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THE STORAGE OF BITUMINOUS COAL

I. INTRODUCTION

1. Interest in Storage of Coal.—One result of the coal shortage
during the winter of 1917-1918 was to impress upon the general pub-
lic, and particularly upon the Fuel Administration, the necessity of
having a coal pile on which to draw in time of stress such as occurred
during the winter of 1918.

Upon the recommendation of the Illinois Fuel Administration, a
systematic campaign was instituted by the United States Fuel Ad-
ministration in Washington, urging people to store coal.  The con-
clusions and recommendations of the Engineering Experiment Station
Circular No. 6% were reprinted in condensed form and given wide
publicity by several State Fuel Administrations, by the Retail Coal
Dealers Association of Illinois and Wisconsin, and by the National
Board of Fire Underwriters. As a result of this campaign, it is safe
to say that never before had so much attention been paid to the storage
of ecoal as was the case in the spring and summer of 1918.

During the past year unusual attention has also been given to
the subjeet of coal storage in England and in Canada and the con-
clusions which were reached in these ecountries, and which will be
referred to later in fuller detail, agree very closely with the experience
in the United States.

Details as to the amounts of coal in storage at different periods
and the methods used to stimulate storage will be found in the re-
ports of the Fuel Administration. '

2. Conditions under which Coal Was Stored.—The present bulle-
tin aims to supplement Circular No. 6 by presenting information
* secured in a further study of the shortage of coal under conditions
somewhat different from those that existed prior to the publication
of Circular No. 6 in the early part of 1918. These new conditions
were:

(1) On account of the pooling of coals from a number

of different districts and the zoning system of distribution

* “The Storage of Bituminous Coeal,” by H. H. Stoek. Univ. of Ill., Eng. Exp. Sta.
Circular No. 6, 1918,
1k
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under the United States Fuel Administration during 1918,
many were compelled to buy a different coal from that to
which they had been accustomed in the past.

(2) It was often impossible to secure continuous ship-
ments of the same coal ; therefore it was frequently necessary
to store a mixture of coals.

(3) Owing to the great demand for a maximum output
under war conditions, less care was given to the preparation
of the eoal, with regard both to its sizing and to the separa-
tion of impurities; consequently much coal was stored that
was not suitable for the purpose.

(4) Owing to the campaign for storing coal carried
on mainly by government agencies, undoubtedly mueh more
coal was stored than under ordinary conditions, and much
of this was stored by people without any previous experience
in the storing of coal.

In some cases, therefore, the results of storage during 1918 were
discouraging to those who had no previous experience in storing coal.
One purpose of this further study of the subject was to find out the
experience of those who stored under these unusual conditions and,
if necessary, to modify the conclusions and suggestions contained in
Circular No. 6.

3. Sources of Information—The data for the present bulletin
were obtained :

(1) From a questionnaire sent to the same individuals
or companies upon whose experience the conclusions pub-
lished in Cireular No. 6 were based. These included about
two hundred individuals, manufacturing concerns, railroads,
coke plants, etc., that had stored coal under widely differing
conditions.

(2) From a similar guestionnaire which, through the
cordial cooperation of JosepH IARrRINGTON, Administrative
Engineer ‘of the IMinois Fuel Administration, was sent to
about eighteen thousand power plants in Tllinois.  From this
(uestionnaire about three hundred answers were received. '

(3) From a careful study of fires in coal piles in
Chicago. This study was made by W. D. LANGTRY in con-
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nection with work begun under the Conservation Department
of the United States Fuel Administration in Illinois. J. C,
McDonaLp, chief of the Bureau of Fire Prevention and Pub-
lic Safety of Chieago, for a period of six months beginning
about May 1, 1918, reported daily all fires in coal piles in
Chicago and either Mr. Langtry or Mr. Hiprarp, Research
Assistant in Mining Engineering of the Engineering Experi-
ment Station, investigated most of these fires and, in many
cases, took photographs of them.

(4) From investigations made by the authors of this
bulletin of fires which occurred in Mattoon, Deecatur, Rock
Island, Moline, Davenport, Aurora, Champaign, Urbana, St.
Louis, and Milwaukee. The fires in these cifies had been
reported either to the local fire departments or to the County
IFFuel Administrators who were most helpful by notifying the
authors of coal in storage and of fires. The conditions
under which fires occurred in these cities were similar to
those under which fires occurred in Chicago.

