes M r. Anderson advo­
cates would have to be looked after or they m ight form chim neys 
to encourage combustion, and, therefore, those vent pipes should 
be removable. I  do not know w hether M r. Anderson can trace
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origin of fires to pyrites; an}’ m aterial susceptible to rapid 
oxidation, thereby generating lieat, is really  the source of' 
trouble. W ith  regard  to the question of storing coal under 
water, v irtue has been claimed for salt in saving coal. I t  is 
said th a t by applying salt in different forms three tons can be 
produced out of one ton of coal, and it  would therefore seem 
th a t if the coal is stored under salt water one m ight expect more 
calories. People tell us th a t there is no loss when under 
s to rag e ; pound for pound, there m ay not be m uch loss in 
tonnage, but w hat is the aggregate loss in calorific value?

M r. A n d e r s o n  : M r. Lloyd Jones has spoken from the 
chem ical side, bu t this is a practical paper, and I  have purposely 
kept away from the chemical aspect. I  quite agree th a t pyrites 
have a great deal to do with it, bu t a t the same time I  stick to 
the  old-fashioned idea th a t the in itia l effects depend upon the 
w eather and method employed on handling and storing the 
c o a l; the secondary is a pyritic  effect. I t  is said by some people 
th a t a shower of ra in  has nothing to do w ith it, bu t I  am firm ly 
convinced by practical experience th a t ra in  has every th ing  to 
do w ith the secondary condition of the heating of the coal. This 
pyrites is generally  accompanied by a considerable am ount of 
shale. This shale forms a plastic mass, which seals the coal 
underneath , and the pyrites on oxidation swells and fu rther 
chokes up the apertures, which, consequently, cause the cum ula­
tive effect of increasing the tem perature and giving off more 
heat through fu rther oxidation. This, then, will be a fu rth er, 
o r th ird  step. W ith  regard  to the vent pipes, I  do not mean 
ventilation pipes. I call them  vent pipes pure and simple for 
th e  purpose of allowing the escape of the hot gases. The heap 
of coal I  spoke of is 400 or 500 ft. across, and has a perfectly 
flat surface. W here is the displacement to come from for the 
supjily of free a ir which would necessitate the pulling  out of 
these pipes? In  the paper I  said the losses by storage were 
more apparent than  real. I f  you take the coal to be tested to 
the W est H am  Laboratory you get a fa ith fu l representation of 
the sample as it is at the tim e, perhaps to the detrim ent of the 
stored coals original analysis, but if the coal absorbs, oxygen, 
then  there is a chemical operation. A  very small am ount of 
the carbon is used, bu t a g reater portion of oxygen has com­
bined w ith the hydrogen and forms water. This is, a ton of 
coal to-day m ay be more th an  th a t in a year-’s t im e ; it  will be 
found th a t it has increased in weight to a small extent. I t  
would be impossible for the laboratory to tell you this, because 
i t  depends on the tem perature you allowed the pile to go to.
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M r. L l o y d  J o n e s  : Does th a t make up the loss in the 
■chemical value?

M r. A n d e r s o n : Yes, with certain  reservation from a prac­
tical view, it compensates the loss shown by chemical analysis. 
I t  is ra ther a big1 subject, bu t we have not yet reached the best 
practice in the scientific burn ing  of coal. F or every shovelful 
of coal put on a furnace there is a certain  am ount of loss, and 
th a t loss is represented by a portion of those ligh ter gases which 
form a p art of the volatile m atters in  coal. Those gases th a t 
are lost by the average stoker on firing are the gases which are 
lest in' storing the coal, so th a t there is p ractically  little  differ­
ence unless they take a more scientific view as regards the 
method of supplying a ir for supporting combustion. From  
:some closely conducted experim ents by some of our friends on 
the other side of the water, i t  was conclusively proved tha t 
after coal had been stored for several years it gave practically  
as good results as new w rought coal in a boiler furnace. W e 
know w hat to expect from a chemical analysis, bu t there are 
other conditions which make a difference in  practice. T hat is 
why I  say in practice the loss is nothing.

Mr. L l o y d  J o n e s  : There is an alteration  in  the hydroscopic 
m oisture in coal which ought to make a difference.

M r. A n d e r s o n  : T hat is t r u e ; bu t in practice there is an 
increase of w eight of the to tal bulk which compensates this.

Mr. L l o y d  J o n e s  : The structure is altered and the hydro­
scopic contents are altered.

M r. A n d e r s o n : Yes, there are those differences, bu t the 
.stoker does not consider th a t there are certain  v ita l qualities 
in coal and its effective gases. He sim ply throws the coal 011 
the fire and fires so m any tons per sh ift. So far as chem istry 
is concerned there are so m any units of heat lost, b u t if those 
gases liave already escaped it would not make any difference in 
the heating value, as some of those gases are the ones which 
a re  lost in storage. A  coking bitum inous coal, I  agree, is more 
subject to overheating th an  the non-coking. I  have noticed 
th a t  coking coals generally  show the w eathering of bitum inous 
pyritic  shales very pronounced feathery  ferrous-sulphate stick­
ing  all over the place. I  have often though t th a t th is w eather­
ing of the shale has a lot to do w ith the a lteration  of coking 
value of stored coal; if so, perhaps the addition of shale to a 
non-coking coal m ight solve the problem of coking the 
anthracites.
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Mr. Martlew : H aving tested a coal steam -raising p lan t for 
a num ber of years and noting the effects of using newly 
delivered coal and coal which has been for a num ber of months 
or years under storage, I  find th a t as regards steam raising— 
th a t is to say, if we get x lb s . of steam w ith a pound of newly- 
won coal—we shall also find th a t we get very nearly, if not 
quite x lb s . w ithin l i b .  of the stored coal. T hat is my prac­
tical experience of the effects of storage, providing great care 
is used in storing, as suggested in m y previous remarks.