(6) TFrom information furnished through the cordial
codperation of E. A. McAvrirre and the following super-
visors of the Fuel Conservation Section of the United States
Railroad Administration: E. P. Rorscu, Rosert CoLLETT,
B. R. Feexy, II. C. Woobsripgr, N. CLEWER, .J. W. Harpy,
and L. R. Pyvie®* 8. W. Parg, Professor .of Industrial
Chemistry, University of Illinois, whose bulletins on spon-
taneous combustion are well known, has been most helpful
through suggestions and criticisms of the manuseripts. Mr.
Hirparp not only coiperated with Mgr. LiaxgTrY in studying
Chicago fires, but also compiled the data secured in connec-
tion with these fires and the replies to the several question-
naires. So many have coiperated in gathering information
that it is impossible to give adequate eredit to all by name.

*See “Storage of Coal by Railroads during 1918,” by H. H. Stoek. Inter, Ry,
Fuel Assoc. Proe., 1919,
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II. Summary oF CONCLUSIONS

It is believed that the following conelusions will be helpful to any
one who expects to store coal. These conclusions and the evidence
upon which they are based are discussed in detail in the subsequent
pages of this bulletin.

4.  Preliminary Considerations.—

(1) Storage of coal insures the consumer a regular
supply of coal, assists in equalizing freight traffic on the
railroads, and helps to stabilize the operation of coal mines.

(2) The storage of coal should not be undertaken with-
out a careful consideration of the practice of those who have
stored coal successfully.

(3) Before it is time to begin the actual storing a
suitable place should be prepared and a policy outlined far
enough in advance so that every one who will have to do with
the storing can receive definite instructions and not mere
suggestions. It is unwise to wait until the coal to be stored is
on the track and then to dump it anywhere so as to release
the ears promptly. When storing begins, the instructions
should be carried out to the letter. Many failures in storing
coal have been due, not to faulty instruections, but to the
fact that the instructions have not been followed.

5. Preparation of Place of Storage—I1f possible a place should
be chosen that is dry and well drained; if not drained naturally,
drains should be provided about the storage pile, not underneath it,
as a drain beneath a pile may produce an air eurrent up through the
pile and thus assist spontaneous combustion.

Coal should not be dumped on ground covered with ashes or
refuse of any kind, because often in addition to furnishing flues for
the admission of air, such refuse contains combustible material;
furthermore, the presence of such refuse will depreciate the vahie of
the coal when it is reclaimed from storage. If possible, the ground
should be cleared of vegetation and leveled off, so that the reclaiming
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of the coal will be made as easy as possible and that, in reclaiming,
dirt and refuse will not be taken up by the shovel or by other devices
used. There is some justification for the objection of firemen to using
coal that has been stored, because of the dirt and other refuse that
has been mixed with the coal in taking it from the storage pile. A
hard clay bottom thoroughly drained is desirable, if a conerete is too
expensive.

If possible, adequate space should be provided so that the coal
can be moved, if heating occurs. Coal should not be piled around
hot pipes, against a boiler, against hot walls, around a chimney, or
in any place where it will be subjected to outside heat, because the
liability to spontaneous combustion increases rapidly with a rise in
temperature. Coal should not be stored above flues that will permit
a current of air to enter the coal pile; hot air such as that from a
sewer is particularly to be avoided.

6. Time of Year for Storage—In order best to equalize trans-
portation facilities, to help stabilize mine operation, and sometimes
to take advantage of lower prices, coal should be stored between the
first of May and the first of September. However, as these are the
hottest months of the year, special precautions should be taken both
in storing and in watching the coal after it is placed in storage. Coal
is a poor conductor of heat and if coal that is already at a high
temperature is covered by other coal, it retains the heat and is much
more liable to spontaneous_combustion than coal that is stored at a
lower temperature.

7. Kinds of Coal which May Be Safely Stored.—It is probably
true that all varieties of bituminous coal have been stored without
fire resulting, and equally true that all varieties of coal have fired
when stored. These facts do not mean that all coals store equally
well, as there is undoubtedly a difference in coals in this respect.
The kind of coal that is to be stored should be specified. Coals that
are known to be particularly liable to spontaneous ecombustion should
not be selected for storage if it is possible to avoid doing so. If there
is no choiee of coal to be had, greater precautions in piling and in
watching storage piles will be necessary.

The spontaneous combustion of coal is due largely to the oxida-
tion of fine coal ; consequently, the liability to spontaneous combustion
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in stored coal is greatly reduced and in many cases eliminated if dust
and fine coal can be kept out of the pile.

Henee, if possible, cleaned, sereened coal of a uniform size should
be chosen, the larger the lumps the better, so as to give the greater
number of voids in the pile. Coal of one size is better than a mixture
of sizes.

Sized coal should not be stored upon a foundation of fine coal.

The coal should be handled in such a way as to prevent break-
age as much as possible. If there is a choice of coals for storage,
the least friable should be chosen and the one in which there is the
least fine material.

While many varieties of mine-run coal cannot be stored safely
under ordinary conditions because of the presence of fine coal and
dust, such coal has been successfully stored in small, low piles. In
storing mine-run coal, it should be piled uniformly so as to prevent
segregation of the sizes.

As fine coal or slack is more liable to spontaneous combustion
than elean sized coal, it should be very carefully watched in storage
to detect evidence of heating.

8. Sulphur in Coal.—Although experimentation has shown that
the sulphur contained in coal in the form of pyrites is not the chief
cause of spontaneous combustion as was formerly supposed, yet the
oxidation of the sulphur in the coal not only produces heat but also
assists in breaking up the lumps and thus increasing the amount of
fine coal in the pile. Any considerable rise in temperature from
either external or internal sources promotes the oxidation of the iron
pyrites. This oxidation produces heat and thus inereases the liability
of the coal to spontaneous combustion. It is wise to select low sulphur
coals for storage if obtainable, but it must not be taken for granted
that a low sulphur coal will necessarily store well.

9. Method of Piling.—

(1) Coal should be so piled for storage that any part
of the pile can be moved promptly if necessary.

(2) Coal should be so piled that air may eireulate
freely through it and thus carry off any heat generated, or
else so elosely packed that air cannof enter the pile; i.e., under
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water storage conditions should be approximated as nearly
as possible,

(3) Stratification or segregation of fine and lump coal
should be avoided, since an open stratum of coarse lumps
provides passage for air to reach the fine coal but not in
sufficient quantity to keep down the temperature of the pile.
Coal should be spread in horizontal layers and not dumped in
conical piles, for in the latter case the fine coal stays in the
center at the top of the pile and the lumps roll to the bottom.

(4) The depth and area of storage piles will be deter-
mined largely by the storage space available and the mechan-
ical appliances to be used. Other conditions being equal,
the deeper the pile and the greater its area the greater the
diffieulty in inspecting it, and in moving it quickly if neces-
sary. Hence, a number of small piles, if practicable, are
better than one large pile. Lack of space, however, usually
prevents such spreading out of the coal. It is impossible
to specify exact heights as so much depends upon the kind of
coal and upon local conditions.*

(5) The hazard of spontaneous combustion seems to
be independent of whether the coal is piled in the open or
under cover.

10. Moisture.— The exact effect of moisture in connection with
spontaneous combustion is not known, and, as shown in later pages,
the evidence of laboratory experiments is contradictory.

The repeated wetting and drying of coal seems to increase the
tendenecy to spontaneous combustion. This may be due to the break-
ing up of the coal which such alternate wetting and drying occasions,
even if there is no chemieal reaction between the water and the coal.
It is not wise to put wet coal into a pile, or to store coal on a damp
base if it can be avoided. After a rain or snowstorm a coal pile
should be carefully inspected and watched.

* The Railroad Administration has suggested piling coal for railroad storage not over
twelve to fifteen feet in height when the track is placed on top of the coal pile, and not
over twenty feet when a locomotive crane is used.