Mr. Ax dee son : That is one of my points—method of storage 
to prevent deterioration. I  ra th e r th ink  th a t Mr. Lloyd Jones 
will agree there are some th ings in coal of which we do not 
know everything yet.

M r. L l o y d  J o n e s  : I  want to know why you go to the boiler 
house to determ ine the calorific v a lu e ; why not re'ly on the 
calorim eter?

Mr. A n d e e s o n  : I  quite agree there is nothing to compare 
with the scientific 'analysis of coal. You then  know w hat to 
expect, bu t the stoker does not know w hat to expect; he does 
not care. Personally, I  th ink  we ought to go to the stoker much 
more th an  we do to explain the analysis of his fuel as determ ined 
in laboratory. A t  the beginning of 1916 I  wrote a paper, which 
was- intended purely for stokers and owners of p lan t, now 
published by E . and F . Spon, and distributed it all over the 
country. I  believe in going to the stokers; we do not educate 
them  enough. They ought to possess a certificate of some sort 
as regards their knowledge, then the scientific analysis of coal 
would possess a greater value than  it now does, apart from the 
buying  of different kinds of fuel. No one knows better th an  
M r. Lloyd Jones that I  encourage the greater use of scientific 
analysis of fuel. B ut a t present this result is purely used from 
a commercial point. I  should like to teach the stoker w hat to 
do with the coal from the results of analysis, and then to get all 
from coal th a t is in it, thus incidentally  reducing his own work, 
his m aster’s costs, and, the greatest point of all, extending the 
tim e of prohibitive use of our country’s most valuable asset— 
Coal.

Mr. A r b f t h n o t  : I  find th a t there is a reduction in calorific 
value.

Mr. A n d e r s o n  : T hat depends on the way one looks at the 
m atter, such as from an analysis of a sample or the results of 
the whole mass. Both will depend on the care taken on storage.

The m eeting concluded with a vote of thanks to the au th o r, 
proposed by Mr. W . E . F arenden, seconded by the Chairm an.
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M r. Jo n x  I v i r s o p p  (Gatesliead-on-Tyne.): M r. Anderson’s 
paper is an exceedingly, in teresting  and valuable one, as lie lias 
g raphically  dealt with the question of the m axim um  lim it of 
height (or depth) stacks of various classes of coal could be safely 
teemed to w ithout actual risk of their heating  or firms' through© “ o
spontaneous combustion, one on which apparen tly  up to the pre­
sent there seems to be (whether erroneously or not) considerable 
elasticity of opinion.

According to the depth, in  the paper (also the m axim um  
tem peratures it would be safe to allow a heap of each respective 
class of coal to rise to before tak ing  any steps), for each various 
class of coal, we have, viz.,

A ver. 
depth in 

feet.

Maximum 
depth 

in feet.
Temperature 

allowed to rise to 
degrees Fa hr.

1. M ix ture  of N o rth  C ountry , Scotch
and  Y orkshire coal 13$ 16

2. Sm all g raded  coal — 12 to 14 See p. I l l  the
3. U nw ashed m ixed coals — 9 to 12 A u th o r’s repl}*.
4. S l a c k ........................................................ — n o t above 6
5. B est la rg e — 20ft

are they  heights th a t can be arrived a t before the adoption 
of vent pipes and daily  readings of tem perature are advisable, 
or are they the m axim um  lim its of heigh t it is sa.fe to teem the 
heaps up to altogether, w ithout risk of excessive heating  or 
firing?

I f  the former, it  would seem th a t any heating  in a coal stack 
invariably  commenced after the pile had reached a certain  
height, hence the advisability  of the adoption of vent pipes. 
Consequently, does th e ir adoption en tail th e ir rem aining stand­
ing down to their original driven depth of (as quoted) 7 ft. below 
level of top of stack (or, as it  then was), and there rem aining 
till the stack is filled out and an additional num ber of vent 
pipes g radually  brought into use, and as the heap gradually  
advanced in  height each in  its tu rn  driven down to a depth 
of 7 f t ; or are the whole of the vent pipes uniform ly kept with 
the bottom ends above level, and all periodically raised to the 
same uniform  level as the heap of coal is g radually  piled up in  
h e ig h t; or, if so, how often? I f  such is the case, it  would 
appear th a t the nature of the different classes of coal and a time 
elem ent in  the ra te  of teem ing operations or the ra te  the stack 
grew in heigh t would be a consideration.
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R eferring  to the previous enum erated five d istinct stacks of 
different classes of coal, would the au thor kindly supplem ent 
his rem arks by stating, in the case of (1) whether the different 
coals as teemed were mixed through and through on the heap— 
or was each distinct class teemed at, and b u ilt up different parts 
of one big heap— and could the whole of this coal be classed as 
unscreened? Also, whether (2) was washed, small graded coal, 
as also the case of (4) and (5) in  hereinbefore m entioned table?

I t  m ay be in teresting to m any members to compare the views 
expressed in Mr. Anderson’s paper with those arrived a t by 
previous authorities and Commissions oil th is subject. Some 
few years ago the w riter went very fu lly  into the question of 
“ Coal Shipm ent and tlie lay ing  out of Staitli-heads, w ith  
special reference to A nti-B reakage A rrangem ents,”  th ro u g h ­
out the B ritish  Isles and abroad, the whole (with photographs 
and diagram s) being exhaustively embodied in a paper read 
before and published in the Trans, of the In stitu te  of M ining 
Engineers.* W ith  th is paper he also wrote one on “ The 
Various Types of Cargo Steamers, with special reference to 
Doxf'ord’s Self-D ischarging B oat.”

In  the first mentioned paper the w riter briefly referred to 
the subject of spontaneous combustion, and w hat conclusion had 
been arrived at to lessen such possibility in the case of stacked 
coal, as he considered it  one very closely related to the iise of 
anti-breakage appliances, especially so with regard to the first 
portion of cargo deposited in the holds.

A fter researching into this subject he would wish to m ention 
th a t one of the most complete and valuable papers on th is sub­
ject is one on “  The Spontaneous H eating  of Coal, particu la rly  
during  S hipm ent,”  by Sir R ichard  Tlirelfall, F .R .S . , , (Jo u m a l  
of Soc. of Chemical Industry ,  1909, vol. xxv iii., page 759), 
from Sir R ichard ’s researches and those of other au thorities 
quoted in his paper, i t  is difficult to conceive th a t iron pyrites 
can p lay any serious p art in spontaneous heating , a lthough th is 
is a theory which appears to die hard .

On the other hand, it  has been conclusively proved th a t dry  
coal will absorb oxygen m uch more readily  than  moist coal, 
even when both are freshly won, and after a short period dust 
and slack do show most decided signs of heating  to some very 
appreciable extent. S ir R ichard, however, adm its th a t 
moisture in  coal m ay cause pyrites to decompose by air and

•T ra n s .  I n s t .  M in ing  E n g in eers , 1908, vol. xxxvi., p age 610: 1909, vol. xxxviii., 
page 596; 1910, vol. xxxix ., page 650; a n d  1911, vol. xl.



m oisture combined, under circum stances when it  could not do 
so by either agent separately, and so he th inks th a t probably 
the w eathering of pyrites m ay have some im portan t indirect 
influence favouring spontaneous combustion.

M r. H enri Fayot found, as the result of experim ents w ith 
various coals from the north  of F rance and B elgian coalfields 
th a t the inflam m ability of coal is highest w ith lign ite , passing 
downward through  gas and coking coal to an thracite  in  the 
order n am ed ; bu t the difference between gas and coking coals 
was not great, which is an im portant fact, as there has always 
been a tendency to make too m uch of supposed g reat differences 
in the natu ra l tendencies of coals to inflame spontaneously.

Various Commissions have proved th a t the risk of a spon­
taneous fire is much greater when the cargo is loaded in  summer 
than  when in w inter, and th a t the size and depth of the ship 
(or hold) has also an im portant bearing. In  1874, w ith cargoes 
shipped under 500 tons, the num ber of spontaneous fires th a t 
broke out was less th an  a q uarte r per cent., .whereas with ship­
ments of over 2,000 tons the num ber rose to nine per cent. All 
the Commissions have also failed to find a single undoubted case 
of a spontaneous fire having occurred orig inally  in any other 
place th an  in the heap of dust formed im m ediately under the 
hatchw ays.

The second New South W ales Commission recommended th a t 
where large ships are being loaded during  warm  w eather (say, 
when the tem perature is 90 deg. F ah r. or over), a hose should 
be played down the hatchw ay so as to-w et, a t all events, the 
coal which collects a t th a t point. Some au thorities still con­
sider th a t a considerable collection of iron pyrites, combined 
w ith  m oisture and coal dust, in  the cone w hich is b u ilt up in  
the vessel’s hold im m ediately underneath  the hatch , really  does 
p lay an im portan t p a r t in  causing spontaneous heating .

Some collieries, for the preservation of th e ir coal in wet 
w eather, take the precaution of covering th e ir loaded wagons 
with ta rp au lin  during  tran sit between the colliery and the place 
of shipm ent. This practice is adverse to the views of both 
F ayo t and the New South W ales Commission.

F ayot also claimed th a t the height of the stack played an 
im portan t p a rt in  heating , more especially when composed of 
unscreened coal or slack. From  his own observation no cases 
had occurred in ' heaps of less height than  6^ ft. (2 m etres), 
whereas when the heaps were more th an  double th is height
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spontaneous combustion invariably  occurred. I t  is recognised 
th a t outbreaks seldom or never occur w ith vessels of two decks.

I t  seems to the w riter, whether pyrites plays an im portant 
part in spontaneous heating  or not, the remedy most assuredly 
lies in  dim inishing the am ount of small coal, and more 
especially of dust contained in the cone bu ilt up im m ediately 
underneath  the hatchw ays.

Allowing the hum an elem ent to enter into this question or 
not, this can only be affected or modified by some form or other 
of anti-breaking appliance, preferably one which reduces the 
crushing 01' g rind ing  action (and thus the quan tity  of dust 
created) to a m inim um , and distributes the m ixture of small 
over as large an area in the hold as possible.

All authorities unanim ously consider th a t one of the 
means of, if not preventing, spontaneous heating  altogether, 
at any ra te  counteracting it, is by having  a sufficiency of venti­
lation either by means of vertical shafts or pipes, and, where 
possible, by horizontal open air courses as well as from shaft 
to shaft. These shafts could be used for pouring w ater down 
into the hold in case the coal began to heat.