The Home Insurance Company advises against piling in excess of twelve feet, or more
than one thousand five hundred tons in any pile, and suggests trimming the piles so that
no point in the interior is‘ more than ten feet from an air cooled surface. These are wise
precautions, but frequently impossible of' application on account of lack of storage space.
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Water is an effective agent in quenching fire in a coal pile only
if it ean be applied in sufficient quantities to extinguish the fire and
to cool the mass. The water must be applied at the source of the fire,
for it can do little good if the stream is only played on the surface.
To be sure that the water reaches the fire it is usnally necessary to
tfurn over the coal.

It is advisable to have water and hose available for use in case
of necessity, but water should be used carefully and only as a last
resort after other means, such as moving the coal, have been tried
to lower the temperature. An effort should be made to determine the
seat of the heating and to remove the coal affected, which should be
spread out on the ground and allowed to eool off in the air, if possible.
Only in case of necessity should water be used to cool it. If coal is
ablaze it is necessary to add water, which very often will so control
the fire that the danger to surrounding buildings is reduced, and
more time is allowed to move the coal. Coal that has once heated
should preferably be used at once and not be returned to the pile.

11. Inspection and Precautions.—There should be an inspector
at each storage pile who not only is competent to inspect the coal
furnished but who also has authority to reject it if not according to
specifications and to see that the storage instructions are carried out.

Coal in storage should be inspected regularly and if the tempera-
ture reaches 140 degrees, the pile should be very carefully watched.
If the temperature continues to rise rapidly and reaches 150 to 160
degrees, the coal should be moved as promptly as possible and the
coal thus moved should be thoroughly cooled before being replaced
in storage, or still better, it should be used at once. 1f the tempera-
ture rises slowly the pile should be carefully watched, but it is not
necessary to begin moving the coal at as low a temperature as when
the rise is rapid, for the temperature may recede and the danger
be past.

Coal should be moved before it actually smokes. Such smoking is
reported to begin at 180 degrees Fahr., though there is no very
definite information on this point. Steaming should not be confused
with smoking, for steam is frequently seen coming from a pile and
this does not necessarily indicate a danger point. Temperature tests of
coal in storage should be made, if possible, and one should not depend
on such indieations of fire as odor or,smoke coming from the coal.
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for when the coal reaches this stage it is well along in the process of
combustion. Every storage plan should give special attention to load-
ing out the coal quickly and promptly, if necessary.

Inflammable material, such as waste, paper, rags, wood, rosin,
oil, and tar in a coal pile often form the starting point for a fire,
and every effort should be made to keep such material from the coal
as it is being placed in storage. Irregular admission of air into the
coal pile around the legs of a trestle, through a porous bottom such
as coarse cinders, or through cracks between boards, ete., should be
avoided.

It is very important that coal in storage should not be subject
to such external sources of heat as steam pipes, because the sus-
ceptibility of coal to spontaneous combustion inereases rapidly as
the temperature rises.

The effect of ventilating of coal piles is a disputed point, but
the weight of evidence in the United States seems to be against the
practice. This may possibly be due to the fact that ventilation has
been inadequately done. The imperfect ventilation generally
attempted in the United States is certainly disadvantageous, though
reports from Canadian practice favor ventilation.

About 75 per cent of the coal pile fires studied have oceurred
within ninety days after the coal was placed in storage; hence par-
tieular attention should be given to the pile during the first three
months that it is in storage. The greater the area of the pile exposed
to the air the more quickly will the danger be passed.

(Cloal stored during the summer should, if possible, not be drawn
on in the early fall, as is so often done, but kept for the time of con-
gestion in railroad traffiec, which usually occurs from December to
March.

Finally, safety in the storage of coal depends upon careful atten-
tion to the details given in the foregoing conclusions, which represent
the experience of a large number of those who have stored coal in
amounts varying from a few tons up to hundreds of thousands of
tons, and under widely different conditions.

A storage plan must consider all of the conditions, and not only
a part; for instance, clean, lump coal of a certain kind may be stored
with perfect safety in high piles; while the same coal, run-of-mine
or unscreened, may not be safely stored at all, or at least only in
small piles, Lack of attention to details in storage or failure system-
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atically to inspeet storage piles and to be ready for any emergency
that may oeeur, may result in losses from fires.

For such amounts as are required by the ordinary householder,
namely, ten to twenty tons a year, it can be positively stated (a)
that there is little or no danger of spontaneous combustion if the
foregoing suggestions are followed and (b) that there is no appreei-
able deterioration in the heating value.