On the face of these preceding rem arks by T krelfall, Fayot, 
various Commissions and others, who all endorse more or less 
the practice of sufficiently ventila ting  coal stacks, if from his 
environm ent and experience M r. Anderson is able to supplem ent 
his valuable paper by furn ish ing  data th a t would establish a 
reliable working standard basis of safety as regards the rad ius 
of area of surface of heap, it is advisable not to exceed, for each 
vent pipe of, say, a uniform  given size and for heaps of each 
distinct class of coal, it would be of great value, not only as 
fu rn ish ing  a thoroughly reliable principle, the establishing of 
which would reduce the risk of all possibility of heating  and 
firing to the m inim um , and would also probably form a basis 
for insurance companies to work off, in basing their sales, which 
at present seem somewhat vague.

As the au tho r’s views on the question of the use of water in 
case of fire is ra th e r adverse to the views hereinbefore expressed 
(and especially in the case of the firing of a stack of large coal), 
is it possible for him  to supplem ent his orig inal rem arks in any 
way in th is respect?

A recent paper has been published on a method of teem ing 
up a series of conical shaped heaps not exceeding a heigh t of 
15 ft., N orth  Country coal, bu t as every colliery or works
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has not sufficient waste or available ground for th is purpose, it 
seems to the w riter th a t if one large heap can be bu ilt up with 
safety, it  possesses advantages.

I  am obliged for the advance copy of Mr. J .  H . Anderson’s 
paper, and have pleasure in contribu ting  the following rem arks 
to the discussion thereon : —

I have been m uch interested in Mr. A nderson’s paper, with 
the valuable record of his experience. I t  is im portan t to note 
th a t his results corroborate those of the large num ber of others 
whose attention has been directed to th is subject, and th a t the 
precautions suggested by him  are the same as have been 
repeatedly put forward by others. Thus there is a general 
concensus of opinion th a t heaps of coal should not exceed 12 to 
14 ft. in  height, th a t tubes or rods should be pu t down at 
intervals in the heaps to determ ine the first signs of heating, 
th a t a heap should be properly ventilated, and th a t trench ing  
should be resorted to when there are indications of heating. 
Indeed, I  am only in disagreem ent w ith one statem ent, nam ely, 
th a t “ there is not m uch inform ation published on th is  sub­
ject ” ; I  hold th a t there are a few questions concerning coal 
upon w hich more has been published in  recent years than  upon 
the spontaneous combustion of coal. In  the first place, the 
theory of the subject has been adm irably elucidated by th a t im ­
portan t series of papers em anating from the Doncaster Coal- 
owners’ laboratory, which have appeared in the Transactions 
of the In stitu tio n  of M ining Engineers, the first having 
appeared in 1913, vol. xlvi. The two reports of the New South 
W ales Commissions on the Spontaneous Combustion of Coal are 
fa irly  well known, b u t a more recent volume on the W eathering  
of Coal, by Dr. J .  B, P orter, published in 1915 by the C anadian 
D epartm ent of Mines, is not as well known in th is country as 
it deserves to be ; in it M r. Anderson would find a tolerably com­
plete bibliography of the subject— commencing w ith the reports 
of De la Beclie and P lay fa ir in 1846— which occupies several 
pages, and is by itself sufficient to show th a t there had been 
a very great deal published on this subject of the spontaneous 
firing of coal. D r. P o rte r’s recommendations agree closely 
with those of M r. Anderson. A valuable paper th a t should be 
mentioned is one by Sir R ichard  T lirelfall, published in the 
Journal of the Society of Chemical Industry  for 1909. More 
recently a report on the subject has been issued by the South 
W ales and M onm outhshire School of Mines, and as recently  as



F ebruary  9tb a very useful paper on the same subject was read 
before the N orth of E ngland In s titu te  of M ining Engineers by 
M r. John  Morison.

There is, in  fact, a vast am ount of lite ra tu re  dealing with 
the spontaneous ignition of coal, even excluding all th a t has 
been published on the C ontinent of Europe, and though 
opinions as to the causes of such ignition  were somewhat con­
flicting before the researches of the Doncaster Coalowners’ 
Laboratory were undertaken, there is surprising unan im ity  as 
to the preventive and remedial measures th a t ought to be 
adopted, and it is g ra tify ing  to find th a t M r. A nderson’s 
experience has led him  to the same conclusions.

Yours fa ith fu lly ,
H e n r y  L o u i s , 

Professor of M ining, A rm strong College, 
U niversity  of D urham .
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I  am much obliged to you for sending me the proof'of M r. 
Anderson’s paper on the “ Storage of B itum inous Coal,”  and 
enclose herewith a few remarks which I  have to make upon the 
paper.

I  regret th a t I  will be unable to attend the m eeting to which 
you have invited me.

I  read last m onth, before the N orth of E ngland In stitu tio n  
of M ining Engineers, a paper upon a sim ilar subject, and if 
you have not got a copy of th is paper I  shall be glad to supply 
you with one previous to the m eeting, or, as I  am going from 
home, if yo\i would apply to Mr. P . Strzelecki, A lbany B uild ­
ings, 39, V ictoria Street, S .W .l, he will be able to give you 
a copy.

The conclusions come to by Mr. Anderson, as given in  his 
report, are very much the same as those to which I  came.

You will find, however, th a t in my paper I  advocate, instead 
of tem perature tubes, p lain  rods of iron, which were drawn 
through the hand, which is sufficient and more convenient than  
tak ing  the exact tem peratures, which are not necessary.

W henever heating  is observed a t all the precautions which 
are advocated in my paper, and which are also advocated by M r. * 
Anderson, of trenching and wrecking the surface should be 
commenced.
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I have also used vent tubes sim ilar to those referred  to by 
M r, A nderson, and find them  beneficial.

I  consider any tendency at all to heating  is au indication 
of danger, which should be at once attended to.