As the amount of coal stored increases, increased care must be
taken in the method of storing and in watching the coal after storage.
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I1I. ExreriENce IN THE STorRAGE oF CoAnl puriNg 1918-1919
DATA SECURED BY QUESTIONNAIRES

12.  Introduction—As was previously mentioned, an effort has
been made by means of questionnaires to secure information that
would confirm, modify, or refute the conclusions upon the storage
of coal as given in Circular No. 6.

Questionnaire A (see Appendix 1) was sent to those from whom
the information was obtained that was used in the preparation of
Cireular No. 6. This list included about one hundred and seventy-five
individuals and companies who stored coal under widely different
conditions and in greatly differing amounts, varying from the ordi-
nary householder storing from ten to twenty tons, to such industries
as the by-produet coke companies, wholesale distributors of coal,
large utilities companies, railroads, ete., storing as high as hundreds
of thousands of tons. An effort was also made to include all varieties
of storage; i. e., at the mines, by railroads, by large and small power
plants, ete.

Questionnaire B (see Appendix I) was sent to the power plants
of the State through the courtesy of Joseph Iarrington, Admin-
istrative Engineer, United States Fuel Administration, Chicago.

It is realized that data obtained by questionnaires are somewhat
uncertain, because of the diffieulty of having those who fill out the
questionnaires understand fully just what is desired in answer to
the questions, and also because the data furnished may be interpreted
in a sense different from that intended by the one filling out the ques-
tionnaire. However, it is probable that these difficulties are more.
than balanced by the much larger amount of material that can be
gathered by the questionnaire method; by averaging a large number
of answers these inaccuracies are minimized. As far as possible any
ambiguity in the answers was cleared up by additional correspondence.

The data for the fires in Chicago were secured in person by
either Mr. Langtry or Mr. Hippard who had unusual opportunity
for obtaining first-hand information concerning these fires.

In tabulating and studying these data many variables must be
considered, which are so interrelated that great care must be taken
to avoid drawing erroneous conclusions from any one set of figures
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by failing to consider them in their proper relation to the other
factors, even when these related factors cannot be expressed in the
tabulated material. Therefore, general conclusions should not be
drawn from isolated statements and tables.

13. Kinds of Coal that Can Be Stored—Table 1, giving a
statement of fires by distriets from which the coal was obtained, not
only substantiates the conclusions published in Cireular No. 6 that

TasLe No. 1

GEOGRAPHICAL SOURCES oF SuppLy oF Storep Coan

Questionnaire A Questionnaire B
Fired Not Total Fired Not, Total
Fired Fired
IistRICT |
- = - ]
IR IE R R B AR AR
= i) ey ] 43 i - ™ 4 ] - N
clglelglelale|ldlelElsls
Zla|lg | Aalgl|l&|lEa|2|l&a|la|la| A
Arkapsas. ..........coiiiiiiiiiii il 1. 1
CapeBreton..........ccovuvinvinians y 2 A ¥ B R
N AT —— N 1 1
Fasbern Pool. .« .o i iovidnsisin dos vava 1 1 ledis
Ilinois:
Christian-Macon Co................]|.. 12 2130 142 3
DanvAlle .l i s e e 1 ) 1 L |esca]| 2
Franklin Co....covvvvinnvnnnsnens 4 4 8 2112 6| 15 5|88 | 4(103| 9
Tompwall’, &5 dan o fess Sedisins 1 e . | 5. 211....| 26
POOEIR- . oo i b v v 2 B Ncanll oF 1| 91....] 18 1
Fo I e P R Th - R ut e Rl 1 : 1 Al e | 1| 7 10 9] 2
Springfield.......... RS S 4 B L ifeans| & 3111 2|26 1|37 3
Btandard.. . ovvmr s iresarmr s 1 1 F: 73 I B | 1 7 1|10 117 2
District not known . . .............. | 2 2| 2| 3| 19 |....] 22
Illinois and Indiana................|.. | R R 1B 2. 3
Indiana: =
CIEON . & s s s o o8 i e 3 3 i kAl 11l
i1 D0t ol O MR R R e R 1. 1]. 2 (.
Northern.......co0nnveennns 1 i3
1 14 T 1 N E
Terre Haute 1
No.4 Vein....... ..
District not known i
Iowa......
Kentucky .. ... 2| 4
Lake Ports Po i 5] )
Michigan, Bay C 7 I | =
O i e R R e S 1 1 2 2
Oklaloms .=, o 7. 0 s wnsi v msmmies 1 1] 1 1
Pennsylvania
ANIrReite oo va e e s es s T B B e e B 8
DTN, 5 2 o sttt sacn aben s fodumsesod N | B B A 1 1. S ]
Red Lodge (Montana) sub-bit......... s b PR i T AR T TR e
L1 ] R e A I et et s il IO [ §
b, T R gl | O T A e e R R 2 3 2 4| 4 7 3 1 3 1
g i) 7 D R e i 3123|2810 |59 |33 | 68| 14 [222 | 13 | 200 27
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‘“most varieties of bituminous coal may be safely stored if of proper
size and free from fine coal and dust,”” but also suggests the even
more general conclusions: that although practically every kind of
bituminous coal has been stored without spontaneous combustion oceur-
ring, yet under certain conditions spontaneous combustion has oc-
curred with practically every kind of coal stored.