In  M r. Anderson’s paper, when he refers to the method of 
storing the coal by ru n n in g  the tram w ay on the top of the 
heap, then sh ifting  it over the edge, if i t  can be avoided th is is 
an undesirable method, as it consolidates the top of the heap 
and prevents dissipation of the heat when it  arises. I f  some 
other method can be found, such as th a t illu stra ted  in  m y 
paper, I  consider it is better.

I observe in the paper a reference by M r. Anderson to the
effect of shale or d irt in the coal form ing layers which re tard© «/
the dissipation of heat. This same is also referred to in  my 
paper.

The conclusions as to the height of the heap by M r. Anderson 
agree also very closely w ith the conclusions 1 came to.

The conditions of coal in cargoes in  ships are different, and 
it is very difficult to use the same precautions as those which 
can be effectively used on the surface. I t  is absolutely neces­
sary, if proper precautions have to be taken, to lay  coal against 
the bulkheads where there is any heat such as from the engine- 
room steam pipes, etc., and all cargo ships carry ing  coal for 
long voyages should have some means of preventing th is, and 
the most effective precaution here would be a double bulkhead 
open to the very bottom  of the hold and separating  i t  from the 
hot bulkhead, an a ir space being left which would be free for 
ventilation.

I  am  not sure th a t the vent pipes suggested would be effective, 
and am of opinion th a t a system of compressed a ir pipes con­
nected rig h t through the cargo, along the bottom, w ith  ven ti­
la tin g  pipes up through the cargo, would prove more effective. 
This system could be easily introduced by placing a sm all a ir  
compressor in  any convenient p a rt of the ship, and it  would not 
require a very large compressor for a ship of considerable size.

Yours fa ith fu lly ,
J .  M o r i s o n , C.N.

M r. J .  H . A n d e r s o n : In  reply to Professor H enry Louis, it 
gives me g reat pleasure to hear th a t the experience we have had 
coincides w ith the general opinion of others, particu la rly  those 
who touch the subject from a scientific point.
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R egarding tlie-only point tha t Professor Louis disagrees witli 
me, nam ely, “ There is not much inform ation published on tins 
sub ject,”  I  thank him  for draw ing my attention to some of the 
already published works. I  have had the pleasure of reading 
a few of them , bu t I  have not come across a paper or artic le 
w ritten on the practical results of the storage of a large heap of 
coal, giving the daily results of same, w ith the tem peratures 
plotted out and set forward as on the charts exhibited.

U nfortunately it will be impossible to reproduce those charts 
owing to the am ount of detail on them , together w ith the 
various colours employed to distinguish each pipe record, bu t 
I  will endeavour to supplement this by preparing a tabulated  
statem ent of about a year’s result of these tem peratures.

M r. John  M orison’s rem arks and results also give me 
gratification.

I t  is a coincidence that his paper and mine were w ritten about 
the same tim e and tha t most of our results agree so far as trea t­
m ent of a heated pile is concerned. Probably we start a little 
sooner th an  Mr. Morison by inserting vent pipes im m ediately 
the coal is tipped. By doing this I  firmly believe th a t it delays 
the tendency of in itia l heating and thus ensures a greater pre­
vention of danger.

Mr. Morison’s rem arks on the use of p lain  rods of iron 
“  which are drawn through the hand is sufficient and more con­
venient than  taking the exact tem peratures which is not neces­
sary ." This of course is a m atter of opinion and my idea is the 
opposite of Mr. M orison’s in  th is respect.

The m atter of sensitiveness of touch is different with most 
people, and also with the same person judg ing  the heat. I  
m ight illustrate this by suggesting a simple experim ent which 
you can try  any time at your convenience, th a t is, get three bowls 
of water, each of a different tem perature of even only a few 
de grees for instance, 70°, 80°, 90° F a lir.—put your hand into 
the 90° basin and from there into the 80° basin, the 80° water 
will feel quite cold; now reverse the order, pu t your hand into 
the 70° basin and from thence into the 80°, the 80° will feel 
quite hot, bu t ap art from this it is depending too much on the 
party  tak ing  the results, to remember all these places he has 
tested, it will be impossible to keep a record of the performance 
of the heap, whereas in years to come if you wanted any refer­
ence regards any particular coal, if you used therm om eter read­
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ing's yon could always refer to them  any tim e. I  question if 
insurance companies would agree to rods in  preference to 
therm om eter readings.

As regards the hand ling  of the coal by tipp ing  from the top, I  
employed this method because from an engineer’s point of 
economy of working we utilize gravity  in as m any instances as 
possible; therefore it is, much simpler, more economical and 
what meets present day requirem ents, reduces the num ber of 
men necessary, by simply opening a door allowing all the coal 
to run  out itself rather than  employ steam cranes to build up a 
heap. I m ight here say th a t in the south we cannot secure 
special p lan t to-day, and most everything used in the handling 
was adapted to meet the circumstances of tem porary storage.

The running  of the wagons on the top of the heap would 
appear to be detrim ental to the coal, bu t in practice we found 
th a t this was more apparent than  real. F u rth e r than  that, 
from the point of precaution in the event of a tire, these rails 
were left 011 the top of the heap so tha t if any coal had to be re­
moved a t all then we could s ta rt doing so without making1 a lotc *1 # ©

of work when tim e is a g reat consideration on salvage of a heap, 
owing to these rails being already there.O  O  «/

Mr. M orison’s idea as regards ven tila ting  pipes w ith a posi­
tive pressure appears to me to be a danger to adopt this for 
shipping inasm uch th a t it  would be impossible to get th is air 
throughout the cargo to cool same, but in the event of any mois­
tu re  setting the pyrites off oxidizing then th is great supply of 
a ir  would aggravate the m atter by supplying oxygen in  an un ­
lim ited quantity . If  a tire was to occur then, it would act 
sim ilar to a blacksm ith’s tire. The pipes I  suggest are not ven­
tila tin g  pipes, but pure and sim ply a vent for the escape of heat 
gradually  as it is made, and thus to prevent the fu rther rise of 
tem perature of the mass with its property of acceleration of 
oxygen absorption and consequent heat generation beyond th a t 
which could escape to the atmosphere.

M r. John  K irsopp’s rem arks are very in teresting, and I  will 
try  to answer some of his questions as they are queried.

A general answer to the first few questions is th a t the heights 
mentioned are those which we tip at one operation and the time 
we conimer.ee to take precautions for the prevention of fire is as 
soon as possible after the coal is tipped.

The great disadvantage with written communications is that 
one cannot get the advantage of the illustrations shown by
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lantern. In  the paper read there are 140 slides shown dealing 
with the h a n d l i n g ' of coal from the mine to the consumer. Most 
of these show something- or other effecting som ething in relation 
to spontaneous ignition of a pile of coal when deposited, in so 
m uch as each operation adds a little  to the reduction of size of 
the coal, or there are weather effects to contend with, heavy 
weather at sea, etc.

My experience a few years ago with some other experim ental 
heaps th a t were not vented until a certain tem perature was 
reached taugh t me that most of the danger is w ithin the first 
few weeks after deposit, the tem perature chart gradually  rose 
and got to a height that warranted some action being taken.
I  am  sorry in a sense tha t we could not allow a destructive test 
to be carried out, as it would have involved a risk  th a t could not 
be tolerated at the time. After carrying out some crude methods 
of disturbing the coal here and there, pu tting  some few pipes 
in, the heat gradually- reduced, and ever since has rem ained 
quite norm al and steady. This has been deposited over three 
years and is composed of small coal all under 5-16tlis. in. I have 
so much confidence in this result that after a tim e I  would not 
hesitate to build up another pile on the top of coal th a t has been 
deposited for some tim e, providing mechanical difficulties or 
cost of piling warranted it.

I  cannot say from practice whether it would be the rig h t ' 
th ing  to extract the pipes in the lower heap and thus treat the 
top of the old coal as the bottom of the pile, and then put pipes 
down in the new coal sim ilar to other heaps.

I f  we were called upon to increase the height, I  should prefer 
leaving the  old pipes where they are and extending them  to the 
surface of the new coal. The new coal deposited I  should vent 
rig h t down to the surface of the old co a l: but of course this is 
only a suggestion which I  have no practice of. As at present 
situated the cost of piling an additional pile on the top would 
be prohibitive while there is other areas th a t could be covered to 
a safe height at one deposit by gravity.

R egarding the tabulated  statem ent th a t Mr. Kirsopp wishes 
me to fill up, th is can be done in a few words without mention­
ing tem peratures. F ix  a certain tem perature as given in my 
paper, for example, and also certain rules. Do not go beyond 
these rules, let them  be hard and fast, then you will see that if 
your heaps get to these fixed tem peratures, and stay there, you 
ought (as per rule) to excavate a foot per day at the hot place,
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tlius if it continued to keep h igh  (to exaggerate m atters) all your 
coal would be excaved at the hot place. This would hardly  
occur in  practice unless there was an actual fire which did not 
com municate a part of its heat to some of the surrounding tem ­
perature pipes.

The tem peratures mentioned in my paper are by no means a 
danger tem perature from the point of ignition of the coal, but 
ilie higher vou make this reading for tak ing  action the more© d  _ O p
risk you run of a sudden increase to the ignition point. On the 
other hand the lower you m ake this w arning and action, or as 
I  call it in my paper, danger tem perature, the more work you 
can expect in  trenching, etc.

The fixing of these two tem perature points in  m y paper is 
w hat may be called a line of dem arcation between the point of 
labour for prevention and the danger and labour necessary for 
greater measures in the event of a fire.

I  th ink  m y tem peratures are about righ t, but of course fu rther 
experience from other sources would no doubt be beneficial to 
corroborate mine. However, in the particu lar heap tha t paper 
is based on, as I  said only about 10 tons of m aterial was re­
moved, and this was when the danger reading was at 95° F ., 
which later I  altered to 100° F ., when probably this 10 tons 
would not have been shifted. I  th in k  you will agree th a t we are 
not far out so fa r as tak ing  action is concerned.

R egard ing  questions in b rack e ts : D iagram  and slide 
No. 8 answer th is  very well by showing the location of the 
various coals in the pile. They were not m echanieallv mixed 
other than  teem ing the m aterial as it cam e; and all of the 
coal was m echanical stoker coal. Some were nuts and 
others were mixed washed nuts and smalls, while the m ajor 
p art were N orthum berland and smalls, includ ing  all 
smalls up to about f  in.

R e g a r d i n g -  Xo. 4, th is was as the name savs, slacks, andC T O  ’ m •'
when you walked over it when wet it was necessary to clean 
your boots after. This will give you a rough impression 
of the  m aterial, as it stuck to you.

R egarding No. 5, we have th is stored up to 20 feet, prob­
ably in as m any if not more kinds of coal from  various 
places; some all mixed together, and has never given 
trouble. This large coal could be stored m uch higher if 
cost would w arrant so doing.
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One of my slides shows the latest bunkering m achine of 
Messrs. Doxford, a machine I  have had experience o f ; not only 
th a t, bu t views were shown of most of the coal handling 
appliances of any consequence, bunkering up to a ra te of 1,000 
tons per hour, and also hand work, so th a t it is hard ly  necessary 
to reply to most of the other part, some of which I have answered 
in the other parts of the discussion, p rincipally  regards pipes 
not to be treated as admission pipes for fresh air, bu t ra ther 
as heat escape pipes.