Table 1 also shows that the percentage of fires in piles of mixed
coals is considerably greater than in piles of the same coals unmixed.
Although no satisfactory explanation of the phenomenon has been
offered, the opinion is very generally held that a mixture of two coals
is more liable to spontaneous combustion than either one separately,
and all the evidence gathered seems to support this opinion.

The Commonwealth Edison Company of Chicago, which has been
very successful in storing large amounts of coal, reports that between
February 26 and April 14, 1918, it stored at the Fisk Street plant
about 3000 tons of eentral Illinois coal, principally egg and lump
from one particular mine and a small amount of coal of the same
size from two other mines, one located in central and the other in
southern Illinois, together with six cars of run-of-mine coal from
the same mines. The ground was cleared of old coal before the new
coal was stored. During the early part of August, 1919, the pile was
found to be heating and a part was removed and used at once.

Another phase of the question concerns the placing of fresh coal
upon coal that has been in storage for some time, and a number of
fires have been cited as taking place at the junction of the fresh and
the old coal soon after the fresh coal had been placed in storage. For
several fires investigated by the writers there was no other apparent
cause. No explanation of this has been offered, and it is a subject
requiring further investigation.

14. Sizes of Coal that Can Be Stored.—Tables 2 and 3 show
that the fire hazard for piles of clean, sized coal is relatively small,
compared with that for piles of sereenings or mine-run, and that the
size is an important factor in connection with storage. Table 2 shows
‘that 56 per cent of all the piles of mine-run fired, and that 85 per
eent of the piles of sereenings fired. Table 3 shows that 88 per cent
of the fires oceurred in mine-run or screenings. Of the 98 storage
piles of mine-run about 23 per cent fired, while of the 86 storage piles
of sereenings, 51 per cent fired. Of the 132 storage piles of sized
coal less than 7 per cent fired.
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These results appear conclusive enough to support the recom-
mendation that screenings or mine-run should not be stored in large
quantities excepting under water, but if it is necessary to store these
sizes in any other way, they should be very carefully watched for
evidences of heating and means provided for rapidly and promptly
moving the coal if heating is detected. A mixture of sizes gives a
pile much less void space and hen(‘e the heated air is less readily

earrled off.
TaBLE 2
Errect oN SponTanNkeous CoMmBusTioN oF SizE oF CoAL
QUE‘*‘TI{NN-\IRF A

Fired Not Fired Total
S1ze oF Coan s i 3
er Cent er Cent
No. | Per Cent | of Given | No, | Per Cent | of Given
of Total Size of Total Size
Lump (over 14 in.) . 2 4.44 33.33 4 12.12 66.67 (i}
Lump (% in. to 134 in) 3 6.67 42 .86 4 12.12 57.14 7
Fgg..... B |oam et il ovmmmnsaany 1 3.03 100.00 1
Mine-run *22 48 56.41 17 51.51 43.59 49
Sereening : 3 9.10 14.28 21
Buck (anth 1 3.03 100.00 1
WAt e e 1 3.03 100.00 1
No. 1 nut. .. 1 3.03 100. 00 1
Nolgnub o aiiidaaeiiiee 1 3.03 100.00 1
Potaby; s | 45 | 100.00 |.......... 33 | 10000 |.......... 78

* Three of these piles were a mixture of mine-run and sereenings in about equal proportions.
TasLe 3

Errect oN Srontaneous ComsustioNn oF Size or Coaw
QUESTIONNAIRE B

Fired Not Fired Total
Size or CoaL ‘ Per Cent Per Cent i
No. | Per Cent | ‘of Given | No. | Per Cent | of Given
of Total Sige of Total Size

Lump (2 in. or over) . X 1 1.32 | 1.96 50 20.83 98.04 5l
Lump (% in., 1in. 1% ; 0 Jh e s e 5 2.08 100.00 5
Egg.. T 2 | 2.63 6.25 30 12.50 93.75 32
Minerun. . A 23 30.26 23.45 75 31.25 76.55 98
Screenings.......... v 44 57.89 51.16 42 17.50 48 84 8
No. 1and No. 2 nut. . ... 1 1.32 3.85 25 10.42 96.15 26
No. 3 and No. 4 nut..... 5 6.58 27.80 13 5.42 72.20 18
Totals.......... 76 | 100.00 |........ 240 | 100.00 |.......... 316

These results are confirmed by the experience in England and
John H. Anderson of Purfleet, England, sayst:

1 Trans, Inst, of Marine Engineers, June, 1918,
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““ When the coal is at a low temperature this oxygen absorption is very little;
therefore, there is not much heat gemerated, and in many cases this little heat
escapes to the atmosphere just as fast as it is generated. This is generally the
case with the larger coals or coals free from small dust when there is usually a
path here and there sufficient to allow the heat to get through to the surface by
natural means, :

““On the other hand, heaps may be composed of small coal, which may be so
dense that there will not be sufficient apertures or paths for the generated heat to
escape; the consequence is that this heat gathers, thereby increasing the tem-
perature of the coal, and ineidentally, due to the increase of heat, it increases the
rapidity and eapacity for further oxygen absorption in a given time, thus giv-
ing off more heat in a given time than when the heap was cooler.

“¢It will be seen from this that if a heap has a tendency to rise in temperature
steps must immediately be taken to arrest this, otherwise the increase of heat will
be so rapid after a time that it will not be possible to cope with it unless drastie
measures are taken, such as to turn over the heap, or as it has happened before,
letting it burn itself out.

““The liability of small coal to ereate spontaneous combustion is very pro-
nounced, both from its size and also from it closing up the paths whereby the
heat generated would otherwise eseape freely to the atmosphere. I suggest that most
of the oxidation is superficial and, therefore, if the smalls absorb more oxygen,
they generate more heat in a given time than the larger coal, and therefore, small
coal is more liable to fire than large coal, particularly if steps are not taken to
let this heat out. This means that there is one safe height that must not be exceeded,
but as there are other factors that must be taken into consideration at the same
time, it would be almost impossible to fix this height for every heap. The height
of pile can be inereased above this safe height, providing means are taken to vent
it. The more it is vented the higher the heap can be piled. Generally speaking,
12 to 14 feet is about as high as one should deposit small sized coals; 9 to 12 feet
for unwashed mixed coals; for slack a great deal depends upon the composition.
Two heaps of slack were allowed to rise 120 degrees before moving. These heaps
gave considerable trouble at a height of 10 feet, but even when the height was
reduced to 6 feet, there was a tendency to increase in temperature. My opinion
of the cause of the trouble was bad washing of the material; thus after a shower,
the shale-like material formed a plastic mass with the coal practically preventing
any escape of heat.

““ As a rule, little trouble is experienced in the storage of large coal, but one
must be eareful even with this, for in event of fire great difficulty will be ex-
perienced in putting it out owing to the ready access of oxygen for supporting
combustion. Care should be taken not to make any smalls when depositing this
coal, and if possible the coal should be selected that will weather best, otherwise
that on top will erumble up and fill up the interstices underneath.

¢The geological age of coal is a fair guide to its liability to heat, anthracite
being the safest to store and lignite the most dangerous. A good guide is the
weathering effect 