I  am thankful to say I  cannot give my own experience of the 
use of water to pu t a fire out, but the conclusion I  arrived at is 
the sum m ary of other experience in relation to the use of water 
whereby this is transferred to steam and then its elements dis­
associated. However, I  have seen actual fires where the hose 
(a standard tire hose) was being played on and where there was 
difficulty on pu ttin g  the fire out. Luckily, a portion could be 
sufficiently cooled to be gradually  picked up in a hot condition 
and then utilized close by to obtain the rem aining calorific value 
extracted from it. I  also exhibited slides of fires th a t would 
have been impossible to put out with water.

In  my paper I  have ra ther emphazied the care necessary for 
the prevention of fire, and I  have tried to explain tha t the care 
exercised at the low tem perature is that which is of more im ­
portance than  waiting un til a tem perature is reached when 
more drastic measures are necessary.

As regards form ing a base of area for each pipe I  have sug­
gested to the B ritish F ire  Prevention Committee, and who have 
evidently agreed together with other suggestions I  put forward 
th a t at least one pipe of 3ins. to 4ins. dia. per 600 sq. ft. surface 
is sufficient for a s ta rt; then other pipes could be added at any 
locality in the event of heating, th a t is if a daily record was 
kept of the tem peratures. Of course a deal depends on the kind 
of coal that the heap is composed of. F o r instance, I  find a 
difference even between N orthum berland and D urham  coals, 
and a much greater difference between either of those two m en­
tioned and Yorkshire and Scotch, but even with either of these 
there is a difference with each of the seams so th a t it is prac­
tically impossible to predeterm ine any hard and fast rule regards 
num ber of pipes required for a heap. The num ber I  suggest is 
well w ithin a num ber th a t will not be a financial burden to 
place and look after. Bv the way, it may be as well to m en­
tion th a t these vent pipes should not be used to take tem perature



readings from. W e liave found them  very fa r from b e in g -  tru s t­
worthy, depending on the weather.

R egard ing  the last question and the suggestion of conical 
heaps, no doubt this would be a safer method of storing- coal, bu t 
as Mr. Kirsopp rem arks the superficial area of ground occupied 
is great in  proportion to the tonnage, this partly  answers the 
question, bu t as my paper concerns not only the prevention of 
fire, but also the prevention of loss of calorific value of the coal, 
and as the method we employ is th a t of offering as sm all an 
area for exposure of w eathering by making- large piles of a 
certain  depth, levelling- off the top, you will readily  see the 
great difference in area exposed to the atmosphere between the 
two different methods.

------------ o------------ -

N o te s .

The following appeared in Page's Engineering W eekly ,  
•January 4, 1918: —

Deterioration of the Heating Value of Coal Through Long  
Storage.— The U nited States B ureau of Mines have issued a 
report on the deterioration in the heating  value of coal during 
storage. These tests go to prove that the loss in heating  power 
had been greatly  over-estimated.

The tests with New R iver and P ittsbu rgh  coal were made to 
determ ine the advantage to be gained by storing coal under 
water, particularly  under salt water. The results show th a t th e  
storage of New R iver coal under water effectively prevents 
deterioration of calorific value, and th a t storage in  the air under 
severe conditions causes only small deterioration, about 1 per 
cent, in one year’s exposure and about 2 per cent, in two years. 
A fter two years, the loss is continuous b u t slow, reaching  2-5 to 
3 per cent, in five years. '

The deterioration of P ittsb u rg h  coal during one year’s open- 
air storage was practically  negligible. D uring the subsequent 
four years the deterioration proceeded very slowly, and did not 
reach an am ount greater th an  1-1 per cent, in the five years. 
The submerged portions suffered no loss m easurable by the 
degree of accuracy of the methods used.

The test's of Pocahontas coal, a sem i-bituminous type, were 
undertaken chiefly to determine the effect of tropical conditions.
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They were made on an out-door pile of 100 tons of run-of-m ine 
coal. D uring two years’ outdoor exposure this coal deteriorated 
less than 1 per cent, in heating  value.

The Sheridan, W yom ing, sub-bitum inous coal, known also as 
“ black lignite ” is commonly supposed to deteriorate rapidly 
in  storage, especially by “  slacking ”  or crum bling of the 
lumps. Under the conditions of the test this coal lost 3 to 
5-5 per cent, of its heat value in two and three-fourth years’ 
storage, the greater part of this loss being in the first n ine 
months. In  general the lumps became badly cracked, but 
retained their form sufficiently to perm it ready access of air. 
However, they were weakened, so th a t they broke up badly  on 
handling. By the use of bins w ith air-tigh t bottoms and sides 
and a protecting layer of fine slack on the surface, the deteriora­
tion of Sheridan coal in heat value can probably be kept below 
3 per cent, in one year, and the physical deterioration can also 
be largely prevented in the under portions of the pile.

W ith  coal such as New R iver and P ittsburgh  the expeiise of 
underw ater storage equipment is not justified except as a pre­
ventive of fires from 'spontaneous combustion.

The following appeared in The Practical Engineer  of June 
l6 th : —

By way of supplem ent to Mr. John  H . Anderson’s paper on 
■the “ Storage of B itum inous Coal and Spontaneous Combus­
tion  ”  (read before the In stitu te  of M arine Engineers), and 
published in our issues of A pril 18tli and 25tli, it is in teresting  
to give the findings of the B ureau of Mines, U .S. D epartm ent 
of the In terio r, on th is subject.

The report, as summarised in the National Engineer,  
Chicago, recommends th a t coal should be stored in small quan­
tities as near to the point of consumption as possible. Small 
■coal piles rarely  ignite from spontaneous combustion. Coal 
should be stored near the point of use to avoid re-handling, 
extra transportation , and the degradation of size which follows 
each re-handling. For these reasons the bureau would advo­
cate storage, as far as possible, in the bins and yards of the 
ultim ate consumer, thus dividing the risk of loss from spon­
taneous combustion. I f  large storage piles are necessary, 
certain  general principles must be borne in m ind. The genera­
tion of heat is the resu lt of slow oxidation of the coal surface. 
The oxidation is much more rap id  from freshly mined coal or
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from freshly broken surfaces. The oxidation ra te  increases 
rap id ly  with increased tem perature. D ifferent coals have 
different oxidising- rates. These facts lead to the following 
recom m endations:— W here there is choice of coal to he stored, 
th a t having the lowest oxidising ra te  should be cliosen, if known. 
Between two coals, th a t which is least friable, and, therefore, 
which presents the least to tal coal surface in  the pile, should be 
selected.

The method of handling  should be such as to produce the 
least freshly broken coal surface. The coal should be as cool 
as possible when piled. P ilin g  warm coal on a hot day is 
more likely to produce spontaneous combustion. The coal 
m ust be kept from any extraneous source of heat. A lternate 
w etting and dry ing  of coal during  p iling  is to be avoided if 
possible. The fine coal, or slack, which furnishes the larger 
coal surface in the pile is the p art from which spontaneous com­
bustion is to be expected. P ilin g  of lum p coal where possible 
is therefore desirable.

In  the process of handling , if the lum p coal can be stored 
and the fine coal removed and used im m ediately, the practice 
prevents spontaneous combustion in coals which would have 
otherwise given trouble. The sulphur content of coal is 
believed by m any to play an im portan t role in spontaneous 
•combustion. The evidence on this point is still conflicting, 
bu t to play safe, it is desirable to choose coal having a lower 
•sulphur content, when choice is possible.

There is a current belief th a t dissim ilar coals stored in one 
pile are more liable to spontaneous combustion. The evidence 
on th is point is also conflicting, b u t to p lay safe it is advisable 
to store only one kind of coal in a pile. The ground on which 
a coal pile is bu ilt should be dry . The foregoing recommen­
dations are all derived from the factors affecting the heating  
of coal. There should be no spontaneous combustion, what- 
<ever the heating  rate , provided the heat is carried away as 
rap id ly  as produced. This fact b rings about the following 
recom m endations: —

Coal piles should be so made th a t there is ready movement 
-of a ir for ventilation throughout all parts of the coal pile. This 
is the condition when the entire pile is made of coarse lum p 
coal. W ith  ordinary  coal p iling  th is is difficult. The surfaces 
of coal piles should be so exposed as to allow the pile to cool; 
or else the coal should be so stored th a t a ir circulation wi th in  
the pile is very sm all. W hen the a ir circulation is reduced to
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a m inim um , as in an air-tigh t bin, w ith no opening in the- 
bottom, the oxygen of the a ir is soon removed and the mass- 
of the coal lies in an inert atm osphere, excep’t for small local 
circulation near the surface. A ir-tigh t bins are usually im ­
practicable, bu t the following practice is recommended, to- 
approxim ate these conditions : —

In  m aking a coal pile of mixed sizes, the coal should be 'so ' 
handled as to make a homogeneous pile and prevent the segre­
gation of coarse and fine coal. This frequently  determ ines th e ' 
most desirable m achinery for unloading coal. I t  is common 
practice to lim it the height of a coal pile, this for two reasons : —- 
A pile too high crushes the lower layers of coal, producing 
more fines; the larger the pile the less heat-dissipating surface 
there is exposed in proportion to the heat generating  capacity 
of the pile. Twelve feet in height is a common lim it.

WhateVer precautions are taken in choice and handling  of- 
coal, provision should be made for keeping track of the tem<- 
perature rise in a coal pile and for rapid  re-handling of portions- 
of a pile in case of excessive heating. In  a coal pile covering: 
a considerable area, it should be so sub-divided th a t in case of 
spontaneous combustion of a portion, the heat will not be tran s­
m itted to the whole pile, thus accelerating the heating  of- 
portions of the pile which norm ally would have rem ained cool.

To keep track of the tem perature of coal piles, it is recom ­
mended th a t in. iron pipe be driven vertically  into the pila 
a t distances of 15 ft. or 20 ft. apart. A m axim um  therm om eter 
lowered into the pipe to varying depths will indicate the- 
tem perature of the pile opposite the therm om eter.

A survey of the pile and a survey of the tem perature of a ll 
parts of the pile. A ctual removal need not begin during  the- 
first three m onths after the pile is made, bu t once a week 
thereafter un til the pile has evidently ceased to heat. As soou 
as any portion of the pile reaches a tem perature of 150 deg.,. 
provision should be made for removing th a t portion of the pile. 
Actual removal need not begin u n til the tem perature has- 
reached 180 deg.. but at these tem peratures the ra te of oxida­
tion is dangerously rapid . The object of re-liandling the coal 
is to allow it  to cool below a dangerous tem perature. Any' 
method of re-handling which does not allow of c o o lin o -  w ill 
only transfer the difficulty from the old pile to the new one. I t  
is usually useless to employ water in an attem pt to cool a 
coal pile.

Lack of provision for rap id  re-loading, cooling and re-p iling  
of coal is the cause of serious loss from spontaneous combustion.
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